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Oven accommodates interchangeable head units Incorporating different detector and column 
configurations and is designed for isothermal or progfammed temperature control. 
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NEW PYE SERIES 104 CHROMATOGRAPHS SPEED ROUTINE ANALYSES 


Analysts are changing tolthe new low- 
cost Series 104 Chromatograph because 
‘its greater speed and convenience save 

money. They have acknowledged the 
functional design, the simplified opera- 
ting features, the comprehensive speci- 
fication and the overall economy of the 
system. They are now experiencing its 
complete reliability under continuous 
operating conditions, 


Four versions of Series 104 are avall- 
able which cover everyday analytical 
applications, including steroids, fatty 
acids, wide boiling range mixtures and 
high boilers. 

The Pye Series 104 Chromatograph 
gives faster analysis with warm-up rates 
of up to 48°C per minute and operating 
temperatures as high as 500°C, easier 
analysis due to excellent oven accessi- 


bility and design of controls, and 
cheaper analysis with lowest possible 
outlay and maintenance costs. 
Moreover, the Pye Series 104 is de- 
signed for continuous development and 
updating as new techniques emerge. 
Please send for the new 20 page 
illustrated brochure which provides all 
the technical facts and figures includ- 
ing oven performance data. 


PYE PANCHROMATOGRAPHS AID RESEARCH 


Leading research establishments in 
many parts of the world depend upon 
the versatillty of the Pye Panchromato- 
graph to satisfy their most stringent 
requirements including investigations 
Into the technique and the teaching of 
gas chromatography. This analytical 
system can accommodate different 
detector combinations and column 
arrangements in two independent 
ovens, and it features a patented 
column effluent splitting device which 
permits further analysis of the column 
outputs. Numerous optional features 
including temperature programming, 
pyrolysis, preparative scale and radio- 
chromatography are available. The Pye 
Panchromatograph is the first choice 
for an all-purpose instrument for re- 
search. 


W. G. Pye & Co. Ltd:, P.O. Box 60, York Street, Cambridge 
Telephone: Cambridge 58866 Telegrams: Pye Cambridge Telex: 81215 
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The Panchromatograph will accommodate six different types of detector, singly or in pairs. 
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STABILIZING THE RESEARCH EFFORT 


N its summer issue, devoted to the subject of “Creativity 
and Learning”, Daedalus, the journal of the American 
Academy of Arts and Sciences, introduces a new section, 
entitled “Documents”. This includes Prof. J. B. Kistia- 
kowsky’s “On Federal Support of Basic Research”, which 
originally appeared as part of an investigation undertaken 
by the American Academy of Sciences at the invitation of 
the Committee on Science and Astronautics of the United 
States House of Representatives. This is a thoroughly 
. pragmatic discussion of the relations between pure and 
applied research and is the more interesting in the light 
of a report on “Basic Research and National Goals” made 
by the Academy of Sciences to the same Committee, which 
has now been published in a corresponding section of the 
Summer 1965 issue of Minerva. 

Prof. Kistiakowsky begins by referring to the serious 
danger created by the increasing spread of the idea that 
basic research can be planned in detail, and that money 
need be allocated only to specific topics in order to 
provide the necessary scientific knowledge for the advance 
of technology. Citing as examples the discovery of the 
laser and the maser, the relations between genetics and 
chemistry in molecular biology, and the impact of high- 
polymer research, he points out that, on the contrary, 
while clearly defined mission-oriented research has value, 
by itself it is msufficient and is incapable of developing 
really new ideas and new principles on which each par- 
ticular mission will ultimately be based. If the social 
climate and the mechanisms of support do not rapidly 
and effectively encourage the free exploration of new 
ideas, technology will die on the vine because, in 
the absence of the results of new, undirected basie re- 
search, applied work tends to become confined increas- 
ingly to expensive refinements and elaborations of old 
ideas. 

Prof. Kistiakowsky points out that scientific activities 
and their financial support cannot continue to grow in- 
definitely at the present pace. Nevertheless, it is in the 
nature of technology not only to solve human problems, 
but also to generate new ones. Here he is thinking more 
especially of the human and social problems which arise 
and, while he insists that the major problems of humanity 
will not be solved by technological mnovations (educa- 
tional and other social progress being probably more 
important), he concludes that we need a better under- 
standing of relevant social and behavioural problems 
and consequently more research in these sciences. The 
progress of human society must be based on social change 
keeping pace with technological progress. 

Prof. Kistiakowsky goes on to discuss the criteria for 
determining fiscal support of scientific research. Basic 
research, he estimates, accounts for only a few tenths of 
‘1 per cent of the gross national product of the United 

States. Expenditure on research and development, how- 
ever, is estimated at nearly 20,000 million dollars—some 
90 per cent of this being expended on efforts to achieve 
specific practical objectives, many related to the military 
_and space programmes. Fewer than 100,000 scientists 


jl J ° 
are engaged in basic research out of a technical com- 


munity of more than 2 mullion engineers and scientists. 
It is at this point that Prof. Kistiakowsky considers the 
two distinct questions posed by the House Committee on 


Science and Astronautics, which are the subject of the 
reports of Prof. H. G. Johnson and Dr. A. M. Weinberg 
in Menerva: the requirements for overall support of basic 
research and the proper balance of support among the 
several sciences. He approaches both questions by 
dividing basic research into four categories and suggesting 
a basis for criteria of support for each. 

His first category 1s characterized by the small size of 
its constituent autonomous research units, in contrast 
with his second category which involves large co-ordinated . 
effort, and usually very costly research facilities as well. 
Both these categories are mainly identified with academic 
institutions. His third category is basic research m 
mission-oriented Gcvernment establishments, and his 
fourth ın industrial “aboratories. He regards projections 
for a break-down by separate sciences as well-ngh impos- 
sible and adds a caveat that the purpose of planning for 
science 1s to chart in advance the evolution of a scientific 
environment and vlmate m which innovation and 
creativity can flourish. 

About 57 per cens of research in the first category is 
supported by grants and contracts from the Federal 
Government to universities, and although Prof. Kistia- 
kowsky estimates shat less than 100,000 people are 
engaged on a full-tzme basis, ıt is responsible for great 
contributions to scientific knowledge, as well as for 
training most of the new scientists. The 7,000 or so 
Ph.D.s in science new being produced annually—a figure 
growing by 6 or 7 per cent each year—are responsible 
for research work costing on average perhaps 15,000- 
20,000 dollars per annum per man, and he makes the 
interesting commens that more should be expected from 
research institutes or laboratories ın scientific output if, 
unlike the universities, they do not contribute to the 
trainng of new manpower. On the financing of such 
work by large contracts or block grants, he emphasizes 
the danger that this method can lead to distinctly second- 
rate or poor research being hidden and protected by the 
good work of a few leaders. 

The costs of scieatific research are steadily increasing, 
partly because the problems are becoming more difficult; 
although, on the other hand, because of efficient instru- 
ments, problems tkat formerly appeared formidable can. 
sometimes be solve: in days instead of years. As to the 
criteria for determ=mning actual expenditure in this cate- 
gory, he suggests ficst that, since continuity is important, 
effective expenditure in the past year should be a large 
factor in deciding expenditure in the next. The 
second, he suggests, 1s to assure future students with 
scientific aptitudes of the opportunity to learn productive 
research. His thud suggestion concerns the level of 
support in the rest »f the world—a criterion which, if valid 
for the United Stazes, is open to question for most other 
countries. He believes that more basic research is needed 
across the whole range of scientific fields, including the 
behavioural sciences, and to meet this need he tentatively 
suggests an overal. growth of 15 per cent over the next 
5-10 years, which would double by 1968 his estimate 
of a total 600 milHon dollars in 1963. 

As to the allocation of the total to individual problems, 
he insists that every effort should be made to minimize 
detailed centralized planning and control. The detailed 
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allocation of support should be based on the multitude 
of individual choices made by individual investigators. 

The proper rate of growth in his second category should 
be determined by other considerations, and here he is 
largely guided by Dr. Weinberg’s observations in an 
earlier article of 1963: In this field the commitment of 
scientific personnel per project is rising comparatively 
slowly and costs are concentrated in the engineering effort 
of constructing the special facilities required, and in their 
maintenance, operation and improvement. Nevertheless, 
the cost for each active scientist or scientific paper is very 
much higher than in his first category, and Prof. Kistia- 
kowsky suggests that, ‘before weighing seriously the; com- 
parative value of a new project in this field, it is essential 
to verify that it is technically feasible in the judgment of 
engineering experts and that a qualified group of scientists 
regard it as important enough to warrant support’ with 
firm personal commitments. 

Beyond this, Prof. Kistiakowsky would, like Dr. Wein- 
berg, give some weight to the impact of a given type of 
research on related and significant branches of science 
and to its impact on practical application. He does not 
entirely reject the factor of national prestige and inter- 
national influence, and feels that the broad cultural 
impact of scientific research is less susceptible of quanti- 
tative evaluation, although he attaches some importance 
to it in the particular fields of galactic astronomy, mole- 
cular genetics and high-energy physics. J udgments, 
however, are fallible and should, he points out, be in 
terms of various degrees of value. He believes that this 
category of research should not grow at the expense of 
his first category but is'undecided whether it should grow 
more or less rapidly than the latter. 

While firmly endorsing the need for, and value of, 
mission-oriented research, he has important reservations 
about the introduction of general basic research ‘into 
Government establishments and regards the substitution 
therein of such research for mission-oriented research as 
unsound both from the scientific and the economic points 
of view. Much the same considerations, he believes, 
should apply to his fourth category-—that of research 
financed by the Federal| Government in private industrial 
research laboratories. He would accordingly relate such 
research to practical objectives and it would seem that 
he would have some reservations about the grant- -aided 
industrial research association as practised in Britain. 
For all his conviction that basic research requires support 
over the whole spectrum of sciences, he is emphatic that 
the main justification for Federal support on the present 
scale lies in its practical application of benefit to the 
nation. : 

The first of the two reports in Minerva is concerned 
with some economic issues involved in the Federal support 
of basic research. Prof. Johnson accepts that some 
meaning can be attached to the distinction drawn between 
basic and applied research, though it is not so much the 
imprecision of that distinction as the extreme uncertainty 
of both the contribution to knowledge resulting from a 
particular line of research and the ultimate practical 
utility of that contribution which is the main source of 
difficulty in formulating public policy with respect’ to 
basic research. He sees, however, no necessary connexion 
between leadership in basic science and leadership in the 
applications of science:' there may indeed be conflict 
between basic research ‘and applied science. The two 
main arguments for Government support of science are 
oultural—social and economic. 
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Prof. Johnson examines both these arguments: the 


latter at some length. The former emphasizes scientific ® 


activity as a form of social consumption of wealth and 
raises the political question of whether other uses of the 
resources involved would contribute more to the great- 
ness of the society. Accordingly, the decision cannot be 
left to the scientist alone. The economic argument regards 
scientific research as a form of investment for the future 
and raises the questions of what the rate of return on 
such investment is, and whether and to what extent 
Government support is needed. 

Economic research has so far provided few relevant 
results. Prof. Johnson points out that there are good 
theoretical reasons for expecting that, left to itself, the 
market would tend both to allocate too few resources to 
research in general and to prejudice the allocation against 
basie_research as contrasted with applied research, and 
towards research in scientific areas related to the tech- 
nology of industries dominated by large multi-product 
firms. This expectation seems to be substantially con- 
firmed by the industrial distribution of expenditure on 
research and development. (The analysis, incidentally, 
offers an explanation of the lack of research effort in the 
smaller firm.) This discussion, moreover, brings out 
several important questions to which answers should be 
sought before firm conclusions can be reached. These 
relate to the extent or the distribution of support of basic 
research. For the latter, such questions arise as the 
likelihood of proposed new lines of research producing 
new contributions to knowledge and the possible social 
value of these contributions in relation to their cost; and 
the probability of any particular project being undertaken. 
elsewhere, and the consequences. The former raises 
questions as to the rapidity with which returns on research 
diminish; how far increased expenditure on research 
increases the quantity of research results and how far it 
merely raises the operating costs. 

There is also the final question of the extent to which 
Government support and private support of basic research 
are substitutes for one another. Answers to all these 
questions are necessary to judge the adequacy of Federal 
support of basic research from the economic point of view. 
Prof. Johnson does not attempt to provide a firm answer 
to the question of the amount and distribution of such 
Federal support. He is content to emphasize the dangers 
attending any answer in the absence of further and firm. 
knowledge which might provide answers to the sub- 
sidiary question. He directs attention to the importance 
which the United States attaches to the geographical 
distribution of support and urges that so long as public 
funds are allocated to basic research, the geographical 
allocation of those funds should take account of the social 
effects of their expenditure—an argument which, to a 
limited extent, appears to be reflected in some of the 
recent regional plans for Britain’s economy. 

Dr. Weinberg, in contrast, addresses himself primarily 
to the question of scientific choice in both basic seience 
and applied missions, and while he admits his indebted- 
ness to Dr. Toulmin’s paper on this subject (see Nature, 
205, 426; 1965) he largely follows his own earlier exposi- 
tion (Nature, 200, 503, 1030; 1963). He reiterates, for 
example, his distinction between political choices and 
administrative choices and emphasizes the importance of 


making choices between political alternatives and ad--, 


ministrative alternatives; this factor, rather than the 
question of who makes the choice, is the key problem. 
He insists once again on the prior need to separate 
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research pursued for non-scientific ends from that pursued 
He also regards it as essential that 
each mission-oriented agency should assume the respon- 
sibility for supporting basic science in fields generally 
relevant to the agency’s research and at a level bearing 
some relation to the size of its budget for applied science. 
It is beyond this level that the National Science Founda- 
tion should assume responsibility for supporting basic 
science where necessary. 

Dr. Weinberg does not really answer the question of 
how to allocate support for basic science, other than by 
proposing a pattern of organization to handle the alloca- 
tion, and he has little fear that to place the motivation 
for supporting basic research mainly on the hope of some 
eventual benefit from its application will result in basic 
research being unduly curtailed in time of falling budgets. 
Furthermore, for all the reliance he places on the National 
Science Foundation for securing a sound distribution of 
the national expenditure on basic research, he is convinced 
that such support should be drawn from numerous sources, 
and not just one or two. Nevertheless, he is opposed to 
any expansion, of basic physical research merely to further 
the objectives of, for example, the Atomic Energy Com- 
mission, the Department of Defence, or the National 
Aeronautics and Space Administration. 

The relevance of these views to discussion on expendi- 
ture on civil research in Britain, for which the new 
Council for Scientific Policy has recommended some £54 
million a year, with a continuing growth for five years at 
the same rate as in-the past decade, or 15 per cent per 
annum, is obvious. However, before considering specific 
implications to complete the picture we may appropriately 
note Dr. Weinberg’s further observations in a paper, 
“Government, Education and Civilian Technology”, which 
he contributed to a Seminar on Technology and Social 
Change at Columbia University. This paper has now been 
published, together with the other six papers, an intro- 
duction by C. Wright, notes on the discussions on each 
paper, and a summary by A. W. Warner, under the title 
The Impact of Science on Technology *. Some of the points 
which Dr. Weinberg makes here concern the dangers 
inherent in the reform of curricula in universities unless 
the reforms are in the hands of men of wide outlook 
sympathetic to applied scienee and resistant to the frag- 
mentation of science. Otherwise we may continue to 
produce graduates with little sympathy outside their own 
special field, who are thus less competent for techno- 
logical research. He repeats his warning that the value 
of the by-products of military research and development 
tends to be exaggerated and that civil industry should 
not rely to any extent on such ‘fall-out’. He reiterates 
his concern at the consequences of neglecting areas of the 
scientific field because they are less fashionable and 
emphasizes the importance of scientists paying due 
attention to the social implications of their work. 

In the first two papers presented at the symposium, 
Prof, I. I. Rabi and Dean Harvey Brooks contribute 
differing views of the interaction of science and tech- 
nology. Prof. Rabi questions the effect of science on 
older industry until the latter has developed to a very 
sophisticated degree: the more important effect has been 
to create new industries, and supply, along with new 
knowledge, new components and new techniques. An 
important factor in the growth of industry and technology 
has been the adoption of instruments originally developed 


* The Impact of Science on Teehnology. Edited by Prof. Aaron W. Warner, 
Dean Morse and Alfred S. Hichner. Pp. vit+-221. (New York and London. 
Columbia, University Press, 1965.) 50s. 
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for scientific advarce itself. He questions, however, 
whether the cultural climate in the United States really 
encourages the originality and eccentricity which often 
mark the innovator. On the other hand, it does encourage 
team work, the valae of which he firmly acknowledges. 
Like Dr. Weinberg, he is equally emphatic, while emphas- 
izing the dependences of the future of society on science, 
that the scientist should be concerned with society and 
the arts, if only for their contribution to imagination and 
inspiration. In the discussion he adds, too, a warning 
against the assumption that increasing the number of 
scientists is likely tc increase proportionately the number 
of outstanding people. 

Dean Brooks disagrees to some extent with Prof. Rabi 
as to the factors promoting innovation. He regards the 
role of science in tha development of technology as being 
to provide the environment in which technological ideas 
can be exploited, rather than being itself the origin of 
technological ideas. The same qualities of mind go into 
science as go into invention, and whether a man will be 
an inventor or a scisntist is determined by his emotional 
attitude to the subjact. While the same qualities that go 
into invention may also go into the creation of new tech- 
niques, emotionally the two activities are poles apart. 
Accordingly, while the creation of new science is neces- 
sary, ib 1s not a sufficient condition for creating new 
technology. 

Without convincingly establishing this view, Dean 
Brooks lists severel factors conducive to technological 
innovation which originate in science and are highly 
pertinent to the consideration of the expansion of higher 
education in Britain, as well as to that of the scale and 
distribution of British scientific effort. First and most 
important is widespread scientific literacy. Next he places 
the creation of a scientifically literate management with 
an instinct for possibilities in the technical area. It might 
be interpreted that shis is a first condition for the effective 
distribution of our scientific effort in general and for 
informed discussior. of structure and distribution. This 
is especially so in view of the fact that the House of 
Commons, in debating on October 27 the report of the 
Select Committee on Procedure, slammed the door on 
any such idea, in spite of the recommendation from the 
Parliamentary and Scientific Committee. 

Thirdly, he puts mobility among the intellectual dis- 
ciplines, and firmly condemns specialization as the enemy 
of technological inrovation. He adds that application of 
science often arises from the movement of people from 
basic science into technology—a point of view which may 
well lie behind Prcf. Rabi’s belief in the value of team 
work. Like Prof. Rabi, when emphasizing the great 
importance for innovation of the diffusion of graduates 
from science into technology, Dean Brooks suggests that 
some over-production of scientists may be an essential 
condition of continzing technological innovation. Put in 
another way, thie amounts to condemnation of the 
practice of regarding university education or techno- 
logical education as primarily professional training for a 
particular occupation instead of being aimed at producing 
educated men and women competent to apply themselves 
to a range of professional occupations. 

Here again we note the emphasis on the social aspects 
and, on the vital importance of a broad-based education. 
Moreover, there is 2 limit, which should be noted, of the 
effect of science axd technology on institutional innova- 

tion. This recurs fo some extent in a fourth paper from 
F. de Hoffmann on “Advanced Technology and American 
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Business: Friends or Foes?” He is mainly concerned 
with questions of management and organization, for while 
he holds that creativity and organization can be harmon- 
ized in group or team efforts, creativity and regimentation 
cannot. Again, therefore, we find emphasis placed on the 
importance of wise management in organizing inter- 
disciplinary effort and, by implication, on the broad 
general education which promotes scientific understanding 
in the management field. One constructive suggestion 
that he makes 1s that decisions regarding large-scale 
research and development should be the responsibility 
of several centres rather than one alone, and that 
industry should co-operate with Government to that end. 
The importance of entrusting responsibility to technical 
people could not be more strongly emphasized, nor 
indeed could the-value of ensuring that the scientist works 
in an atmosphere conducive to creative work, with the 
assurance that problems, so far as possible, are approached 
in @ scientific manner. | 

Mr. de Hoffmann’s paper ıs full of warnings that. the 
conditions for effective scientific work must be respected, 
and much of the paper is in line with the views of. Dr. 
Stoll. Nor does he offer much support to the idea of the 
co-operative research association in industry. A further 
paper. from Mr. J. H.'Hollomon, on “Science and the 
Civihan Technology” directs attention to some relevant 
developments in the social and economie structure of the 
United States of which account must be taken in any 
planning in this or in any other field. He, too, emphasizes 
the limitations which are placed on technological advance 
by any lack of those who understand both science and 
technology on one hand, or, on the other, the business 
aspect of a technological enterprise. His most serious 
warning, however, concerns the high social cost of tech- 
nological change, and the importance of the adequate 
use of technology in decision-making at all levels. 

The remaining two papers are much more clearly con- 
cerned with the American scene. Mr. J. Brademas sets 
forth a Congressman’s view of technology and social 
change, but Dean R. S. Halford’s paper on modern science 
and 1ts implications for the university, while largely 
concerned with the effect of the increasing scale of 
Federal support for research in the American universities 
and the way this is being handled through the formation 
by a group of universities of non-profit corporations, has 
some interest for the organization of research in Britain. 
As a further safeguard against possible distortion of the 
work of a university through Federal grants for research, 
Dean Halford stresses the firm insistence on the recovery 
of all indirect costs related to the conduct of research 
sponsored by Government agencies, and the need, to 
relate requirements for a faculty to the instructional 
requirements of the teaching programme. 

Some of the points raised in the seminar which are 
most pertinent to present-day debates in Britain are 
well brought out by Prof. A. W. Warner in his summing 
up. He does not, however, mention the fact that within 
the previous 6 months Columbia University had found 
itself under-spending funds committed to it for research, 
just when, in the United States generally, the level of 
expenditure on research was being questioned. This may 
well be relevant if, in fact, the growth of expenditure on 
research in Britain is to be checked under the Govern- 
ment’s plans. Conditions in the two countries, however, 
are not parallel and much clear thinking will be required 
if. short-sighted curtailment of expenditure on basic 
research is not to do serious harm. That there are definite 
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limits to tne amount which any nation ean wisely expend 
on scientific research 1s not disputed. How that limit is _ 
to be determined, and still more, how the amount aval- 
able should be distributed among the different fields are 
other questions altogether; it is obvious from the papers 
noted here that the United States is still seeking for 
answers to these. 

What should be evident, so far as Britain is concerned, 
is that she is as yet a long way from the limit. In the 
social sciences and in education in particular expenditure 
on research is trifling, and far short of what the national 
interest demands. That is also largely true of research in 
the physical sciences which bears on the utilization of 
natural resources. Here, for example, the Government’s 
reported decision to hold up the pilot studies on the 
Solway and Morecambe Bay barrage schemes on the 
excuse of economy is disturbing and indicates the per- 
sistence of the ‘penny wise, pound foolish’ attitude for 
which Britain has paid dearly in the past. For all the 
protestations of the present Government and its pre- 
decessor, it is hard to point to any imaginative and far- 
sighted decisions which indicate an awareness of the 
potential contributions which scientific research could 
make in Britain’s economy, or readiness to take the 
action demanded by the fact and not that demanded by 
party prejudices. However low the level of expenditure 
on fundamental and applied research may be set, it will 
still call for sacrifices elsewhere. Scientists are unlikely 
to be convinced that any Government is really prepared 
to support such expenditure on an adequate scale while 
the present attitude of the Ministry of Technology persists. 


THE ACHIEVEMENTS OF LORD 
RAYLEIGH 


Scientific Papers 
By Lord Rayleigh (John William Strutt). Vol. 1: 1869- 
1881. Pp. xiii+ 562. Vol. 2. 1881—1887.. Pp. x+ 598+ 


16 plates. Vol. 3: 1887-1892. Pp. xiv+596. Vol. 4: 
1892-1901. Pp. xiv+568. Vol. 5: 1902-1910. Pp. 
xvi+ 624. Vol. 6: 1911-1919. Pp. xiiti+718. (New 


York: Dover Publications, Inc.; London: Constable and 
Co., Ltd., 1964.) 30 dollars: 240s. The six volumes 
bound as three. . 


ORD RAYLEIGH was a man whose range of research 
in the world of physical science has, it may be 
ventured, no equal among those active at the present 
time. In the first place, he was equally distinguished for 
his work in the mathematical field and for his experimental 
achievements. In the second place he made notable 
advances in all branches of what is known as olassical 
physics: heat, light, sound, properties of matter, magnet- 
ism and electricity—and in chemistry too, if we consider 
the leading part which he played in the discovery of argon. 
To mention but a few contrasting accomplishments, he 
made a fundamental experimental re-determination of 
electrical standards and wrote what is still a standard 
book, containing much of which he was the originator, on 
sound; certain advances which he made in wave theory 
explained the blue of the sky and others contributed to the 
study of earthquakes; he was equally authoritative in 
hydrodynamics and thermodynamics; he gave a cele- 
brated presidential address to the Society for Psychical 
Research and took a leading part in the foundation and 
early administration of the National Physical Laboratory. 
These odd citations suffice, perhaps, to revive memories 
of his varied, mastership. 
His collected Scientific Papers were originally published 
in six large quarto volumes by the Cambridge. University 


_~ final one, posthumously, in 1920. 
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Press, the first volume having appeared in 1899 and the 
Rayleigh made an 
amusing comment in connexion with the publication of the 
first volume: “When I was bringing out my Scientific 
Papers I proposed, a motto from the Psalms, “The works 
of the Lord are great, sought out of all them that have 
pleasure therein’. The Secretary to the Press suggested 
with many apologies that the reader might suppose that 
I was the Lord.’ This, no doubt, is the reason that, while 
the scriptural quotation is used, it appears not on the title 
page but in isolation on a separate page just before the 
first paper. 

The atmosphere of the great age of classical physics 
to which these papers pertain may be recalled by reference 
to the name index which appears at the end of the final 
volume. Citations, merely page numbers, of Stokes 
occupy 13 lines, of Maxwell 12, of Kelvin 11, of Helm- 
holtz 9, of Lamb 7 and of Airy 5 lines—a formidable com- 
pany. 

These collected papers are still constantly used for 
reference, since, among other things, when Rayleigh had 
written at length on a subject he had, in general, tidied 
it up and left it in a state clearly recording the position at 
the time. One can scarcely do better than quote J. J. 
Thomson’s pronouncement: ‘“‘While most collections of 
scientific papers rest undisturbed on their shelves, and 
are monuments, rather than parts of one’s working library, 
there are no books I refer to so frequently as Rayleigh’s 
collected papers. His papers deserve the description, 
which Maxwell applied to those of Ampère, as being ‘per- 
fect in form and unassailable in accuracy’. The style is 
very clear, so clear in fact that the reader may not 
realize how difficult the problem was unless he had 
attacked it himself before reading the paper”. 

The original issue of the Scientific Papers has, with 
the exception of Volume 6, been out of print for some time. 
Fortunately a re-issue of the six volumes, bound in pairs 
so as to make three books, has recently beon published at a 
very reasonable price. The text would appear to have been 
reproduced by a photographic process, since whenever @ 
page has been compared with the original the two are 
exactly the same. However, the introduction states that 
the edition is an unabridged and corrected republication 
of the work first published by the Cambridge University 
Press, which would seem to imply that there have been 
changes, if minor ones. 

This new edition contains an interesting supplement 
of photographs pertaining to Rayleigh’s life—portraits, 
pictures of his laboratory, of pages from his notebook. 
andsoon. A great improvement could have been. effected 
by the provision of a serviceable index. There is a name 
index, which suffers, as is so often the case, from a lack of 
the slightest indication as to what is in question under 
each of the large number of pages listed under a given 
name; more than a hundred, for example, in the case of 
Maxwell. There is no subject index at all, unless the list 
of titles of papers, grouped under twelve different head- 
ings, such as “Mathematics”, “General Mechanics’, 
“Elastic Solids”, and so on, can be so called. This list, 
however, is not very useful if one desires to find quickly 
what Rayleigh has written on a particular subject: thus 
the only references to argon are in the titles of certain 
papers listed under the heading ‘Properties of Gases”, but 
there is no indication that the viscosity of argon is con- 
sidered in papers listed under ‘‘Dynamical Theory of 
Gases”. Possibly the publishers will contemplate adding 
to the value of this welcome reprint by issuing in a small 
supplementary volume a detailed index giving not only a 
properly classified subject schedule but also a name index 
with some indication as to what, to take an example, is 
concerned in each entry under the name Maxwell. The 
preparation of such an index, which would require con- 
siderable knowledge and study, might possibly qualify a 
student for a degree in the history of science. 

E. N. pa C. ANDRADE 
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A ROUTE MAP THROUGH THE 
SPECTRAL LABYRINTH 


Atlas of Steroid Spectra 

By W. Neudert and H. Ropke. Translated by J. B. Leane. 
Pp. vii+471. (Eerlin, Heidelberg and New York : 
Springer-Verlag, 1955.) D.M. 144. 


laa advent ducting recent years of various sophisti- 
cated, physical sechniques, as an adjunct to structural 
investigations in organic chemistry, has led to its own 
special problems. In particular, the data thus accruing 
are frequently very lifficult to locate in the literature and, 
for a variety of reasons, are often of doubtful comparative 
value for the identification of closely associated com- 
pounds. 

Nowhere is this problem more acute than in the vast 
literature appertaining to the steroids. The Atlas of 
Steroid Spectra is a gallant and monumental attempt to 
bring some rationals into an otherwise confused situation. 
The production of this weighty (in both senses of the word) 
volume was undertsken because the majority of existing 
steroid spectra originated from various sources, and 
therefore could not be compared with each other directly. 
The great merit of this volume, which has been produced 
with typically Teutonic attention to detail and accuracy, 
is that it records she spectra of 900 specially selected 
steroids. The samples were prepared under directly 
comparable conditions and the spectra measured on the 
same instrument in order to ensure that the results are 
directly comparable. The information recorded in this 
magnum opus has been accumulated during the past twelve 
years, which the suthors have spent in the structural 
investigation. of steroids. 

The first section includes the infra-red spectra and other 
relevant physical deta, such as molecular weight, melting- 
point and charactemstic ultra-violet absorption maxima 
for 900 steroids. Then follow various typical ultra-violet 
absorption curves for 41 representative steroids. The 
third section records the nuclear magnetic resonance 
spectra of 95 steroids. The remainder of the book consists 
of chapters concerning the relevant theory and thé methods 
by which these various spectral determinations may be 
performed, together with a veritable wealth of associated 
information, such as. for example, the effect of temperature 
on spectra. The final section of the book contains the 
basis of a versatile catalogue system for recording the 
detailed spectral mzormation. 

A most useful fecture of the Atlas is that the German 
text has an English translation alongside. 

This book is essentially a handbook or dictionary, which 
will serve as a most valuable reference work for all research 
laboratories. By nature of its size, price and content, it is 
scarcely likely to appeal to the individual purchaser. A 
particularly noteworthy feature of this Atlas is that it 1s 
based entirely on wark carried out in the laboratories of an 
industrial company. namely, Schering A.G. (Berlin). Its 
authors, to whom all steroid chemists owe an Immense debt 
of gratitude for thei painstaking effort, are also employed 
by the same compaay. 

This book maintams the extremely high standard which 
has been established by its publishers. W. B. WHALLEY 


RADIOACTIVE TRACER TECHNIQUE 
IN BIOLOGY 


Radiotracer Methodology in Biological Science 

By ©. H. Wang ard D. L. Willis. (Biological Science 
Series.) Pp. xvii+382. (Englewood Cliffs, New Jersey 
and London: Prentice-Hall International, 1965.) 96s. 


ADIOTRACER Methodology in Biological Science is 
an excellent bock. Radioactive tracers are common- 
place and indispensable in research laboratories, but their 
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experimental methods find httle place as yet in teaching 
courses. l'heremust be many readers who need reliable, sen- 
sible and up-to-date information and guidance, and they 
will be grateful to Profs. Wang and Willis for providing it. 

The authors write that “the organization of the text 
stems both from the authors’ research interests and, more 
importantly, from teaching experience involving students 
from the various fields of biology”. This is apparent from 
the choice and treatment of the material. 

The first and largest’ part of the book (266 pp.) deals 
with the origin and basic properties of radioactive materi- 
als, methods of detection and other practical considera- 
tions. The treatment is clear, systematic and concise. 
The typical reader, who may have little or no acquaintance 
with radioactive tracers, will find it well suited to his 
needs, both for instruction and as a first book of reference. 
Proper emphasis is laid on the best techniques at present 
available in a well-equipped laboratory, but older or 
simpler methods, which are still in use or which teach 
important principles, are also adequately treated. 

_ The second part (44 pp.) consists of basic experiments 
in the measurement of radioactivity. It covers Geiger, 
proportional, solid-scintillation and liquid-scintillation 
counters, the nature of radioactivity decay, and inter- 
action of radiation with matter. 

_ The final section (56 pp.) is, in some respects, the most 
interesting. It comprises six illustrative radiotracer 
experiments, selected for the likely interests of the reader; 
these are: “Incorporation of “CO, into Amino Acids in 
Yeast”; “A Time Course Study of “CO, Production from 
Rats Metabolizing Glucose-“C Substrate”; ‘The Effect 
of X Irradiation on Bone Marrow Activity in Rats as 
Measured by Iron-59 Incorporation into Erythrocytes” ; 
“An Investigation of Sodium Ion Regulation in Crayfish 
using Sodium-22”; “Determination of Coefficients of 
Zinc-65 Accumulation in Freshwater Plants”; ‘““Determ- 
ination of the Content of Aspartic Acid in Cheese by 
Means of the Isotope Dilution Method”. Each is worked 
out quite thoroughly, using the information and methods 
given earlier in the text: for example, survey of the 
problem ; experimental design (scale and requirements for 
radioactivity); materials and equipment required ; experi- 
mental procedure; experimental notes. Questions inter- 
polated here and there will help to keep the student aware 
of what he is doing, and why. 

The bibliographies for the various chapters are good, 
and there is an adequate index. The book is well but not 
extravagantly produced. 

There are a number of specific points about this book 
which I liked. The English style is clear and readable. 
The text abounds in brief, commonsense observations 
which attract attention and set the reader on the right 
lines: “autoradiography is as much an art as a science”; 
“proper preparation of counting samples is as important— 
as the counting operation’; “‘radiotracers must always 
be regarded as only a tool, not a panacea”; “the 
Investigator must take an open-minded, unprejudiced 
approach—”’; “the opportunities for misinterpretation 
are probably much greater (in tracer experiments) than 
in the traditional approaches”. I can endorse the validity 
of these and of many similar observations, and the need 
to present them and to insist on them, even at the pres- 
ent date. 

The selection of material shows also that the authors 
are looking forward and not backward. The technique of 
‘radiorespirometry’ (kinetic studies of respiratory meta- 
bolism, detecting “CO, from suitably labolled substrates), 
patiently promoted for some years by a handful of en- 
thusiasts, is still in very limited use, and good equipment 
1s still rare and expensive. Profs. Wang and Willis give it 
nevertheless a fairly thorough treatment, as a method of 
which every serious student should have some knowledge. 

Inevitably, I found details with which I do not agree, 
but they are not important enough to be discussed in a 
review of this size ` 
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The price may appear rather high to readers in Britain, 


but for a book of this kind and standard it is reasonable. = 


JoHN R. CATCH 


CRYSTALLOGRAPHY: TRANSLATION 
OF A RUSSIAN DATA COMPILATION 


Handbook of X-ray Analysıs of Polycrystalline Materials 
By Lev Iosifovich Mirkin. Authorized translation from 
the Russian by Dr. J. E. 5. Bradley. Pp. xx+731. (New 
York: Consultants Bureau, 1964.) 35 dollars. 


OW different the appraisal of the English edition of 
Dr. Mirkin’s Handbook of X-ray Analysis of Poly- 
crystalline Materials must be from that of the original 
Russian text of 1961 ıs shown by Prof. Ya. S. Umanskii’s 
remark, in the foreword, that apart from Kitaigorodski’s 
classical compilation. of twenty years earlier this was the 
only general reference work on X-ray analysis published 
in the U.S.S.R. In the English language it is with a book- 
shelf already containing the International Tables for X-ray 
Crystallography and other well-known specialized com- 
pilations that we must judge the usefulness of any new 
compilation. 

Dr. Mirkin’s book is divided into two roughly equal 
parts entitled “General Methods of X-ray Structure 
Analysis” and “Some Special Problems and Methods in 
X-ray Structure Analysis’. These titles would be 
thoroughly misleading were ıt not for the overall title, 
Part 1 in fact being directed towards the powder method, 
and Part 2 mainly concerning identification, accurate 
measurement of structure cell dimensions, and certain 
extra-structural features. 

In choosing the order of presentation in Part 1, the 
author has borne in mind the sequence of events in an 
analysis. Thus we find that X-ray wave-lengths, absorp- 
tion coefficients and similar data come first. A short 
survey of the main types of Russian equipment (c. 1961) 
is also included and nomograms and charts are provided 
to facilitate the setting up of cameras and monochrom- 
ators. 

Having, so to speak, obtained diffraction data, one 
arrives at tables relating Brage angles with ring diameters 
for a range of specimen-to-(flat)film distances. If a 
cylindrical camera is used then corrections for specimen 
eccentricity and thickness are here to hand. The usual 
extrapolation functions, however, are kept for a chapter in 
Part 2 and it is only by browsing that one finds them— 
the index being of little help. Commendably, charts for 
§ — d conversion have been omitted, these being available 
in a more suitable larger format elsewhere. Intensity 
measurement receives little attention apart from the usual 
guidance in evaluating errors in counter methods. 

More than half of Part 1 concerns various ways of 
indexing powder patterns. In common with the remainder 
of the book there are short explanatory sections followed 
by the relevant data; in the present instance, tables of ths 
necessary trigonometrie functions, d. v. 1/d*, quadratic 
forms, space group data, Cernohorsky’s nomograms, and 
Hull—Davey and other charts. There are also theoretical 
line-patterns for some structure types, but these are inferior 
to those in Part 2 to which, unfortunately, there appears 
to be no cross-reference. Indexing in the monoclinic and 
triclinic systems is limited almost exclusively to the use 
of homology, with only brief mention of, for example, 
reciprocal-lattice methods: as in other sections, one is 
reminded that the contents are essentially pre-1961. 

Part 1 concludes with standard data and aids required 
for the calculation of intensities and includes atomic 
co-ordinates for a number of structure types, and structure 
factors for a selection of space groups. 

Inorganie ‘phase analysis’ forms a major topie of the 
second part, and includes Sagel’s list (1958) giving struc- 
ture type and cell dimensions for 1,200 inorganic sub- 
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stances. The original Russian text also included 126 


~~pages of data from the 4.S.7°.M. Powder Data File (c. 


1957) but very sensibly these have been omitted from the 
present English edition because more accurate and 
extensive data have become available from the American 
Society for Testing Materials and also because continuance 
of the File depends on its separate publication. For the 
cubic, tetragonal and hexagonal systems, however, there 
are Frevel’s theoretical line-patterns for recognizing and 
indexing many structure types, with tables for identifying 
some hundreds of compounds in terms of structure type 
and cell dimensions. Tables of ‘homologous pairs’ for 
some two-phase mixtures, and others for the general 
conversion from weight per cent to atomic per cent, would, 
like so many of the entries, become useful if one knew 
they were there. 

Precision. measurement of lattice constants is another 
topic receiving special attention with tables of 4,.VN, 
refraction corrections, charts for selection of most suitable 
wave-length, and description of the classical aspects such 
as extrapolation procedures and use of least squares. 
The relatively recent refinements in this field were, 
of course, only just appearing in the literature at the time 
of the original publication but, even so, brief mention is 
made and some references are given. 

Three chapters are concerned with extra-structural 
features such as stress, crystal size, lattice distortion, 
preferred orientation. To aid stress measurement in iron, 
copper, aluminium and their alloys, for example, there are 
Zhmudski’s tables (1953) for determining cell dimensions 
directly from the Bragg angles of certain high-angle 
reflexions. Investigation of crystallite size, lattice imper- 
fections and lattice distortion are dealt with collectively 
and there are useful data for profile analysis. Chapters on 
diffuse and small-angle scattering and on the determina- 
tion of preferred orientation complete the coverage of 
X-ray techniques, and the book concludes with short 
summaries on electron and neutron diffraction. 

Dr. Mirkin’s compilation, of necessity. overlaps the 
coverage for the International Tables for Crystallography 
and other established sources, but then extends to give a 
unique collection of data for the analysis of polycrystalline 
materials. Where it has drawn, for example, on the 
International Tables one will continue to use the original 
(which, in some instances, probably contain more com- 
plete or up-to-date data). It is for che compilation in 
English of material from Russian and other sources 
(notably Sagel’s Tabellen zur Roentgenstrukturanalyse) not 
otherwise available in English that the book is so obviously 
of particular value. Furthermore, some of the tables 
are here published for the first time or have been expanded 
for this edition. Unfortunately there are a number of 
inconsistencies in the book and also a lack of critical 
assessment which could mislead the inexperienced user. 

While easing the retrieval of data from scattered sources 
this book does, between its own covers, pose a problem in 
retrieval—-especially of the less conspicuous items. The 
subject index is totally inadequate and there is no author 
index—the 464 references being listed only by number. 

E. G. STEWARD 


RESEARCH IN LEUKAEMIA 


Current Research in Leukaemia 
Edited by F. G. J. Hayhoe. Pp. xii+306. (Cambridge : 
At the University Press, 1965.) 120s. 


HIS book contains all but four of the papers delivered 

at a postgraduate medical course in Cambridge in 

August 1964 by workers mainly drawn from England and 

Italy, with a few from France, the United States, the 
U.S.S.R. and Germany. 

In the first section of four papers, Merker considers 

the alkaline phosphatase score, the chromosomes, and 
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neutrophil migration, particularly in chronic granulocytic 
leukaemia. The pkagocytic studies in myeloid forms of 
leukaemia reported by Marmont and Damasio are inter- 
esting but restricted by inadequate quantitative methods. 
The excellent repors by Dmochowski on electron micro- 
scopy applied to the viral and mycoplasma aetiology of 
human. and animal leukaemia is unhappily marred by an 
mcorrect order of the 75 clear, well-chosen photomicro- 
graphs (this is being corrected in later printings). Harris 
gives a sound outline of virological studies in avian and 
murine leukaemia and advises caution in attempting 
extrapolation to maz. - 

Of the three reparts dealing with cytogenetic investiga- 
tions in leukaemia. that by Hayhoe and Hammouda is 
the most valuable; it correlates chromosome aberrations 
with clinical and cytochemical findings in leukaemia and 
other haematological malignancies. Tough compares 
the cytogenetics of chronic myeloid leukaemia with and 
without a significano radiation history, but there are few 
cases in the former group. 

The eight articles in the third and longest section on cell 
growth and division indicate the recent exuberance of 
interest in this basic field. Hale and Cooper used auto- 
radiography to investigate the DNA replication of leukae- 
mia cells; Storti and Torelli speculate on differing meta- 
bolic types of RNA and its relation to protein synthesis, 
and Gavosto et al. used autoradiography to study DNA 
synthesis in the ckromosomes, extra-chromosomes, and 
at different times in the S-period of mitosis in acute 
leukaemia. 

In the papers deeling with in vitro culture systems and 
phytohaemagglutinn stimulation of leukaemic leucocytes, 
the metabolic correlations obtained by Quaglino and 
Hayhoe using autoradiographic and cytochemical methods, 
combined with the assessment of proliferative capacity 
by Astaldi et al., form two valuable and complementary 
contributions. Elves discusses the transformation of 
lymphocytes to blasts and macrophages, and speculates 
on haematopoiesis, a subject discussed later by Loutit. 

In the longest pa er in this symposium, on biochemical 
aspects of leukaemic cells, Seitz reviews much work on 
nucleic acid and glycogen metabolism carried out in 
his laboratory, and published only in the Russian litera- 
ture. Salvidio and Baldini suggest mechanisms for the 
differing patterns af enzyme-levels in lyophilized spleens 
in a variety of conditions. The ‘therapeutic experiment’ 
of allogeneic marrow grafting for the treatment of acute 
leukaemia in animals and man is discussed by Mathé 
and Amiel. 

The final section relates to epidemiological aspects of 
leukaemia: it includes investigations of the ‘summer 
peak’ by Lee and Gardner; on the ‘clustering’ of cases 
by Knox; and on incidence and distribution of leukaemia 
by Doll. 

The editor, contributors and publishers are to be con- 
gratulated on the speedy production of this volume, which 
can be recommended to those wishing to have up-to-date 
reviews in the diferent fields of leukaemia research. 
References and the index are good, but throughout one 
feels the absence of discussion despite the explanation 
on the cover. R. PENNY 


ADHESION AND ADHESIVES 


Adhesion and Adhesives 

Edited by Dr. R. Houwink and Dr. G. Salomon. Vol. 1: 
Adhesives. Second, completely revised edition. Pp. 
xvi + 548. (Amsterdam, London and New York: Elsevier 
Publishing Company, 1965.) 135s. 


T is fourteen years since N. A. de Bruyne and R. 
Houwink produced the first edition of Adhesion and 
Adhesives, and it would, therefore, seem an appropriate 
moment for publication of a second enlarged edition in 
view of the tremendous developments which have occurred 


: | NATURE 


in this period. Full appreciation of the present volume 
will await the publication of the complementary volume 
and will be tempered by, the emergence over the years of a 
number of books on the same topics. 

The general arrangement of the book is simular to that 
of the first edition with articles contributed by a team of 
American, British and Dutch authors, this time largely 
under the direction of G. Salomon, who writes the first 
chapter on ‘Adhesion’. The subject-matter of this 
chapter ranges far and wide in order to provide a compre- 
hensive survey of many aspects of adhesive and appro- 
priate polymer science, and, consequently, certain areas 
suffer a somewhat sketchy treatment. However, the 
subject-matter is well supported by a classified system of 
296 references with a brief critique of a number of the 
more recent books on various aspects of adhesives and 
adhesion. The succeeding chapters concern themselves 
with specific classes of adhesives and contam a varying 
but minor emphasis on, adhesion, leaving the subject of 
applications to Volume.2. Chapters on animal glue and 
related protein adhesives (A. M. Kragh and J. Wootton) 
and vegetable adhesives (K. W. Kirby) are followed by a 
long chapter on synthetic organic adhesives (C. A. A. 
Rayner), and the length of this and the first chapter, 
which together comprise more than half of Volume 1, 
reflect the enormous interest in these fields over recent 
years. Not only are the important adhesives in the 
class discussed and an account given of two-polymer 
adhesives, but again there is a monumental and classified 
system of references. Chapters on bituminous binders 
and coatings (R. N. J. Saal) and rubbers (W. C. Wake), 
the latter including a section on tack, complete the field 
of organic adhesives. The remaining chapters are on glass, 
enamels and ceramics, (W. van der Colk), inorganic 
adhesives and cements (J. H. Wills) and, finally, metallic 
adhesives (W. R. Lewis), including welding. 

The overall presentation of the volume is good, and 
textual errors appear to be few. It supersedes the first 


„` edition in that, with the'exception of the final chapter, the 


majority of references given are post-1951. Some readers 
might have welcomed more chemical formulae in chapters 
outside their own experience and it seems a pity that, m 
a book which -will-no doubt be regarded as both reference 
and text-book, no author mdex is provided. All in all, 
although the present book will not stand out as much as 
its predecessor in view of other publications on the same 
subjects, nevertheless it is to be recommended to all 
interested ın adhesion and adhesives, and I for one await 
publication of the second volume with interest. 
| R. P. SHELDON 


PEASANT FARMING SYSTEMS IN 
AFRICA | 


The African Husbandman 
By Wiliam Allan. Pp. xn+505+7 plates. (Edinburgh 
and London: Oliver and Boyd, Ltd., 1965.) 63s. net. 


T the present stage of agricultural development in 
Africa, Wiliam Allan could scarcely have written a 
more basic and pertinent book. African Governments, 
with the tremendous demands made on them by develop- 
ment, are turning to their countries’ agricultural resources 
for a greater contribution to the economy. They are faced 
with an enormous proportion of their people dependent on 
subsistence farming, and increasing population pressures 
on the land which will rapidly reduce its productivity. 
Tt 18 a vital first step to assess the carrying capacity of 
land, to give not only a basis for the control of exploita- 
tion under existing systems, but also an indication of the 
potential of the land with regard to improved farming 
schemes. 
Allan set out to measure the carrying capacity of the 
land, which he terms the “critical population density”. 
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He has calculated the critical population density for 
African peasant systems on the basis of his work and 
experience with the subsistence cultivators of Northern 
Rhodesia, now Zambia. r 

In Part 1 he discusses m detail how the formula fo 
estimating critical population density is built up. He 
describes the method of classifying tho land on an eco- 
logical basis, and shows how this relates to the systems 
of land use practised. He then calculates the critical 
population density, which 1s the maximum density that is 
consistent with the maintenance of the agricultural system 
without degeneration of the land. Allan describes the 
different cultivation practices of Northern Rhodesia, and 
shows how critical population densities were worked out 
and, applied to these systems. This is a very important 
section and could well be regarded as a working paper 
for anyone involved in rural development in Africa. 

In Part 2 the traditional farming systems of people in 
other parts of intertropical Africa are described. This 
section shows that the methods are still valid in widely 
varying conditions, and gives a basis for their more 
detailed use. 

Perhaps some of Part 3, in the long chapter given over to 
hunters and food gatherers, could have been condensed, 
to make room for a more detailed treatment of the 
weight of information in Part 1. Part 3 also describes the 
pastoral systems and the relevance of population density 
estimates to this very significant section of African agrı- 
culture. 

The final part of the book looks at the effect of change 
on the African farmer, the factors that have upset the 
balance of traditional systems, such as the introduction of 
cash crops, the imposition of peace, and improvement in 
health of both men and animals. Often the-result is a 
higher standard of living for some, and increased popula- 
tion pressure and. 1ts accompanying problems for most. 
Change goes on, and Allan discusses the attempts being 
made to adopt systems of improved farming, and the 
demands that will be made on African agriculture by 
nations striving for economic development. 

The African Husbandman is well written, with occa- 
sional delightful touches, such as the author’s account (on 
p. 151) of the ‘lawn’ of Salvinia on Lake Kariba and the 
three kudu swimming out of it. He gives the impression 
of a man who was fascmated and excited with his work, 
who was also constructive and acute. The text is well 
documented, with a comprehensive bibliography, but for 
areas with which one is not familiar 1b would have been of 
considerable help to have more sketch-maps; that of 
Uganda is not particularly accurate. 

It is worth noting that the work from which this book 
emerges was carried out by a team of four: Allan, the 
agriculturalist; M. Gluckman, the anthropologist; C. G. 
Trapnell, the ecologist; and D. U. Peters. This brings 
out the very significant contribution of Allan himself, 
his ability to view African agriculture in all its aspects, 
biological as well as economic, and, particularly, social. 
It is this which gives The African Husbandman its 
authority. Peasant farming systems in Africa are in- 
sricately bound up with the social customs and the way of 
life of the people. Any influence which brings change to 
thé farming system will affect the social structure, and, 
further, any designs for improved farming are likely to be 
affected by long-established customs resistant to change. 
The developing countries are fortunate to have at their 
disposal a book which has consistently taken these factors 
into account. 

The African Husbandman is a book to be used. 
Gluckman in his foreword, written from the anthropolo- 
gist’s point of view, says: “I dare affirm that it is equally 
essential to agricultural scientists”. It is indeed equally 
essontial. An agriculturalist would merely have said the 
reverse, that it was equally essential to the anthropologist. 
It is to be hoped that it will appear under both subjects in 
bookshops and catalogues. H. L. HUTCHINSON 
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An Introduction to the Theory of Relativity 


~~ By Dr. W. G. V. Rosser. Pp. xiv+516. (London: Butter- 


worth and Co. (Publishers), Ltd , 1964.) 75s. 


N the past, books on special relativity have fallen into 

two distinct groups. There are some meant primarily 
for. mathematicians which are exhaustive discussions in 
which the experiments take a back seat and the more 
abstract parts of the theory are fully developed. Now that 
the special theory is so well establshed, there is an 
important part for such books to play. The fact remains 
that undergraduates reading physics are not well catered 
for by these books, and those treatments of the subject 
which are more slanted towards physicists are all small 
light-weight accounts. Accordingly, An Introduction to 
the Theory of Relativity meets an important need and it 
does so magnificently. There can seldom have been such 


~ a complete justification for special relativity in terms of 
. experimental results. 


Every important confirmation of 
the theory is fully dealt with and discussed in a simple 
and enlightening way. 

The book begins with two chapters of historical intro- 
duction, one dealing with mechanics and one with the 
theories of the ether. The Lorentz transformations are 
then introduced on the basis of a constant velocity of 
light, and in the next two chapters their consequences in 
optics and mechanics are fully discussed. The author then 
goes over to the use of a four-dimensional representation 
and uses this to begin his discussion of electromagnetism, 
starting with the formula for a force between currents. 
After a fairly conventional treatment of Maxwells 
equations, the author devotes a whole chapter to the 
clock paradox and criticism of special relativity. A con- 
cluding chapter gives an intuitive account of general 
relativity without going into the whole mathematical 
theory. There is an excellent bibliography and a very 
full index. 

C. W. KILMISTER 


Guide to Activation Analysis 

Edited by William S. Lyon, Jun. Pp. xix+ 186. (Prince- 
ton, N.J., and London: D. Van Nostrand Company, 
1964.) 46s. ôd. 


GU DE to Activation Analysis describes the major aspects 
of activation analysis in eight chapters by different 
authors: two appendixes give calculated sensitivities and 
safety and licensing requirements. The first two chapters 
deal with basic nuclear properties and with reactor neutron 
flux characteristics, non-reactor neutron sources are then 
described and compared, and there is a short chapter on 
the subject of radiochemical separations. Various aspects 
of counting are considered in two further chapters, less 
widely applied techniques such as charged particle and 
y-photon activation are then described by the Editor 
himself, and the final chapter is devoted to practical 
examples of activation analysis. 

At a time when intact methods of analysis are becoming 
more widely applied, the chapter on scintillation counting 
techniques provides a useful introduction to instrumental 
methods, and the short section on semiconductor particle 
detectors is also most topical. It is unfortunate, how- 
ever, that radiochemical separations, still a very im- 
portant part of activation analysis, are not more fully 
discussed. 

Valuable information is included in the second chapter 
on the measurement and application of epithermal and 
fast reactor neutron fluxes, and Appendix 1l contains a 
comprehensive bibliography of determinations carried 
out by activation analysis. 

This is a useful book and when used in conjunction with 


T the references quoted it will enable those interested in 


applying activation analysis to gain a satisfactory basis 
for their work. 
T. B Prerce 
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Matrices 

Their Meaning and Manipulation. By Prof. W. G. 
Bickley and R. 8. H- G. Thompson. (General Engineering 
Series.) Pp. xuii+168. (London: The English Universi- 
ties Press, Ltd., 1964.) 21s. net. 


HIS book shows clearly how to present a difficult 

topic in a@ concise and imteresting manner. The 
authors have used their great didactic skill in securing the 
co-operation of the reader, not only by appealing to his 
sense of purpose, but also by encouraging him to solve 
numerous problems which supplement the text. 

Few would disag-ee that modern engineers ought to 
have a rudimentary Enowledge of matrices. Itis encourag- 
ing to see a text which strikes just the mnght balance 
between theory and application, includes numerical 
examples and gives a discussion of pitfalls awaiting the 
unwary. The book, appropriately enough, starts with a 
brief description of numerous present-day applications of 
matrices, both in engineering and in physics. This is 
followed by a brief exposition of matrix notation, matrix 
multiplication and tis applications, and an introduction 
to the theory of deserminants. The four final chapters 
cover linear equations (reciprocal matrices), eigen-values 
and eigen-vectors and a discussion of computational 
techniques appropriste to both topics. (Here the difficul- 
ties of presentation are by no means inconsiderable and 
it is very much to the credit of the authors that they 
managed to overcome them so successfully.) 

The book, which can be recommended unreservedly as 
a basis of an excellent introductory course for third-year 
and postgraduate scudents, is well produced and very 
reasonable in price. P. A. Linpsay 


Comparative Physiclogy and Pathology of the Skin 
Edited by A. J. Rook and G. 8. Walton. Pp. xiv+794. 
(Oxford : Blackwell Scientific Publications, 1965.) 155s. 


T is all too easy for the physician to forget that species . 
other than Homs sapiens contribute much more to 
medicine than their role as experimental animals for drug 
testing and similar procedures. Other species have their 
own physiology and pathological disorders, from which a 
very great deal of information of value to the study of 
human disease can b2 learnt, and this is as true of the skin 
as it is of other organs. 

Schwartzman and Orkin’s book, Skin Diseases of Dog 
and Man, has aroussd a lot of interest since it was pub- 
lished in 1962, and row Rook and Walton have edited an 
excellent volume, Comparative Physiology and Pathology 
of the Skin, incorporating the proceedings of a symposium 
held in Cambridge ir April 1964. 

The contributors Include a wide range of veterinarians, 
biologists, dermatolcgists and other scientists. The book 
is divided into sections dealing with comparative derma- 
tology, hair, nutritional influences, porphyria and light 
sensitization, the mest cell, immunology and tumours of 
the skin. 

The standard of tae contributions in the various chap- 
ters is almost always quite outstandingly high; as indeed 
one might expect from the very distinguished contributors. 
Each appears to have given of his best. Individual readers 
will naturally find particular sections of special interest 
to themselves. 

Of great merit is the style in which the text is written, 
a tribute to the autaors and editors. It is entirely intel- 
ligible to the average reader not working in the specialized 
field, and so provides a good guide to the interests of other 
workers. 

I find it impossibl to give other than the highest praise 
to the contributors and editors of this book and to the 
School of Clinical Research and Postgraduate Medical 
Teaching, and to tae Veterinary Medical School of the 
University of Cambzidge who were responsible for arrang- 
ing the symposium. C D. CAatnan 
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ITS ACHIEVEMENTS AND FUTURE“ 


By Pror, CLAUDE LEVI-STRAUSS 


Director of the Institut d’Ethnologie, University of Paris 


MONG the many cherished recollections that I have 

retained of the years I spent in the United States, 

one remains outstanding because it is associated with 

what, due to my inexperience, appeared to me as some- 

thing of a discovery. Indeed, it embodies for me to this 

day the unfathomable wealth and mystery of the city of 
New York. 

This apparent discovery took place quite casually one 
day on lower Broadway, when I stumbled on a bookstore 
which specialized in second-hand government publica- 
tions and where could be bought, for two or three dollars 
apiece, most of the Annual Reports of the Bureau of 
American Ethnology. 

I can scarcely describe my emotion at this find. That 
these sacrosanct volumes, in their original green and gold 
bindings, representing most of what will remain known 
about the American Indian, could actually be bought and 
privately owned was something I had never dreamed of. 
To my mind, they belonged rather to the same irredeem- 
able past as the beliefs and customs of which they spoke. 
It was as though the civilization of the American Indian 
had suddenly come alive through the physical contact 
that these contemporary books established between. 
me and their time. I felt somewhat akin to a sixteenth- 
century scholar who, finding in what must have corre- 
sponded to our second-hand bookstores old manu- 
script copies of the works of Homer, Plato or Virgil, is 
struck by the evidence that these great men had actually 
existed, since someone had seen and transcribed their 
written word. Although my financial resources were more 
than, scant and three dollars represented all I had to 
spend on food for the same number of days, this sum 
seemed negligible when it could pay for one of these 
marvellous publications, more alluring to the eye than any 
costly art books, such as Mallery’s Pictographs, Matthews’s 
Mountain Chant, Fewkes’s Hopi Katcinas, or such treasure 
troves of knowledge as Stevenson’s Zuni Indians, Boas’s 
Tsimshian Mythology, Roth’s Guiana Indians, and Curtin 
and Hewitt’s Seneca Legends. 

Thus, it happened that, volume after volume, and at the 
cost of some privations, I built up an almost complete set 
(there is still one volume missing) of the Annual Reports 
1-48, which belong to the ‘great period’ of the Bureau of 
American Ethnology. At that time, I was far from imagin- 
ing that, a few months later, L would be invited by the 
Bureau to become a contributor to one of its major 
undertakings: the seven-volume Handbook of South 
American Indians. 

Notwithstanding this close association and the years 
which have since elapsed, the work of the Bureau of 
American Ethnology has lost for me none of its glamour, 
and I still feel toward it an admiration and respect which 
are shared by innumerable scholars the world over. 
Since it so happens that, in the same year that marks the 
two-hundredth anniversary of James Smithson, the life 
of the Bureau has come to an end (though its activities 
are carried on under a new guise), the time may be fitting 
to pay tribute both to the memory of the founder of the 
Smithsonian Institution and to the Bureau which has 
been one of its greatest achievements and certainly a 
unique one of its kind. 

Ever since it was founded in 1879 (which, incidentally, 
meant the emancipation of ethnology from geography 
and geology wherewith it had been merged so far), not 
only did the Bureau avail itself fully of the amazing 


* Substance of an address delivered in Washington at the Bicentennial 
Celebration held during September 16-18 commemorating the birth of James 
Smithson (see Nature of October 23, p. 321). 


opportunity provided by the presence of scores of native 
tribes at a few hours’ or days’ travel from the great cities, 
but also, as a distinguished anthropologist Dr. Godfrey 
Lienhardt puts it in a recent book: “The accounts of 
custom and culture published by the Bureau compare 
in thoroughness and quality of reporting with modern 
ethnographic studies’ (Social Anthropology, 24, Oxford 
University Press, 1964). We are thus primarily 
indebted to the Bureau for instituting standards of scholar- 
ship that still guide us, even though we but rarely succeed 
in attaining them. 

Above all, the collection of native texts and factual 
observations contained in the 48 major Reports and 
certain of the subsequent ones, in the 200 or so Bulletins 
and in the Miscellaneous Publications, is so impressive 
that, despite the use they have been put to for nearly a 
century, it is safe to say that only the surface has been 
scratched. This being the case, one can only wonder at 
the neglect in which this invaluable material has temporar- 
ily fallen; as if the far less rich material with which we 
must content ourselves concerning the beliefs and customs 
of Greece and Rome were not still laden with as yet 
unexploited and occasionally unnoted data. The day will 
come when the last primitive culture will have disappeared 
from the Earth, compelling us to realize only too late that 
the fundamentals of mankind are irretrievably lost. Then, 
and for centuries to come, as happened in the case of our 
own ancestral civilizations, hosts of scholars will devote 
themselves to reading, analysing and commenting on the 
publications of the Bureau of American Ethnology which 
preserve so much more than has been preserved of other 
bygone cultures (not to mention the unpublished manu- 
scripts placed in the Bureau’s custody): and, if ever we 
succeed in enlarging our narrow-minded humanism to 
make it include each and every expression of human 
nature, thereby perhaps ensuring to ind a more 
harmonious future, it is to undertakings such as those of 
the Bureau of American Ethnology that we shall owe it. 
However, nothing could be farther from my mind than the 
notion that the work of the Bureau belongs to the past; I 
believe, on the contrary, that all of us, together with its 
legal successor the Office of Anthropology, should seek in 
these achievements a living inspiration for the scientific 
task ahead of us. 

It has become the fashion in certain circles to speak of 
anthropology as a science on the wane, on account of the 
rapid disappearance of its traditional subject-matter: the 
so-called primitives. Or else it is claimed that, in order to 
survive, anthropology should abandon fundamental 
research and become an applied science, dealing with the 
problems of developing countries and pathological aspects 
of our own society. I should not want to minimize the 
obvious interest of these new researches; but I feel, 
nevertheless, that there is, and will remain for a long time 
to come, much to be done along the more traditional 
lines. It is precisely because the so-called primitive 
peoples are becoming extinct that now, more than ever, 
their study should be given absolute priority. 

Tt is not too late for hundreds of anthropologists to set 
to work. As early as 1908, almost sixty years ago, Sir 
James Frazer, in his inaugural lecture in the University of 
Liverpool, stated that classical anthropology was nearing 
its end. What have we witnessed instead? Two great 
Wars, together with scientific development, have shaken 


the world and destroyed physically or morally a great “ 


many native cultures. But this process, however dis- 
astrous, has not been entirely one way. The First World 
War gave rise indirectly to Malinowski’s new anthropology 
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by obliging him to share the life of the Trobriand Islanders 
in @ more durable and intimate manner than perhaps he 
would have done otherwise. As a consequence of the 
Second World War, anthropologists were given access to a 
new world: the New Guinea highlands, with a population 
of 600,000~-800,000 souls whose specific institutions are 
changing presently our traditional outlook on many 
theoretical problems. Likewise, the establishment of 
the new federal capital of Brazil, the building of roads 
and aerodromes in remote parts of South America, have 
led to the discovery of small tribes in areas where no 
native life was thought to exist. 

Of course, these opportunities will be the last, and there 
is no future ahead. Moreover, the compensation they 
afford is small indeed, compared with the high rate of 
extinction afflicting primitive tribes the world over. 
There are about 40,000 natives left in Australia as opposed 
to 250,000 at the beginning of the nineteenth century, 
most, if not all, of them hunger-stricken and disease- 
ridden, threatened in their deserts by mining plants, 
atom bomb test grounds and missile ranges. Between 
1900 and 1950, more than 90 tribes have been wiped out 
in Brazil, where instead of a hundred there are now barely 
30 still living in a state of relative isolation. During the 
same period, 15 South American languages have ceased. 
to be spoken. Scores of similar examples could be given. 

Yet, this is no reason to become discouraged. It is 
undoubtedly true that we have less and less material to 
work with. But progress in the meantime, we are able to 
compensate to some extent for this diminishing volume 
by putting it to better use, thanks to our greater theoretical 
and factual knowledge and more refined techniques of 
observation. If I may put it that way, we have not 
much left to work with, but we will manage to ‘make it 
last. We have learned how to look for the cultural 
‘niches’ in which traditional lore finds refuge and where it 
offers the strongest resistance to the impact of civiliza- 
tion: language, kinship, ethnobotany, ethno-zoology and 
the like. 

But although the physical disappearances of populations 
that remained faithful until the very end to their tradi- 
tional way of life does, indeed, constitute a threat to an- 
thropology, curiously enough a more immediate one comes 
from an evolution which has been taking place in such 
parts of the world as Asia, Africa and the American 
Andes, which used to be considered as falling also within 
the realm of anthropological studies. The demography of 
these regions was always high and it shows no sign of 
decreasing; quite the contrary. Physically speaking, the 
subject-matter is still there, as rich as ever, if not richer 
still. This new threat to our investigations is not then so 
much of a quantitative as of a qualitative nature, and 
this proves to be doubly true: in the first place, these 
large populations are changing fast, and their culture is 
resembling more and more that of the Western World. 
Like the latter, it tends to fall outside the field of anthro- 
pology. But this is not all, for the mere fact of being 
subjected to ethnographical investigation seems distaste- 
ful to these peoples, as though by studying the ways in 
which their old beliefs and customs differed from our own, 
we were granting these differences an absolute status and 
conferring on them a more enduring quality. 

Contemporary anthropology thus finds itself in a para- 
doxical situation. For it is out of a deep feeling of respect 
toward cultures other than our own that the doctrine of 
cultural relativism was evolved; and it now appears that 
this doctrine is deemed unacceptable by the very people 
on whose behalf it was upheld, while those ethnologists 
who favour unilinear evolutionism find unexpected support 
from peoples who desire nothing more than to share in the 
benefits of industrialization, and prefer to look at them- 
selves as temporarily backward rather than permanently 
different. 

Hence the distrust in which traditional anthropology is 
held nowadays in some parts of Africa and Asia. Econom- 
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ists and sociologiste are welcome, while anthropologists 
are tolerated at best, and from certain areas they are 
simply banned. Why perpetuate even in writing old 
usages and customs which are doomed to die? The less 
consideration and aztention they receive, the faster they 
will disappear: and aven should they not disappear, it 1s 
better not to menticn them lest the outside world realize 
that one’s culture is not as fully abreast with modern 
civilization as one Jeludes oneself in believing it to be. 
There have been periods in our own history when we too 
have yielded to the same delusion, only to find ourselves 
struggling to regain balance after eradicating so recklessly 
the roots that held cs back to our past. Let us hope that 
this dire lesson will not be lost on others. The question 
is, in effect: what can we do to keep it from being lost ? 
Is there a way of making people realize that they have a 
tremendous responsibility toward themselves and toward 
mankind as a whole, which is not to let perish before it 
has been fully recorded this past it is their unprecedented 
privilege to experienze on a par with their incipient future ? 
The suggestion has been made that in order to render 
anthropology less distasteful to its former human raw 
material, it will suffize to reverse the roles and occasionally 
allow ourselves to bə ‘ethnographized’ by those for whom 
we were once solely the ethnographers. In this way, 
each in turn will get the upper hand. Since there will be 
no permanent privilege, nobody will have grounds to feel 
inferior to anybody else. At the same time, we shall get 
to know more abouts ourselves through the eyes of others, 
and human knowledge in general will derive an ever-grow- 
ing profit from this reciprocity of perspective. 

Well meant as it undoubtedly is, this solution appears 
naive and unworkéble to this speaker; as though the 
problems involved in the great confrontation now taking 
place between Western culture and the rest of the world 
were as simple and superficial as those of children un- 
accustomed to play together, whose quarrels can be settled 
by making them follow the elementary rule: “Let me 
play with your dolls and I shall let you play with mine”. 
To arrive at an understanding between people who are not 
merely estranged from one another by their physical 
appearances and tkeir peculiar ways of life but who also 
stand on an unequal footing to one another, is a different 
question. altogether. 

Anthropology is 20t a dispassionate science like astron- 
omy, which springs from the contemplation of things at a 
distance. It is the outcome of a historical process which 
has made the larger part of mankind subservient to the 
other, and during which millions of innocent human beings 
have had their rescurces plundered, their institutions and 
beliefs destroyed, while they, themselves, were ruthlessly 
killed, thrown into bondage and contaminated by diseases 
they were unable toresist. Anthropology is daughter to this 
era, of violence: its capacity to assess more objectively the 
facts pertaining to the human condition reflects, on the 
epistemological leval, a state of affairs in which one part 
of mankind treated the other as an object. 

A situation of this kind cannot be soon forgotten, even 
less erased. It is not on account of its mental endowments 
that only the Weszern world has given birth to anthro- 
pology, but rather as a consequence of the fact that 
exotic cultures, treated by us as mere things, could be 
studied, accordingly, as things. We did not feel concerned 
by them, whereas we cannot help their feeling concerned 
by us. Between sur attitude toward them and their 
attitude toward us, there is and can be no parity. 

Therefore, if nat-ve cultures are even to look at anthro- 
pology as a legitimate pursuit, and not as a sequel to the 
colonial era or that of economic domination, it cannot 
suffice for the players to simply change camps while the 
anthropological game remains the same. Anthropology 
itself must undergc a deep transformation in order to carry 
on its work among those cultures for the study of which 
it was intended because they lacked a written record ~ 
of their past history. This, however, it will achieve in an 
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altogether different way, since instead of making up for this 
gap through the application of special methods, the aim 
will be to fill it in. Whenever practised by members of 
the culture which it endeavours to study, anthropology 
loses its specific nature and becomes rather akin to 
archaeology, history and philology. For inasmuch as 
anthropology is the science of culture as seen from the 
outside, it follows that the first concern of people made 
aware of their independent existence and of their original- 
ity could not be to observe from the outside the culture 
of their former masters while allowing the latter to observe 
their own culture also from the outside, but to claim the 
right to observe this culture of theirs themselves, and in 
the only way, that is, from the inside. The obvious 
conclusion is that anthropology will survive in a changing 
world by allowing itselfito perish in order to be born again 
under a new guise. 

Anthropology ıs thus confronted with two tasks which 
would prove contradictory only were they to be undertaken 
simultaneously in the same field. Wherever native 
cultures, though disappearing physically, have remained 
to some extent morally intact, anthropological research 
should be carried outi along traditional lines and the 
means at its disposal increased to the utmost. Wherever 
the opposite situation prevails, that is, where populations 
have remained physically strong while their culture is 
rapidly veering toward our own, anthropology should 
accept to shift its goals! and, while being taken over pro- 
gressively by scholars |from the land, adopt aims and 
methods similar to those which, from the Renaissance on, 
have proved fruitful for the study of our own culture. 

From the very beginning, the Bureau of American 
Ethnology has had to face this two-fold necessity by reason. 
of the peculiar situation of the American Indian who allied 
cultural remoteness and physical proximity, together 
with a tremendous will to live, at least among some tribes, 
despite all the ordeals they have been subjected to; thus 
the Bureau was compelled from the start to act both ways: 
on one hand, through ethnographical surveys, the preci- 

„Sion and rigour of which have set up a standard that cannot 
be surpassed, and on the other, by encouraging the natives 
themselves to become their own linguists, philologists'and 
historians. If the cultural riches of Africa, Asia and 
Oceania are to be saved, it will only be on the condition 

‘that, following this example, we succeed in raising dozens 
(and they themselves hundreds) of such men as Francis 
La Flesche, son of an Omaha chief, James Murie, a Skidi 
Pawnee, George Hunt,) a Kwakiutl, and many others, 
some of whom, like La; Flesche and Murie, were on: the 
staff of the Buroau. 

When. we consider that this was taking place more than 
fifty years ago, we can but marvel at such maturity and 
foresight, and hope for the extension, on a world scale, of 
what a handful of resolute and enlightened men and 
women knew should be done in the wide field of American 
studies. Indeed, they did it in such an efficient way that 
through less than a century of effort on their part, a great 
deal more similar maternal to that which is already 
available. There remains such a considerable amount to be 
saved that the urgency of the task risks making us overlook 
the present evolution of anthropology, which as it increases 
in quantity is also changing in quality. Recognition of 
this fact should make us more confident in the future of 
our studies, and it can be verified in many ways. : To 
begin with, new problems have arisen which can still be 
solved, even though they have received but scant attention 
thus far. It is worth noting, for example, with what 
disdain until recently anthropologists have neglected to 
study the relationship, ın the case of each crop, between 
the amount of work involved and the yield, as well as the 
latter’s elasticity. Yet one of the keys to the understand- 
ing of the social and religious importance of yams, which is 
so striking throughout Melanesia, can probably be found 
in the remarkable elasticity of the yield. The farmer who 
is exposed to harvesting ifar less than he actually needs 
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must plant far more in order to be reasonably certain of i 
having enough. Conversely, if the harvest is plentiful it 


can so widely exceed expectations that to consume it all 


becomes impossible; this leaves no other use for it than 
competitive display and social food presentation. In 
cases such as the foregoing, as in many others, we must 
learn to translate, ın terms of several different codes, 
phenomena that we have been apprehending so far in 
terms of one or two codes only, and thus render the ob- 
served phenomena a great deal more significant. 

A wide system of equivalents could then be established 
between the truths of anthropology and those of neigh- 
bouring sciences which have been progressing at a similar 
pace: I am thinking not only of economics, but also of 
biology, demography, sociology, psychology and logics, 
for it is through a number of such adjustments that the 
originality of our field will best appear. 
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There has been much question lately as to whether rn 


anthropalogy belonged among the humanities or among 
the natural sciences. In my opinion this is a false problem, 
since anthropology has the unique feature of not lending 
itself to such a distinction. It has the same subject- 
matter as history, but for lack of time perspective cannot 
use the same methods. Its own methods tend rather 
towards those of sciences not devoted to the study of man, 
though synchronically oriented like anthropology itself. 
As in every other scientific undertaking, these methods 
aim at discovering invariant properties beneath the 
apparent particularity and diversity of the observed 
phenomena. 

Will this assignment deter anthropology from a human- 
istic and historical outlook ? Quite the opposite is true. 
Of all the branches of our discipline, physical anthropology 
is probably the closest to the natural sciences. For this 
very reason, it is worth noting that, by refining its 
methods and techniques, it has been getting ever closer 
to, not farther from, a humanistic outlook. 

For the physical anthropologist, to look for invariant 
properties traditionally meant to look for factors devoid of 
adaptative value and from the presence or absence of which 
something could be learned about the racial divisions of 


‘mankind. Our colleagues are less and less convinced, 


though, that any such factors really do exist. The 
sickle-cell gene, formerly held as one, can no longer be 
considered in that light if, as is now generally accepted, 
it carries a certain measure of immunity to malaria. 
However, as Dr. Frank B. Livingstone has brilliantly 
demonstrated (Amer. Anthropologist, 60, No. 3, 533; 
1958), what appears as an irretrievable loss from the point 
of view of long-range conjectural history can be viewed 
as & definite gain from that of history as historians con- 
ceive it, that is, both concrete and at close range. For 
by reason of the adaptive value of the sickle-cell gene, a 
map showing its distribution throughout the African 
continent would make it possible for us to read, as it 
were, African history in the making, and the knowledge 
thus obtained could be correlated with those same invari- 
ant properties which have vanished at the superficial 
level where they were sought for origmally, fo reappear at 
a deeper functional level; and whereas they seem to grow 
less informative, they turn out to be more meaningful. 
This remarkable process is actually taking place every- 
where in our field. Dr. George M. Foster has recently 
given new life to what most of us held to be an exhausted 
question: the origin of the potter’s wheel (Southwestern 
J. Anthropol., 15, No. 2, 99). This he achieved by pointing 
out that an invention 1s neither ssmply a new mechanical 
device nor a material object that can be described objec- 
tively, but rather a manner of proceeding which may 
avail itself of a number of different devices, some of them 
crude and others more elaborate. In the field of social 
organization, I myself have tried to show that kinship 
systems should not be described by their external features 
such as the number of terms they use, or the way they 
classify, merge and distinguish all possible ties between 
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individuals, In so domg, all we can hope to obtain is a 
long list of types and sub-types which are there simply as 
meaningless objects, while if we try to find out how they 
work, that is, what kind of solidarity they help to estab- 
lish within the group, their apparent multiplicity finds 
itself reduced to a few basic and meaningful principles. 

Similarly, ın the field of religion and mythology, an 
attempt to reach beyond external features, wbich can only- 
be described and arbitrarily classified by each scholar 
according to preconceived ideas, shows that the bewilder- 


> ing diversity of mythical motifs can be reduced to a very 


few number of schemes, each of which appears endowed 
with a specific operational value. At the same time there 
emerge for each culture certain sets of transformation rules 
which make it possible to include in the same group myths 
previously held to be markedly different. 

These examples, chosen among many others, tend 
to show that anthropology’s traditional problems are 
assuming new forms while none of them can be said to be 
exhausted. The distinctive feature of anthropology, and 
that which singles it out among other human sciences, 
is to look at man from the very point where, at each 
period of history, it was considered that anything man-like 
had ceased to exist. Within a century or so, when the last 
native culture will have disappeared from the Earth and 
our only interlocutor will be the electronic computer, it 
will have become so remote that we may well doubt 
whether the same kind of approach will deserve to be 
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called ‘anthropology’ any longer. Between these limits lhes 
the only chance that man ever had or will have to look at 
himself in the flesh while still remaining a problem unto 
himself, though one_-he knows can be solved since it is al- 
ready certain that the outer differences conceal a basic 
unity. 

Let us suppose for a moment that astronomers should 
warn us that an unknown planet was nearing the Earth 
and would remain for twenty or thirty years at close 
range, afterwards to disappear for ever. In order to avail 
ourselves of this unique opportunity, neither effort nor 
money would be spared to build telescopes and satellites 
especially designed for the purpose. Should not the same 
be done at a time wh2n one-half of mankind, only recently 
acknowledged as such, is still so near to the other half that 
except for men and money its study raises no problem,_ 
although it will soon become impossible for ever ? If the 
future of anthropology could be seen in this light, no 
investigation would appear more urgent and no other 
could compete withis in importance. For native cultures 
are disintegrating faster than radioactive bodies, and the 
Moon, Mars and Verus will still be at the same distance: 
from the Earth when that mirror which other civilizations 
still hold up to us will have so receded from our eyes that 
however costly and elaborate the instruments at our 
disposal we may never again be able to recognize and study 
this image of ourselves which will be lost and gone for 
ever. 


ORIGIN OF PRECIOUS OPAL 


By P. J. DARRAGH, A. J. GASKIN and B. C. TERRELL 
C.S.LR.O, Division of Applied Mineralogy, Melbourne 
AND 


Dr. J. V. SANDERS 
C.S.1.R.O, Division of Tribophysics, Melbourne. 


LECTRON microscopy has shown! that the play of 
colours or ‘fire’ in precious opal is caused by diffraction 
effects from arrays of uniformly sized spheres of amorphous 
silica 1700-3500 A in diameter. The spacing of the regular 
optical discontinuities in the arrays is determined by the 
diameter of the spheres and in turn determines the maxi- 
mum wave-length which can be diffracted. With this 
relationship in mind we have examined many opal speci- 
mens from museums and private collections, studied the 


_ occurrence of the mineral in some Australian fields and 


synthesized opaline silica in the laboratory. We have 
reached certain tentative conclusions concerning the origin 
of precious opal and consider that some of these may be 
relevant in principle to the genesis of all opaline silica. 
We find that the spheres in precious opal, and the com- 
mon opal or the ‘poteh’ with which it is associated, have 
an internal structure which suggests to us that these 
particles are secondary colloidal aggregates of primary 
particles up to 400 A in diameter. Woe consider that the 
primary particles formed in ground-water which became 
concentrated by evaporation in partly filled cavities at 
shallow levels. Water evaporated from the free surfaces 
of hquid in the cavities at a rate limited by the vapour 
pressure gradient or the permeability of the cover rock, 
but the surfaces were kept at constant level by inflow 
of more solution from adjacent ground-water traps. The 
concentration of silica increased and, as primary particles 
formed, the contents of the cavities became thin gels. 
With increasing concentration, secondary aggregates 


'- developed to a critical size and settled through the gel, 


the consistency of the gel thus determining the maximum 
particle size. Ifthe secondary particles were well-formed 
spheres and settled at an appropriate size, uniform close- 


packed arrays capable of diffractang visible hght were 
generated and the material could become precious opal. 
If the rigidity of the parent medium prevented secondary 
particle growth, or inhibited the formation of regular 
spheres, or impeded-selective settling of the larger particles 
only common opal ar potch could be formed. In the final 
stage of cementatian, desiccation of the environment 
caused the soft spheres and arrays to harden by loss of 
water and depositiozr of further silica. The quality of tho 
‘fire’ exhibited by the stone is influenced by the extent to 
which interstitial voids remained unfilled. 


Field Environment of Opal 


The main opal fields of Australia are situated in arid 
inland regions where the mineral occurs in a sub-horizontal 
sequence of Cretaceous claystones and thin bentonite beds. 
The claystones are composed of fine angular quartz and 
coarse kaolinite and are highly permeable. Siliceous 
duricrust up to 3 m in thickness covers much of these 
and is apparently oflate Tertiary age’. Opal is found from 
depths as great as <0 m up to the surface, where it has 
been exposed by poss-Tertiary erosion. We estimate that 
opal has been depos-ted under a cover of 5-40 m of rock 
during the Tertiary period, under climatic conditions not 
greatly different fram those prevailing at present. 

We consider that three features of the Australian fields 
have been particularly significant in the genesis of the 
opal. 

(1) An abundant supply of readily soluble silica has 
existed in the host sediments. Detrital feldspars have been 
kaolinized in situ in the claystones, liberating silica in 
solution. Diagenetic changes associated with the benton- 
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ites could also have produced silica of the opaline variety 
giving the ‘cristobalite’ X-ray pattern known to be charac- 
teristic -of such clays’. Amorphous silica micro-fossils 
and volcanic ash fragments have been recorded in some 
of the beds‘. 

(2) The aridity of the climate has restricted the shallow 
ground-waters of the opal fields to sharply defined forma- 
tional dams, such as the bentonite beds, for periods of 
millions of years. Except in the vicinity of such water 
traps, the rocks have dried out to depths of many metres. 
At present, ground-waters may be fresh where part of the 
drainage system, but where stagnant may contain up to 
3 per cent of mixed sulphates and chlorides, 80 p.p.m. of 
silica and have slightly acid characteristics. Carbonated 
alkaline artesian waters exist at depths of 700~-1,200 m 
in many fields but the present distribution of these shows 
no relation to the occurrence of opal. 

(3) Opal typically occurs either as a cavity filling in the 
vicinity of junctions of bentonitic beds with overlying 
porous rocks or as slabs in jomts and solution channels. 
Cavities have been formed throughout the host rocks by 
minor deformation and by the removal of fossils and 
minerals through decomposition or leaching. Many 
cavities remain unfilled and even within a favourable level 
the distribution of opal 1s very patchy. Most cavities 
along the top of a bentonite band may contain opal over 
an area of hundreds of square metres but immediately 
outside this area all similar spaces may be empty. Where 
cavities in porous rock have been filled with opal the rock 
pores are usually also filled, generally with opaline silica 
showing no ‘fire’ but occasionally with precious opal of 
the type called ‘matrix’. Where masses of opal occur in 
bentonite the surrounding sediment is generally not 
silicified. Precious opal does not ‘replace’ other materials 
except by filling spaces left by extraction of the original 
substance. Veins of gypsum and alunite are commonly 
situated above opal levels along the upper surfaces of 
bentonite beds and opal may include or be included by 
these minerals. 


Supply and Deposition of Silica 


Since the sediments of the Australian opal fields have 
been rich sources of soluble silica and the amounts of 
ground-water present have been limited, we consider that 
' water in formational traps could have dissolved up to 
100 p.p.m. of silica, from the host rocks at 20°~-25° Ç 
under neutral or slightly acid conditions. Such solutions 
could have migrated laterally to places where evaporative 
loss of water through the rock cover concentrated the 
solutions to the point of deposition of colloidal silica. 
We have found no evidence to suggest that the solutions 
responsible for opal deposition were different from 
present-day ground-waters, and in fact we see no reason 
why the deposition of opal could not still be continuing 
in parts of these regions. 

All field evidence is consistent with the suggestion that 
opal has been formed by slow evaporation of very limited 
and highly localized supplies of ground-water, a process 
similar in some respects to the formation of surface duri- 
crust but occurring under a protective cover of rock 
sufficient to isolate the system from seasonal drying and 
flooding. Opal host cavities have charactenistically been 
those situated in positions permitting steady-state con- 
centration of ground-water by evaporation. Soluble salts 
have been removed by diffusion to zones, above the 
cavities, where crystallization occurred as capillary flow 
ceased. This separation of salts from colloidal silica 
particles has been an important factor enabling silica to be 
spatially concentrated in appreciable masses, sufficiently 
free from physical disruption to achieve the structure 
required for optical diffraction effects. 

For purposes of illustration we may consider the typical 
situation of an isolated host cavity that has been situated 
in a wet zone near the top of a bentonite bed under a cover 
of porous claystone. In this zone capillaries were satur- 
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ated, but a larger space, such as the host cavity, contained 
a free water surface. As water vapour lett the free 
surface and migrated up to the atmosphere through the 
permeable cover rock, small primary colloidal silica 
particles formed as the residual solutions became concen- 
trated. The level of the free liquid surface in the cavity 
was maintained by hydrostatic inflow of ground-water 
from points further along the formational dam. Particles 
grew to a diameter of 300-400 A and settled as loose flocs, 
to give a zone with the consistency of very thin gel on the 
floor of the cavity. This zone of high population density of 
primary particles acted as the parent medium for the . 
formation of secondary colloidal aggregates. Primary”. 
particles removed in the formation of the aggregates 
were continuously replaced by fresh particles diffusing 
down through the thm gel as evaporation proceeded. 

It may be seen that the concentrating mechanism in our 
model is a free water surface from which vapour is pro- 
gressively removed. Such surfaces may have existed m 
a host cavity, or in voids connected with the cavity by 
channels permeable to sol particles. If we consider a 
model in which the walls of a cavity were permeable only 
to solutions and assume that a free surface was continu- 
ously maintained in the cavity, the rate of deposition of 
opal may be estimated by calculating the rate at which a 
100 p.p.m. silica solution could be concentrated in 
the cavity. This rate would be controlled either by the 
permeability of the cover rock to water vapour or the 
rate at which water could evaporate from the free surface 
and, condense at the roof of the cavity under the influence 
of the thermal gradient in the surrounding rock. At deep 
opal levels the thermal gradient could be assumed con- 
stant at about 0-05° C per metre, the temperature de- 
creasing towards the base of the zone of seasonal variation. 
This would give an evaporation flux across the cavity of 
the order of 10-!° g/em®/sec. From measurements of the 
permeability of the cover rock at Andamooka we consider 
that this flux would readily have been sustained, even. 
where thin bands of bentonite occur in the sequence. A 
spherical cavity losing water at this rate would concentrate 
silica solution at a rate sufficient to deposit a layer of 
opal up to 1 em thick in 5 million years, even at a depth of 
40 m. Opal at higher levels could have been deposited 
more rapidly, especially in cavities covered only by porous 
claystone, or at places connected with the ground surface 
through vertical open joints. At a depth of 10 m the 
maximum rate of deposition possible from a 100 p.p.m. 
silica solution would have been about 1 cm in 200,000 
years, but this implies direct connexion to the atmosphere, 
an improbable condition in our view. 

Rates of opal deposition calculated for an isolated cavity 
would not apply to a cavity connected to extensive areas of 
free surfaces in surrounding voids. Sol particles generated 
in such voids interconnected across an appreciable area 
of a formational dam could presumably be laterally 
segregated by fluid flow towards particular cavities which 
would therefore fill at higher rates. The large slabs of 
opal in joint systems and solution channels probably 
formed by this mechanism. Such material is generally 
potch, the best quality precious opal being found in small 
isolated cavities where the material has been formed by 
concentration of solution in situ. Opal from isolated 
cavities may show evidence of discontinuities in deposition, 
probably caused by periods of raised water level rather 
than desiccation. The quality of the stone then changes 
abruptly through a succession of sharply defined hori- 
zontal layers, the breaks in deposition being occasionally 
marked with films of clay. Textural evidence from masses 
of opal in open joints shows that such cavities have dried 
out on occasion, the existing opal having been cracked 
through shrinkage and the cracks filled in with later opal. 
‘The time required to cause such desiccation would not have 
been significant compared with the total time required 
to deposit the opal, but the observation supports the con- 
cept that the climate was arid when the opal was formed. 
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Development of Spheres 


The growth of colloidal silica particles appears to be a 
complex phenomenon involving condensation reactions 
and aggregation effects. As solutions concentrate by 


evaporation macromolecules form by condensation of 


small polyanions in reactions liberating water. These 
macromolecules aggregate and become welded together by 
further condensation reactions to form sol particles, the 
distinction being made, by definition, when the particle 
diameter exceeds 10 A. Particles are spherical because 
the substance is essentially amorphous and isotropic. 
Diameters of up to 300-400 A are readily attained and 
the sols tend to become rather monodisperse, possibly 
because the systems are of the type in which particles, 
growing by the operation of a substantially linear growth- 
rate law, are being supplied with nutrient at a steady 
rate’. As the particle diameter increases, aggregation 
becomes the dominant growth mechanism, as small 
particles formed by condensation reactions become 
incorporated in the larger spheres before reaching any 
significant size. This change may be demonstrated by 
holding a sol for a long period with the nutrient supply 
cut off. Under such conditions a silica sol of particle 
size around 100 A held for some months at room tempera- 
ture becomes a suspension of secondary spherical aggre- 
gates 1500-2000 A in diameter® as long as no flocculating 
ions are present to form a gel network which can severely 
impede aggregation. The term ‘secondary’ is used for 
convenience but has no absolute connotation in the silica 
system, where ‘primary’ particles may have formed by 
a similar aggregation mechanism on a smaller scale. 
Electron micrographs of etched opal surfaces show that 
the large spheres are secondary aggregates of primary 
particles 300-400 A in diameter. Australian opal generally 
shows the details of the internal structure of such aggre- 
gates better than opal that we have examined from other 
parts of the world. The structure has been found in 
Hungarian opal, but not in Mexican ‘fire opal’ nor in the 
black glassy variety from Nevada. In well-developed 
secondary aggregates a core is surrounded by 1-3 concen- 
tric shells of primary particles, the smaller aggregates 





Fig. 1. Internal structure of the secondary aggregates of silica in 
Australian opals: (a) violet, (b) green and (¢) red. Shadowed replica of 
surfaces etched In hydrofluoric acid ( x 55,000) 
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Fig. 2. 
Andamooka. 


Distorted cores and particle shapes in ‘potch’ opal from 
Shadewed replica of etched surface ( x 30,000) 


having fewer shells Fig. 1). Opal showing only green- 
blue-violet ‘fire’ usually has a sphere structure of 2 shells 
around a small core. or one shell around a larger core 
apparently formed by less regular aggregation of primary 
particles. Opal showing red ‘fire’ contains spheres larger 
than 2500 A in diameter and these may have 3 shells 
around small cores. 

The perfection of shape of secondary aggregates is 
greatest in precious opal, where regular spheres have been 
formed and arranged in precise arrays of uniform particle 
size. In potch, secondary aggregates may be so malformed 
that arrangement in regular arrays has not taken places 
Ellipsoidal aggregates formed around multiple cores, 
especially around straight chains of core particles, are 
common (Fig. 2). We consider that the consistency of the 
gel medium determined the perfection of shape of second- 
ary aggregates. The more perfect spherical clusters 
probably developed in thin media which allowed greater 
freedom of movement of primary particles, while potch 
particles formed in thicker, more concentrated gels which 
inhibited the develepment of minimum free energy 
spherical clusters in the time available. This accords 
with the presence of the more perfectly shaped particles 
in opal deposited in small cavities by evaporative concen- 
tration of solution within the cavities. Secondary particles 
in other varieties of matural opaline silica examined to 
date are less than 1590 A in diameter and are generally 
rather irregular in shepe. Siliceous duricrust, wood opal, 
common opal and silica deposited in plants are all materials 
in this eategory. 


Packing of Spheres 


Iler has described the spontaneous formation of diffract- 
ing arrays of silica particles 1100 A in diameter in aqueous 
suspensions left to stand for long periods’. Such small 
particles should diffract ultra-violet rather than visible 
wave-lengths and it seems likely that the colours he 
observed were produced by diffraction effects from irregu- 
larities in the arrangement of the spheres. We have 
grown spheres up to diameters of 2000-6000 A by modifica- 
tions of the techniques of Bechtold and Snyder‘, and we 
find that diffracting errays may be prepared from these 








preserved. to some extent p y 


ying and cementing the 

A special feature of the natural opal system is that 
spheres have been both formed and arranged in a still 
medium. This would not be possible in the laboratory 
- systems that we have used, because large secondary 
particles sink into packed arrays within a few days in 
media having a viscosity near that of water. Primary 
particles 300 A in diameter would not enter close-packed 
arrays of secondary spheres and aggregates would not 


continue to grow once settled into such arrays at a dia- 


meter of about 1000 A. We therefore propose that 
secondary aggregates in opal grew in a gel medium of 
sufficient consistency to hold the particles suspended for 
long periods while growth by accretion of primary particles 
proceeded. When secondary aggregates became largo 
enough to break free of the bonds holding the particles 
suspended in the gel network, sedimentation occurred, the 
particles joining regular arrays building up from the floor 
of the host cavity. In these close-packed arrays further 


| growth of spheres by accretion of primary particles was 


> Jrapossible. 
Jn our view the consistency of the parent gel has 
- therefore determined the size to which spheres have grown. 
_ Very thin media allowed early settling of relatively small 
spheres, producing arrays on the scale characteristic of 
opal showing only violet ‘fire’. Thicker media retained 
spheres in growth positions until the sizes characteristic 


©. of opal with green or red ‘fire’ were reached. Potch 
' media were occasionally too thick to allow differential 
settling “and 


the collections of particles that resulted 
were polydisperse, with a diameter range of 600-4000 A 
in a single specimen. 

-- According to our interpretation of the mechanism 

-.-eontrolling particle-size distributions in precious opal, 
there was generally a systematic variation in the con- 

sistency of parent media during the deposition of the 

mineral. Arrays of spheres formed in the shape of vertical 















pseudo-crystals in most opal and such structures in 
specimens of known orientation that we have examined 
genorally show a gradual transition in particle size, the 
pres decreasing in diameter from the base of a pseudo- 
stal to the top. The common gradation in the quality 

e ‘fire’ exhibited is from red at the base to green at 
0 top, suggesting that parent media became thinner as 
-gedimentation of spheres proceeded. This supports the 
-view that the spheres were formed by slow reorganization 
of the parent gel, the rate of supply of new primary 
particles being insufficient to maintain a gel network at 
constant consistency. The transition from larger to 
smaller spheres up the columnar arrays is not always 
shown, and we have in fact observed some instances of 
reversal, especially in thin vertical veins and in ‘matrix’ 
opal. In these, red-diffracting particles have been retained 
in the upper limits of vertical veins, possibly because 
the parent gels in such positions were drier and of thicker 
consistency than the media in the main opal levels below. 

¿Macroscopic structures preserved in opal give some 
indication of the consistency of the parent gels. Loose 
flocs have been kept in suspension in some samples and 
the spheres developed in the flocs have been different 
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within an hour by centrifuging. | ‘The colours can be 
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from those in the surrounding gel. Gels have been unable 
to support sand-sized rock particles which have become 
detached from the roof of the host cavity, but flow lines 


have developed around the falling particles as existing 
arrays of spheres were disturbed. Such observations sug- 


gest that parent media had a consistency similar to that of 


fresh 0-1 per cent silica sol fully flocculated with salts. 


Process of Cementation 


When first formed, the secondary spheres in natural or 
synthetic opaline silica are soft, the component primary 


particles being held together by relatively weak bonds. 


Synthetic spheres can be deformed into polyhedra by 
excessive centrifuging or rapid drying and similar effects 
caused by compression during packing can be seen in 
electron micrographs of natural opal. Spheres become 
harder and denser on drying, especially if a little residual 
silica is present in the liquid being evaporated. In 
natural opal, arrays appear to have remained soft and 
uncemented for long periods before being hardened by 
desiccation, successive generations of different arrays 
having been deformed mechanically at the same time 
while still in a soft condition. 

The consolidation of arrays by deposition of further 
silica and deformation of spheres during drying has given 
the degree of transparency required for the display of 
optical diffraction effects in opal, but the quality of the 
‘fire’ is strongly affected by the extent to which the voids 
between the spheres have been filled. If the spheres 
were deformed and compressed into complete contact or if 
almost all the optical discontinuities were eliminated by 
deposition of interstitial silica, the intensity of the ‘fire’ 
is weak, as in jelly opal and Mexican opal. Complete 
elimination of discontinuities has produced glassy potch. 
If many irregularly arranged spaces have been left, 
general scattering of white light dilutes the ‘fire’, giving 
a milky variety. 

Freshly formed synthetic opal gives a very diffuse 
X-ray pattern of the cristobalite type shown by precious 
opal. The pattern sharpens after several months’ dehydra- 
tion at 100° C, suggesting that variations in the patterns 
of different natural opals® may reflect the time and degree 
of exposure of the mineral to hot, dry conditions. We 
consider that the natural drying of opal in the Australian 
fields took place during Quaternary time, as erosion 
removed part of the rock cover and destroyed the con- 
tinuity of shallow ground-water systems. 

We thank the Australian Museum and the School of 
Mines, Kalgoorlie, for loans of specimens. We also thank 
the miners and cutters of Andamooka and Coober Pedy 
and the opal field wardens of the South Australian 
Department of Mines for their assistance. 
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INTERNATIONAL GEOPHYSICAL CALENDAR FOR 1966 


"TAHE International Geophysical Calendar for 1966 has 
-Å been drawn up by A. H. Shapley, chairman, and 
J, V. Lincoln, deputy secretary, of the Steering Committee 
of the International Ursigram and World Days Service, 
in close association with the International Geophysical 
Committee and the reporters and spokesmen for the 
various scientifie disciplines, International Years of the 
- Quiet Sun and the Committee of Space Research. 


The Calendar designates days and intervals selected for 
special attention for geophysical observations, experi- 
ments, data interchange or analyses (Table 1). It is thus 


a framework for world-wide and interdisciplinary co- .« 


ordination in those programmes where it is not practical or — 
meaningful to carry out the same work for each and every 
day. The Calendar serves mainly the branches of geo- 
physics dealing with the Earth’s atmosphere. A principal 
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use is for the co-ordination of the sampling of the many 
phenomena which vary significantly during the course of 
a year. The Calendar is prepared especially for the 
suggested scientific programmes recommended to be 
carried out for the days or intervals marked on the 
Calendar (see paragraphs 11-16). It is also common for 
individual geophysical stations or groups of stations to 
arrange some of their plans of observations according to 
the Calendar. Thus geophysicists can expect that their 
colleagues in other countries, in other laboratories and in 
other geophysical disciplines will tend to be making 
increased efforts for the days and intervals marked on the 
Calendar; the amount of geophysical data in existence, at 
the World Data Centres and elsewhere, will accordingly 
be greater for Calendar days. 

(1) Uniwersal Time (v.7.) is the standard of time for all 
world days on the Calendar, that is, each begins at 
0000 V.T. and ends at 2400 u.t. 

(2) Regular Geophysical Days (RGD) are each Wednesday 
throughout the year. This weekly sampling schedule is 
particularly designed for the purposes of the meteoro- 
logical programme but has also been adopted for some 
other geophysical programmes. i 

(3) Regular World Days (RWD) are three consecutive 
days each month, always Tuesday, Wednesday, Thursday 
near the middle of the month. Thoy are intended for 
observations, experiments or analyses which can or need 
be made for about 10 per cent of days and which should 
be spaced (in groups of three days) throughout the year. 

(4) Priority Regular World Days (PRWD) are one day 
each month—the RWD which are also a RGD (Wednes- 
days). They are for work which can or needs to be done 
only one day each month throughout the year. 

(5) Quarterly World Days (QWD) are one day in each 
quarter of the year. They are the PRWD which fall 
within the World Geophysical Intervals (WGI) and are 
also a RGD (Wednesday). The QWD serve to co-ordinate 
seasonal high-altitude rocket experiments. 

(6) World Geophysical Intervals (WGI) during 1966 are 
fourteen consecutive days in each season, beginning on the 
second Monday of the selected months. They always 
include the three RWD of the month and the QWD for 
the season. The WGI are intended for intensified pro- 
grammes aimed at the statistics of seasonal variations or 
the timing of seasonal changes. The schedule of WGI 
relative to the equinoxes and solstices is deliberately made 
different from year to year so that in due course a WGI 
will cover the time of seasonal change of each of various 
geophysical phenomena; variations from this principle 
will sometimes be made in order to include a solar eclipse 
within a WGI. 

(7) Solar Eclipses are May 20 (annular) with central line 
extending from North Africa to Central Asia, and Novem- 
ber 12 (total) with central line extending from the equator 
west of South America, to a point south of South Africa. 
Geophysical stations in the eclipse zones treat these days 
as world days and undertake special programmes to 
investigate eclipse effects on the Earth’s atmosphere. (For 
maps of the eclipse zones and pertinent details see any 
standard astronomical ephemeris or yearbook.) 

(8) Meteor Showers of special interest are also marked on 
the Calendar, including some of the important visual 


Table 1. WORLD DAYS MARKED ON THE CALENDAR 


1966 RID PRWD QWD ED WGI Eel. Meteors 
Jan. 11, 12, 18 12 / — 65, 12, 19, 26 — 3-4 
Feb. 15, 18, 17 16 16 2, 9, 16, 23 7-20 = = 
Mar. 15, 18. 17 18 — 2, 9, 16, 28, 380 — ~e oe 
Apr. 12, 18, 14 18 — 6, 13, 20, 27 w somone 22 
May 17, 18, 19 18 18 4, 11, 18, 25 g-22 20 4-8 
June 14, 15, 16 15 — ł, 8, 15, 22,29 — — 8-10 
July 12, 13, 14 13 — 6, 18, 20, 27 eae —- 28-30 
Aug. 16, 17, 18 17 17 8, 10, 17, 24, 31 8-21 m 10-14 
Sep. 13, 14, 15 14 — 7, 14, 21, 28 —_— anane — 
Oct. 11, 12, 18 12 — 65, 12, 19, 26 — m 2O21 
Nov. 15, 16, 17 18 168 2, 9,16, 23, 30 7-20 12 16-17 
Dec. 18, 14, 15 14 — 7, 14, 21, 28 = vns n 
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showers and also unusual showers observable mainly by 
radio and radar techniques. Attention is directed to these 
days (selected by P. Millman, Ottawa) in case ionization 
produced by metəors may account for unusual effects in 
other geophysical experiments. In 1966 the Leonid 
meteor shower, Nov. 16-17, may be stronger than in the 
past 25 years. Although the Leonids gave spectacular” 
displays in 1833 and 1866-67, planetary ‘perturbations 
prevented a repeat of these displays in 1900 and 1933. 

(9) World Days not appearing on Calendar. The occur- 
rence of unusual solar or geophysical conditions 18 
announced or forecast through various types of geophysical 
‘alerts’ which are widely distributed by telegram and radio 
broadcast on a current schedule. The types of alerts are: 
magnetic storm (in telegrams magsterm), magnetic calm 
(magcalme), solar dare (soflare), solar activity (solactivity), 
cosmic ray event (cosmic event), and- sudden and unusual 
stratospheric warmings (stratwarm). These alerts are 
issued by the IUWDS World Warning Agency or in certain 
circumstances by one of the solar-geophysical regional 
warning centres. The meteorological telecommunications 
network co-ordinated by the World Meteorological 
Orgenization carries the world-wide alerts once daily soon 
after 0400 v.r. Many geophysical stations in the various 
disciplines increase their programmes or carry on special 
experiments to teke advantage of the special solar or 
geophysical conditions during the period of alert. Selec- 
tions of Retrospective World Intervals, after a delay of a few 
months, are also announced by the World Warning 
Agency. An additional service of the regional warning 
centres is to notify geophysical and solar stations promptly 
(Ursigrams) with summary details of immediately signifi- 
cant geophysical observations and of major solar events 
which have important and sometimes long-lasting geo- 
physical effects. The telegraphic addresses of the Regional 
Warning Centres ere as follows: 

Aerwarn Wassrveton (U.S.A.); Demea Toxyo 
(JAPAN); Nizmmr Moscow (U.S.S.R.); IONOSPHAERE 
Darmstap?T (G.F.R.) or Cnetagr BAGNEUX (FRANCE) or 
AGI NEDERHORSTDENBERG (NETHERLANDS). Associate 
Regional Warning Centres operate in some other localities. 

(10) The International Ursigram and World Days Service 
(IUWDS) is a permanent scientific service of the Inter- 
national Union of Radio Science (URSI), with the -pai- 
ticipation of the International Astronomical Union andthe 
International Union of Geodesy and Geophysics. IUWDS 
adheres to the Federation of Astronomical and Geophysical 
Services of the International Council of Scientific Unions. 
The IUWDS co-ordinates the international aspects of the 
world days programme and rapid data interchange, and 
also publishes subsequently an annual Calendar Record 
of solar and geophysical indices and events. 


Recommended Scientific Programmes, Operational 
Edition 

The following material was reviewed in 1965 by scien- 
tific working groups cf the third Assembly of the IQSY 
Committee and the eighth Meeting of the Committee on 
Space Research as suitable for co-ordinated geophysical 
programmes in 1966. 

(11) Meteorology. Particular efforts should be made to 
carry out an intexsified programmé on the RGD, each 
Wednesday, u.r. A desirable goal would be the scheduling 
of meteorological rocket sondes, ozone sondes and radio- 
meter sondes on these days, together with maximum- 
altitude rawinsonde ascents at both 0000 and 1200 v.r7. 

During WGI anc Stratwarm alert intervals, intensified 
programmes are also desirable, preferably by the imple- 
mentation of RGD-type programmes on Mondays and 
Fridays, as well as on Wednesdays. 

(12) Geomagnetism. It has always been a leading prin- 
ciple for geomagnetic observatories that operations should 
be as continuous as possible. Thus the great majority of 
stations taking part in the geomagnetic programme will 
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undertake the same programme without regard to the 
Calendar. The days marked on the Calendar will be of 
interest mainly to the following two types of geomagnetic 
stations: (a) stations recording quick-run micropulsations 
(with fast chart speeds) are requested to make such records 
on every RGD according to the following schedule: 1966 
Jan. 5, from 1400 to 1800 v.T.; Jan. 12, from 1500 to 1900 
U.T.; Jan. 19, from 1600 to 2000 u.r., ete. The observe- 
tories are not obliged to send their recordings to the 
World Data Centres except by special request (see IQSY 
World Days Manual under ‘‘Retrospective World Intervals 
on Micropulsations”’). (6) Stations which, in addition to 
other activities, are equipped for making magnetic obser- 
vations, but which cannot carry out such observations and 
reductions on a continuous schedule, are encouraged to 
carry out such work at least on RWD (and during times 
of Magstorm alert). 

(13) Ionosphere. For the vertical incidence sounding 
programme, the summary recommendations are: (a) 
soundings to be made at 5-min intervals or less on RWD 
for stations normally making observations every 15 min 
or at more frequent intervals; all stations are recom- 
mended to make at least quarter-hourly observations on 
RWD; (b) f-plots are made for high-latitude stations and 
representative stations at lower latitudes for all days 
(that is, including RWD and WGI}; (c) profile parameters 
he, qc or recommended similar parameters to be determ- 
ined and sent to WDC for RWD for all stations except 
those undertaking full profile programmes or producing 
monthly median profiles; (d) copies of hourly ionograms 
with appropriate scales for PRWD are to be sent to 
WDC; (e) stations in the eclipse zone should take con- 
tinuous observations on solar eclipse days and special 
observations on adjacent days in accordance with detailed 
recommendations in Ionosphere Manuals. Continuous 
records of ionospheric parameters are acceptable in place 
of f-plots at temperate and low-latitude stations. 

For the ionospheric drifts programme, observations are 
made at least on all RWD on all WGI, on every Wednes- 
day (RGD) and on every Thursday (day following each 
RGD). Hourly tabulations for all days mentioned are 
sent to the WDC. It is essential that sufficient obser- 
vations be made to provide representative values of the 
diurnal variations. Hourly tabulations for this purpose 
should also be sent to WDC. 
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For the ionospheric absorption programme, diurnal 
hourly observations are made on all RWD and hourly 
tabulations sent to WDC. Continuous observations are 
made on solar eclipse days, where possible, for stations in 
eclipse zone. Special efforts should be made to obtain 
additional absorption measurements at temperate latitude 
stations during the period of absorption winter anomaly, 
particularly on days of abnormally high or abnormally 
low absorption. 

For back-scatter and forward-scatter programmes, 
observations should be made on all RWD at least. 

For topside sounding experiments, it is recommended 
to send copies of records to WDC for all RWD at least. 

It is recommended that more intensive observations 1n 
all programmes be considered on days of unusual meteor 
activity. 

(14) Solar Activity. Observatories are invited to issue 
and send to the WDC of all disciplines special reports of 
their regular and any special observations on all solar 
eclipse days to assist in the interpretation of geophysical 
observations made in the eclipse zones. The total eclipse 
of November 12, 1966, although of relatively short dura- 
tion, is of some special mterest for astronomers and geo- 
physicists since the path lies in low geomagnetic latitudes 
and near several long-established geophysical observa- 
tories. 

(15) Cosme Rays, Aeronomy. Research workers should 
take into account that observational effort in other disci- 
plines tends to be intensified on the days marked on the 
Calendar, and schedule balloon and rocket experiments 
accordingly if there are no other geophysical reasons for 
choice. 

(16) Space Research. In view of the variability of the 
D and E regions of the ionosphere, it is desirable to make 
rocket measurements of their characteristics on the same 
day at as many locations as possible. Where feasible, 
experimenters should endeavour to launch rockets on the 
Quarterly World Days (QWD) since these are also days 
when. there will be maximum support from ground obser- 
vations. 

Copies of the Calendar are available on request to 
IUWDS, c/o Secretary General of URSI, 7 Place Danco, 
Brussels 18, or IUWDS, Deputy Secretary, Miss J. V. 
Lincolna, CRPL, National Bureau of Standards, Boulder, 
Colorado. 


ANTARCTIC CREVASSE ACCIDENT 
J. T. BAILEY, D. P. WILD and Dr J. K. WILSON 


N October 12, 1965, a British Antarctic Survey 
tractor fell 150 ft: into a hidden crevasse when 
operating 250 miles inland from the coastal station at 
Halley Bay. In this tragic accident three men, J. T. 
Bailey, D. P. Wild and Dr. J. K. Wilson, lost their lives. 
A fourth man, J. Ross, a geologist, who was accompanying 
them with a dog team, brought the news to another field 
party which reported the accident by wireless. 

Jeremy Bailey, son of Mr. and Mrs. A. Bailey, was 
twenty-four years old. After attending the Watford 
Grammar School, he read physics at the University of 
Bristol where he obtained his B.Se. degree in 1963. He 
was president of the students’ Physical Society durmg his 
final year at Bristol. His wide interests included music, 
scouting and other outdoor activities. 

After graduating, he moved to the Scott Polar Research 
Institute in the University of Cambridge where he became 
a candidate for a Ph.D. degree and a member of Downing 
College. As a research, student working on radio echo 
methods of sounding ice sheets, he took part in field trials 
in north-west Greenland during June-August 1964, as 
a member of the Scott: Polar Research Institute group 


working in co-operation with Umited States scientists 
and personnel of the United States Army. For the latter 
part of these highly successful trials he had the sole 
responsibility for operating the equipment from the 
Scott Polar Research Institute. His natural enthusiasm 
and ability were evident, and greatly impressed his 
American colleagues. A preliminary note on this work 
appeared in Nature (204, 420; 1964). 

From his arrival in Cambridge it had been planned 
that he should carry out a year’s field research with the 
British Antarctic Survey. He sailed for Halley Bay in 
December 1964, since when radio reports have indicated. 


/ that his work was progressing well. A 300-mile journey 


completed in April 1965 proved the effectiveness of recent 
improvements to the equipment and promised well for 
the inland trip in October, which ended so tragically. 
Publication, of his results from Antarctica and Greenland 
will form an impressive memorial to the work which he 
enjoyed so much, but will not compensate for the loss of a 
young man so full of the promise of further achievement. 

David Wild, son of Mr. and Mrs. Peter Wild, was 
twenty-four years old. He had been educated at St. 
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Asaph Grammar School and University College of Wales, 
Swansea, where he gained an honours degree in geography. 
All his life he had been a keen mountaineer besides being a 
Queen’s Scout with much experience of camping and 
travelling. In 1961 he seized the opportumty to join his 
University expedition to Arctic Norway where his chief 
interest lay in the raised beaches and moraines. At the 
University he undertook additional courses to fit him 
for survey work in the Antarctie and finally joined the 
British Antarctic Survey as a topographical surveyor in 
1963. 

His evident qualities of leadership and his great good 
humour made him a popular member both on board ship 
and at his base. At the time of his death he was already in 
his second Antarctic year and would have returned in 
1966 with an extensive coverage of the mountains at 
present being mapped. Unfortunately it is feared that 
most of this work was lost with him. Before leaving for 
the Antarctic he had presented a joint paper, with F. 
Solari, to the Photogrammetric Society entitled ‘Plane 
Table Photogrammetry with a Leica Camera in the 
Punjab Himalayas”. 

Dr. John Wilson, son of Dr. and Mrs. G. I. Wilson, was 
just twenty-nine. Born at Stafford he was educated at 
Bedales School and The Queen’s College, Oxford, where 
he took his B.A. degree in animal physiology in 1959. 
The next three years were spent studying at Middlesex 
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Hospital Medical School where he gained the degree of 
B.M., B.Ch. 

Having qualified he successively held posts at Mount 
Vernon Hospital, Northwood, Middlesex Hospital and 
the Ipswich and East Suffolk Hospital. 

In 1964 he vclunteered for service in the Antarctic. 
with the British Antarctic Survey. The next 5 months 
were spent at ths Department of Human Physiology of 
the Medical Reszarch Council, developing the research 
project he was to carry out at Halley Bay. This was 
chiefly concernec with variations in manual dexterity 
and sensitivity of touch in varying degrees of cold. 

In December 1964 he sailed for Halley Bay, the most 
southerly of the British bases, where a ship can only pay 
a visit once a yeer. At the base he immediately became 
a popular and active member enthusiastically taking 
part in the general work besides following up his own 
research. Indeed, he became so keen that he applied to 
stay on for a second year, an application which was 
immediately accepted. 

All these three men who were so tragically lost in their 
tractor were entkusiasts in their field and at the outset 
of careers which promised so well for the future. All 
young men who go to face the Antarctic require unusual 
strength of character, enthusiasm and dedication; these 
three excelled in shem all. V. E. Focus 

G. DE Q. ROBIN 


NEWS and VIEWS 


Theoretical Astronomy in the University of Sussex 


THe Science Research Council is to make a grant of up 
to £33,500 to enable the University of Sussex to establish 
& research group in theoretical astronomy. The group 
will be led by Prof. W. H. McCrea, at present professor of 
mathematics in the University of London, Royal Holloway 
College. The group will form part of a joint programme of 
teaching and research by the University of Sussex and the 
Royal Greenwich Observatory at Herstmonceux. In 
this connexion, the University has made the following 
appointments: Visiting Professor, Sir Richard van der 
Riet Woolley; Visiting Readers, Dr. D. Lynden-Bell and 
Dr. B. E. J. Pagel. The University is to make an appoint- 
ment to a further chair in theoretical astronomy. 


Biochemistry in the University of Liverpool: 
Prof. J. Glover 


Dr. J. GLOVER, Leverhulme reader in biochemistry 
in the University of Liverpool, has been appointed to the 
newly established second chair of biochemistry in the 
University. Dr. Glover is forty-six years old, and was 
educated at the Royal Belfast Academical Institution and 
The Queen’s University, Belfast, where he gained a first 
degree in chemistry in 1940 and a master’s degree in 1941. 
During 1941-45 he served as an experimental officer 
in the Chemical Inspection Department of the Ministay 
of Supply, and was in charge of the analytical laboratories 
at Chorley and later at Woolwich Arsenal. During 
1945-47 he held the Musgrave research studentship and 
@ senior research grant from the Government of Northern 
Treland at the University of Liverpool, where he undertook 
research on vitamin A. He was awarded a Ph.D. in 1948 
and a D.Sc. in 1961 by the University of Liverpool. In 
1947 he was appointed assistant lecturer m biochemistry 
at the University of Liverpool and was promoted lecturer 
in 1951, Leverhulme lecturer in 1955, Leverhulme senior 
lecturer in 1958 and reader in 1964. In 1950 he was 
appointed a Commonwealth Fund Fellow and worked at 
Washington, University, St. Louis, and Columbia Univer- 
sity, New York. Dr. Glover has lectured m Switzerland, 


Washington, and New Jersey, and in Stockholm, and has 
attended many international conferences in the United 
States and in various countriesin Europe. He is a member 
of the committee >f the Biochemical Society. 


Improved Research Reactors 


THe Pluto research reactor at Harwell is now running 
at 20 MW—twice the power for which ıt was designed. 
The reactor has been running at 15 MW since 1962, 
when the first improved fuel elements were used; a new 
type of fuel element was recently mtroduced and “the 
reactor operated, in a series of experimental runs, at 
22-5 MW. Paralel tests are being conducted in the 
‘Materials Testing Reactor’ (a Pluto-type reactor) at 
Dounreay. The reactor is now using the new type of fuel 
element and will be operating at increased power early 
in 1966. The basic reason for increasing the power of 
these reactors is to increase the neutron density in them 
and thus to enable research workers from the Atomic 
Energy Authority to increase the number of experiments 
carried out on them each year. The new fuel element 
largely responsible for the increase in power consists of 
four concentric fuel tubes instead of the ten-plate assembly 
previously used. Jt was developed by engineers at Har- 
well and Dounresy in conjunction with the Production 
Engineering Reseerch Association and Marston Excelsior, 
Ltd. The Harwel. work also included the addition of four . 
vertical quick-acting control rods within the fuel element 
and, this form of ccntrol] will be used in both Pluto and the 
Dounreay ‘Materiels Testing Reactor’. It is believed that 
these improvemen:s could be adapted to any of the existing 
reactors of similar type, namely, Dido at Harwell, Hifar 
in Australia, DRS in Denmark, and FRJ-2 at Jülich, 
Germany. 


French Satellites in Orbit 


On November 26 the French satellite, A-1, was suc- 
cessfully launched from Hammaguir in the Sahara by a 
three-stage Diamant rocket. France thus became the 
third nation to launch a satellite unaided. The Diamant 
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rocket is 19 m long and has an initial weight of 18-4 tons. 
The first stage, called Hmeraude, is a liquid-fuel rocket 
which burns for 93 sec and has a thrust of 30 tons. The 
second stage (Topaze) is a solid-fuel rocket giving a 
thrust of 15 tons for 44 sec. The third stage, which burns 
for 45 sec, is also a solid-propellent rocket. The A-1 
satellite itself, which has a mass of about 40 kg, did not 
carry any scientific experiments. But it did have a radio 
transmitter operating on 136-53 Mc/s; these radio signals 
ceased after a short time in orbit. The satellite, which 
received the international designation 1965-96A, entered 
an orbit with the following parameters: inclination to 
the equator, 34:2°; orbital period, 108-5 min; perigee 
height, 580 km; apogee height, 1,800 km; eccentricity, 
0-084. The predicted lifetime in orbit is about 100 years. 
Ten days later another French satellite, #R-1A, was 
launched by the United States National Aeronautics and 
Space Administration, under an international agreement 
similar to that for the British satellites, Ariel 1 and 2. 
The FR-1A satellite weighs 61 kg and has been designated 
1965-1014. The main experiment, designed by the Centre 
National d’Etudes des Telecommunications, is concerned 
with the propagation of very low-frequency radio waves. 
A second experiment, provided by the University of 
Birmingham, consists of a probe to measure electron 
density. The FR-1A satellite is in a near-circular orbit 
at a height of about 750 km, the inclination to the 
equator being 75-8°. 


Ministry of Technology: Regional Organization 


In answer to a further question on December 7, the 
Minister of Technology, Mr. F. Cousins, said that he had 
established a strong regional organization, one of the 
main tasks of which was to promote the more vigorous 
application by industry of new scientific and technical 
knowledge resulting from research financed or sponsored 
by the Government. It was examining the limitation of 
the supply of information from the research associations 
to supporting firms and also the method by which in- 
formation was disseminated through the Ministry’s 
establishments. The establishment of the Ministry’s 
regional offices was almost complete: new offices were 
opened during October in Birmingham, Bristol, Leeds, 
Manchester and Nottingham, and a further office for 
South-East England and East -Anglia would be opened 
early next year. By the end of 1967, the Ministry would 
have set up a network ofiabout seventy liaison centres, 
co-ordinating the activities of industry, education and the 
Government, and the regional officers would be represented 
on the regional planning bodies. At the end of June, the 
National Research Development Council had 95 develop- 
ment projects in hand; 17 new projects had since been 
authorized and a further 120 were being assessed. The 
Ministry’s commitments on development projects ex- 
ceeded £8 million. 


Metric Screw Threads 


In an answer in the House of Commons on December 7, 
the Minister of Technology, Mr. F. Cousins, stated that 
the International Organization for Standardization had 
reached agreement on recommendations for general- 
purpose screw threads comprising a system of metric 
threads and another of inch threads, which was the same as 
the existing Unified threads. These two systems had been 
published as British Standards B.S. 3643 and B.S.1580. 
Three general-purpose screw thread systems were used in 
Britain to-day, namely, Whitworth, B.S.F. and B.A. They 
were little used outside Britain, and to perpetuate their 
use would be to increase the costs of, and hamper, British 
export trade. The British Standards Institution had 
recently issued an important policy statement urging 
British industry to adopt the International Organization 
for Standardization metric system wherever possible in 
future designs. The statement had received strong support 
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from industry, and the decision to recommend the use of 
metric screw threads had the full support of the Mmister, 
although, with the British Standards Institution, he 
recognized that certain. sectors of industry might find it 
necessary to continue to use the Unified Inch system for 
some time. The Institution’s statement implied that the 
Whitworth, B.S.F. and B.A. threads were now to be 
regarded as obsolescent, although their replacement would 
be gradual and supplies of screws and tools to the obso- 
lescent standards would be maintamed for many years, 
for servicing designs and equipment already installed. He 
also supported the Institution’s view that these systems 
should be superseded by metric threads in preference to 
an intermediate change to the standard inch threads. 
More than 80 per cent of the population of the world 
was in countries which had adopted or were adopting the 
metric system, and British trade with these countries was 
expanding faster than that with countries not using the 
metric system. 


National Computing Centre 


Aga, in a statement to the House of Commons on 
December 7, Mr. F. Cousins said that a National Com- 
puting Centre was to be established. This should reduce 
wasteful duplication of programming by providing users 
of computers with information about programmes already 
available in its library and elsewhere. The Centre would 
also develop and sponsor the development of programmes 
designed to serve users having closely similar tasks. It 
would provide and encourage training in systems analysis, 
programming principles and appheations of computers. 
It would promote research into methods of programming 
and operating computers and into the influence of these 
methods on the design of computers. These objectives 
would be pursued in close co-operation with the manu- 
facturers of computers and with users in industry, com- 
merce, administration, science and technology. The 
Centre would be established as an independent non-profit- 
making company, limited by guarantee. Mr. Cousins said 
he would be inviting representatives of manufacturers, 
users and of professional and other bodies to become 
members of the Centre and to serve on its Council. Prof. 
Gordon Black was being released by the Atomic Energy 
Authority to become the first director of the Centre, but 
he would retain his appointment as part-time professor of 
automatic data processing at the University of Manchester. 
Mr. Cousins hoped that the Centre would be built in 
Manchester on a site close to the University, and that it 
would be fully in operation by 1967. The Centre would 
probably require a staff of between 40 and 50, who would 
not be Civil Servants and would need to be experts. It 
was intended that the Centre should have a computer. 


Dublin Institute for Advanced Studies 


Tur Dublin Institute for Advanced Studies recently 
celebrated its silver jubilee. Established in 1940 by Act 
of the Irish Parliament, its aims, as laid down in the Act, 
are the furtherance of advanced study and the conduct 
of research in specialized branches of knowledge and the 
publication of the results of such study and research. 
These aims are carried out through its constituent schools, 
two of which, the School of Celtic Studies and the School 
of Theoretical Physics, were established in November 1940 
and, are specifically mentioned in the Act. A third School 
—the School of Cosmic Physics—was established in 1947. 
The School of Celtic Studies is now universally recognized 
as the foremost centre for research in all branches of that 
subject. The School of Theoretical Physics has had on its 
staff such eminent physicists as Dr. Erwin Schroedinger 
and Dr. Walter Heitler, and now has, as senior professors, 
Dr. J. L. Synge and Dr. Cornelius Lanczos. The first 
senior professors in the School of Cosmic Physics were the 
late Prof. L. W. Pollak, Dr. H. A. Brück (now Astronomer 
Royal for Scotland) and Dr. Lajos Janossy (now at Buda- 
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pest). The late Dr. M. A. Ellison succeeded Dr. Brtick as 
senior professor in the Astronomical Section, and the 
present senior professor is Dr. P. A. Wayman, formerly 
of the Royal Greenwich Observatory. Dr. Janossy was 
succeeded by Dr. Cormac O Ceallaigh as senior professor 
in the Cosmic Ray Section, and Mr. Thomas Murphy 
succeeded Dr. Pollak as senior professor in the Geophysical 
Section. A duty laid down for all constituent schools is 
the training of advanced students in methods of modern 
research, and scholars from all five continents have studied 
at the Institute. The extent and quality of the research 
carried out in the Schools can be assessed by reference to 
the works published by members of the staff and the 
numerous papers by both staff and scholars which have 
been published in leading scientific journals and period- 
icals. An informal celebration of the silver jubilee was 
held in the Royal Irish Academy, Dublin, on November 
16, at which the President of Ireland, Mr. de Valéra, who 
as Prime Minister was responsible for the setting up of the 
Institute, was the guest of honour. 


Journal of Zoology 


Tur Proceedings of the Zoological Society, now published 
as the Journal of Zoology, being the Proceedings of the 
Zoological Society of London, publishes papers on all 
aspects of zoology, including systematics. In particular, 
1t aims at publishing papers on the more general aspects 
of biology which do not fall within the province of the 
more specialized journals. The Journal has recently 
increased its number of pages and is able to accept papers 
of rather more than usual length, although, of course, it 
in no way encourages prolixity, and places quality before 
quantity. Traditionally the Journal specialized in sys- 
tematic and morphological subjects; but it has now 
widened its scope to be a true journal of zoology, and a 
glanco at the issues for recent years shows that ecological, 
physiological and ethological papers are now included, 
dealing with all phyla of the animal kingdom. Papers are 
published by workers in universities and research institu- 
tions from all parts of the world, provided they are of 
sufficient standard. 


Journal of Cell Science 


Toe Quarterly Journal of Microscopical Science-——one of 
the oldest British biological journals—is changing its title 
to Journal of Cell Science, with effect from 1966. It has 
for many years been publishing work on cells, being, in 
fact, one of the few journals in Britain to do so. The 
decision to concentrate exclusively on cytology was taken 
three years ago, and since that time the proportion of 
papers on histological and micro-anatomical topics, which 
at one time figured prominently in its pages, has gradually 
been reduced. The Journal of Cell Science will deal with 
the study of cell organization in all its aspects, pub- 
lishing papers on the structure and functions of cells at 
all levels of analysis and including material on such 
topics as cell growth and division, cell movements and 
interactions, and cell genetics. Contributions on micro- 
organisms and viruses will be accepted, in so far as they 
are relevant to an understanding of cell organization, and 
accounts of new techniques will be published. The journal 
is to have a new format and page size and will be pub- 
lished by the Cambridge University Press. The editors, 
Prof. H. G. Callan and Dr. A. V. Grimstone, will in future 
be assisted by an editorial board. The volume of research 
on cell biology in Britain is steadily increasing, and the 
need for a wide-ranging journal in this field has been felt 
for some time. It seems likely that the Journal of Cell 
Science will go far towards filling this need. 


The Soils on Quaternary Beach Ridges in South Australia 


CaLCAREOUS beach sands are found in some thirty 
ridges about 50-100 ft. high, running sub-parallel to and 
up to 60 miles inland from the coast of the south-east of 
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South Australa. The souls derived from these sands 
and from estuarine and lacustrine deposits are the subject 
of an interesting study by G. Blackburn, R. D. Bond and 
A. R. P. Clarke entitled Soil Development Associated with 
Stranded Beach Ridges in South-east South Australia 
(Australia: C.8.1.R.O. Soil Publication No. 22. With an 
Appendix by N. H.Ludbrook. Pp. 66+4maps. Melbourne: 
C.S.1.R.0., 1965). The genetic status of the soil horizons 
has been established by the cumulative size-frequency 
distributions of the sand fractions (0:02-2:00 mm) and 
detailed consideration is given to the problem of account- 
ing for the diversity of the main soil types in a region 
where the present climatic variation cannot be a major 
factor. The queternary calcareous beach sands are not 
of aeolian ongin but may occur as flat-bedded layers or 
as massive coastal dunes; the absolute ages of the ridges 
have not been dstermined, but it is probable that they 
have resulted from upwarping and from glacial—eustatic- 
sea-level changes. The four soil types described are: 
(1) podzols, characteristic of those in other parts of the 
world; (2) terra rossa which are not developed directly 
from hard limessone; (3) ground-water rendzinas which 
are variable in profile features; and (4) solodized solonetz 
which may display the morphological features commonly 
described but sometimes resemble the solonetz. 


Coal Petrology 


THE petrograpay of coal has had a long, chequered and 
controversial hissory of technical evolution, largely be- 
cause different investigators over the years have adopted 
different techniques in examining, identifying, describing, 
and reducing tc a universally accepted philosophical 
classification, opzically distinguishable entities in coals 
Most coals deriva from plant accumulation in swamps; 
remnants of thesa plants are observed in coals, but were 
undoubtedly much altered during geological time by 
periods of comprassion and thermal conditions caused by 
blanketing unde? later sediments. Different parts of 
original plants have altered in different ways; thus, 
microscopical exeémination tends to show varying optical 
properties from point to point, often in the same thin coal 
section. With nigh magnifications, few areas of coal 
sections are seon to be homogeneous; with low magni- 
fications, even visual examination, most coals reveal 
distinct layering of apparently similar materials. These 
are some of ths practical difficulties encountered in 
petrographic investigations of coals, throughout the range 
of brown coal to anthracite. But despite this, in alliance 
with chemical, physical and technological examinations, 
petrological evaluations of coals have become an in- 
creasingly populer and valued tool both in coal research 
and industry. This is the theme of an excellent paper, by 
C. F. K. Diessel and T. G. Calleott, entitled ‘“Petrographie 
Features of New South Wales Coking Coals” (The B.H.P. 
Pechnical Bulletin, 23, 9, No. 2; August 1965. The 
Broken Hill Proprietary Co., Ltd., Melbourne, Australia). 
Although the purport of this paper is an appraisal of the 
petrographic anc. chemical composition of New South 
Wales coking coals, its value goes far beyond this, in that 
it examines contemporary systems of coal petrology now 
in vogue internationally and-pin-poimts the still existing 
difficulties in tha nomenclatures involved, despite the 
valuable publicat:on of the International Handbook of Coal 
Petrology, 1963. This present paper includes a table of 
five different but co-related systems of nomenclature in 
coal petrology cmacerals); these are: Thiessen—U.S. 
Bureau of Mines; B.H.P. System as used at present; 
Geological Institute of the Academy of Science, U.S.S.R.; 
Spackman Systerm; and the Stopes—Heerlen System. As 
the authors remazk, conversion from one of these systems 
to another is by no means a simple matter; apart from 
different techniques used in analysis, widely differing 
points of view prevail on the essentials of a descriptive 
basis for coals. The problems facing the International 
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Committee on Coal Petrology in its attempts to stan- 
dardize terminology have been, and still are, quite 
formidable. From a purely petrographical standpoint, 
although the optical identification of many components 
of coals has advanced considerably in recent years, com- 
pared with the days when ‘clarain’, ‘durain’, ‘fusain’ and 
‘vitrain’ were the common labels (Stopes), there still 
remain problems of determining the ultrafine structure 
and molecular constitution of the now recognized com- 
ponents, and of relating these features to the physical 
properties of the many coal-types concerned. 


Palaeontology in the U.S.S.R. 


Tas recent volumes of the Transactions of Palaeonto- 
logical Institute (Moscow) are: (103) Corynexochoidea 
Trilobites and their Historical Development, by N. P. 
Suvorova (1964); (104) Tertiary Homoptera of Stavropol 
Region, by E. E. Bekker-Migdisova (1964); (106) Morph- 
ology, History of Development and the System of Ordovician 
and Silurian Bryozoa, by G. G. Astrova (1965). 


High-temperature Studies on Blast Furnace Slags 


Wira the aid of differential thermal analysis and X-ray 
diffraction methods, the devitrification of solid glassy 
blast-furnace slag and crystallization of molted slag have 
been investigated in South Africa by J. E. Krüger, 
K. H. L. Sehike and J. H. P. van Aardt, of the Materials 
Division, National Building Research Institute, C.S.I.R., 
Pretoria (Reprint from Cement and Lime Manufacture, 37, 
Nos. 4 and 5; July and September 1964. C.S.I.R. refer- 
ence R/Bou 120). When vitreous blast-furnace slags are 
heated to 800°-900° C, devitrification takes place; the 
heat evolved during this’ process can be clearly seen 
on a differential thermal analysis curve, of which several 
examples are given in their paper, High-Temperature 
Studies on Blast Furnace Slags, by the authors concerned. 
It was found that for the ten samples of slag selected 
(seven of them South African), the appearance of the 
differential thermal analysis thermograms differed from 
slag to slag, even if the chemical compositions of the slags 
were similar; that when the slags were heated to tem- 
peratures corresponding to different points on the differ- 
ential thermal analysis thermograms and subjected to 
X-ray diffraction analysis, analogous with the process of 
slow cooling of slag, different crystalline phases formed 
during devitrification; the latter are identified. Further, 
there is marked agreement between phases of a slag 
formed after complete devitrification and phases emerging 
after slow cooling of the ‘molten slag to ambient tem- 
peratures. Two other significant conclusions arise from 
these investigations: slags. possessing poor hydraulic 
properties would, on complete devitrification, give phases 
of low calcium content, such as pseudo-wollastonite and 
diopside, indicating a low calcium potential for such slags; 
and devitrification differential thermal analysis peaks 
persist even after the slags have been subjected to hydra- 
tion for prolonged periods.!| This paper is worthy of study 
by all workers in the field of slag-mineral analysis, par- 
ticularly as regards recognition and identification of 
mineral phases with change of state. 


Handbook of Seed Health Testing 


THe Handbook of Seed ‘Health Testing, issued by the 
International Seed Testing Association (1.8.T.A.), comprises 
four series of papers as follows: Series 1, general topics; 
Series 2, seed pathology of a particular crop or a group 
of organisms; Series 3, working sheets, each dealing with 
one seed-borne disease—the methods being based on 
co-operative work over the past 8 years by the Plant 
Disease Committee of I.8.T.A.; Series 4, description and 
illustrations of seed-borne fungi. The papers are first 
being published from time to time in the Proceedings of 
I.S.0.A., and then reprinted so that they are available 
for general purchase. Thus, Chapter 1 of Series 1 is an 
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annotated list of seed-borne pathogens published, in this 
case jointly, by the Commonwealth Mycological Institute, 
Kew, and I.8.T.A. in 1959; and Chapters 2-4 give 
information on seed weakness, pesticide treatment and a 
review of methods; of Series 3 the first 33 working sheets 
have been prepared (loose-leaf in binder), the host plants 
including wheat, rico and sesame; and, as noted m 
Nature (207, 579; 208, 319; 1965), the first papers of 
Series 4, descriptions and illustrations of 77 seed-borne 
fung: found mainly on oats and flax, have been compiled 
by Malone and Muskett. A colour transparency scheme 
is planned in connexion with Series 3 to help with recog- 
nition of seedling symptoms. The Handbook thus replaces 
the Manual for the Determination of Seed-borne Diseases, 
by Dr. L. C. Doyer, of the Wageningen Seed Testing 
Station, published in 1938 under the aegis of I.S.T.A. 
This, the only work of its kind, is now unobtainable. 
Those parts of the new Handbook already completed cost 
approximately 40 guilders (£3 sterling, 8.5 dollars) (half- 
price to members of I.8.T.A.), and are available at the 
I.S.T.A. Secretariat, Binnenhaven 1, Wageningen, Nether- 
lands. 


Aureomycin and the Cultured Pearl Industry 


JAPAN to-day produces some 400 million cultured pearls 
per annum, of which 97 per cent are exported. It is a 
fact that the ‘natural’ pearls discovered now play a 
relatively insignificant part in the world market. It was 
towards the end of the nineteenth century that a Japanese, 
Kokichi Mikimoto, first hit on a successful technique for 
‘seeding’ and caring for oysters, from which the idea of 
the cultured pearl gradually took shape; he patented 
his process and started to export this ‘natural’ product. 
Mikimoto was successful in a lawsuit that followed, in 
the course of which biologists at the time, who had tested 
both his and natural pearls, reported that there was no 
difference between them. Thus the cultured pearl industry 
grew apace. Japanese oyster farms are located in selected 
estuaries, where specially bred oysters are seeded with 
round beads manufactured from shells of what are called 
‘pigtoe mussels’, most of the latter being derived from 
the Mississippi and Tennessee Rivers in the United 
States. Maturity of the pearls thus formed takes from 
three to five years, depending on the size of the pearls 
sought. But until comparatively recently, only three out 
of five oysters produced some sort of pearl, and only one 
out of every twenty pearls was considered up to top stand- 
ard, (‘hanadama?’ or ‘tears of the moon’, as they are known 
in Japan). About 5 years ago the problem of improving 
yields and quality of these cultured pearls was investigated 
at the Fisheries School of Mie Prefecture in Japan, by a 
research team headed by Tetsuo Miyauchi. Starting with 
the theory that bacterial infections at seeding time were 
responsible for poor yield, misshapen or discoloured 
pearls, experiments were begun with applications of 
Lederle’s broad-spectrum antibiotic, ‘aureomycin chlor- 
tetracycline’, in an effort to halt these infections. ‘These 
trials were eminently successful. After four years of 
tests, this technique resulted in a 30 per cent increase in 
yield of top-quality ‘hanadama,’ pearls and a significant 
increase in the total number of pearls obtained. This 
somewhat unusual application of a modern antibiotic is 
briefly described in an article, “Pearls: “Tears of the 
Moon’” (Cyanamid International Newsletter, 4, No. 4. 
Cyanamid of Great Britain, Ltd., Bush House, Aldwych, 
London, W.C.2). The Japanese affiliate of Cyanamid, 
Ltd., Lederle (Japan), Ltd., has prepared a new formula- 
tion of ‘Aureomycin’ for the cultured pearl industry, 
known. as ‘Pearl-up’ (chlortetracycline}, designed to boost 
production on a world-wide scale. 


Hospital Libraries 
A PAMPHLET, Hospital Libraries, issued by the Library 


Association (Hospital Libraries > Recommended Standards 
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for Inbrarves in Hospitals. Pp. 16. London: Library 
Association, 1965. 5s.; L.A. members, 3s. 9d.) outlines 
recommended standards for libraries in hospitals. These 
cover planning libraries in hospitals, general library 
service for patients and staff, medical libraries in a 
regional board area, the functions of the library in a non- 
teaching hospital and lbraries in training schools for 
nurses. There is a short list of books. 


Commonwealth Universities 


THE ninth edition, August 1965, of the Last of Unwersity 
Institutions in the Commonwealth, first issued by the Asso- 
ciation of Commonwealth Universities in 1949 (Pp. 12. 
London: The Association of Commonwealth Universities, 
1965, gratis) ıs based on information collected in June 
1965, and entries altered since the eighth edition (June 
1964) are distinguished by a special mark. Full postal 
addresses are given. Schools of the University of London 
are listed in an appendix, while a second appendix lists 
universities in Eire and the Republic of South Africa. 


Eye for Isotopes 


Tur Atomic Energy Authority’s film, Hye for Isotopes, 
has been awarded a Special Diploma at the fourth Inter- 
national Festival of Scientific-Technical Films organized 
by the Yugoslav society “Nikola Tesla’’ in Belgrade. 
Some 200 films were presented at the Festival and 
only 13 awards were made. Eye for Isotopes, which runs 
for 27 min, was designed to encourage industrial audiences 
to consider how radioisotopes might be applied to their 
processes to save both time and money, by illustrating 
some of the now well-established techniques. Produced 
by Clifford Parris and directed by Derek Conrad, of World 
Wide Pictures, Ltd., and with Dr. John Putman, of the 
Authority’s Wantage Research Laboratories, as technical 
adviser, Eye for Isotopes was awarded a first prize at the 
fourth International Film and Television Festival in 
New York in 1964 and also an Award of Merit at the 
International Science Film Festival in Toronto, also in 
1964. 


University News: Liverpool 


Pror. T. W. Goopwin, professor of agricultural chem- 
istry in the University College of Wales, Aberystwyth, 
has been appointed to the Johnston chair of biochemistry 
as from October 1, 1966, on the retirement of Prof. R. A. 
Morton. A. Kirk has been appointed director of the 
Computer Laboratory. The following lecturers have also 
been appointed: Dr. H. J. Phillips (anatomy); H. Kinloch 
(mechanical engineering); Dr. K. N. Strafford (metal- 
lurgy). 

London 


Pror. W. R. MEAD, professor of geography at Univer- 
sity College, has been appointed to the headship of the 
Department and chair of geography tenable at that 
College. The following professors have also been ap- 
pointed: Dr. G. G. Meynell (Guinness chair of micro- 
biology, tenable at the Lister Institute of Preventive 
Medicine); Prof. J. H. Westcott (control systems, tenable 
at the Imperial College of Science and Technology); Prof. 
P. Wheatley (geography, tenable at University College). 
The following titles have been conferred: Professors, Dr. 
M. J. Smith (biochemical pharmacology, in respect of 
his post at King’s College Hospital Medical School); Dr. 
R. A. Shaw (chemistry, in respect of his post at Birkbeck 
College); Readers, Dr. J. F. A. P. Miller (experimental 
pathology, in respect of his post at the Institute of Cancer 
Research); Dr. P. A. Nasmyth (pharmacology, in respect 
of his post at St. Mary’s Hospital Medical School); Dr. 
D. Wilkie (botany), in respect of his post at University 
College). 

Newcastle upon Tyne 


Pror. J. House has been appointed to the headship 
of the Department and the chair of geography on the 
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retirement of Erof. G. H. J. Daysh. The following 
appointments heve also been made: Senior Lectureship, 
Dr. M. G. McEntegart (microbiology); Lectureships, Dr. 
R. M. Keenlyside (physiology); J. D. Arthur (mechanical 
engineering). 


Strathclyde 


Dr. D. W. A. SHARP, reader m Inorganic chemistry in 
the Department >f Pure and Applied Chemistry, has been 
appointed to the chair of inorganic chemistry from 
October 1. 


Announcements 


ProF. B. Grecory has been appointed director general 
of CERN, the European Organization for Nuclear 
Research, in succession to Prof. V. F. Weisskopf, who has 
retired after 5 years’ service and is returning to the Massa- 
chusetts Institute of Technology as Institute professor of 
physics. 

Dr. J. A. STRATTON is retiring as president of the 
Massachusetts Institute of Technology on June 30. He 
has been elected chairman of the board of trustees of the 


Ford, Foundation as from January 1, on the retirement of 
Mr. J. J. McCloy. 


Dr. S. Wortman, formerly director of the Pmeapple 
Research Institute, Hawaii, has been appointed director 
for agricultural sciences in the Rockefeller Foundation. 


A. SYMPOSIUM on “‘Recent Advances in Polymer Chem- 
istry’, arranged by the Bradford Chemical Society, will 
be held at the Bradford Institute of Technology on 
February 5. Further information can be obtained from 
Mr. W. A. Strav, Department of Chemical Technology, 
Bradford Instituse of Technology, Bradford 7. 


A DISCUSSION on “Operating Experience with Deck 
Machinery”, organized by the Power Division Professional 
Group on Road, Air and Sea Transportation of the 
Institution of E_ectrical Engineers, will be held at the 
Institution in Jenuary 5. Further information can be 
obtained from the Institution of Electrical Engineers, 
Savoy Place, London, W.C.2. 


THE seventeensh Pittsburgh conference on “Analytical 
Chemistry and Applied Spectroscopy” will be held in 
Pittsburgh durinz February 21-25. The programme will” 
include the following symposia: combined gas chromato- 
graphic-mass spectrometric techniques; fast reaction kin- 
eties; electron spin resonance; electron microprobe; process 
control X-ray spectrometry, atomic absorption; Cob- 
lentz Society symposium; gas chromatography utilizing 
pyrolytic techniques; nuclear magnetic resonance spectra 
of polymeric mazerials; nuclear magnetic double reson- 
ance; magnetic optical rotatory dispersion; analytical 
instrumentation ın the space programme; new instru- 
mentation techriques. Further information can be 
obtained from Ir. R. E. Hein, Seventeenth Pittsburgh 
Conference, Inc.. Mellon Institute, 4400 Fifth Avenue, 
Pittsburgh, Pennsylvania. 


ADDENDUM. The publication, Enzyme Nomenclature. 
Recommendations (1964) of the International Union of 
Biochemisiry on the Nomenclature and Classification of 
Enzymes, togethe- with their Units and the Symbols of 
Enzyme Kinetics, referred to in ref. 1 of the article entitled 
“Enzyme Nomenclature’, which appeared on p. 736 of 
the November 20:issue of Nature, has also been published as 
a paperback boox and is available in Great Britain from 
the Elsevier Publishing Co., Ltd., at a price of 18s. 


ERRATUM. In the article entitled “‘Precipitin Activity 
in the Sera of Petients with Deficiency of 8-Lipoproteins 
(Acanthocytosis)”, by Dr. R. F. Murray, jun., and Prof. 
B. S. Blumberg, which appeared on p. 357 of the October 
23 issue of Nature, the asterisk placed by the name of 
Prof. Blumberg should have been placed by the name of 
Dr. R. F. Murray. 
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) INHALED PARTICLES AND VAPOURS 


| 

IVE years ago, at Oxford, the British Occupational 

Hygiene Society organized an international sym- 
posium on inhaled particles and vapours (Nature, 186, 524; 
1960); a second meeting was held at St. John’s College 
and the Engineering Laboratory, Cambridge, during 
September 28-October 1, 1965. Forty-seven papers were 
presented, of which only one dealt with a vapour. Some 
300 scientists and doctors attended the symposium, about 
half of them coming from abroad.  _ | 

The papers were issued as pre-prints and divided into 
seven sessions. Prof. B. Pernis of Milan gave the Earl 
King Memorial Lecture and spoke about immunological 
reactions and pulmonary dust disease; the lecture will be 
printed in Annals of Occupational Hygiene, 9, Part (ii). 

Attention was directed! in the opening paper by A. 
Policard, A. Collet and | C. Reuet-Normand, to the 
advantages of using cats for inhalation experiments; unlike 
those of the rodents commonly employed, the lungs of cats 
are similar to those of man in having only one or two orders 
of respiratory bronchioles followed by well-developed 
alveolar regions. Dust deposits form around the bron- 
chioles and the vascular |system, as in man, and dust 
nodules may develop. An apparatus for recording physio- 
logical date from experimental animals was desoribed by 
S. Laham and G. F. Dowd. ' 

E. G. Tombropoulos had prepared and centrifuged 
homogenates of the spongy tissue of animal lungs contain- 
ing acetate-“C. The labelled acetate was found to pre- 
ponderate in the fraction rich in mitochondria, which are 
believed to transform short-chain fatty acids into long 
ones. The long-chain acids are incorporated in lung 
phospholipids which are responsible for maintaining the 
patency of the alveoli by concentrating at the surface of 
the alveoli. 

An investigation of mucous flow in the human nose was 
reported by D. F. Proctor and H. N. Wagner; a small 
quantity of radioactive material was placed on the surface 
of the nasal mucosa, and its movement plotted by a double 
collimated crystal detector; movement was towards the 
nasopharynx which was reached in about 8 min, clearance 
being completed in 10-30 min. Measurements of air flow 
in a model of the human nose showed that large areas of 


mucosal surface were only slightly ventilated and that. 


turbulence was low. 

The volumes of air inhaled by coal-miners engaged in 
various occupations had been measured by G. G. Hadden, 
C. O. Jones and D. ©. Morgan. Minute volumes varied 
from. 10 1. up to a maximum of 541. for a coal-filler using 
æ hand pick. Some association was noted between peak 
activity and peak dust concentration on hand-worked 
faces but was not apparent in mechanized areas. 

The second session, dealing with pulmonary response 
to dust, opened with an account of a quick-freeze method 
of locating changes in the size of airways caused by the 
inhalation of a histamine aerosol by cats. Constriction of 
terminal bronchioles and, alveolar ducts was observed. 
Some reaction occurred in bronchioles as large as 0-4 
mm, diameter; deposition in these may have been due to 
the fine aerosol particles having increased in size by 
absorbing water vapour. |This work was carried out by 
J. A. Nadel, M. Corn and. associates. 

The effects of textile dusts were described by A. Bouhuys 
and P. J. Nicholis, who incubated human lung tissue with 
various substances and ‘measured the production of 
histamine. Cotton dusts; were active with human but 
not with animallung. The bracts of the cotton boll gave a 
potent extract. Compound 48/80 released histamine in 
human and animal lung tissue. Similar substances, when 
breathed as aerosols, produced respiratory reactions in 
some ways analogous to ‘those produced in the culture 
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experiments, again implicating cotton bracts as a cause 
of at least part of the symptoms of byssinotice cotton 
workers. i 

W. T. Ulmer, in a series of measurements of human 
respiratory resistance, showed that the response to dust 
inhalation was similar whether or not the subject had 
experienced occupational exposure. - 

Three papers dealt with silica dust. A. Swensson 
utilized intratracheal injection of saline suspension into 
rats to illustrate how the lung reactions to silica dusts 
differed, even between amorphous silicas. Reactions 
in both lungs and lymph nodes were graded histologically 
and, also, by collagen production. P. Gross and H. Brieger, 
also injecting rats, found that coesite dust and quartz 
dust caused inflammation of the alveolar membrane but 
not of the interstitium; lesions were mainly located in 
the proximal part of the racemus and might tend to trap 
the dust there. Finally, I. Webster, M. C. Path and 
associates injected silica suspensions intravenously into 
rabbits and guinea-pigs to produce silica shock; an increase 
in the kinins of the blood resulted. Silica shock could be 
prevented by the administration of anti-amine drugs, the 
most effective of which also depressed the solubility of 
silica. The non-lipoid fraction of alveolar macrophages, 
collected after the animal had breathed silica dust, pro- 
duced a granuloma when inoculated into animals. This 
effect appeared to be associated with abnormal contents of 
histamine and of an unidentified reagent. It is suggested 
that silica may stimulate the release of a cellular product, 
similar to that produced by & carcinoid tumour, which 
causes fibrosis in the peripheral part of the silicotic nodule. 

Observations of the cytotoxic action of silica on macro- 
phages were described by A. C. Allison, J. S. Harington 
et al., who also showed a remarkable time-lapse film to 
ulustrate their conclusions. Particles engulfed by a 
macrophage are held in a phagosome to the membrane of 
which lysosomes adhere and release enzymes into the 
phagosome. Silica particles, perhaps by forming silicic 
acid, cause the phagosome membrane to become permeable 
so that the enzymes escape into the cytoplasm of the 
macrophage and destroy it. Polyvinylpyridine-N-oxide 
prevents this from happening by forming hydrogen bonds 
with silicic acid. 

It has been claimed that calcium fluoride dust has high 
fibrogenic activity; A. J. de Villiers and P. Gross set out to 
check this by the intratracheal injection of rats. The 
dust was found to cause no significant pulmonary fibrosis. 
In some animals the chest was exposed to X-rays, which 
caused characteristic effects but had no influence on 
alveolar clearance when irradiation took place six weeks 
before the inhalation of dust. 

F. J. Strecker experimented with rats inhaling various 
kinds of silica dust and also some inert dusts. ‘This work 
suggested that there was a high mitosis rate of alveolar 
cells, which are turned over about once a week; the 
considerable surplus of cells is eliminated via the bronchial 
epithelium and is easily capable of phagocytosing a great 
number of dust particles. The inhalation of dust does not 
produce an extra proliferation of cells since the normal 
turnover is quite adequate to deal with such an emergency. 
Silicosis-producing dusts kill the cells and cause an increase 
in the mitosis rate in alveolar regions; there appears to be 
difficulty in eliminating cell debris via the bronchioles. 
This may mean that some cell debris penetrates the 
interstitium and attains the lymphatic vessels. Treat- 
ment of animals with polyvinylpyridine-N-oxide prevents 
cell necrosis due to silica. Different dusts and different 
species of animals yield differing elimination rates, but the 
over-riding rule that greater cytotoxicity causes greater 
translocation to the lymphatics seems to hold. Further 
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experiments using intraperitoneal myjection supported 
this view. 

A. Collet, J. C. Martin and colleagues described investi- 
gations of alveolar macrophages obtained by washing out 
animal lungs. The cells from different species and from 
man were similar in many respects and all had character- 
istics which were unique among pulmonary cells and 
indicated evolution from a small non-phagocytic lympho- 
cyte. A non-pulmonary origin of macrophages is there- 
fore a possibility, with lymphoid tissue as a likely alterna- 
tive source. The ingestion of particles caused iron to 
accumulate in the cells. 

A number of papers dealt with lung clearance in 
animals; after studying the deposition of dusts in rats by 
visual microscopy it was concluded, by P. Gross, E. A. 
Pfitzer and T. F. Hatch, that by about four days after 
exposure the peripheral region of the racemus is cleared 
of dust but that there is a build-up of deposit in the proxi- 
mal region due partly to transport from the periphery and 
partly to initial deposition there. The proximal region 
comprises the respiratory bronchioles and alveolar ducts 
with directly associated or evaginating alveoli. The 
surface area of the proximal zone is only about one five- 
hundredth of that of the whole racemus, so that concentra- 
tion of the dust, which was well distributed at initial 
deposition, is inevitable. It is the dust situated in the 
racemus that is responsible for the protracted clearance 
by the bronchial epithelium; the entire journey along the 
ciliated tract occupies only about 24 h, so that dust 
recovered from the bronchi and bronchioles after several 
days must have come from the deposits building up at the 
base of the mucous escalator in the necks of each racemus. 

J. Ferin exposed rats to silica dust and analysed groups 
of lungs after 18 h for initial deposition and after 25 days 
to establish lung clearance. He demonstrated that the 
clearance of dust from the lungs was diminished if the 
animals were exposed to cold for long periods before and 
after inhaling dust, but that stress induced by injecting 
solutions of formaldehyde had no effect. 

Short-term lung clearance in rabbits, after they had 
inhaled an aerosol consisting of radioactive plastic spheres 
6u and 3u in diameter, was described by B. Holma. After 
exposure to the aerosol, the animals were scanned periodic 
ally from head to abdomen. with an opposed pair of colli- 
mated crystal counters and the transfer of activity from 
thorax to abdomen was clearly shown. An initial rapid 
clearance from the thorax lasted up to 4 h from exposure, 
for the 6u particles, but was much slower for the 3u ones, 
presumably because more of them were deposited in 
alveoli, although this is not discussed. A secondary, much 
slower, clearance.of residual activity followed. This had 
a half-hfe of about 70 h for the larger particles and 210 h 
for the smaller. 

T. G. Morris, W. H. Roberts et al. compared the retention 
of asbestos and silica dusts in specific pathogen-free rats 
and normal rats. W. Klosterkotter and H. J. Einbrodt, 
also using rats, studied elimination, following the breathing 
of various dusts including highly dispersed forms of silica. 
Quartz dust was found to suppress the elimination of an 
inert dust. Aerosil, a hydrophilic colloidal silica, was 
eliminated rapidly, probably because of its high solubility, 
but hydrophobic forms of colloidal silica disappeared much 
more slowly and collected in the lymphatics. 

Experiments on the removal of bacteria from the lungs 
of mice were discussed by G. Green and E. H. Kass. 
Using aerosols of radioactive bacteria and comparing the 
number of viable organisms with the quantity of radiation, 
it was established that killing of the bacteria occurred 
long before physical removal of the debris. A technique 
utilizing fluorescence made it possible to show that organ- 
isms were picked up by phagocytes in the alveoli; phago- 
cytes could be found on the bronchial mucosa in the 
course of transportation out of the lungs several hours 
after administration. A lowering of the clearance rate 
when animals were stressed by hypoxia, ethyl alcohol 
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starvation and cortisone was demonstrated. Different 
species of bacteria had different clearance rates. l 

Experiments aimed at elucidating prophylaxis against 
silicosis had been carried out by B. Rasche and W. T. 
Ulmer. After exposing guinea-pigs to dust, separable 
alveolar cells were washed out of the lungs with saline 
and incubated in culture media; the number of cells, their 
oxygen. consumption and the production of lactic acid 
were measured. Ths breathing of quartz dust stimulated 
the production of mazrophages, which was further enhanced 
if an aerosol of alaminium chloride was also inhaled. 
Aerosols of chlorides of iron, magnesium and calcium 
had no such effect, nor did aerosols of polyvinylpyridine- 
N-oxide the action af which, in inhibiting silicosis, cannot, 
therefore, be associsted with elimination of dust. 

W. J. Bair and J, V. Dilley failed to detect any 
cigarette smoke influence on the pulmonary clearance of 
radioactive dusts of iron oxide and chromium oxide from 
the lungs of rats and dogs. Deposited dust was assessed 
by scanning the animals with crystal counters. 

Investigations of the lung burden of animals exposed 
in a field experiment were described by R. H. Wilson and 
J.L. Terry. The dust clouds contained a trace of pluton- 
ium and covered a very wide range of particle size, with 
mean mass diamesers of 10-20u. Initial deposition, 
following exposure to a bomb burst on a hard surface, 
was about the same in several species, but the lung burdens 
remaining after a lapse of several days were much less 
in sheep than in doge. The short-term lung clearances had 
half-times of the ordər of several days, rather than the 24h 
often quoted, and were followed by a long, slow decay ex- 
tending beyond a year. The latter accounted for a residual 
15 per cent of respirable material in dogs, 5 per cent in 
burros and only 1 per cent in sheep. The burro is assumed 
to be the best approximation to man. 

When. the dust o? uranium ore is inhaled the secular 
radioactive equilibrium of the decay nuclides will not be 
maintained in the lungs if the various daughter products 
are subjected to differing biological rates of elimination. 
This was investigated by B. O. Stuart and T. M. Beasley, 
to seo if the permissible level for pitchblende dust in the 
air of mines needed modifying, due to the building up of 
230Th in lung deposits on account of its relatively slow 
elimination compared with the parent radionuclide. 
Experiments with razs inhaling pitchblende dust over eight 
weeks revealed a gradual disproportionation of uranium 
and thorium, the proportion of the latter being higher, 
both in lung parenchyma and in the lymph nodes. Trans- 
location to kidney, femur and liver ultimately led to 50 
times more thorium being detected due to selective removal 
of uranium. The hazard from inhaling natural uranium, 
therefore, needs to be evaluated with separate allowance 
for the daughter prcducts. 

The fifth session, dealing with inhalation by man, was 
opened by the sole vaper about vapour; this was by A. 
Morgan, D. J. Morgan and G. M. Arkell. They found that 
inhaled methyl iodide was retained from 53 per cent to 
92 per cent, according to the tidal volume. Uptake by the 
blood was very rapid and metabolism was the same as for 
the iodide ion. 

B. Altshuler, E. D. Palmes and N. Nelson used previous 
experimental data cn total deposition of inhaled aerosol 
in man to calculate 7egional deposition. The method was 
to assume that part of the volume inhaled occupied the 
upper respiratory tract while the rest went into the 
alveolar spaces. The difference between measured total 
deposition and calculated upper tract deposition gives the 
lower tract figure. Deposition during inhalation, the 
respiratory pause and exhalation was caleulated for the 
upper tract as if it vere a continuous filter; allowance for 
mixing within the bidal air and between tidal air and 
residual air was based on data from previous wash-out 
experiments in which clean air was breathed after inhaling 
aerosol. The caleclations were made for particles of 
diameter 0-14-3-2u. using a tidal volume of 500 cm? and 
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upper respiratory volumes of 100, 140 and 180 cm’. The 
results indicate that the diameter for maximal alveolar 
deposition exceeds 2u, at which figure the alveolar deposi- 
tion was between 20 per cent and 50 per cent, depending 
on the subject; the alveolar figure came out higher when 
the smaller upper respiratory volume was used. These 
curves for alveolar retention are at variance with previous 
work in that they suggest high alveolar deposition in the 
region of 3u diameter. 

E. D. Palmes, B. Altshuler and N. Nelson described 
experiments with an automatic apparatus for single- 
breath analysis. The human subject inhaled 625 cm? of 
aerosol from a bag and exhaled twice this volume into 
another bag after a variable respiratory pause; the fraction 
of aerosol recovered decreased. exponentially as the pause 
was lengthened. 

Lung clearance in man was the subject of experimental 
work by P. E. Morrow and K. Gazioglu. Non-homogeneous 
radioactive aerosols were inhaled and the total deposition 
found by means of electrostatic precipitators. After 
washing out the mouth and pharynx the subject was 
measured in low-background surroundings by scintillation 
counters collimated to record both lung and tracheal 
activity. A continual decline in lung activity was observed, 
apart from two cases where a fluctuation was recorded 
in the first few hours. The validity of assuming a sequence 
of exponential decays is queried, but, on this basis, half- 
tumes of the order of 28 min, 80 min and 65 days could be 
deduced for an aerosol of manganese dioxide. 

The sixth session was,concerned with human lung dust. 
H. Leiteritz, H. J. Einbrodt and W. Klosterkotter reported 
extensive analysis of lung residues from coal-miners and. 
compared them with the original mine dusts. Lung dust 
was separated by the formamide process and material 
from the Saar and Ruhr coalfields was examined. The 
quartz content of lung dust averaged 3-5 per cent and the 
peaks of the particle size distributions were in the 0-6-1-ly 
diameter range for lung dust and more than 6-3u, some- 
times considerably, for mine dusts. 

A discussion about the desirable size-selecting charac- 
teristics of sampling struments in relation to the observed 
size frequency distribution of lung dust was presented by 
J. Cartwright. The average of many analyses of lung 
dust gave a mass frequency curve with a peak at lu 
diameter and 1 per cent.of the peak value at 15u. Selective 
sampling devices which accepted, on the basis of sedimenta- 
tion rate, 50 per cent of the 5u diameter particles and none 
greater than 7-lu, would reject some 15 per cent by mass 
of the average lung dust in particles greater than 7-1p,, 
although the number of large particles in lung dust was 
very small. At the same time there was a great dis- 
crepancy between the’ number distribution curve of 
particle size in lung dust compared with that of the above- 
mentioned sampler, which collected a much greater 
proportion of the coarser particles in diameters up to 
Vly. The net effects ofthese opposing tendencies was that 
the size-selected sample contained much more dust per 
unit volume of air than the lung residue and it had a 
completely different size distribution. In spite of these 
discrepancies. it was claimed, in this paper, that the 
relationship of sample weight to lung dust weight was not 
very sensitive to the variations of size distribution of air- 
borne dust which are found in British coal-mines. The 
continued use of the demonstrably meorrect size selection 
was justified on the grounds that modification towards 
the true lung distribution would have caused inconveni- 
ently small samples to be collected, using the current times 
of sampling. 

W. Stober, H. J. Hinbrodt and W. Klosterkotter argued 
that, unless the elimination mechanism failed, it would be 
impossible for the quantity of dust retained in the lung 
to exceed a certain limit during exposure for an mdefinite 
period. The equation, which predicts this limit is in 
agreement with the results of animal experiments. Data 
from human lung residues were more uncertain, although 
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there was some indication of the same pattern of retention. 
Human lung clearance appeared to be much slower than 
that of rats. There are indications that the human 
alveolar clearance mechanism breaks down, after a certain 
dust load is attained, so that there is a marked increase 
in the rate of accumulation of lung dust. 

The relationship between the chest X-ray picture and 
lung dust was the subject of a paper by C. E. Rossiter, 
D. Rivers and associates. A multiple regression analysis 
of likely factors led to the conclusion that the iron content 
of the lung was the best index of radiological category ; 
the source and anatomical situation of this iron remain 
to be discovered. 

L. Ulrich and A. Juck described analyses of the lungs of 
silicotic miners and noted that retention of fine particles 
apparently increases with size reduction, though it may be 
obscured by the relatively low frequency of occurrence of 
particles below 0-ly in airborne dusts. 

Four papers followed on the dose-response relationship 
in pneumoconiosis. Problems encountered in the Pneumo- 
coniosis Field Research of the National Coal Board were 
explained by S. Rae. Evaluations of response by X-ray, 
pulmonary function or respiratory symptoms each have 
attendant difficulties; it is considered that the standardiza- 
tion of lung function tests is associated with less-severe 
drawbacks than the attainment of consistent X-ray 
pictures. Respiratory symptoms require, for their elucida- 
tion, a knowledge of the contribution of inhaled coal dust 
to chronic bronchitis. 

D. G. Beadle spoke of silicosis in the South African 
goldfields. Groups of men engaged in eleven different 
occupations were examined and the associated dust 
exposures were evaluated. An average dust-level of 
1,280 particles per cm? was associated with 36 per cent 
certifications of silicosis after working 7,500 shifts and 
700 particles per em? with 17 per cent certifications. 

Routine recording of the monthly dust exposures of 
each miner in the West German coalmines made ıt possible 
for M. T. R. Reisner to show that the first pulmonary 
changes occurred earlier when the cumulative dust 
exposure was greater and the average dirt content of the 
respirable dust was lower. High dirt content delayed the 
onset of pulmonary changes withm 7 years, possibly on 
account of a beneficial action of clay which has been 
shown in animals. The effect of peak concentrations 
over and above the integrated dosage is thought to be 
slight. 

Another paper from the National Coal Board by J. M. 
Rogan, S. Rae and W. H. Walton reviewed the progress 
of the Pneumoconiosis Field Research which covers 
twenty-five selected collieries. A broad correlation has 
been found between the prevalence of pneumoconiosis 
and its progression, but the relationship of pneumo- 
coniosis to dust concentration 18 vague, with some indica- 
tion that certain collieries have more innocuous dust than 
others. 

The practical difficulties associated with dust sampling 
by thermal precipitator have caused gravimetric sampling 
instruments to be regarded favourably, especially as the 
category of pneumoconiosis appears to be related to the 
weight and composition of the dust inhaled. It is hoped 
that gravimetric sampling will be more objective than 
particle counting. It is satisfactory that the prevalence 
of pneumoconiosis in British coal-mines has been materially 
reduced in the past five years, especially m the younger 
age groups. 

H. E. Ayer and J. R. Lynch distinguished between motes 
and fibres of asbestos dust m the air of industrial plants. 
Most particles are motes, which resemble other industrial 
dust, but the proportion of fibres increases as the processing 
of raw asbestos advances. The health risk of asbestos 
dust is due to fibres, but whether the few long fibres are 
alone involved, or the more common fibres, 2-3 in length, 
are important, has not been decided. Good indexes of 
exposure could be obtained by counting the concentration 
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of fibres using phase contrast microscopy or by using 
X-ray diffraction analysis. 

A small cyclone size-separator was described by H. 
Breuer. This prevents coarse dust from reaching a sample 
collected on a filter and thus the size distribution matches 
that of dusts recovered from the lungs of coal-miners. 
The dust admitted to the filter 1s about 50 per cent of the 
airborne dust at 1-5u diameter, rising to 80 per cent at 
lu; the acceptance curve is concave upwards and has, like 
the alveolar regions of the human lung, a small but 
definite acceptance beyond 7u. The performance is 
insensitive to differences between quartz, coal and shale 
dusts. 

The relationship between concentrations measured by 
mass and those measured by number was discussed by 
R. J. Hamilton, G. D. Morgan and W. H. Walton. The 
ratio of mass concentration (mg/m 5) (measured after size 
selection by sedimentation with 50 per cent penetration 
to the sample at 5u diameter), to number concentration, 
in thousands of particles more than lu diameter per om%, 
ranged from 6 to 33; the spread was diminished when the 
size selection was made more rigorous, with a 50 per cent 
cut at 3-5u, and this decreased the amount of dust collected 
by one-half to one-quarter. When the Breuer cyclone, 
described in the preceding paper, was used, the selected 
dust was about one-quarter that passing through the sedi- 
mentation instrument, which allowed a 50 per cent pene- 
tration at 5u. Various gravimetric sampling devices 
agreed with one another within about 10 per cent. 
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In another paper,_H. Breuer described measurements of 
size distribution of airborne coal-mine dust. The peak 
size frequency of dust during coal-getting occurs between 
4u and 8u for coal cust, below 3u for dirt and between 2u 
and 6u for quartz. The finer dusts, rich in dirt, are 
associated with pnaumatic stowing and blasting. The 
composition of the fine, or respirable, fraction of dust 
depends on the metjod of selection. 

W. Walkenhorst smphasized that, since knowledge of 
alveolar deposition cf dust is so uncertain, 1b 1s desirable to 
analyse the composition of a series of fractions of dust in 
size ranges below 10g, rather than taking a single arbitrary 
fraction of so-called respirable dust. He described a 
sedimentation class-fier which distributed the particles, 
according to size, on a membrane filter. This allows analy- 
sis by optical microscopy, with determination of quartz 
content, in fractions down to lu. 

The advantages of a personal dust sampler were stressed 
by R. I. Higgins ard P. Dewell, who had made a small 
apparatus with a chest harness which weighed only 1:5 kg. 
Size selection was achieved by a cyclone with 50 per cent 
penetration for particles a little below 5u in diameter, for 
density spheres, the sample being collected on a filter. 
Motive power was Cerived from rechargeable nickel—cad- 
mium cells and an electric motor driving a diaphragm 
pump equipped witk a pulsation damper. 

The Proceedings of the symposium will again be pub- 
lished by Pergamon Press as a book; it is hoped that this 
will appear in June. C. N. Davies 


CLEAN AIR 


LEAN air, in the true sense of these words, does not 
imply simply smokeless air; there is very much more 
to it than this. There are other aggressive agents of air 
pollution the control and ultimate elimmation of which 
are of as great importance to the health of the com- 
munity as the elimination of smoke, although the latter 
may often be the vehicle of their dissemination. These 
observations, and many other matters pertaining to the 
effects of the Clean Air Act and its impetus on progress 
in solving the problems of “the fog and filthy air”, were 
well reviewed at the recent Clean Air Conference con- 
vened at Eastbourne during October 26-29, 1965, by the 
National Society for Clean Air. Pre-prints of papers 
presented at this Conference, together with summaries 
released at the time, are now available (Pp. 155. National 
Society for Clean Air, Field House, Breams Buildings, 
London, E.C.4, 1965. 15s.). The subject of smokeless air 
has been. briefly discussed in these columns before (Nature, 
204, 835; 1964); much has happened since then, par- 
ticularly in respect to other hazards, notably sulphur 
dioxide, carbon monoxide, hydrocarbon exhaust fumes, 
grit and dust. In this connexion, a tightening up of the 
Clean Air Act (1956) would seem to be a practical possi- 
bility in the foreseeable future, particularly if coupled 
with the formulation of a sound national fuel policy, now 
receiving the attention of Mr. F. Lee, Minister of Power, 
according to Smokeless Air (35, No. 134; Summer 1965. 
Pp. 255. National Society for Clean Air. 2s. 6d.). 

The presidential address to the Conference was delivered 
by Sir Alan Wilson. His main points were: a survey was 
carried out in fifteen pairs of housing estates of similar 
character except that one estate of each pair was subject 
to smoke control and the other was not; it was found 
that over 18 months, in the smoke-controlled areas, 
average concentration of smoke was 40 per cent less than 
in the areas not subject to smoke control (actual figures, 
100 pg/m*® compared with 140 ug/m). Although total 
smoke pollution had been considerably reduced, diminu- 
tion in domestic smoke had been disappointingly slow; in 


London, however, during the period when the relevant 
air-pollution measurements were made (1952-62), smoke 
was reduced by about 60 per cent—-much better than the 
national average o? only 35 per cent. Against this, 
sulphur dioxide emission had increased in the London 
region by about 80 per cent as compared with slightly 
less than 25 per cent in Britain as a whole. Sir Alan 
explained this by the fact that much more sulphur 
dioxide was dispersed into the upper atmosphere through 
high chimneys than smoke produced near ground-level. 
He went on to say: “Since one ton of low-temperature 
coke contains only about 75-85 per cent of the sulphur 
in one ton of coal, end since 15 ewt. of coke produces as 
much heat as one ton of coal, replacement of coal by coke 
reduces the sulphur dioxide by about 40 per cent’’. 
Further, “Since there is no reasonable prospect .. . of 
reducing the total emission of sulphur dioxide throughout 
the country to negligible proportions, there is only one 
solution to the proklem of smog, namely, town planning 
accompanied by the control of emissions by the regulation 
of fuel usage”. This, of course, invokes the thorny problem 
of a national fuel policy with which, as already stated, 
the Ministry of Power is now grappling. 

Most industrialized towns need not be dirty towns. 
This was the theme of three papers describing successes 
with smoke control One of these is Manchester, the 
history of “some form of smoke control” of which extends 
over 120 years, according to Mr. J. Richards, senior public 
health inspector of that city. At the moment, 41:5 per 
cent of the total area of Manchester 1s subject to smoke 
control orders; it i hoped to make most of the city 
smokeless by 1970. Another city is Sheffield, discussed 
by Mr. J. W. Batey, chief smoke inspector; as a result 
of the City Council’s efforts, air pollution measurements 
between 1956 and 1964 reveal that smoke nuisance has 
been halved and the amount of sulphur dioxide in the 
air considerably reduced. The third ‘success story’ is 
Scunthorpe, where Mr. G. O. Allen, chief public health 
inspector, stated that although the town had not reached 
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a “‘prosperous termination” of their desired end of air 
pollution, they were well on the way to their ultimate 
goal of “blue skies and pink lungs”. Incidental to the 
problems faced is the question of solid fuel distribution 
and supplies; this was discussed by Mr. E. Otty, head 
of Special Projects Branch, National Coal Board, and Mr. 
W. H. Bourne, manager, National Federation of Coke 
Distributors’ Associations. 

One session of the Conference was devoted to the sub- 
ject of air pollution and mortality. Mr. A. J. Wicken, 
head of Health Surveys, AGB Research, Ltd., stated 
that the findings of a recent survey in north-east England 
indicated that both lung cancer and bronchitis mortality 
are associated with air pollution. Speaking of odour 
control by catalytic combustion, Mr. E. Betz directed 
attention to the fact that many industrial effluents were 
not, as yet, covered by real legislation, it being left to 
local authorities to try jto enforce production of clean and 
odour-free air; he claimed that, of available methods of 
removing organic fume nuisances, catalytic combustion 
was the most efficient; this could solve odour problems 
in the chemical industry, in nitric acid manufacture 
and in the oven industry among many other applications. 
The Belgian method for dealing with road vehicle pollution 
was described by Mr. |E. J. Coucke, director, Fund for 
Study and Research ọn Road Safety, Brussels. This 
method is based on a closely integrated system of tech- 
nical inspection of motor vehicles, involving fifty inspec- 
tion stations, each equipped with a smoke-meter to 
measure diesel smoke density. Mr. Coucke went on to 
describe an interesting experiment designed to reduce 
rate of emission of carbon monoxide by petrol engines, 
which was conducted with vehicles used by the Paris 
Prefecture of Police; this is essentially a matter of precise 
adjustment of carburettors aimed at the systematic reduc- 
tion of the production of this toxic gas while the motor is 
idling. His paper on Belgian practice in the matter of 
pollution of air by road vehicles is comprehensive and 
worthy of study. 

It was perhaps inevitable that in such a Conference as 
this, new horizons in domestic heating should command 
attention, and the now!familiar propaganda of what each 
of the competitive fuel industries has to offer in various 
heating systems, and what the domestic consumer in the 
United Kingdom may look forward to in the near future 
to realize efficient, economical and completely smoke-free 
warmth in the home, was characteristically conveyed by 
Mr. H. R. Brewster (Shell-Mex and B.P., Ltd.) repre- 
senting oil interests; | by sa R. N. Bruce (chairman, 
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South Eastern Gas Board), concerned with gas (not 
excluding North Sea prospects); and by Dr. W. Reid 
(chairman, Northumberland and Durham Division, 
National Coal Board) in discussing steps being taken to 
promote higher standards of home heating apparatus, 
hence clean air, by production of adequate supplies of 
smokeless fuels, by stimulating design and production of 
new and, as near as possible, automatic appliances, and 
by district heating. The case for electricity was ably put 
by Mr. C. T. Melling (deputy chairman, the Electricity 
Council). 

Mr. J. Hodgson spoke on industrial aspects of dust 
collection and selection of proper equipment to deal with 
the particular factory product or plant involved; his 
paper dealt, inter alia, with methods of settling chambers, 
inertial collectors (cyclones), fabric collectors, wet col- 
lectors and electrostatic precipitators. On the contro- 
versial subject of chimney heights, Mr. 8. C. Beaumont 
(chief smoke inspector, Birmingham) referred to the 
Memorandum of Chimney Heights issued by the Ministry 
of Housing and Local Government which, although wel- 
comed, did not provide all the answers to problems raised 
by conflicting interests in this matter, and which even 
the Clean Air Act failed to satisfy; he claimed that 
“, . . for reducing pollution from sulphur dioxide, tall 
chimneys apparently were the present answer, but the 
best remedy would be the use of low-sulphur content 
fuels”. The Conference concluded by considering some 
unresolved problems in air pollution. In this connexion 
there was an important contribution by Mr. F. E. Ireland, 
chief alkali, ete., works inspector of England and Wales, 
who described some of the difficulties still with us con- 
cerning nuisances relating to sulphuric acid, nitric acid, 
ceramic industries, iron and steel, non-ferrous metals, 
metal recovery, and lime works; he added: ‘““The search 
for solutions and improvements to industrial emissions 
continues unabated, both nationally and internationally”. 

The publicity afforded to the vital subject of clean air 
is in itself a healthy sign. The work of this Eastbourne 
Conference is a credit to all concerned. Britain is facing 
up to the problems involved in combating air pollution, 
from whatever source it may derive, and it is encouraging 
to know that so many other countries are doing the same. 
The first congress of the newly formed International Union 
of Air Pollution Prevention Associations will be held in 
London during October 3—7, 1966; some details of this 
desirable function are given in a recent number of Smoke- 
less Air (36, No. 135; Autumn 1965. Pp. 13,18. London: 
National Society for Clean Air. 3s.). 


REACTIVITY OF PHOTO-EXCITED ORGANIC MOLECULES 


HE Solvay i for Chemistry was founded 

in 1913, at a time when international conferences in 
science were comparatively rare. Since that time, as 
with other aspects of the rising tide of scientific know- 
ledge, methods of communication have become much 
more numerous. Discussion meetings, conferences and 
symposia ar being organized all over the world, to pro- 
mote the advancement! of knowledge on broad or narrow 
fronts of science. At tho present time, those who are 
concerned with such organizing have to decide a number 
of questions, which it|is useful to keep in mind when 
considering the outcome of any meeting of more than 
purely local appeal. When the primary object is to bring 
together and integrate related advances in different 
directions, as has always been the aim of Solvay confer- 
ences, the timing of the meeting, and the choice of those 
eligible to attend it, meed to be planned with much 
greater care than is needed for more omnibus gatherings, 
at which the main object i is to promote hinary and ternary 


collisions of minds more or less at random, but in a favour- 
able environment. If an integrating theme is aimed at, 
its selection must now also pay some regard to any related 
discussions at an international level, held or due to be held 
over a period which may extend over several years. 
Finally, the decision whether to publish Proceedings of a 
conference, to be of real service to a much wider circle 
of readers than those who actually attended it, calls for 
responsible judgment. This may not be easy, in view of 
the flood of scientific literature already available. 

In the broad range of possible kinds of conferences, 
the pattern chosen by the Solvay Institute is one of the 
highest selectiveness in the choice of those invited to 
take part in the week’s discussions. Only one or two 
pre-printed contributions were considered each day. 
In the present instance these were by C. A. Coulson, 
R. Dandel, G. S. Hammond, E. Havinge, G. Porter, 
G. O. Schenk, G. M. J. Schmidt and N. C. Yang. The 
printed texts were not restricted in length, in order to 
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permit each author to indicate the present problems of his 
own speciality, on an extensive perimeter. In addition to 
the authors and the members of the Scientific Council of 
the Solvay Institute, a limited number of leading scientists 
concerned with this field were also invited to attend. 
On this rather exclusive basis, those present found it 
feasible to discuss and define their difficulties, as well as 
to communicate their progress, without undue pressure 
from other speakers more anxious to communicate, than. 
to attempt in common any Socratic assessment of ignor- 
ance. As in the case of other recent meetings of the Solvay 
Institute, on inorganic structural chemistry (1956), on 
nucleoproteins (1959) and on energy transfer in gases 
(1962), the invited papers and considered discussion con- 
tributions resulting from the compact team-work of the 
present meeting will be published in full, as soon as 
possible, 

At this meeting some highly suggestive theoretical 
considerations about photo-excited molecules attracted 
much discussion. Advances in theoretical chemistry 
indicate that interactions between excited molecules 
may differ markedly from the situation described by the 
more familiar force fields and potential energy surfaces for 
molecules in the ground state. Compared with these, 
even the analogues of van der Waals’ forces are likely 
to be of considerably longer range between excited species. 
In a molecular encounter, at the stage near what 
would be the transition state for unexcited molecules, 
more intense interactions likewise call for profound 
modifications in their description when they refer to 
electronically excited species. A general enlargement of 
the ‘molecule volume’ may be anticipated, within which 
the distribution of electronic charge can affect the course 
of chemical reaction between excited species. 

This general inference points to a number of novel 
directions for theoretical and experimental research. 
Quite generally, even when apparently non-bonded, the 
influence of neighbouring molecules on a specific molecular 
reaction can be much more profound, when this involves 
photo-excited species, than for molecules in the ground 
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state. A particular instance of the controlling influence 
of neighbours, which was extensively discussed at the 
meeting, but for which there still remains much to be 
clarified, refers to photo-chemical reactions in the crystal- 


. line state, or in sobd solution. 


Striking solvent effects on reactions between excited 
molecules may be closely related to this general principle, 
and several instanzes were discussed. Again, effects of 
pressure in determining the relative role of alternative 
chemical reactions should be much more prominent and 
distinctive, in favourable cases, than can normally be 
expected for reactions in the ground state. 

The complexity of molecules the photo-chemical 
reactions of which can now be studied experimentally 
has increased in recent years to a notable extent, through 
the development of new methods of photo-excitation, and 
the use of various refined methods of chemical identifica- 
tion of the products. This has given new impetus to 
highly suggestive researches on problems such as the 
transmission of exsitation energy within a polyatomic 
molecule, resulting from primary absorption. of photons, 
or from irradiatior. by y-rays or particles. Regions of 
a photo-excited molecule that may undergo quite diverse 
reaction can. be examined on a selective basis. In addition 
to the great scientific interest of researches in this general 
direction, the technological mastery of economic produc- 
tion by photo-cherical means of quite complex molecules 
offers suggestive possibilities; though these were not 
discussed at any leagth at the meeting, they seem likely 
to attract more attention to this field in the future. 

Calculations of the distribution of electron densities in 
molecules in their ground state can now be made with 
considerable confidence in favourable instances. However, 
there was some discussion about the extent to which such 
density distribution can guide assessments of reactivity 
of excited states. Novel ideas about charge transfer 
between excited molecules, put forward at the meeting 
by R. 8. Mulliken, provided further fascinating glimpses of 
important future work in a field which promises to grow 
rapidly. A. R. UBBELOHDE 


SCHISTOSOMIASIS 


ALARIA has been aptly called ‘public enemy No. 1’ 

and the title ‘public enemy No. 2’ might well be 
given to schistosomiasis, a lingering and often fatal 
disease of man and other animals including farm stock. 
The disease is caused by parasitic trematode flatworms 
belonging to the genus Schistosoma or Bilharzia. The latter 
name commemorates Dr. Bilharz, who first discovered the 
eggs of the parasite in Egypt and who was a pioneer 
in research on this trematode and on the disease 1t causes. 
Species of this genus, unlike other parasitic trematodes, 
are unisexual and live, not in the digestive tracts of their 
hosts as do many parasitic trematodes, but in the blood 
vessels: for this reason they are often called ‘blood flukes’. 
It is indeed good news that the Rockefeller Foundation, 
continuing its policy, so fruitful in the past, of giving 
financial aid to studies of the grave diseases that plague 
the world, has decided to undertake field investigations of 
schistosomiasis. The Foundation has been interested in 
schistosomiasis for 40 years. These investigations will be 
carried out on the small island of Santa, Lucia in the 
Windward Islands; the Government of the Islands has 
also decided to give financial aid to these investigations. 
Schistosomiasis causes incalculable suffering and economic 
loss. It is estimated that some two hundred million people 
suffer from it in Egypt, Africa, South America, the 
Caribbean Islands, India and the Near and Far East. 
It has ertppled large human populations and also agricul- 
tural progress, for some species of these trematodes infect 
farm stock. Egypt has been called the ‘eradle’ of the 


disease, because formerly it was prevalent there (the eggs 
of these trematodes have been found in Egyptian mummies 
dating from 1,000 x.0.). 

Schistosomiasis % a disease that especially affects 
agricultural peoples. who work on irrigated land or irriga- 
tion systems. Man is infected by larval forms of the 
trematodes (cercarize) which develop in certain species of 
aquatic snails living in streams, ponds, lakes and irriga- 
tion systems in whieh he may work or bathe. The 
cercarias are able to penetrate human skin and enter the 
blood stream, which carries them to the blood vessels of 
the abdomen. Here they settle down and become sexually 
mature and lay spined eggs which work their way out of 
the infected person through the wall of the intestine or 
bladder into the faeces or urine. In so doing they cause 
bleeding from, and other forms of damage to, the walls 
of the bladder or intestine. Human faeces and urine 
contaminated with the eggs of the trematodes are fre- 
quently discharged into local waters. The eggs liberate 
larvae mto the water which penetrate into snails 
living under water and develop inside the snails into 
cercarial larvae which leave the snails and can subse- 
quently infect man. 

It will be clear, therefore, that the disease is, in this 
sense, man-made. 

Control of the disease aims at: (1) Protection of the 
human skin from ths cercariae by wearing suitable cloth- 
ing or by avoiding irfected waters. (2) Destruction of the 
species of snails irvolved by means of chemical sub- 
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stances (molluscicides) and by measures which will make 
the environments of the snails unfavourable (clearing 
of vegetation, etc.). (3) Education of the people in the 
life-history of the parasite and the mode of infection, and 
in the need for better methods of disposal of their excreta. 

Much research is needed on molluscicides and on 
“methods of applying them, and on the habits and biology 
of the species of snail involved. Investigation of methods 
of treating infected people and on drugs suitable for this 
purpose is also necessary. Unfortunately the drugs so 
far discovered that will kill the adult trematodes in the 
blood vessels are compounds of arsenic or antimony, 
which may have serious effects on the patients treated 


HYDATID 


NUMBER of publications recently issued by the 
National Hydatids Council of New Zealand will be 
of interest to anyone concerned with public health. 

One of these, entitled Hydatid Disease in New Zealand *, 
describes the events which led to the establishment of 
the National Hydatids Council. It gives statistics about 
the prevalence of the hydatid tapeworm in New Zealand 
dogs and the incidence of hydatid cysts, which are the 
larval (bladderworm) stages of this tapeworm, in cattle, 
sheep, pigs and man, together with figures of the incidence 
of the cysts of another tapeworm of the dog, Taenia 
hydatigena. It has been estimated that hydatid disease 
is more common in New Zealand than in any other 
country, and that as a cause of death it is three times 
more prevalent in New Zealand than in Australia and 
twenty times more than in England and Wales. It is five 
times more prevalent in Maoris than in Europeans, and 
at the present time more than 20,000 New Zealanders 
may be infected with hydatid cysts. This is ascribed to 
the fact that the range and degree of moisture in New 
Zealand favour the survival of the eggs of the tapeworm 
after they have been passed out of the dog in its excreta. 
Pertinent is the fact that New Zealand farmers feed their 
dogs on uncooked offal containing the hydatid cysts, from 
which the adult tapeworms develop in the food canal of 
the dog. The pamphlet also describes early and sub- 
sequent attempts at control of the infection in man. It 
discusses methods of educating the public in the ways in 
which infection with hydatid cysts may be acquired, 
spread of knowledge of this kind and its effects, 
the general awakening of public conscience about the 
disease, and the formation of the National Hydatids 
Council. 

The function of the Council is to exercise central 
control of measures used for the eradication of the tape- 
worm and of the disease caused by its hydatid cysts. It 
is now an offence to fail to register a dog or to bring ıt 
to one of the control centres for dosing with a drug that 
will kill the tapeworm. Furthermore, it is legal to feed 
a dog on raw offal or to allow it to have access to such. 
As a result, the infection of dogs with the hydatid tape- 
worm has been reduced in about seven-eighths of New 
Zealand to 2 per cent, and in half the country to 1 per 
cent or less. Control of T. hydatigena has been less satis- 
factory, but there has been a considerable reduction of 
the rate of infection of dogs with this species. It is, 
however, hoped that it will be controlled by the measures 
taken to eradicate E. granulosus—the life histories of 
these two species being similar. 

Further information about the work of the National 
Hydatids Council is given in the fifth dnnual report and 
statement of accounts of the Council for the year ended 


* Hydatid Disease in New Zealand: An Account of the Events leading to the 
Establishment of the ene Hydatids Council, and the Methods adapted to 
eradicate the Disease. By F. 8. Maclean. Pp. 48. (Wellington: The National 
Hydatids Couneil, 1965.) 
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with them. The World Health Organization* is ‘also 
sponsoring work on this disease, and Prof. George Mac- 
donald has given up his directorship of the Ross Institute 
of the London School of Tropical Medicine and Hygiene 
to lead a team based at Makerere Medical School, 
Kampala, Nigeria, which will work on schistosomiasis. In 
1961 the Rockefeller Foundation gave a grant of 142,500 
dollars to aid this work. The team will work in co-opera- 
tion with the staff of the East African Medical Research 
Council on the disease in Africans in the area of Lake 


Victoria. G. LAPAGE 


* WHO Technical Report Series, No. 299 (price 5s., from H M.S O., P.O. 
Box 569, London, §.H.1) and Snail Control in the Prevention of Bilharziasis 
(price 80s., from the same address), 
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March 31, 1965+. The Council has also issued a valuable 
pamphlet entitled Hydatids Eradication in Iceland}, which 
describes the remarkable achievement of that country, 
in which, during 1860-70, some 15,000-—20,000 dogs heavily 
infected with Æ. granulosus were kept by a total popula- 
tion of 70,000 people, most of whom were sheep farmers 
living under relatively primitive conditions. In 1840 the 
Chief Medical Officer estimated that one person ın every 
seven. was infected with hydatid cysts. Later evidence 
showed that one in every four or five was infected. 
Methods used to control the disease included: (1) educa- 
tion of the public in the life history of the tapeworm and 
the parts played in ıt by man, dog and sheep; (2) taxation 
of dogs in order to limit their numbers—at present there 
is a. tax of £7 10s. on each pet dog and 15s. on each 
working dog, and in some towns the local authorities are 
empowered to forbid the keeping of dogs; (3) compulsory 
annual treatment of all dogs with an anti-tapeworm drug 
at special centres; (4) enforcement of the law of 1890 for- 
bidding the feeding of dogs on any entrails of sheep or 
cattle and enacting the deep burial or burning of the 
internal organs of sheep infected with hydatids; (5) im- 
provements in the general hygiene of the people and in 
certain farm practices likely to favour the infection of 
man. with the cysts. 

A table demonstrates the dramatic decline in the 
incidence of human infections with hydatid cysts that 
followed these energetic measures. In 1904 it was possible 
to conclude that hydatid disease was practically extinct 
in Iceland and there was a corresponding decrease in the 
incidence of the cysts ın sheep and also of the tapeworm 
dogs. Although Æ. granulosus and its hydatid cysts 
thus appear to have been eradicated from man in Ice- 
land, T. hydatigena and its cysts in sheep have not been 
eradicated; however, their incidence has been reduced. 

For readers who are not parasitologists but who require 
a clear and accurate account of the structure and life 
history of the hydatid tapeworm #. granulosus, the 
National Hydatids Council has issued a publication 
entitled Parasitic Animals, with Special Reference to 
Hydatid Disease§. It is well ilustrated and gives an 
excellent account of the characteristics and life history of 
E. granulosus. Also dealt with are the relationship of 
this parasite with other tapeworms and the epidemiology 
of hydatid disease, its incidence m New Zealand and the 
measures designed to prevent this disease. Another table 
gives a comparison of the appearance, lengths and hosts 
of the seven species of tapeworms found in dogs in New 
Zealand. G. LAPAGE 


+ National Hydatids Council, Wellington, New Zealand. Fifth Annual 
Report and Statement of Accounts, year ended 81st March, 1965. Pp. 40. 
(Wellington: The National Hydatids Council, 1965.) 

Information Bulletin No. 15: Hydatids Eradication in Iceland. Pp. 11. 
(Wellington: The National Hydatids Council, 1965.) 
§ Parasitic Animals, with Special alg va io Hydatid Disease and its 


Prevention. Peprines trom iology or Forms. Teach and Test 
Publications, . as Otahuhu, New Zealand.) B. M. Miller and B. M. B. 
Harris. . (Wellington: The National ryGatits Council 1966.) 
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INACTIVATION AND INDUCTION OF ELECTRON SPIN RESONANCE-CENTRES 


IN TRYPSIN BY IONIZING RADIATION AND BY ULTRA-VIOLET LIGHT 
By TOR BRUSTAD l 


Norsk Hydro’s Institute for Cancer Research, Montebello, Norway 


N an investigation of inactivation on RNase by cobalt-60 

y-rays, Hunt and Wiliams! correlated the yield of 
one class of radicals with the changes in the radio- 
sensitivity of the enzyme irradiated in vacuum and in 
oxygen, and after post-irradiation treatment with oxygen. 
The rate of production of “sulphur-type” radicals was 
correlated with the yield of free SH-groups measured by 
titration. 

Henriksen? has shown that the total yields of electron 
spin resonance (ESR) centres in trypsin, exposed at 
various temperatures to different types of radiation, 
parallel those for enzyme mactivation under the same 
conditions’. Similar investigations have not been con- 
ducted with non-ionizing ultra-violet light. However, 
Kock and Monig* found that ESR-centres were induced 
in bovine serum albumin when exposed to ultra-violet 
light of wave-length 254 my, and furthermore, that the 
shape of the ESR-signal of centres induced by X-irradia- 
tion in this compound changed on subsequent exposure 
to ultra-violet light of wave-length exceeding 300 mp, 
without concomitant change of the total number of 
radicals. 

I have carried out investigations with the view of making 
a comparison between enzyme inactivation and the number 
of ESR-centres, induced by y-rays and ultra-violet light 
separately. 

Twice-crystallized trypsin was obtained from Worthing- 
ton Biochemical Corporation, United States. About 
10 mg was placed in each of a number of quartz tubes, 
evacuated for 24 h and sealed off under a vacuum of about 
5 x 10-*mm mercury. One set of samples was subjected 
to y-rays from a 5,000 c. cobalt-60 therapy unit (type 
‘Gammatron 3’), manufactured by Siemens, Germany. 
The dose-rate was about 2-5 x 10‘ rads/min and the 
temperature of the samples during irradiation was kept 
at 0° C. 

Another set of samples was subjected to ultra-violet 
light from a medium pressure mercury lamp (type UVS 
500) made by Engelhard Hanovia, England. Samples 
subjected to ultra-violet light were irradiated with the 
proteins evenly distributed in the tubes, and shaken every 
3 min during the exposure, in order to obtain a more 
uniform dose distribution in the sample material. During 
the exposure to ultra-violet light, the tubes were kept 
immersed in distilled water at a temperature of approxi- 
mately 10° C. After the exposure, the ESR-signals were 
determined in an X-band spectrometer with transmission 
cavity and 110-ke/s field modulation. The spectra are 
recorded after phase-sensitive detection and represent the 
first derivatives of the absorption curve. Before carrying 
out the analysis in the ESR-spectrometer, the sample 
material was transferred to one end of the quartz tube 
and immersed in liquid nitrogen while the other end of 
the tube was heated to eliminate the ESR-centres in 
the quartz tube itself. The number of ESR-centres was 
obtained by double integration of the spectra and com- 
parison with diphenylpicrylhydrazyl (DPPH) standards, 
according to the method described by Henriksen’. After 
completion of the ESR-analysis, the tubes were broken in 
air and enzyme activity determined according to the 
method deseribed by Schwert and Takenaka’. 

It is seen in Fig. 1 that the dose-effect curves are 
exponential when trypsin is subjected to y-rays, but this 
is not so when exposed to ultra-violet light. This is 
probably due to heterogeneous dose distribution within 
the sample material in the latter case. 
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It is seen in Fig. 2 that the shape of the ESR -spectrum 
of radicals induced by ultra-violet light has many features 
in common with trat of the y-ray-induced centres. The 
peaks in the specsra occur at the same magnetic field 
strengths, but they appear to be somewhat better re- 
solved in the latter case. 

Fig. 3 shows thas there is a linear relationship between 
the number of ESR-centres induced by ultra-violet light 
and the corresponding inactivation, throughout the imacti- 
vation range studied. When exposed to y-rays, on the 
other hand, the namber of radicals per gram increases 
rapidly with increasing inactivation, but it would seem 
that a saturation ie approached after prolonged exposure. 
Since the molecular weight of trypsin is about 23,000, 
the saturation value corresponds on the average to slightly 
less than one spin ver enzyme molecule. Thus, the spins 
induced by ionizing radiation have a different dose- 
dependence from she inactivation. There may be an 
approximate linear relationship between the number of 
spins per gram and the corresponding inactivation when 
the latter is very small, as indicated by the dashed line 
in Fig. 3. Of particular importance is the fact that within 
the linear portions of the curves shown in Fig. 3, approxi- 
mately five molecules are inactivated per spin induced 
by ultra-violet ligat, whereas only 0°25 molecules are 
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Fig. 1. Dose-effect curves of trypsin exposed to: I, cobalt-60 y-rays; 
IX, ultra-violet light 


Fig., 2. Electron spin. resonance spectra of trypsin irradiated with. 
I, E- pait-60 y-rays; IL, citra-violet ght. The arrow indicates the position 
of the DPPH signal 
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Fig 8. The number of electron spin resonance centres per gram trypsin 


as a function of the degree of injury, expressed as per cent inactivations: 
I, cobalt-60 y-rays; IE, ultra-violet light 
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inactivated per spin induced by y-irradiation. This in- 
dicates that the ESR-centres induced by ultra-violet 
light and y-irradiation play different parts in the processes 
leading to enzyme inactivation. It 1s possible, however, 
that enzyme inactivation may be induced by ultra-violet 
light of certain wave-lengths without simultaneous 
induction of spins, and/or that the spins detected at room 
temperature merely represent a late step in a long chain 
of reactions initiated by the primary absorption event, 
and that the inactivation is related to an earlier step in 
this sequence of events. 
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In the present investigation it has been shown that 
ESR-centres are induced in dry trypsin by ultra-violet 
light. Although the shape of the ESR-signal induced by 
ultra-violet light resembles that induced by ionizing 
radiation, it is important to note that they are not iden- 
tical. A linear relationship was found between the number 
of spins induced by ultra-violet light and the degree of 
inactivation. A similar relationship does not seem to hold 
for ionizing radiation, except when the inactivation is 
quite small, where the injury per spin induced by ultra- 
violet light may exceed that per spin induced by y- 
irradiation by more than an order of magnitude. The 
number of observed y-induced radicals (X) increases with 
the exposure time (¢) in a manner which may be described 
by the kinetic equation: 

dx 


Gq =i AA 


X =|} tanh Vert 


where F is the number of radicals induced per unit time 
by the radiation and k is the rate constant for reaction 
between two radicals. The present findings may have a 
bearing on the question of the relative roles of ionization 
and excitation processes in the radiation. inactivation of 
enzymes”. 

I thank the Norwegian Cancer Society for grants, 
and Nansenfondet and Stangs Legat for technical equip- 
ment. 
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CEMENTED FORAMINIFERAL OOZES FROM THE MID-ATLANTIC RIDGE 


By Dr. RICHARD CIFELLI 
U.S. National Museum 


Dr. VAUGHAN T. BOWEN 


Woods Hole Oceanographic Institution 


: AND 


Pror. RAYMOND SIEVER 


° | Harvard University, Cambridge, Massachusetts 


URING 2a recent investigation! of the mid-Atlantic 
Ridge about 22° N., several pieces of late Tertiary 
foraminiferal limestone were recovered. These represent 
at least two and probably three distinct ages, indicated 
by their assemblages of planktonic Foraminifera. The 
oldest is probably late Miocene, correlative with the 
assemblage associated with basalt dredged in this same 
area? on an earlier cruise. Another assemblage is some- 
what younger, probably early Pliocene, and a third is 
possibly still younger, approaching middle Pliocene. 

The present collection of cemented oozes came from a 
peak on the western flank of the Ridge. Several pieces of 
dry, buff-coloured cemented ooze, showing only traces of 
manganiferous coating, were collected’ in a free corer? 
dropped on top of the peak, at 3,000 m depth. Although 
the core liner was filled to 10 cm with lumps of ooze, it 
contained no unconsolidated material, suggesting that the 
cemented ooze was here exposed on the sea floor. Although 
there were no apparent differences among the pieces, they 
were individually labelled and several examined separ- 
ately, in an effort to discern a stratigraphical sequence. 

Three other distinct pieces were obtained in a pipe 
dredge, dragged from 3,300 m to almost 3,100 m depth, 
up the southern slope of the same peak: Dr 10—P1l—a 
lump of cemented ooze; Dr 10-P2—a lump of cemented 
ooze with many inclusions of orange altered palagonite; 


x 


and Dr 10-P3—a chip of fresh basalt, coated on one side 
with cemented ooze. Each of these pieces showed a heavy 
manganiferous coating. The Foraminifera from each 
piece were examined separately. 

The species assemblages of the various samples, and the 
ages assigned, are shown in Table 1. The fact that all the 
samples are late Tertiary can confidently be established, 
as can be most of the relative ages; there may be some 
question whether the FC 24 samples are certainly younger 
than Dr 10-Pl. The relative age determinations have 
been based on the succession of planktonic Foraminifera 
established for the Caribbean*, and on the recently 
proposed Neogene zonation of Blow and Banner’. Con- 
siderable uncertainty still exists, however, as to how these 
foraminiferal successions correlate with the standard 
European Stages and Series boundaries. Therefore, we 
use here the terms late Miocene, lower Pliocene and middle 
Pliocene as units of convenience; these provisional age 
designations can be adjusted later if necessary. 

The oldest samples, Dr 10—P2 and Dr 10—P3, contain 
similar assemblages and are essentially contemporaneous. 
They are correlative with the cemented ooze previously 
dredged in the vicinity and, therefore, are late Tertiary, 
probably late Miocene, in age*. Diagnostic species 
include: Sphaeroidinella seminulina, Globoquadrina de- 
hiscens, G. altispira, Globigerina nepenthes, Globorotalia 
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miocenica and G. tumida sensu lato. Although the ranges 
of these species are not yet completely established in the 
published literature, their associasion indicates an 
age within the Sphaeroidinella seminelina zone of Blow® 


~ and Zone N-18 of Blow and Banner*. As proposed, both 


these zones are believed to represent -atest Miocene’, 

Specimens referred to here as Globorotalia miocenica and 
G. tumida sensu lato are identical with those previously 
designated G. fohst robusta?. This change is based on the 
recent revision and clarification of the G. fohst and G. 
tumida groups’, 

The Globigerenoides bisphaericus group homoeomorphs 
include specimens which, in general form and chamber 
arrangement, are indistinguishable from GŒ. bisphaericus, 
G. glomerosus-and G. transitorius, parts of a lineage that 
provide important index markers in the middle Tertiary. 
According to W. H. Blow (personel communication), 
however, our mid-Atlantic Ridge spezımens can be dis- 
tinguished by their lack of slit-like apertures, and usually 
less deeply incised sutures. Such forms, apparently, are 
not uncommon in late Tertiary samp-es (Blow, personal 
communication); therefore, their occurrences here are 
ee re compatible with the rest of the assem- 

lage. 

Dr 10-P1 is characterized by a younger assemblage, 
although having much in common with the preceding 
samples, including Globigerina nepenthes. Absent here, 
however, are Globoquadrina dehiscens, G. altispira and 


. Sphaeroidinella seminulina. All the Sphaeroidinella in 
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Dr 10-P1 have well-developed secondary apertures and 
are referable to S. dehiscens, a species that is younger, 
and descendant from S. seminulina. Also occurring in 
Dr 10-P1, indicating an age younger than Dr 10—P2 and 
Dr 10-P3, is a keeled form of Globoreralia punctulata. 

The FC 24 samples differ from Dr 10-Pl1 mainly in 
the absence of Globigerina nepenthes. Replacing this 
species is the similar, but distinct form, G. decoraperta. 
The records? of G. decoraperta thus far are from Japan, 
where it is associated with and ranges higher than G. 
nepenthes ; thus, the presence of G. deccraperia along with 
the absence of G. nepenthes is suggestive of a younger age 
for the FO 24 samples. 

We are aware of four additional recaveries of cemented 
ooze from dredges elsewhere on the Ridge. Two of these, 
one from the east slope of the central valley floor (45° 44’ 
N., 27° 43’ W.) and one from a peak near the central 
valley (46° 51’ N., 27° 39’ W.), consisted of several cobbles 


Table 1 
Late Lower 
Miocene Phocen Moddle Pliocene 


Drio Drio Drio FC24 FC 24 FC 24 
P? P3 P1 1 3b 5 


Globigerina bulloides d'Orbigny x 
Globigerina decoraperta 
Takayanagi and Saito x x x 
Globigerina nepenthes Todd x x x 
Globigervnella acquilateralis 
Brady) x x 2 
*Globwermnua glutinata (Egger) x 
Globigersnoides bisphaericus 
Todd homoeomorphs 
Globwerrnordes balla Blow 


xx 
x 
x 
x 


i ee a conglobatus 


x x 
x x 
x 
x 


(d'Orbigny) x 
Globigeringides oblhaquus Bolli x 
Globwerinoides ruber 

(d'Orbigny) x x 
Giobigernomndes trilobus (Reuss) 
Globoquadrina altispira 

(Cushman and Jarvis) 

sense Lato x x 
Globoquadrina dehiscens 

(Chapman, Parr, Collins) x x 
Globorotalia hirsuta (d'Orbigny) x x x x 
Globorotalia miocena 

(Palmer) x x x x x x 
Globorotaha tumida (Brady) 

sensu lato x x x x x x 
Globorotalia punctulata 

(d'Orbigny) 
Orbulina unwersa d'Orbigny x x x 
Sphaerordinella dekiscens 

(Parker and Jones) 
Sphaermdinella semnulina 

(Schwager) x x 


x 
x 
x 
x x 
x x 
x x 
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of “foraminiferal limestone” !, No reports of the other 
two recoveries have been published. One (Case 3) was 
dredged at 36° 31-5’ N., 33° 34’ W. between 1,800 and 
1,650 m depth, on the south side at the top of a ridge on 
the south side of the median valley. The other (Case 4) 
consisted of specimens dredged at 42° 39’ N., 28° 59% W. 
about 1,700 m dees and at 42° 41’ N., 28° 02’ W. about 
1,850 m deep; these dredges are described (Chase, per- 
sonal communication) as having been on opposite sides 
of a north-trending ridge that here forms the eastern side 
of the median valley. In each case the Foraminifera have 
been examined (cases 1, 2—Funnel, personal communica- 
tion; cases 3, 4—Todd, personal communication) and 
assigned to typical Quaternary assemblages. 

In assessing the significance of these cemented oozes 
and of their relative ages, it is important to have a 
hypothesis of the mechanism of consolidation. Although 
it is frequently assumed that the only mechanisms avanl- 
able require sub-aerial exposure, this is not geologically 
correct; in the case of the mid-Atlantic Ridge dredges, 
such exposure seems very improbable. One alternative 
has recently been described? in the form of silicic cement- 
ation noted in material dredged from a valley near the 
location of the ccllections described here; this silicic 
cementation was postulated as resulting from volcanism 
m the area. 

More generally, the sort of slight cementation with 
calcium carbonate, observed in the cases noted here, 
may be expected to result simply from uplift of an ooze 
to a depth 2,000 m or so less than that at which its 
interstitial water had become equilibrated. The sedi- 
mentological and geochemical evidence for high-pressure 
dissolution of carbonate sediments has recently been 
summarized", Ths physical chemistry of calcium car- 
bonate dissolution in the interstitial waters of deep ocean 
sediments is not yet well understood. Analytical data on 
such solutions'*, tcgether with recent investigations of 
the effects of pressure’? and temperature on calcium 
carbonate solubility, allow us to estimate that in an ooze 
initially close to equilibrium with its interstitial water, 
the reduction in hydrostatic pressure and increase in 
temperature consecuent on uplifting by about 2,000 m 
would permit local reprecipitation of as much as 200 mg 
calcite per litre of sediment. Such an amount seems not 
unreasonable to provide the very friable aggregations of 
ooze observed. As Siever!4 has summarized, saturometer? 
measurements on surface sea water everywhere show 
super-saturation w-th calcite; by contrast, interstitial 
waters, even when expressed from foraminiferal oozes of 
considerable palacantological age, are very frequently 
undersaturated. Sver suggested!* that the waters are, 
in fact, in equilibr-um, and that the observations may 
indicate that the Icw-magnesium calcite of foraminiferal 
tests is less soluble than the reagent-grade calcite used in 
the saturometer as standard. Lacking conclusive evid- 
ence, it seems to us best to accept the sedimentological 
evidence for the low-temperature, high-pressure dissolu- 
tion of foraminiferal oozes, and consequent reprecipitation. 
when. uplifted. 

Other hypotheses may be considered: one is that the 
spectrum. of biogeni carbonates reaching the ocean floor 
ranges from low-solubility, low-magnesium calcites to 
high-solubibty, high-magnesium calcites!*, and that as 
the solution of the latter supersaturates interstitial waters 
with respect to the former, cementation occurs by grain- 
growth at the marg-ns of the low-solubility tests. Such a 
mechanism, we belisve, would result in relatively rapid 
cementation of oozes buried anywhere on the ocean floor; 
in fact, as shown Dy the relative infrequency of their 
finding, cemented oozes are not common in marine sedi- 
ments, even when high rates of sedimentation would 
appear to favour their production. Analytical data!” have 
shown consistently low magnesium content for the tests 
of planktonic Foraminifera. The depletion in magnesium 
generally shown by interstitial waters! also argues against 
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34` 
this mechanism. Finally, work in progress on the min- 
eralogy of oozes from the mid-Atlantic Ridge in the area 
‘ about 23° N. has consistently shown a well-crystallized 
calcite with only one mole per cont MgCO, in solid solution. 

Similar arguments-seem to obtain against alternative 
precipitations of silica or carbonate in low or high pH 
regions of a sediment; if operative, this should give 
local cementation rather commonly in oozes; also, con- 
sidering the relative abundances in plankton of siliceous 
and carbonate skeletons’®, silica cementation should be 
_ roughly as common as is calcitic, whereas thé former 
appears much rarer. The one case of siliceous cementation 
we have observed? presents a combination of silica and 
calcite coment which could not be preenee by the mech- 
anism proposed. 

We therefore still consider, then, that mixed calcite— 
silica cementation offers an indication of volcanism, and 
that the so far more typical purely carbonate cementation 
‘of oozes indicates uplift, after a significant equilibration 
time at water depths of 5,000 m or more. On this -basis, 
it seems of real interest that foraminiferal lumestones of 
Tertiary age have been recovered on the flanks of the 
Ridge, from relief argued’ from other evidence to be 
relatively old, whereas similar rocks but of recent age 
have repeatedly been collected near the crest of the Ridge, 
from relief which appears from other evidence! to be 
It is equally interesting that in the one 
case where, even margmally, an age-progression can be 
suggested (Dr 10), the older limestones are those associated 
with the basalt surface. Should the hypothesis posed here 
prove generally useful, palaeontological dating of cemented 
oozes would provide a valuable way of setting limits to 
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the timang of tectonic processes in the deep ocean. Careful 
search for other occurrences of this sort is an important 
part of our planning for forthcoming cruises; we urge its 
importance on our colleagues. 

This work was supported at sea and at the Woods 
Hole Oceanographic Institution by the U.S. Atomic 
Energy Commission under contracts A7'(30-1)—-2174 and 
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STRAIN IN CRYSTALS DETECTED BY X-RAY 
By J. E. GILLOTT and P. J. SEREDA 


Division of Building Research, National Research Council, Ottawa, Canada 


T is useful to know whether the crystals forming a rigid 
polycrystalline body are strained, especially when such 
bodies are formed by compaction of the powdered micro- 
crystalline material at moderate pressures. Residual 
internal stress in the crystals may have an influence on 
its mechanical properties, particularly its stability, when 
subjected to cyclical conditions. 

X-ray diffraction transmission Laue photographs of 
deformed polycrystalline materials often show asterism, 
the radial distortion of the spots':?. This article discusses 
the use of this technique to detect strains in samples of 
hydrated cement, Ca(OH),, and analytical reagent grade 
NaCl in the form of compacts, powders, and wafers. 

In this technique, unfiltered copper X-radiation was 
employed and the diffraction patterns were recorded on 
film held either by a flat-plate holder mounted at a distance 
of 4 cm from the sample or by a cylindrical cassette of 
5-73 cm diameter. The samples were also examined on the 
petrographic microscope. 

A normal portland cement was used which was hydrated 
by two procedures. In the first the coment was hydrated 
essentially to completion in an excess of water by con- 
tinuous rotation in a bottle on a wheel. The hydrated 
cement was recovered as a powder. In the second the 
cement was hydrated in the normal fashion as a paste 
with a water/cement ratio of 0-5 by weight. 

Two varieties of Ca(OH), were investigated. One 
variety formed as a hydration product of cement. When 
hydration was carried out in an excess of water the crystals 
reached a size of about 1 mm. They were separated by 
sieving from the hydrated cement powder. The second 
variety of Ca(OH), crystals was grown by the diffusion 
technique of Johnston’ using CaCl, and NaOH. 


The compacts were made in a mould 1-25 1n. in diameter 
and the quantity of powder was adjusted so that after 
compaction the sample had a thickness of 0-25-0-5 mm 
when pressures in the range of 5,000—-100,000 lb./in.? were 
employed. Some compacts of NaCl were annealed in a 
muffle furnace at a temperature of 500°C. Wafers of 
dimensions similar to the compacts were cut from a 
cylinder of. normally hydrated cement by means of a 
diamond saw. Powder samples were gently pressed by 
hand into & flat-plate holder and held ın place by admixture 
with a small quantity of gum. 

Laue photographs obtained from wafers of the cement 
hydrated as a paste showed marked asterism (Fig. Ia). 
This was also present on Laue photographs of the com- 
pacted and uncompacted samples of cement powder 
hydrated in an excess of water. A Laue photograph of 
the uncompacted Ca(OH), separated by sieving from the 
cement hydrated in an excess of water also showed 
asterism (Fig. 1b). The film was remarkably similar in 
appearance to that obtained from the cement powder 
hydrated in an excess of water, suggesting that in this case 
the observed diffraction effects resulted largely from the 
Ca(OH), erystals. The radial distortion of spots was even 
more marked on a photograph obtained from this material 
after it had been compacted at 20,000 Ib./in.?. The powder 
sample of Ca(OH), crystals grown by the slow diffusion 
process gave Laue photographs which showed very little 
asterism. Laue photographs of this material after com- 
paction at 20,000 Ib./in.? showed a similar amount of 
asterism to that observed on films of the uncompacted 
Ca(OH), separated from the cement powder by sieving. 
A. single crystal of the Ca(OH), separated from the 
hydrated cement powder showed distorted spots on 
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discontinuous Debye—Scherrer powder rings; 
showed asterism. 

The NaCl (reagent grade) uncompacted powder sample 
gave a Laue photograph which showed some asterism. 
Compaction at 800, 6,000 and 20,000 Ib./in.* was accom- 
panied by a progressive increase in the amount of asterism 
shown on the Laue photographs. Annealing the compact 
for 1 h at 500° C removed a large amount of the asterism 
from the corresponding Laue photograph. Annealing 
for 42 h was required before the Laue photograph of the 
compact showed no asterism. There was only a very slow 
decrease with time in the amount of asterism present on. 
Laue photographs of an NaCl compact conditioned in a 
desiccator held at 50 per cent relative humidity. This 
result is in accord with that of Lewis and Pearson‘, who 
studied X-ray diffraction-line broadening in the alkali 
halides. 

X-ray photographs of the polycrystalline samples exam- 
ined showed discontinuous De bye—Scherrer rings, but these 
were sometimes only visible in the back reflexion region 
Their absence in the front reflexion region on some 
photographs was attributed to absorption in somewhat 
thicker or denser samples. Spots were commonly dis- 
torted around the circumference of the circle. After 
annealing the circumferential streaks on the photographs 
from the NaCl compacts were replaced by small sharp 
spots, the extent of the replacement de spending on the 
length of annealing time. Photographs of the Ca(OH), 
separated by sieving from the cement powder showed 
this effect though no attempt was made to anneal the 
sample. The Debye—Scherrer rings were generally more 
continuous on photographs of compacted samples than 
on photographs of uncompacted samples and the size of 
the spots was often reduced. 
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Laue spots 








Fig. 1. 


X-ray diffraction photographs showing asterism. a, ( 
wafer hydrated as a paste; 


; L sement 
b, Ca(OH), sieved from cement hydrated in 
excess water 
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Fig. 2. Photomicrograph of oriented inclusions in Ca(OH), separated 
from cement hydrated in excess water 


Most of the samples were examined under low power 
magnification under the binocular and at higher magni- 
fication under the petrographic microscope. The Ca(OH), 
crystals which grew as a product when the cement was 
hydrated in an exsess of water were plate-like. Those 
grown by the diffusion technique of Johnston? were of 
different morphology. They were elongated normal to 
the base (0001) in the form of hexagonal prisms which 
were sometimes hollow. Differences in shape of Ca(OH), 
crystals have been discussed by Hedin® in terms of 
differences in growth rate on different faces. He sug- 
gested that the presence of a very low concentration of 
impurities which absorb on growth steps such as screw 
dislocations may affect the growth mechanism’. He found 
that growth of prism faces began at a lower concentration 
of solution than did growth on the prism bases. Once 
growth had started, however, an increase in solution 
concentration caused a more rapid increase in growth rate 
on the basal surface than on the edges of the crystals. 
Predominant growth on basal surfaces favours long rod- 
like crystals whereas, if the growth is mainly on the 
edges, plat es are produced. Differences in concentration 
between the CaCl,-NaOH and hydrating cement system 
and much higher concentration in the latter of impurities 
with possible growth-interfering properties may have 
influenced the difference in morphology of the two types 
of Ca(OH),. The Ca(OH), sieved out from the cement 
powder contained small inclusions symmetrically arranged 
in hexagonal form. Some of the inclusions within the 
hexagons appeared to show a spiral arrangement (Fig. 2). 
This is suggestive of rotation during growth and may 
result from a screw dislocation type of growth mechanism. 
Alternatively, the method of preparation may be respon- 
sible as this involves continuous rotation on a wheel. A 
few of the Ca(OH), crystals contained randomly oriented 
lath-shaped inclusions of larger size than the symmetrical 
inclusions. The Ca(OH), showed undulatory extinction 
on rotation of the microscope stage under crossed polars. 

The classical interpretation of asterism is that it is due 
to diffraction from erystals in which the lattice is bent. 
Annealing removes the distortion and the diffraction 
streaks are replaced by sharp spots characteristic of 
diffraction from an undeformed crystal. The separation 
of the streaks into a number of sharp spots is attributed 
to polygonization or the fragmentation of the larger 
distorted crystal into a number of well-defined sub-grains 
which differ slightly in orientation. 

On the basis of this view it appears that there is dis- 
tortion in the crystal lattice of the Ca(OH), formed during 
hydration of cemert in an excess of water. This con- 
clusion is supported by the undulatory extinction observed 
under crossed polars on the petrographic microscope. The 
similar effects observed on the X-ray photographs of the 
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cement hydrated as a paste suggest that distorted Ca(OH), 

was also formed during the paste hydration process, The 
polygonization in the separated unannealed crystals 
implies that partial recrystallization also took place when 
an excess of water was present. Very little lattice dis- 
tortion was present in the crystals of Ca(OH), grown by 
slow diffusion. Compaction resulted in deformation and 
a reduction in the size of the crystals. Similar conclusions 
apply to the results obtained with the NaCl powders and 
com pacts. 

The evidence of distortion in the erystal lattice leads to 
the conclusion that the crystal was subjected to some 
form of stress at some stage in its formation. This was 
certainly the case during compaction, but such stress is 
difficult to account for when crystals grow from sclution 
ni a free medium, as was the case for the Ca(OH), formed 
aby hydration of cement in a rotating bottle. The fact 
that inclusions were observed in the erystals of Ca(OH), 
Fig. 2) may account for the presence of strain. When 
cement hydrates as a paste it is acceptable to consider 


X H that stress is applied on the growing crystal, because the 
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products must accommodate to the spaces formed by the 
structure of the unhydrated particles as well as to the 
primary hydration products. 

The important question is whether distortion in crystals 
is evidence for the presence of residual internal stress. If 
so, one would anticipate that such crystals would be more 
reactive, might recrystallize (age) more readily, and would 
be less stable dimensionally especially under cyclical con- 
ditions of temperature or moisture change, than crystals 
of the same size having no residual internal stress. 

Certainly in the case of NaCl, the lattice distortion 
tended to disappear after annealing, indicating that the 
distortion resulted from residual internal stress. Residual 
internal stress in crystals may have a significant influence 
on the mechanical properties of a rigid polycrystalline 
body. 

1 Barrett, C. S., Structure of Metals, 414 (McGraw-Hill, 1952}, 
* Taylor, A., X-ray Metallography, 757 CT. Wiley, 1961). 
3 Johnston, J., J. Amer. Chem. Soe., 36, 16 (1914). 


t Lewis, D., and Pearson, H., Nature, 196, 142 (1962). 
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NECROGENIC ACTION OF CARBON TETRACHLORIDE IN THE RAT: A 
SPECULATIVE MECHANISM BASED ON ACTIVATION 


By Dr. T. F. SLATER 
Department of Chemical Pathology, University College Hospital Medical School, London, W.C.1 


“AT ECROSIS is the death of a group of cells as a result 

of injurious influences while still in contact with 
the living body'.”’ The group of cells may be very small 
in number or of grave and catastrophic proporticns, as 
in acute yellow atrophy of the liver, where over 90 per 
cent of the parenchymal cells are destroyed. 

Biochemical and histopathological studies aimed at a 
successful interpretation of the mechanisms culminating 
in necrosis have been legion. In general, attention has 
been concentrated on the response of experimental animals 
(in particular, the rat) to a relatively few poisonous 
substances which are readily available and which produce a 
consistent injury. One such substance studied in extenso 
-has been carbon tetrachloride?. 

_ Administration of a suitable dose* (0-125 ml.;100 g 
body-weight) of carbon tetrachloride to rats (and to many 
other species, though not to new-born rats or chickens) 
results in a severe centrilobular type of necrosis and fatty 
degeneration of the liver’. These processes induced by 
carbon tetrachloride, and which lead to necrosis cn one 
hand, or to fatty accumulation on the other, appear to 
utilize different metabolic pathways which, to a large 
extent, can be dissociated from one another, at least in 
their terminal regions'. 

Recent investigations of the effects of carbon tetra- 
chloride on the synthesis and secretion of hepatie lipo- 
proteins have outlined in broad detail the mechanisms of 
this part of the overall disturbance’. However, despite 
such encouraging signs of advance along the one pathway, 
little progress has been made in unravelling the associated 
perturbations proceeding to necrosis. It is the purpose 
of this communication to consider the latter problem and 
to suggest a hypothesis accounting for the early damaging 
actions of carbon tetrachloride on the liver, actions 
which ultimately result in the appearance of necrosis. 
Obviously, during the later stages of the injury, the inter- 
_ play of factors affecting the final result is complex in the 
extreme (for example vascular changes, hormonal in- 
fluences, cell-cell interactions). These complications are 
not included here, where only the very early direct actions 
= * Within certain limits the degree of necrosis produced by carbon 
tetrachloride is proportional to the amount administered either orally or by 
ventilation. In our colony increasing the oral dose above 0-125 mi. carbon 
tetrachloride/100 g body-weight has little effect on the final extent of central 
necrosis, and we shall refer to this level as the standard dose. 


of carbon tetrachloride cn liver parenchyma are considered. 
Any hypothesis embracing such effects should supply 
satisfactory answers to certain basic questions, the more 
important of which are formulated below and later 
discussed. 

Basic questions concerning the neerogenic activity of 
carbon tetrachloride. (1) Are the toxie properties of carbon 
tetrachloride on rat liver due to carbon tetrachloride 
itself, or is a metabolite, or metabolites, of this substance 
the active agent? (2) Is the action in the rat direct on 
the liver or do effects at distant sites have significant 
importance? (3) Why is the liver necrosis central in 
nature ? (4) If the effect of carbon tetrachloride on the 
liver is a direct action on the parenchymal cells, what is 
the intracellular locus of the primary disturbance ? Is it 
diffuse, involving several intracellular components con- 
currently, or sharply localized on one? (5) Why are new- 
born rats and certain animal species (for example, chickens) 
much less sensitive to carbon tetrachloride than adult 
rats? (6) What are the mechanisms involved in the 
protective action of the wide variety of substances and 
treatment shown to be active in diminishing the extent 
of necrosis following carbon tetrachloride administration ? 

Several difficulties arise in attempting to answer these 
questions so long as the hypothesis of the mechanism of 
action of carbon tetrachloride is based on the belief that 
its action is solely that of a lipophile solvent. For 
example, (a) the central location of necrosis while the 
highest concentrations of carbon tetrachloride in blood 
reaching the liver enter the portal tracts first ; (6) the much 
greater damage in the first few hours to the endoplasmic 
reticulum, whereas other intracellular particles, also 
bounded by lipid membranes, apparently suffer much 
less early disturbance; (c) the resistance of the new-born 
rat although carbon tetrachloride has been shown to reach 
the liver; (d) the restriction of severe necrosis to the liver 
whereas much higher concentrations of carbon tetra- 
chloride accumulate in other tissues; (e) the dissociation 
of the necrosis and of the accumulation of fat brought 
about by various experimental procedures. It is suggested 
in this communication that such difficulties can be over- 
come by a mechanism based on the concept that, before 
carbon tetrachloride can manifest its latent necrogenic 
properties, it has to undergo an activation step. 
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fetaboliem of carbon tetrachloride. Several reports®? 
‘the past few years have indicated that, after being fed 
io rats, carbon tetrachloride is metabolized to a limited 
extent. Following administration of “C-carbon tetra- 

chloride, 14C-label can be detected in expired air as 
earbon-14 dioxide and as 4C-chloroform. There is evidence 
that carbon tetrachloride (or its metabolites) is quickly 
bound to material in the liver. Following administration 
of 4C-carbon tetrachloride to rats, material containing 
4C-label becomes tightly bound to liver protein. The 
amount was equivalent to 1 umole carbon tetrachloride/g 
wet-weight liver protein®. Since only a small proportion 
{about 2 per cent) of administered carbon tetrachloride 
enters the liver, this suggests that virtually all this becomes 
_ combined with liver material and is not present simply as 
a dissolved solute in fatty material. 

However, none of these data provides any information 
as to whether the metabolism of carbon tetrachloride is 
important for its role as a liver toxin, or whether it is a 

side reaction of little relevance to the problem under 
_ eonsideration. This is obviously a key question, to be 
answered before one can hope to clarify the reactions 
>o involved in the necrogenic activity of earbon tetra- 
-- ghloride. 
~. One way of investigating this question in an indirect 
- manner is to consider the relative necrogenic activities 
of the series of halogenated methanes in relation to their 
known ease of chemical decomposition which, in such a 
- Closely related series, and in a particular animal species, 
may be expected to be related to the likelihood of their 
-o mnetabolism in vivo. 
~The carbon—fluorine bond in aliphatic hydrocarbons 

-has a higher bond dissociation energy than a carbon- 

< @hlorine bond present in a similar strueture*. In carbon 
.» tetrachloride the bond dissociation energy for a C-Cl 

bond. is 68 + 3 keal/mole whereas in earbon tetrafluoride 
the C-F bond dissociation energy is 121 + 4 kcal/mole. 
n CCIF, the C-Cl bond dissociation energy is 83 + 3 
sal/mole, a substantial increase compared with carbon 
tetrachloride itself. No values are apparently available 
for trichlorofluormethane but it can be expected that, 
even here, the C-Cl bond is less easily broken than in 
-carbon tetrachloride. As a consequence it can be expected 
that trichlorofluormethane should, be rather less easily de- 
omposed (metabolized) in vivo than carbon tetrachloride. 

‘richlorofluormethane is not appresiably toxic to rats. 
large dose was found to give no decrease in liver NADPH, 
nd no increase in the activity of certain serum enzymes!®: 

>= @hanges characteristic of carbon tetrachloride intoxica- 

tion. Rats maintained in an atmosphere of 50,000 p.p.m. 
~ trichlorofluormethane for 30 min did not develop liver 

“necrosis! 

“inic What significance do these observations have in relation 
to the mechanism of action of carbon tetrachloride ? 
One obvious interpretation is that at least some of the 
administered carbon tetrachloride has to undergo a 
chemical transformation before its necrogenic potentiali- 
ties are fully revealed. The inereased stability + of the 
trichlorofluormethane molecule appears to prohibit this 

< possibility to any significant extent. Further indications 
< that carbon tetrachloride alone is inadequate for the 
development of necrosis are mentioned later. Of course, 

_ the necessity for an activation step does not mean that the 
ensuing damage is not modified nor even greatly extended 
~. by the presence of the non-metabolized carbon tetra- 

-<o ehioride itself. 
he idea that some form of transformation is necessary 
to explain the hepatotoxicity of carbon tetrachloride has 
rred independently to several other investigators, 
the full implications of such a reaction to the problems 







































quantitative data on bond strengths, etc., and results with 
‘preparations are available for trichlorefluormethane, it is impos- 
€ that the increased stability alone is sufficient to account for 

non-toxicity. Other factors may be cof importance iz vivo, such 
ased tate of elimination; a decreased central uptake; and different 
properties in intracellular lipids. 
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associated with the neerogenic action of carbon tetra- 
chloride on the liver do mot appear to have been discussed. 
Butler’? suggested that conversion to an ionized form, 
possibly a free radical, was important. Glynn?’, Fassett 
and Reynolds** have suggested the probability that some 
form of metabolism is necessary. At present, however, 
no direct evidence is available concerning the mechanism 
by which carbon tetrachloride is activated; it need not, 
however, be a heterolytic process as suggested for certain 
lachrymatory halogeno-compounds**. In fact, if ‘activa- 
tion’ occurs in a lipid-ich membrane, in conjunction 
with an endogencus free radical-producing process, a 
homolytic, non-iorie, bend scission to produce a free- 
radical product would appear the more favoured. 

In connexion wi:h the suggested activation stage it is 
important to note taat high concentrations of carbon tetra- 
chloride can be detected shortly after administration in 
such tissues as bone marrow, brain and adipose tissues” 
significant amounts are feund in liver, kidney and musele”. 
In the rat, however, extensive necrosis occurs only in the. 
liver. If the toxic properties of carbon tetrachloride were’ 
due solely to its lipophilic nature and, as a consequence; 
to unspecific damage to lipid-rich structures, it is strange — 
that those tissues which accumulate it most readily do not 
suffer the most severe damage. Clearly the indications 
are that some moze specific interaction is necessary för 
necrosis to develop. The simplest explanation is that 
carbon tetrachlorice is converted to an active form only. 
in those tissues which afterwards become extensively 
necrotic. 

Direct action on the liver. The question arises: are the 
effects on the liver due to a primary effect of carbon 
tetrachloride on that organ, or is the carbon tetrachloride 
provoking a response im some other tissue which then 
induces the liver caanges observed ? 

The developmen: of satisfactory isolated-liver perfusion 
techniques! has erabled direct tests to be made concern- 
ing the effects of carbon tetrachloride and chloroform ori 
the liver (the relatienship in chemical structure and proper- 
ties, and the close similarity of the fully developed hepatic 
lesions, strongly suggest that carbon tetrachloride and 
chloroform must ast by way of very similar, if not iden- 
tical, primary mechanisms). Although experiments have > 
not been sufficiertly prolonged after infusing carbon. 
tetrachloride or chloreform to demonstrate central ` 
necrosis, there is adequate evidence that in such prepara- 
tions similar changes to those occurring in the intact living 
animal are occurring in the isolated liver. Decreased 
cytoplasmic basophilia, disorganization of the endoplasmic 
reticulum, disturbances in lipoprotein secretion and in 
protein synthesis have ail been demonstrated!®. It would 
appear justified, therefore, to conclude that many of the — 
effects of carbon tetrachloride on the liver reflect a primary 
action of the poison on this organ. It is likely, however. 
that such changes are themselves modified later by dis- 
turbances set into motion elsewhere. toe ue 

Centrilobular distribution of necrosis. The central loca- 
tion of necrosis has been ascribed to the rapid development. 
of a central ischaemic anoxia!’. However, although this” 
attractive hypothesis is probably of considerable relevance 
in later stages of the injury, direct measurements of hepatic 
blood flow in the first few hours after poisoning have 
failed to detect sigrifieans changes!*, Further, in an elegant 
experiment, Brauer et al.)® showed that reversing the 
course of blood flow through an isolated rat liver prepara- 
tion (for example. afferent by way of the central vein: 
efferent through the portal vein) did not affect the central 
location of early damage caused by chloroform. This 
last-mentioned finding is of considerable importance, and, 
moreover, indicates that the ‘protective’ action of hyper- 
oxic conditions? (and the aggravating effect of hypoxia) 
on the necrosis induced by chloroform and by carbon 
tetrachloride may be related more to the electronic struc- “ 
ture of oxygen (fer example its biradical structure) than 
to its partial pressure im the afferent blood. In a recent > 
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discussion of the role. of vascular changes in the pr saan” ` 
phase of liver injury caused by carbon tetrachloride, 


Brauer?! wrote: “Taken together, the circulatory observa- 
tions, the biochemical data, and the isolated organ experi- 
ments indicate clearly that the primary liver lesion result- 
ing from exposure to chloroform or to carbon tetrachloride 
is independent of any vascular changes, and indeed pre- 
cedes these in time by several hours, if indeed haemodyn- 
amic changes are at all a regular accompaniment of this 
type of liver injury”. 

Several other factors may contribute to the central 
location of the developing necrosis. First, carbon tetra- 
chloride may be preferentially removed from the blood 
primarily at the centre of the lobules, as are several 
dyes... In an important investigation, using autoradio- 
graphy following dosing with ™C-carbon tetrachloride, 
Rogué and Fédorko®* have shown that preferential central 
accumulation of carbon tetrachloride does in fact occur. 

It has already been suggested that an important part 
of the reactions leading to necrosis is an ‘activation’ or 
_ transformation of carbon tetrachloride. If this reaction 
‘were also concentrated in the centrilobular region the 
effect in. terms of cell damage would be synergistic with a 
preferential central uptake of the poison. 

There -are numerous examples in the literature of a 
lobu! ar heterogeneity of enzyme activity obtained by both 
histochemical and micro-dissection techniques*. As a 
particular example, flavin-linked reactions appear to be 
concentrated in the central region of the liver lobule. 
Flavin-coenzymes are known?! to undergo free radical 
stages during enzyme-catalysed dehydrogenation and. 
could conceivably act as nidus points for the homolytic 
eavage of the C-Cl bond. 
of tracellular: localization of initial damage. Investiga- 
tions using “C-carbon tetrachloride have shown that the 
“C-label quickly reaches a high concentration (expressed 
as mg carbon tetrachloride/mg protein) in the mitochondria 
and in the endoplasmic reticulum®*. Thus there is evidence 
of early accumulation of the poison in lipoprotein-rich 
membrane systems. 

Electron. microscopical examination of liver sections 
from poisoned rats revealed early swelling, disorganiza- 
tion and degranulation of the endoplasmic reticulum but 
no equivalent damage to the mitochondria, particularly in 
the central zone, has been observed**.??, Biochemical 
studies have likewise shown that early alterations in the 
microsome fraction take place. Appreciable changes in 
the ribosomal population occur 30-60 min after oral 
dosing with carbon tetrachloride?’?. During this period 
there is a large decrease in microsomal glucose-6-phos- 
phatase activity?! and in drug detoxication enzyme 
systems®®. Early changes in microsomal NAD(P)-neotetra- 
zolium reductases and in morganic pyrophosphatase 
activity have also been found*?. 

No similar early biochemical changes have been reported 
to occur in mitochondrial components (excepting a 
transient calcium influx)** despite the presence of appreci- 
able concentrations of carbon tetrachloride in these 
organelles. Mitochondria retain citrate?! and nucleotides*®® 
until relatively late in the injury, and liver temperature 
shows no early rise as would be expected from a generalized 
uncoupling of oxidative phosphorylation. It is worth 
noting at this point that the early mitochondrial damage 
reported in histological studies is mid-zonal®* and not in 
the central region where necrosis ultimately develops. 
It is also important to remember, when evaluating results 
obtained on homogenates, that the data represent a 
summation of the values pertaining throughout the 
lobule. What may be a large change in a few cells around 
the central vein may be hidden by there being no change 
(or even the opposite tendency) in the remainder of the 
cells in that lobule. | 

Apparently the earliest changes{ produced by carbon 
tetrachloride in liver cells occur in the microsomal frac- 
tion. If activation of carbon tetrachloride is required for 
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ie overall: injury, then it would. appear dikely that this 
_ process occurs in the endoplasmic reticulum. 
activation stage were a homolytic fission of a C-Cl bond, 


If the 


then systems in the membrane phase involving the con- 
trolled production and utilization of free radicals could 
act as initiators of a new, uncontrolled and powerfully 
deleterious free radical chain. There are several such 
natural processes which are believed to occur by way of 
a free radical stage in the microsomes and which could so 
act. (For example, the NAD-ascorbate oxidase system"; 
enzyme reactions involving flavins**; and the NADPH,- 
ADP-iron catalysed lipid peroxidation sequence supposedly 
closely related to the detoxication enzyme systems of the 
endoplasmic reticulum**.) It is suggestive that inhibitors 
of this latter reaction also reduce the extent. of central 
necrosis and/or other toxic manifestations following the 
administration of carbon tetrachloride: for example, 
dimethyl-p-phenylene diamine; SKF 5254; vitamin 
EK, Further, the NADPH,-lpid peroxidation system is 
only weakly active in liver from new-born rats®® which 
are markedly resistant to liver damage induced by carbon 
tetrachloride*?. 

In an interesting report, Tappel and colleagues** have 
shown that intracellular particles bounded by a double 
lipid membrane (mitochondria) are far less susceptible to 
disorganization induced by free radicals than are systems 
bounded by a single lipid membrane (lysosomes). In fact, 
for equal areas of membrane, approximately 500 times | 
more radicals were required in the first instance than in 
the latter. It has already been mentioned that carbon 
tetrachloride is quickly concentrated both in the mito- 
chondria and in the endoplasmic reticulum but that 
mitochondria! damage is apparently far less severe in the 
early stages. It is difficult to understand this difference in 
the degree of damage if carbon tetrachloride is the active 
agent. However, activation to a free radical form with a 
subsequent damage can be seen from the results of Tappel 
et al. primarily to favour damage to the endoplasmic 
reticulum which is limited by a single membrane structure. 
No oxidative enzyme systems involving free-radical 
intermediates have been detected in lysosomes, and as a 
consequence activation of carbon tetrachloride presumably 
does not occur in these particles. This could provide an 
explanation of two findings; first, that little damage to 
the lysosomes occurs during the early phase of carbon 
tetrachloride intoxication®’?; and secondly, that low con- 
centrations of carbon tetrachloride added in vitro to 
purified lysosomal preparations do not induce rupture, 
unlike the case with homogenates, where activation can 
occur in neighbouring mitochondria and microsomal 
particles®*, An activation mechanism can thus offer an 
explanation as to why different types of intracellular 
lipid-bounded particles are damaged in differing degrees. 

It is of interest in view of the proposed free-radical 
mechanism to note that NADPH, is very unstable in 
solution when exposed to a radical-producing system*. 
This might have some relevance to the rapid drop in 
NADPH, which occurs after carbon tetrachloride dosing*®. 

Resistance of new-born rats. Carbon tetrachloride appar- 
ently produces little or no signs of classical necrosis if 
fed to rats less than about 6 days old. This suggests 
that new-born rat liver is deficient in some property vital 
for the toxicity of carbon tetrachloride, and points yet 
again to the conclusion that the mere physical presence 
of carbon tetrachloride is not enough to provoke necrosis. 
On the basis of previous discussion, the lack of toxicity 
could be due to a lack of activating enzyme resulting in 
a failure in the formation of the metabolite of carbon 
tetrachloride which is the active structure responsible 


¢ In general, it would be wrong simply to equate earliness of effect with 
importance of result. Early (possibly reversible} changes may under certain 
eonditions be innocuous compared with some later and irreversible process. 
With carbon tetrachloride, however, the carly. damage: to the endoplasmic 
reticulum is very extensive, and many of the changes are prevented by the 
administration of ‘Phenergan’, so that it is. reasonable to believe that the 
a, culminating in necrosis have their. origin. in these early changes 
n the endoplasmic reticulum. 









he onset of necrosis. There are considerable prece- 
for such a suggestion. Many enzymes are missing 
at most are present to a very limited extent during tho 
first few days of life; in many cases snzyme activity in- 
Greases rapidly some 2~10 days after birth. It seems plaus- 
-o ible that the onset of the necrogenic property of carbon 
tetrachloride is connected with the rapid appearance of 
an enzyme activity provoking its activation. 
Protectors. It has long been known that various sub- 
stances which, by themselves, are relatively innocuous, 
when given together with carbon tetrachloride, either 
profoundly increase the severity of the ensuing lesion or 
will so modify the course of the intoxication that liver 
= cell necrosis is greatly diminished*. 
| A representative list of protective agents§ is included 
= im Table 1; it can be seen that the substances fall into 
several groups. In group (A) Rees and colleagues** have 
_ shown that there is a close relationship between protection 
against necrosis and the physico-chemical properties of 
- the substances concerned. Only those substances which are 
<o amphipathic cations at neutral pH were effective in reduc- 
ing the extent of necrosis. Such a re.ationship does not, 
however, hold for substances in other groups of Table 1; 
for example, selenium dioxide, colloidal carbon and mole- 
cular oxygen. Clearly the inference must be that if all 
these substances with such widely disparate chemical 
structures really do inhibit the development of necrosis 
ther than by secondary mechanisms such as a lowering 
body temperature*, then they are not acting on one 
of disturbance: several mechanisms of protection 
fact be operative. 
“EREATMENTS AND SUBSTANCES REPORTED TO PROTECT AGAINST 


ECROSIS OR OTHER TOXIC MANIFESTATIONS INDUCED BY THE 
ADMINISTRATION OF CARBON TETRACHLORIDE 








































a Treatment Refs. 
tic. cations 
inpe, phenothiazines 44 
“.  Yupereaine 
n-specific inflammation? 
for example, sub-cutanecous injections of carbon, 55 
ee. ce xanthine, etc. 
€. Lowering in body temperature 
for example, cordotomy 43 
adrenalectomy 
D. Antioxidants, chain terminators 
for example, vitamin E 
: dimethyl-p-phenylene diamine 35 
. selenium dioxide 4 
oe Oxygen: = 
ion of microsomal activation step? 
xample, phenothiazines, SK F-525.4 30,84,44 


ich a conclusion is only to be expected if the previous 
iscussion were correctly based. Fer instance, if the 
-> Jocation of necrosis is dependent on the co-operative action 
of central uptake and central activation, inhibition of 
gy either process will afford some measure of protection. 
- Further, since each process is probably the sum of several 
events, it is presumably possible to interfere with each in 
more than one manner. This can best be illustrated in 
relation to the proposed mechanisms for carbon tetra- 
chloride activation. 
Fig. 1 gives a scheme which follows the views already 
propounded. Carbon tetrachloride is ‘activated’ to a 
-oo free radical form (assumed to be CCI, for the sake of 
argument) by interaction with a normally occurring 
- homolytic process under metabolic control. The free 
radicals so formed then interact with neighbouring lipid- 
rich material causing disturbance in structure and 
iction. Protection against the overall process could be 
btained by blocking the endogenous radical system; by 
emoval of the CCl, radicals preferentially by combina- 
excess added acceptor (for example, the protec- 
of antioxidants); by providing a competitor 
ed in assessing protection have varied widely*. In some 
éetiveness in reducing death rate; in others, the effective- 
rises in serum enzyme-levels; in, others, the effect on the 
d pamon of fat and necrosis. Since the demonstra- 
d body temperature can effectively inhibit liver damage 
etrachioride, it is evident that meny carly reports claiming 
aricty of materials will have to be checked for possible 
emporature. : o 
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for carbon tetrachloride in its reaction with the endogenous 
radical chain yielding a less-toxie product; by promoting 
the removal of Y° through an increase in the rate of the 
endogenous reaction (oxygen effect ?); or by unspecific 
action as in the cass of cordotomy where a general decrease 
in body temperature slows down metabolism overall®. 
The properties required of substances in these five types 
of interaction could clearly be different. 

It can be seen that the acceptance of an activation 
stage as a necessary event in the development of liver 
necrosis following the administration of carbon. tetra- 
chloride enables a scheme of the above type to be formu- 
lated in which a plurality of mechanisms can be envisaged 
for protective agents. So long as carbon tetrachloride was 
believed to exert its effects by way of an unspecific 
lipophilic action, it was difficult to visualize how such a. 
wide range of protective agents could all be effective. 
Activation provides a key to understanding such & 
complex sequence ef events, 





One characteristic of chain reactions is that following’ = 


initiation there is a lag phase which is greatly prolonged ` 
by the addition of chain terminators; ultimately there is a 
very rapid increase in reaction rate. This behaviour has -> 
similarities with the histological development of liver =: 
necrosis induced ky carbon tetrachloride, which, in its. 

later stages (12—18 h), develops with an explosive violence. 
This necrogenic reaction can be temporarily inhibited by a 

















suitable dose of a phenothiazine drug such as ‘Phener; n't, n 


The phenothiazines are known to be capable of forming 
free radicals** and possess the —S—C = C—-N— grouping 
which has powerful quenching properties*’. ‘Phenergan’ in- 
hibits flavin-linked enzymes**, probably by way of a free- 
radical stage, and inhibits very strongly the NADPH, 
lipid peroxidation process present in liver micre 
(50 per cent inhibition at 30 uM final concentratio: 
vitro’), Although part of the long-term | 

influence of phenothiazines on rats treated with 
tetrachloride is no doubt due to an effect in loweri 
temperature’, there appears ample evidence that 
direct protective actions are operative in the early | 













ducing systems in a lipid interface. Se ae Pate 
The preceding discussion has led to the suggestion that 
an important aspect in the necrogenic activity of carbon 
tetrachloride on rat liver is a so-called activation stage in 
which either carben tetrachloride itself is metabolized 
to a powerful destructive free radical form or, by its 
presence, induces the formation of other and equally 
deleterious radicals. The intracellular production of 
significant quantities of extraneous free radicals (that. is, 
radicals not associated with a controlled metabolic 
sequence) can be expected to produce severe damage near 
the site of formation. In the presence of lipid-rich mem- 


Necrosis 


2 ea =g oeme DE 








Fat 


Fig. 1. A suggested scheme of action for the metabolism of carbon 
tetrachloride in vivo via an interaction with a naturally occurring 
homolytic chain reaction (X', Y’, Z’) in the endoplasmic reticulum. As 
a result of such an interaction, extraneous radicals are produced (shown 
here as CCl) which, in the presence of lipid-tich materials and oxygen, 
result in peroxidative damage to intracellular membranes, At some 
Polat in this reaction the processes leading to necrosis and to the accumu- 
ation of fat probably diverge. The possibility that one mechanism for 
such a divergence of efects can be based on the extent of diffusion of 
the free radicals prome by the metabolism of carbon tetrachloride is 
speculative. Furthermore, it is not intended to suggest (see text) that an 
activation process, suck as depicted in Fig. 1, is sufficient to produce 
the full consequences of carbon tetrachloride intoxication, but only that 
an activation step is a necessary feature of the Injury 






The most likely is an interference with free radical pro- > 
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branes and of ` oxygen, ahaa: peroxides could be formed 
with a consequent loss of structural function and organiza- 
tion. Damage to mitochondria**, lysosomes®! and the 
endoplasmic reticulum®*+ has been reported following the 
experimental initiation of lipid peroxidation. This type 
of consequence appears the most likely following the 
initiation of extraneous free radical production in 
the cytoplasm. It has already been mentioned that the 
probable sites of extraneous free radical formation fol- 
lowing carbon tetrachloride administration are the mito- 
chondria and the endoplasmic reticulum. The results of 
Tappel et alë indicate that a structure bounded by a 
single lipoprotein membrane (for example, the endoplasmic 
reticulum) would be far more sensitive to damage induced 
by free radical attack than a double-layered membrane 
asin the mitochondria. A further and probably important 
factor favouring preferential early damage to the endo- 
plasmic reticulum is the concentration of endogenous 
antioxidant material (for example, tocopherol and ubi- 
quinone) in the mitochondria*?. This can be expected to 
stabilize these particles against the type of mechanism 
suggested here. Finally, it is worth mentioning that, in 
agreement with speculations made here, and since this 
manuscript was prepared, Recknagel and Ghoshal54 
have reported an increased lipid peroxidation in liver 
microsomal fractions isolated from rats poisoned with 
carbon tetrachloride. 

I thank Prof. ©. Rimington and Dr. K. R. Rees for 
stimulating and encouraging my interest in this problem, 
and Dr. C. R. Patrick for advice on the section concerning 
the metabolism of carbon tetrachloride and on the stability 
of trichlorofluormethane. Sir Roy Cameron very kindly 
read the manuscript and made most helpful comments 
derived from his very extensive knowledge of the subject. 
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AGGREGATION OF TUMOUR CELLS 
By Pror. EDWARD O. CODSON* 


Tissue Culture Laboratory, Roswell Park Memorial Institute (New York State Department of Health), Buffalo, New York 


OSKOWITZ}!? and Moskowitz and Amborski? have 
investigated the formation of aggregates by various 
mammalian tumour cells in tissue culture. They found 
that agitation by shaker or roller drum induced aggrega- 
tion in the cell lines investigated, as did the use of a 
protein-free medium or the addition of equine B- and 
Y- cee fractions to stationary cultures. These aggre- 
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gates grew to as much as 5 mm in diameter, when the 
surface became grooved and the aggregates divided. 
Because these aggregates have a differentiated surface 
membrane and an inner cell mass of less oriented cells, 
Moskowitz? suggested that they be called ‘aggregens’, 

which he states “fulfil all the criteria which are epplied to 
the description of an independently living organism. 
From another point of view, they can be regarded as 
free-living tumours’’. Moskowitz distinguishes between 
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‘clumps’, which are accidentally formed groups of cells, 
and ‘aggregates’ or ‘aggregens’, which represent at least a 
partial expression of the developmental potential of the 
cells. The purpose of this article is to report experiments 
on aggregation of several more lines of tumour cells. 

Six cell lines from the RPMI collection were examined: 
RPMI Nos. 2650, 2650-DN-2, 2650-R, T-3-1, 6410, and 
WI-38. The first three are all derived from a pleural 
effusion of a patient with squamous-cell carcinoma. 
Chromosome investigations! show the normal diploid 
count of 46, although human tumour-cell lines are usually 
aneuploid, most commonly near-triploid. Reasons for 
considering the cells of this line to be tumour cells, rather 
than normal cells selected from a mixed population by the 
culturing technique, were summarized by Moore and 
Sandberg. Briefly, they include the following: successful 
heterotransplantation to conditioned mice; resemblance 
of the heterotransplants to the original tumour; injection 
into volunteer patients and resemblance of the resulting 
growth to the original tumour; and, finally, successful 
culturing through many passages. The line is now in its 
seventy-fourth passage, and it has been maintained in 
culture for three years. 

Hayflick and Moorhead’, in an exhaustive investigation 
of human diploid cell strains, found that they could not be 
maintained for more than a limited (though perhaps large) 
number of passages, nor for much more than a year. They 
consider the alteration of a cell strain to form a potentially 
immortal cell line to involve mutation to aneuploidy. 
Although RPMI 2650 is diploid, the genotype may have 
been significantly altered in other ways. In view of the 
age of this cell line, it seems probable that it could be 
maintained indefinitely. Collectively, the reasons cited 
comprise a strong presumptive case for its malignant 
charactor. 

RPMI 2650 is the unmodified cell line. In stationary 
cultures, it forms a good monolayer; and in suspension 
cultures, the cells are well dispersed, with only occasional 
small clumps. RPMI 2650-R was X-irradiated four times, 
the total dosage being 7,000 r. It grows more slowly than 
2650, and is much more difficult to maintain. In sta- 
tionary cultures, tho cells grow in clumps or aggregates of 
a few cells to several hundred cells (Fig. 1). These have 
very little tendency to spread over the glass. In suspen- 
sion cultures, they form aggregates that tend to fall out of 
suspension. Viability tests show that almost all the 
dissociated cells are non-viable. The chromosomes again 
number 46, but one of the smallest chromosomes (21 ?) is 
deficient and resembles the Philadelphia chromosome. 





Fig. 1. Typical aggregates of 2650-R cells ( xe. 67) 
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Fig. 2. A Steward flask, The ruler indicates the size 


RPMI 2650-LN-2 is a spontaneous mutant of 2650, one 
that suggests 2650-R in some of its characteristics. In 
stationary cultures, it adheres to the glass in a reticular 
pattern, interrupted by occasional aggregates, which, 
however, have a more regular appearance than do those 
of 2650-R. In suspension cultures, it forms many aggre- 
gates that tend to settle out. RPMI 7'-3-1 and 6410 are 
both myeloid leuxaemia cell lines that tend to form 
aggregates spontaneously in stationary cultures. Finally, 
WI-38 is a line of normal human embryo fibroblasts. 

Media used include the following: RPMI 906 with foetal 
calf serum varying from 0 to 30 per cent; MeCoy’s medium 
5A with either 10 or 20 per cent serum; RPMI 1629 with 
30 per cent serum; RPMI 1630 with 5 or 10 per cent 
serum: or RPMI 1595 with 5 per cent serum. Stationary 
cultures were grown in 7'-flasks of 30-ml. capacity with 
6 ml. of medium, or of 60-ml. capacity with 12 ml. of 
medium. Some of these were agitated by placing them on 
a Clay-Adams rotary shaker set for its lowest speed (90 
r.p.m.). Others were grown in a new type of vessel con- 
sisting of a 50-ml. bulb with six small wells around the 
circumference (Fig. 2). The bulb is fused to a glass tube, 
by which it is moanted on a roller drum. As the drum 
rotates (about 1 r.m.), the medium is poured from one 
well to the next, thas maintaining constant, mild agitation. 
The volume of medium used was 5 ml., sufficient to fill 
two wells at a time. Because these vessels are based on 
similar, though much larger, flasks used in the laboratory 
of Prof. F. C. Steward for culturing plant cells, we call 
them ‘Steward flasks’. 

After aggregates were well established, the strength of 
cell adhesions was tested by putting them on a Boerner 
shaker, either in she growth medium, in EDTA, or in 
trypsin, and trying to disrupt them. Cell counts in the 
supernatant served as an index of dissociation of the 
aggregates. 

Because of the importance of the part played by meso- 
derm in the organization of the embryo, mixed cultures of 
WI-38 (fibroblasts and 2650 (epithelial cells) were made. 
A similar test was made with another fibroblast line 
(RPMI 4269) obtamed from a tumour. 

The effects of various concentrations of protein in the 
medium on aggregation were determined by growing 
cultures in medium 906 with foetal calf serum added in 
concentrations of 0. 5, 10, 20 and 30 per cent. The cell lines 
examined were 2650, 2650-R and WI-38. The medium 
was not changed during the course of the experiment; 
but cultures were fed by the addition of glucose solution. 

WI-38 cells, a fibroblastic line, were badly damaged by 
culturing on the pretein-free medium. After five days, the 
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was no tendeney toward formation of aggregates. Aftor 


10 days, the cells were much shrunken, and the proto- 
plasm appeared seant. Cells tended to draw into cords, 
which formed a network on the glass. Many sloughed off 
into the medium, and these were all dead, as indicated by 
uptake of trypan blue. The five cultures in this series 
were discarded after 10 days. Controls on McCoy’s 
medium with 10 per cent foetal calf serum grew vigorously 
throughout the experiment. 

In a preliminary experiment to test the effect of protein 
concentration on cells of line 2650, five cultures of 2650 
were set up in medium 906 without serum and five more in 
906 with 5 per cent foetal calf serum. Similarly two 
cultures of 2650-R were set up in protein-free 906, and 
three in 906 with 5 per cent foetal calf serum. 

After one week, the 2650-R controls were well estab- 
lished and showed the growth pattern typical of the line. 
They. continued good development throughout the 
experiment. The experimentals, however, showed in- 
sufficient growth to establish the typical pattern. After 
10 days, they were becoming sparse; and after two weeks, 
the cultures were dead. The 2650 controls grew rapidly 
and became heavy during the experiment. Those on the 
protein-free medium remained light. Some aggregates 
formed and sloughed off into the medium, but they did 
not grow. They were discarded after 18 days of ‘growth’. 

In another experiment with 2650, three cultures each 
were grown in medium 906 with foetal calf serum supple- 
ments of 0, 5, 20 and 30 per cent. Those in the protein- 
free medium followed the course already described. 
Clumps of cells were formed, but no aggregates. After 
eight days, these were discarded. Meanwhile, the controls 









The cultures in 30 per cent serum were similar to those 
in 20 per cent, but they left the glass more rapidly and 
more extensively. The viability of cells in the medium 
was very low. Cells which remained on the glass were 
commonly arranged in groups suggestive of the smaller 
aggregates of 2650-R, and hence it may be that a high 
serum level in the medium does promote aggregation of 
cells of line 2650. 

Efforts were also made to promote aggregation by 
placing cultures in T-flasks on a rotary shaker. Cultures 
were put on the shaker at its minimal speed (60 r.p.m. 
according to the dial, but actually 90 r.p.m.). After one 
week, there were many cells of 2650 in the supernatant. 
These formed many clumps, but no aggregates. The cells 
that. remained on the glass were not evenly distributed; 
they were arranged in clusters suggestive of the aggregates 
_ of 2650-R, but they never formed clear-cut aggregates. 

When cultures of 2650-R were similarly treated, aggre- 
gates of 64 cells or more came off the glass within two days. 
Within four days, almost all cells were in the medium, and 
some aggregates were as much as 5 mm in diameter. 
Some were sheet-like, others more string-like in form. 
Within. six days. most of the cells had died. 

An heavy cultures of WI-38 cells, macroscopic fibrous 
“structures, looking like fragments of white thread up to 
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2mm long, appeared. Microscopie examination showed 
these to be tightly aggregated cells, all oriented length- 
-wise with the thread, and suggesting early stages in the 


formation of connective tissue. Between these heavy, 
macroscopic concentrations were lighter ones, often in the 
form of a network. Such cultures were placed on the 
rotary shaker. Within two days, all the cells appeared 
to be concentrated in a single mass about 3 mm in dism- 
eter and less than 1 mm thick. The trypan blue test 
showed that most of the cells were viable. Two days later, 
however, this cell mass stained intensely, showing that 
most of the cells had died. 

The first experiments with Steward flasks were run 
with a very slowly revolving drum, which made one 
complete revolution in five minutes. Later experiments 
were run at 1 r.p.m., but the results were similar. RPMI 
2650 cells soon settled on the glass, especially in the wells. 
There they became arranged in streaks running in the 
direction of the flow of the fluid. These streaks tended to 
become confluent, but there was no tendency to form 
aggregates. When inoculated into siliconized Steward 
flasks, however, the cells did sometimes form aggregates; 
and, contrary to expectation, these quickly settled out on 
the siliconized glass. These aggregates were 0-5-1-0 mm 
wide, and they were elongated in the direction of flow. 
In some areas, they formed extensive networks. After 
eight days, counts of cells in the supernatant were made. 


The average was 9 viable cells per mm”. Most of these... 


were dissociated, but twos and threes were seen. 

After shaking in the medium for 10 min on the Boerner 
shaker, no increase in turbidity was noticed. The cell 
count had risen only to 12 per mm', and all cell masses 
were still on the glass. The medium was then replaced 
with EDTA, and the flask was returned to the shaker. 
Fragments began to break off almost immediately. After 
shaking for 10 min, the count in the supernatant was 62 
per mm’, After 20 min, all the masses were off the glass, 
and the count m the supernatant averaged 594 per mmë. 
Only 10 per cent of the cells were fully dissociated, how- 
ever, the rest still being in aggregates, many of them too 
large to permit counting. After 30 min, the viable cell 
count had risen to 1,500 per mm*. Results with trypsin 
were similar, but dissociation was slower in early stages. 

RPMI 2650-LN-2 cells tended to remain in suspension 
in the Steward flasks. They formed numerous small 
aggregates less than I mm in diameter, and an occasional 
larger one, with a diameter up to a maximum of 4 mm. 
These cells were easily dissociated, for after shaking for 
10 min in EDTA, no true aggregates were left, although 
there were still some clumps. For example, a culture 
which was set up with an inoculum of 300,000 cells was 
gathered after one week. Before shaking in EDTA, a 
count showed 50 viable cells per mm, in the supernatant, 
when it had an abundance of small aggregates. After 10 
min of shaking, there were 726 cells per mm, or 3,630,000 
in the culture. Results were more variable with 2650- 
EN-2, however, than with 2650 or 2650-R. 

RPMI 2650-2 cells aggregated very rapidly in the 
Steward flasks. Overnight, numerous small aggregates, 
1 mm or less in diameter, settled on the glass of the wells. 
A few larger aggregates were formed as quickly. For 
example, one was observed which was about 4 mm long 
by 2-5 mm wide (Fig. 3). Such aggregates were generally 
elongated in the direction of flow. Within a week these 
would grow and anastomose to form an extensive network 
over the surface of the wells. A single strand might extend 
as much as 2 em, and the breadth of strands varied from 
0-5 mm to 5-6 mm. 

Typically, all the viable cells were confined to the 
aggregates. They were very firmly bound, for shaking in 
the medium did not break up the aggregates or free them 
from the glass. When the cultures were shaken in EDTA, 
pieces began to break off the glass almost immediately, but 
fairly large aggregates remained on the glass after shaking 
for 10 min. After 20 min, the largest mass was reduced to 
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about half its initial size, and the supernatant contained 
many small aggregates. After 30 min, there were many 
small aggregates in the supernatant, and the largest were 
about 2 mm in diameter. Even after 40 min, there were 
still many small aggregates and clumps, although there 
were also many dissociated cells. In another run, they 
broke down more quickly. After 10 min of shaking in 
EDTA, a count of 1,352 viable cells per mm? was obtained, 
although many of these were in small aggregates and 
clumps. After 20 min, all cells were either dissociated or 
in small clumps, most commonly of two or three cells. 
There were not aggregates. On shaking in trypsin, 
similar results were obtained, but the early stages of the 
break-up of the aggregates went more slowly. 

T’-3-1 cells were also examined in Steward flasks. These 
cells formed abundant small aggregates, 1 mm or less in 
diameter, within a few days. Within a week, a very few 
larger aggregates, up to 5 mm in diameter, were formed. 
These larger aggregates tended to become perforated and 
rather lacy in appearance, and then they broke up into 
many small ones. Most of these remained in the medium, 
but a few adhered lightly to the glass. After two weeks, 
the cultures appeared to be dying, and they were discarded. 

Experiments with RPMI 6410 and WI-38 in Steward 
flasks were less productive. RPMI 6410 cells grew very 
satisfactorily in the Steward flasks, but they occurred 
almost entirely as dissociated cells. A few small clumps 
of 2-4 cells were seen, but no aggregates. It is interesting 
to note that these cells are derived from myeloid blood 
cells, which, as dissociated cells, form an important part 
of the circulating blood in vivo. When grown in stationary 
cultures, they form large aggregates spontaneously ; but in 
mildly agitated Steward flasks, they are again almost 
completely dissociated. WdJ-38 cells failed to grow at all 
in the Steward flasks, and the cultures soon died. 

Because of the importance of mesodermal tissues in 
embryonic induction, mixed cultures of epithelial and 
fibroblast cells were set up. The principal combinations 
used were WJ-38 (fibroblasts) added to established cultures 
of 2650 and 2650-R, 2650 added to established WJ-38, 
2650-R added to established WJ-38, and WIJ-38 and 
2650-R inoculated simultaneously. In addition, 2650 and 
2650-R were added to another line of fibroblasts, RPMI 
4269, which was derived from an epithelial tumour. The 
fibroblasts, however, had taken over the cultures from 
this tumour. 

The most productive experiment was the addition of 
2650-R cells to established cultures of WJ-38. Within a 
few days, it appeared likely that the 2650-R aggregates 
were elongating along the WJ-38 cells as guides. After 





Fig. 3. Recently established aggregates of 2650-R cells growing in a 
Steward flask 
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a week, this was clearly the case. After two weeks’ 
growth, the 265)-R aggregates had assumed bizarre 
shapes never suggested in the pure cultures, and 
those shapes always corresponded to the distribution 
of the WI-38 cells. The typical 2650-R aggregate is a 
compact round-to-oval cluster, looking superficially much 
like a grain of sand (Fig. 1). In the mixed cultures, they 
were elongated, often branched, and sometimes took on 
turtie-like and ether highly modified configurations, 
conforming to the distribution of the underlying WJ-38 
cells. After about three weeks, the cultures were very 
heavy, and the largest aggregates began to disorganize. 

The reciprocal experiment, addition of W1-38 cells to 
established cultures of 2650-R, was much less productive. 
After 9 days, a saggestion of elongation of some of the 
2650-R aggregates along the fibroblasts was seen. Although 
the cultures were maintained for more than a month, the 
elongation never developed much beyond a suggestion. 
Much the same thing was true when 2650-R and WJ-38 
were simultaneously inoculated into new cultures. Appar- 
ently the capacity of established WJ-38 cultures to direct 
the organization of newly forming 2650-R aggregates does 
not extend to other combinations of the two cell types. 

RPMI 2650 celis did not appear to be influenced by 
WI-38 cells in any combination. Cultures were main- 
tained for four weeks, but neither cell type ever showed 
any tendency to mteract with the other or to orient its 
growth in any way different than the pure cultures. 

Epithelial cells were also added to established cultures 
of fibroblasts derived from biopsy of a cancer patient, 
RPMI 4269. These fibroblasts grow vigorously, in typical 
fibroblast fashion. To each of a series of well-established 
cultures in T-30 Aasks, 300,000 RPMI 2650 cells were 
added. Within 3 days, all of the RPMI 2650 cells had 
disappeared, a fact that may be related to the failure of the 
epithelial cells in the original culture (and perhaps to the 
death of the patient). The cultures were then re-inocu- 
lated with 400,000 cells each. The following day, the 
RPMI 2650 cells again seemed to be dying out, except in 
one culture, in which the fibroblasts had been sparse from 
the start. After two weeks, however, some epithelial cells 
were still recognizable, although the fibroblasts were 
strongly predominant in the cultures. After two and a 
half weeks, no 2650 cells at all were identifiable in one 
culture, and they formed no more than a small minority 
in any of the others. 

When 2650-R cells were added to 4269 fibroblasts, the 
results were quite different. Initially, the epithelial cells 
regressed, and the individual aggregates had a rather 
constricted appearance. They were confined to spaces 
between the sheets of fibroblasts, and they seemed to 
regress. After 10 days, however, some growth was 
evident. They were still confined to spaces between 
fibroblasts, where they might grow out in long, narrow 
tongues, quite unlike their normal pattern or their 
pattern of growth on WI-38 cells. After two weeks, this 
pattern was prominent; and after two and a half weeks, 
the aggregates leoked heavy enough to suggest the 
possibility that they might soon overwhelm the restrictive 
influence of the fibroblasts. 

The suggestion made by Moskowitz? that cultured 
aggregates of tumour cells “can be regarded as free-living 
tumours” is plaus:ble. If it is correct, then the examina- 
tion of such aggregates should be even more @ propos to 
the problem of cancer than the study of the same cells in 
monolayers. 

Both the conditions of culturing and the inherent 
characteristics of the cell influence the aggregation of cells. 
No conditions were found under which 2650-R did not 
form aggregates, but these aggregates seldom reached 
large size. The largest in stationary cultures were about 
2mm in diameter The centres of these would break out, 
leaving a ring that fragmented into many smaller aggre- 
gates. In Steward flasks, larger aggregates were formed 
because of the tendency of the aggregates to elongate in 
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the direction of flow. : tae id cases, these might. aN 
a length of 2 cem and a maximum breadth of 3-4 mm, 
but their outlines were. always highly irregular. The 
tenacity of the cell adhesions is shown by their resistance 
to separation on the Boerner shaker. Prolonged shaking 
in the growth medium did little or no damage. Shaking in 
EDTA or trypsin did break the cells apart, but some 
aggregates generally remained after shaking for 20 min, 
and small clumps remained even after half an hour. 

In contrast, it was very difficult to induce aggregation 
of RPMI 2650 cells. They did show a very limited ten- 
dency to aggregate in cultures with high content of foetal 
calf serum, or in siliconized Steward flasks. Aggregation 
in the latter was a sporadic event, and its causes have yet 
to be determined. When aggregated, however, the 
adhesion was quite tenacious: shaking in the medium had 
no effect, and shaking in EDTA or trypsin required about 
30 min to reduce the aggregates to dissociated cells. 

Line 2650-L.N-2 shares characteristics of its sister lines. 
In stationary cultures, the cells formed small, very 
regular, oval aggregates, but it was difficult to increase 
the size of the aggregates by experimental techniques. 
Larger aggregates developed sporadically in Steward 
flasks, and this behaviour remains to be investigated. 

Cells of 6410, a myeloid leukaemia line, formed large 
aggregates spontaneously in stationary cultures. The 
largest was nearly 45 em long and had the form of a 
tongue worm, with the ovoid ‘body’ about 2 em long and 
the narrow ‘tongue’ about 2:5 cm long. The borders of 
these large aggregates were not sharp, as Moskowitz 
believes they should be, yet I believe that such clusters are 
true aggregates in Moskowitz’s sense of the term, for 
several reasons. Their formation under the conditions of 
culture was invariable. Almost all the cells in the super- 
natant were dead, whereas almost all those in the aggre- 
gates were living. Finally, even the general form was 


NATURE 





January l, 1966 VOL. 209 


aky ee eee an irregular ribbon. In view of 


these facts, it- seems clear that these are not accidental 


assemblages of cells. They are true aggregates, resulting 
from the developmental potential inherent in the cells. 

These aggregates, however, are not stable. It is difficult 
to handle the culture dishes without dispersing the aggre- 

gates to some extent: and as gently as the cultures were 
agitated in Steward flasks, the aggregates were com- 
pletely broken up in them, and only infrequent clumps of 
2-4 cells were seen. 

7-3-1 cells form large aggregates (4-5 mm in diameter) 
spontaneously in stationary cultures, yet these are so 
weakly bound that the gentle agitation of the Steward 
flasks breaks them down to a much smaller size. Finally, 
WI-38 cells did form small fibres spontaneously in sta- 
tionary cultures, and they did form a single large mass 
when cultures were kept on a rotary shaker; but the cells 
soon died after forming such a mass. 

To summarize in embryological terms, competence to 
respond to the conditions for aggregate formation varies 
widely among the cell lines studied, from a maximum in 
the case of 2650-R to a minimum in the case of 2650. 
WI-38 cells have a very low competence for aggregation, 
but they do display some potency for guiding the aggre- 
gation of 2650-E cells. That this potency should charac- 
terize an embryonic line of fibroblasts rather than the 
adult line which was also tested is hardly surprising. 

I thank Dr. George E. Moore for the facilities of his 
laboratory and his advice. This work was supported by 
research grant 1-S01-FPR-05250-01 of the U.S. Public 
Health Service, awarded to Dr, G. E. Moore. 


! Moskowitz, M., Nature, 200, 854 (1968). 

* Moskowitz, M., Nature, 208, 1233 (1964). 

* Moskowitz, M., and Amborski, G. F., Nature, 208, 1236 (1964). 

t Moore, G. E., and Sandberg, A. A., Cancer, 17, 170 (1964). 

* Hayflick, L., and Moorhead, P. 8., Keper. Cell Res., 25, 585 (1961), 


A NEW GENETIC VARIANT OF @-THALASSAEMIA 
By R. C. SCHOKKER, Dr. L. N. WENT and Dr. J, BOK 


From the Departments of Human Genetics and Endocrinology, University of Leiden, 
and the City Hospital, Dordrecht, The Netherlands 





MHE heterogeneity of thalassaemia is well recognized ; 
but the marked diversity of its manifestations has 
complicated the many efforts'~’ for classification. General 
agreement. exists about a primary sub-division into g- 
and §-thalassaemias, following the suggestion of Ingram 
and Stretton’. A further sub-division of 8-thalassaemias 
is difficult since genetic or environmental 
modifiers may be involved. 

We wish to present a family with a hitherto 
undescribed form of §6-thalassaemia, in 
which the unusual findings must be explained 
on the basis of a single gene defect with very 
constant phenotypic expression. 

In Fig. 1 the pedigree of this family is , 3 


reproduced. It can be seen that the presence H 9 
of homozygotes in this family is a result 

of the fact that the parents are second | | 
cousins and both carry the abnormal gene. 00 ¢ 


The family was traced back as far as 1720 
and seems to be of pure Dutch stock. 


anaemia with haomoglobin-levels of 12-1 and 143 
g/100 ml. is present in the two brothers. The morpho- 
logy of the red cells is, although not at all classical for 
thalassaemia major, nevertheless rather abnormal (Fig. 2). 
The presence of numerous nucleated red cells in the index 
case dates from 1953, when he underwent a splenectomy. 
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The two homozygotes in this family ( V-27 HoOOoOMOHOeHONOO NOOO GWO x 
and V-28), both about forty years old, are 7 
unusual. in various respects. They have 
: R normal. 
reached adult life without any serious ill- a eanais far fi 
nesses; only occasional bouts of jaun- : DHOOULE X 


dice were reported to have occurred in 
V-28. A very marked increase of erythro- 
poietic activity—also resulting in consid- 
erable radiological abnormalities of the 


skeleton—-leading to a well-compensated PIA 





Pedigree of the family in which 8-thalassacmia oecurs. 


heterozygote 
homozygote 


must have been heterozygote | 


The index case has been 
indicated by an arrow 
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The haemoglobins of the homozygotes were investi- 
gated on various occasions by different electrophoretic 
techniques and by chromatographic studies on ‘Amberlite 
IRC 50’ and DEAE-cellulose. Neither with these tech- 
niques nor with an immunological analysis using anti-Hb 
A serum could any Hb A be detected. The only haemo- 
globin components present were Hb F, which varied in 
concentration between 98 and 98-8 per cent, and Hb A, 
which formed the remainder. Analysis of these Hb F 
and Hb A, fractions by fingerprinting gave findings 
indistinguishable from those of normal Hb F (cord blood) 
and normal Hb A,. 

The three non-investigated siblings of the two homo- 
zygotes died before the age of one year from causes 
probably unrelated to the genetic defect of their brothers. 
The six investigated children from the homozygotes 
could only be partially examined since no permission was 
given for venepuncture. Nevertheless the findings from 
finger-prick blood (red cell morphology, mean corpuscular 
volume (MCV) and Hb F-levels) leave no doubt that they 
are all actually heterozygotes for the thalassaemia gene 
in question. 

Both parents and 13 other relatives of the two brothers 
A on IV and V appear to be heterozygotes for a 
B- mia and present a haematological picture which 
is in all respects typical for thalassaemia minor. A further 
24 relatives were, on haematological examination, entirely 
normal. The red cell morphology of the heterozygotes 
conformed to the usual one for §-thalassaemic hetero- 
zygotes, including marked basophil stippling, while the 
MCV had an average value of 73 u?’ and the mean corpus- 
cular haemoglobin concentration (MCHC) an average 
value of 31 per cent. The haemoglobin A, level (determ- 
ined by starch-block electrophoresis at pH 8-6) was raised 
in all heterozygote individuals, together with a marked 
inerease in foetal haemoglobin (as determined by the 
alkali denaturation technique). 

The Hb A, concentrations varied between 5-3 and 7-6 
per cent (with an average of 6-6 per cont) of total haemo- 
globin whereas the Hb F content varied between 5-1 
and 14-4 per cent (average 8-3 per cent). These results 
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Fig. 2. Red cell of: (a) V-28; (b) V-27 
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were contirmed by parallel investigations in different 
laboratories both in Holland (Amsterdam and Leiden) 
and in the United States (Atlanta, Georgia). They are 
definitely very unasual when compared with the common 
findings in §-thalassaemia: Hb A, ranging between 3:5 
and 7 per cent (wth an average of 5 per cent) and Hb F 
ranging between C-3 and 6-5 per cent*:*-!*. The distribu- 
tion of Hb F over the red cells of the heterozygotes, using 
the acid elution teehnique of Kleihauer-Betke™, was found 
to be very unevea, Moreover, the 24 non-thalassaemic 
family members had Hb A,-levels between 1-9 and 3-0 
per cent, and Hb ¥-levels below 1 per cent (Fig. 3), there- 
fore completely m agreement with findings from the 
literature on normals. 

The genetic detect in the family described is in our view 
undoubtedly a form of 8-thalassaemia. The heterozygotes 
conform in all respects to the accepted criteria for pĝ- 
thalassaemia, that is, an increased level of Hb Ag, a typical 
morphological pieture with a low MCV in the presence of a 
normal MCHC and an uneven distribution of Hb F over 


the red colls'*. The two brothers (V-27 and V-28) are 


undoubtedly true homozygotes since their parents are 
second cousins and the mutation in question must be | 


extremely rare. 4 severe impairment of §-chain synthesis 
(evidence for $-thalassaemia) exists since no Hb A is 
formed at all. 

The difference with the usual heterozygous form of 
8-thalassaemia is evident since in our family the average 
Hb A,-level is higher (6-6 per cent against 5 per cent) 
and the average Ab F-level (8-8 per cent) is above the 
highest reported figures which range for the usual form 
from normal to 6-5 per cent. In Fig. 3 the Hb F- versus 
Hb A,-levels for 14 of the 15 adult heterozygotes are 
individually plotsed. For comparison are also indicated 
the area in which all the findings on the 24 normal indi- 
viduals of our fam ly belong and the area in which approx- 
imately 95 per cont of reported findings on the common 
$-thalassaemia heterozygotes fall. 

The absence of 4b A in our homozygotes appears to be 
rather unusual when compared with the more common 
thalassaemia homezygotes, but has recently been described 
with considerable frequency notably by Fessas from 
Greece’:4.15, Im a personal communication, Weatherall 
(1964) has reported the finding of two sisters with fairly 
mild thalassaemia major with complete absence of Hb A. 
In the heterozygeus state of these thalassaemias from 
Greece and the United States, however, the more usual 
form of $-thalassaemia with only a minor increase of 
Hb F appeared to be present. 

Recently, many instances of apparently true 6-thalas- 
saemias with marxedly increased levels of Hb F—which 
is unevenly distributed over the red cell population— 
have been reportec*:?:14-16; in this so-called F-thalassaemia 
or $-chain thalassaemia type II (Fessas), however, the 
A,-levels are witheut exception within the normal range. 
Homozygotes for this condition appear not to have been 
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described up to now. (Note added in proof. C. Brancati 
reported at the “Dixiéme congrès de la Société Europééne 
d’Hématologie’ in Strasbourg, August 1965 (résumé 
No, 270), a near-certain case of homozygosity of this 
F-thalassaemia. The haemoglobin consisted of Hb F 
only, with complete absence of both Hb A and Hb A,.) 

The hereditary persistence of foetal haemoglobin or the 
high F gene? !*5 is undoubtedly a genetically different 
entity because in the heterozygote carriers of this F gene 
a normal red cell morphology, a slightly decreased Hb 
A,-level and an even distribution of Hb F over the red 
cells are being found. The only reported case of homo- 
zygosity for the high F gene” is not anaemic. This 
2-year-old girl also completely lacks Hb A, but in contra- 
distinction has no Hb A, either. 

On the basis of all these arguments the family described 
must carry a new type of §-thalassaemia mutation and 
provides further evidence for the genetic heterogeneity of 
thalassaemia. A further comparison and analysis are 
presented elsewhere!. 

The first discovery of the thalassaemic nature of the 
abnormalities in our family was made by Drs. H. K. 
Prins and M. Oort from the Central Laboratory of the 
Netherlands Red Cross Blood-transfusion Service in 
Amsterdam. We thank Dr. F. Westendorp Boerma for 


the immunological investigations, Dr. T. H. J. Huisman 
for chromatographie investigations and Dr. ©. Baghoni 
for the fingerprint analysis and for his advice. 
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UNTRAINED RATS BY MEANS OF A BRAIN EXTRACT 


By Dr. FRANK ROSENBLATT, JOHN T. FARROW and WILLIAM F. HERBLIN 


Cognitive Systems Research Program, Section of Neurobiology and Behavior, Division of Biological Sciences, 
Cornell University, Ithaca, New York 


PTCHREE independent investigations reported during 

the past year have suggested that learned responses 
may be transferred from one vertebrate brain to another 
by means of a brain extract. The first of these, by 
Fjerdingstad, Nissen and Roigaard-Petersen', demon- 
strated that an intracisternal injection of an extract from 
the brains of rats trained to run to a signal light facili- 
tated the learning of the same task by naive rats. It was 
assumed, in this investigation, that the information-bear- 
ing molecule in the extract was RNA. 

‘The second investigation, by Ungar and Oceguera- 
Navarro, utilized an extract from the brains of rats 
habituated to the sound of a hammer dropping on a metal 
plate. This extract, injected intraperitoneally into mice, 
facilitated the habituation of the mice to the same stimu- 
lus, as measured by startle responses. These workers 
suggested a peptide or protein molecule as the active 
component, 

The most recent investigation, by Babich, Jacobson, 
Bubash, and Jacobson’, again used an RNA extraction 
procedure, with an intraperitoneal injection in rats, and 
the task transferred was that of running to a food cup ina 
Skinner box in response to the click of a pellet dispenser. 
The results of this experiment, although again making use 
of a small number of animals, seemed to be most signifi- 


i cant statistically, and the experiment had the further 


advantage of demonstrating transfer of the learned 
response without retraining or reinforcement, eliminating 
the possibility that the effect might involve merely a 
general sensitization or facilitated learning. The method 
of preparation and a biuret test performed in these experi- 
ments seemed to eliminate protein as a plausible molecule, 
and it was assumed that RNA was the information carrier. 


This assumption is in line with the earlier speculation by 


Hydén et al.4-§ that RNA was a likely candidate for a 
memory encoding molecule. Alternative models have 
emphasized the possibility of chemical memory trace 
mechanisms which would lead to synaptic facilitation, 
rather than recording the experiential information 


directly in the form of a molecular code*-*. In such a 
model, RNA changes would merely form part of an induc- 
tion cycle, leading, for example, to modified membrane 
proteins and alterations in the ‘adhesive codes’! governing 
the synaptic connectivity of specific sets of neurones. 

The work recorded here was designed, first, to replicate 
the results of the previous experiments with a larger 
number of animals, and, second, to test explicitly the 
conjeeture that RNA might be responsible for information 
transmission by the brain extracts. The method of Babich 
et al. was used, the only major departure being in the use 
of a pooled extract from the brains of 20 trained rats in 
each experiment, rather than one-to-one matching of 
donors and recipients. 

A total of 140 female albino rats was used (supplied by 
Holtzman, 190-210 g), including 60 donors and 80 
receivers. These animals were divided equally between 
two experiments, the second being essentially a repeat of 
the first, with slight variations in technique and local- 
ization of brain regions employed in the extracts. In each 
experiment, 20 donors were trained to run to the food cup 
in the corner of a Skinner box (supplied by Scientific 
Prototype) in response to the click of the pellet dispenser. 
Reinforcement consisted of 45-mg Noyes pellets, given 
intermittently, on about 50 per cent of the clicks. Training 
was maintained for five days, with a maximum of 200 
clicks or 1 h of training per day for the first four days, and 
100 clicks on the fifth day. The animals were starved for 
two days before starting training, and the training methods 
were copied as nearly as possible from those of Babich 
et alt. Ten untrained donors, in each experiment, were 
used for the preparation of a control extract. All 30 
donors were killed at the same time, by decapitation, and 
the extract for each group of receivers obtained from the 
pooled brains of the donors. 

Brain extracts were prepared by the RNA extraction 
method described by Babich et al., except for the varia- 
tions noted. In all, eight extracts were prepared, as 
follows. 
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Extract 1. The midsections (exclusive of frontal regions, 
cerebellum and brainstem) of the brains of ten untrained 
rats were utilized. These brain sections were ground 
with 80 ral. of fine sand in a large cold mortar, with 100 ml. 
phenol (90 per cent) and 100 ml. cold saline. This resulted 
in a large volume of liquid in which the brain tissue was 
very difficult to homogenize. The liquid remained quite 
thin and was decanted from the sand and centrifuged at 
8,000g for 20 min at 0-4° ©. The aqueous phase (about 
40 ml.) was collected, and magnesium chloride was added 
to bring the concentration to 0-1 M. Two volumes (80 ml.) 
of cold ethanol were added and the mixture was allowed 
to stand in the cold for 30 min. The precipitate (presumed 
to be chiefly RNA) was collected by centrifugation at 
35,000g for 30 min. The ethanol-water mixture was 
decanted and the residue dried in vacuo. The residue was 
taken up in 11-5 ml. saline. This solution was used for 
injection. The RNA concentration in this extract was 
estimated as 0-172 mg/ml. by determination on a Beckman 
DB spectrophotometer at 260 mp (total RNA was 1-98 
mg). This value, however, may be spuriously high due to a 
contribution from residual phenol in the extract, which 
peaks at 264 mu. i 

Extract 2. Midsections of the brains of ten of the trained 
rats were employed. To avoid the difficulty of the first 
extract, only 10 ml. of phenol and 10 ml. of saline were 
added to the sand and brains. This resulted in a paste 
which homogenized easily. The remaiming 80 ml. of the 
1 : 1 phenol-saline mixture was then added. The remainder 
of the procedure was identical with that used for Extract 1. 
The RNA concentration was estimated to be 0:327 mg/ml. 
(or 3-76 mg total), again with the possibility of some 
phenol contamination. 

Extract 3. The brain tissue used consisted of 10 mid- 
sections and the 20 residual portions (frontal and midbrain) 
from the trained rats. This had been frozen rapidly and 
stored for 48 h. The total weight was about 25 g. The 
extraction procedure was the same as for Extract 2, with 
200 ml. of the phenol-water solution. The final residue 
was taken up in 22 ml. saline. The RNA concentration 
was estimated as 1:31 mg/ml. (or 28-8 mg total). 

Extract 4. Half the solution obtained in Extract 3 
was used (11 ml.). 1-1 mg of ribonuclease was added, and 
both Extracts 3 and 4 were incubated at 40° C for 1 hb. 
The solutions were then stored at 0--4° C overnight before 
injection. 

Extract 5. The entire cerebral sections of the brains of 
ten more untrained rats were employed. The extraction, 
was performed as above, except that the brains were first 
homogenized, three or four at a time, with about 20 ml. 
of the saline in a Potter~Elvehjem homogenizer. The 
remaining 30 ml. saline and 50 ml. phenol were then 
added together with the sand, and the resulting mixture 
treated as before. Considerable care was taken in this 
and following extracts to get rid of all the hquid phase 
before drying the precipitate, to eliminate possible phenol 
contamination. In addition, a phenol blank run through 
the same procedure showed that all detectable traces of 
phenol had vanished after vacuum drying. The RNA 
concentration of the resulting extract was 0-52 mg/ml. 
(5:98 mg total yield). 

Extract 6. The cerebellar portions (cerebellum and 
brainstem) of the brains of the second 20 trained rats 
were used. The extraction procedure was identical to that 
used for Extract 5, and the RNA concentration was 
0-56 mg/ml. (6-94 mg total). 

Extract 7. The cerebral portions of the brains of the 
second 20 trained rats were extracted by the same method 
as above, after having been frozen for 48 h. The RNA 
concentration was 0-42 mg/ml. (average of two determ- 
inations), with a total yield of 10-2 mg. 

Extract 8. Half of Extract 7 was incubated with RNase 
by the same procedure as Extract 4. A measurement of 
the resulting solution at 260 A indicated the equivalent 
of an RNA concentration of 0-57 mg/ml. (average of two 
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determinations). The higher concentration obtained in 
the meubated extracts is an indication that the RNase 
was effective in breaking up the RNA into nucleotide 
components. A further test, to make sure the RNase was 
fully effective, was run by column fractionation on 
‘Sephadex @50’ medium. A known RNA sample, used for 
comparison, gave cne peak before incubation with RNase, 
and a single, distinctly separate peak after incubation. 
The same separaticn of peaks was found for Extracts 7 and 
8, and it was estimated that residual RNA must have been 
reduced to sometl:ing less than half of a per cent of the 
origina! content. 

The injected animals were divided into eight groups of 
ten, each group (lsbelled A-H) receiving one of the eight 
extracts. Each rat was injected with 1 ml. of extract, 
intraperitoneally. Table 1 shows the treatment of the 
eight injected groups. The first experiment consisted of 
the training of the first 20 rats, the preparation of 
Extracts 1-4, and the injection and testing of Groups 
A, B, C, and D. The second experiment consisted of the 
training of the secand group of donors, with the remaining 
extractions and tests of Groups E, F, G, and H. The rats 
were tested in four sets of 20, the first consisting of 
Groups A and B, the second of Groups C and D, the third 
of E and F, and the fourth of Gand H. Each group of 20 
was divided at random between the two types of extract 
employed, and tested by observers who were not informed 
of the identity of the rats until the tests were completed. 

Each of the injezted rats was given a total of 30 min in 
the Skinner box, over the two days prior to injection, and 
was starved throughout this habituation period. A total 
of ten clicks from she empty pellet dispenser was given to 
each rat during this period, and her responses were 
recorded. In testing the animals, the criteria for admims- 
tering a stimulus corresponded to those employed by 
Babich et al. Clicks were given after the rat had been in 
the box for two nanutes, and were spaced at least 1 min 
apart. The animal was required to be facing at least 90° 
away from the food cup in order to receive a click. Records 
of the time taken to reach the food cup were kept by 
means of a stop-watch. For the first experiment, a 
response was counsed if the rat’s nose passed within 2 em 
of the food cup. For the second experiment, the response 
criteria were tightened, and responses were counted only 
if the rat was sniffing directly at the food cup, or had her 
nose over the rim. This led to a significant reduction in 
the number of responses counted in the second experiment, 
but it was hoped that spurious responses would be more 
effectively eliminsted. 

Each of the first five test sessions for each rat (after 
injection) consisted of five unreinforced clicks, response 
times being recorded as already described here. This was 
followed by a sixth session. with a pellet in the cup at the 
outset, followed by five reinforced clicks. This was 
followed by a seventh. unreinforced, session of five clicks. 
In these last two 3essions, the time to pick up the pellet 
was recorded, and-responses were counted only if the rat’s 
nose was over the edge of the food cup. For the first series 
of runs in Experiment 1, a second observer was employed 
who counted all approaches of a rat to the food cup, to 
obtain some measure of total activity. As there was no ` 
indication that this total activity measure was any 
different for controls and experimental groups, this 
measurement was discontinued in later runs. In the 
first experiment, each rat was given one pellet of lab chow 
between sessions E and 6; in the second experiment, they 
were given a pellet of lab chow after session 4. 


Table 1. GROUPS OF INJECTED Rats (10 RATS IN EACH GROUP) 


Group Injections RNA dosage (mg) 

A Extract 1 (control) 0:17 
B * Extract 2 feces cerebrum) 0-33 
0 Extract 3 (trained whole brain) 1°31 
D Extract 4 (Extract 3 + RNase) ~ 

E Extract 5 (control) 0°52 
E Extract 6 (trained cerebellum) 0 56 
. Extract 7 (tratned cerebrum) 0°42 


Extract 8 (Extract 7 + RNase) _— 


48 
Table 2. RESPONSE RATES OF EACH GROUP AS À oe OF RESPONSES 
WITHIN 2, 8, AND 6 S 
Unreinforced tests Reinforced ner Combined tests 
Group - (1-5) (6-7) 1-7 
2” 3 5” 27 3” 5” 2° gr 5” 
A 16 24 52 3 16 21 2-0 4°6 9-7 
B 24 36 76 20 23 29 74 81 187 
$i 28 52 76 12 16 29 &4 883 13-7 
D 16 28 6'8 13 17 28 4'9 8:9 12-9 
E 0:0 0-4 12 5 6 18 1-4 20 4°6 
Fo 20 20 38 5 7 19 28 34 8O 
G 00 00 Og 7 10 12 20 28 87 
H 12 16 32 4 9 PAN 20 37 83 
Controls 0-8 1:4 3-2 4:0 80 170 1:7 3-3 T2 
Exptl.: 1:7 25 49 102 187 280 4-1 6-0 10-1 
RNase: 14 2-2 50 85 130 24°56 35 63 106 


Table 3. NUMBERS OF HIGH AND LOW RATS IN CONTROL AND EXPERIMENTAL 
GROUPS. HIGH RATS HAVE 3 OR MORE RESPONSES WITHIN 2 SEG IN Exp. 1, 
OR 2 OR MORE RESPONSES WITHIN 2 SEO IN 2, 


j No ofrats 

Group Low High 

A 10 0 

B 6 4 

C 7 8 

D 6 4 

E 10 0 

F 8 4 

Q 9 i 

H 9 i 

All groups 63 17 
Controls (A, # 20 0 
Trained extract 43 17 
RNase (D, H) 15 5 


The first test was administered about 4 h after injec- 
tion, and the following three sessions spaced about 3 to 
4h apart. Session 5 was given the following day, and 
sessions 6 and 7 within 24 h afterwards. 

The principal results of these experiments are presented 
in Tables 2 and 3. The distribution of fast responses (5 sec 
or less) seemed to be most indicative of the difference 
between experimental and control rats. Table 2 shows 
the percentage of responses within 2, 3, and 5 sec for each 
group, and for the combined controls, combined ‘experi- 
mental groups (B, O, D, F, G, H) and combined RNase 
groups. The response times for the pre-injection testa (10 
clicks per rat) were recorded for the 40 rats used in Experi- 
ment 2. This yielded a total of 3 responses (0:75 per cent) 
within, 2 sec, 3 within 3 sec and 11 within 5 sec. It appeared 
from these data that the injections had ‘taken’ on some of 
the rats, but not on others, conceivably due to immuno- 
logical factors. A ‘take’ was characterized by a relatively 
large number of fast responses, typically within 2 sec or 
less, and was generally brought out quite reliably by the 
‘retraining’ procedure of Sessions 6 and 7. Several of 
these rats, after eating their first pellet, scarcely missed a 
response during any of the subsequent ten clicks, wheeling 
rapidly (within 1 sec) from any starting position, and 
dashing directly to the food cup. By contrast, records of 
an exactly similar procedure for the second group of 20 
donors, for 5 reinforced and 5 unreinforced clicks at the 
outset of their training, yielded a total of only 2 responses 
within 2 sec (1 per cent), and 7 responses within 3 sec. 
Although these figures agree closely with those of the 
injected control groups, they have not been treated as 
additional control data as the degree of starvation was not 
the same in both cases. 

The time taken to recognize and eat their first sucrose 
pellet appears not to differ significantly for the control and 
experimental groups. The most sensitive discrimination of 
controls from experimental animals was found to result 
from è dichotomization of the injected rats into ‘high’ and 
‘low’ categories. Since the response criteria were tighter 
on Experiment 2, slightly different cutting points had to 
be chosen in each case. For Experiment 1, a ‘high’ rat is 
one with a total score of three or more 2-sec responses in 
the seven sessions, while for Experiment 2 (Groups E-H) 
æ ‘high’ rat is one with 2 or more 2-sec responses. These 
criteria give a total of 17 high rats out of the 80 injected 
animals, 11 in the first experiment and 6 in the second. 
The distribution of high and low rats for the different 
groups and important combinations of these is shown in 
Table 3. Combining the results of the two experiments, 
we find that among the 20 controls, there were no ‘high’ 
rats, all 17 ‘highs’ being distributed among the 60 animals 
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receiving some form of ‘trained’ extract. This difference is 
significant at a level of 0:4 per cent by a Fisher exact 
probability test?!. The comparison of the controls with 
the trained extract rats from Groups B and F, which were 
tested at the same time (guaranteemg uniform treatment), 
gives a significance level of 0-16 per cent. (It should be 
noted that this is a very conservative test for these data, 
taking no account of the actual numbers of responses, and 
making no parametric assumptions.) If the ‘retraining’ 
data (sessions 6-7) are neglected, and a criterion of 2 or 
more 3-sec responses is taken to characterize a ‘high’ rat, 
then there are 9 ‘high’ rats from the trained injections, and 
one from the controls (P=0-08). Although these results 
are Clearly significant, they show a weaker effect than that 
observed by Babich et al. with the same training and 
extraction procedures. The possibility that this difference 
was due to the use of pooled brain extract instead of 1:1 
injections has been checked in a subsequent experiment 
(to be reported in detail in a later publication) with 
negative results. Some more subtle differences either in 
training or in extraction. procedures must, therefore, be 
responsible for the magnitude of their effect. The trained 
cerebellar extract seemed to be as potent as the trained 
cerebral extract, and the incubation with RNase did not 
eliminate the effect, even though RNA was shown to be 
eliminated from the extract. The difference between the 
combined RNase groups and the controls is significant at 
2-4 per cent, and the difference between the cerebellar 
group and its corresponding control group (Groups E and 
F) is significant at 4'3 per cent. No other significant 
differences were found. 

Since the biuret test employed by previous investiga- 
tors? is insensitive to quantities under 1 mg, a more 
sensitive protein determination, using the Folin—Ciocalteau 
method 2, was carried out on Extract 7. This showed a 
concentration of 1-1 mg/ml. in this extract. ‘This result is 
consistent with the work of Ungar and Oceguera- 
Navarro’, who report that their effect ıs eliminated by 
chymotrypsin. 

These results soem to confirm the possibility of ‘memory’ 
transfer by means of a brain extract, for a simple operant 
response to an auditory stimulus. It appears that the 
information-bearing molecule is not RNA, but might be a 
small soluble protein or polypeptide. Subsequent experi- 
ments by our group (to be reported later in detail) have 
shown that a bar-pressing response in a Skinner box can 
also be transferred, and that the molecular weight of the 
information-bearing molecule seems to be in the range of 
1,000-5,000, as measured by ‘Sephadex’ fractionation. 
While consistent with the polypeptide hypothesis, this 
weight range would exclude any known form of RNA. 
The appearance of the effect from both cerebral and 
cerebellar extracts (if verified) argues against sharp 
localization, but this may be simply a reflexion of the 
complexity of the task employed, with different types of 
conditioning being recorded at each level. 

We thank Rodman G. Miller for his assistance, and 
Prof. R. D. O’Brien for the use of his laboratory. This 
work was supported by the Office of Naval Research, 
contract NONR 401 (40), and U.S. National Science 
Foundation contract GK~-250. 
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REPAIR OF X-RAY DAMAGE TO THE DEOXYRIBONUCLEIC ACID IN 
Micrococcus radiodurans 


By Dr. C. J. DEAN, P. FELDSCHREIBER and Dr J. T. LETT 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Canzer Hospital, London, S.W.3 


HE dose of radiation required to inactivate a cell is 

determined by the extent of radiochemical damage 
and the capacity of the cell to restore this damage. While 
much evidence implicates DNA as the site of the primary 
radiochemical lesion, several possibilities have been 
considered to explain why cells such as Micrococcus 
radiodurans exhibit extreme resistance to X-rays’, 
including critical structures which require exceptional 
doses of radiation to be damaged, the possession of 
intracellular protective agents*, and the operation of very 
efficient repair processes*. Micrococcus radiodurans 18 
also remarkably resistant to the lethal action of ultra- 
violet irradiation’, but Setlow and Duggan’ found that 
the DNA of this organism, as judged by thymine dimer 
production, ıs not particularly resistant to ultra-violet 
radiation damage and they suggest that the bacterium 
possesses & very efficient DNA repair system for ultra- 
violet damage. Furthermore, the ultra-violet action 
spectrum points to a possible role of deoxycytidine or 
protein damage in cell inactivation as well as in the delay 
in DNA synthesis observed at sub-letha] doses®. 

Possession of an intracellular protective agent has 
been proposed to account for the resistance of M. radio- 
durans to X-rays? and support for this hypothesis is lent 
by the finding that hydroxymercuribenzoate and 10do- 
acetamide—both powerful sulphydryl poisons—enhance 
the mactivation by X-rays’-*. Radiosensitization by 
iodoacetamide, however, is not due to removal of intra- 
cellular —SH prior to irradiation, and the possibility has 
been. considered? thet these sensitizers act by enhancing 
the X-ray inactivation of the metabolic repair processes 
in radio-resistant organisms. 

M. radiodurans shows 100 per cent survival following 
irradiation with 110 krads of X-rays under anoxia, a dose 
which has been shown to produce considerable physico- 
chemical damage to the DNA of E. coli Bjr (ref. 10). 
Until recently it has not been possible to determine the 
nature and extent of the in vivo X-ray damage to the 
chromosome of M. radiodurans since no suitable method 
for isolation of the DNA. has been available. The culture 
fluids of Streptomyces albus G have been shown to contam 
a number of bacterial cell-wall degrading enzymes*”, 
and one of these, the ‘R1 fraction’!*, was found to be lytie 
towards M. radiodurans44. This observation has led to 
the development of a suitable procedure for isolation of 
DNA from this bacterium. This communication describes 
some of the changes which occur in the DNA of M 
radiodurans following X-irradiation. 

Radiosensitivity of M. radiodurans DNA m vivo. 
Exponentially growing cells of M. radiodurans were 
obtained by diluting a 14-h-old culture in TGY medium 
(0:5 per cent tryptone, 0-1 per cent glucose, 0-3 per cent 
yeast extract) three-fold with fresh medium and incubating 
in shake culture at 30° C until the optical density at 
650 my reached a value of 0-8. The culture was chilled, 
the cells collected in a Sharples centrifuge, washed once 
in 0-04 M veronal buffer pH 8-6 and resuspended in the 
same buffer at a concentration of approximately 5x 10° 
cells/ml. Stirred samples were irradiated at 4° C under 
nitrogen with 220 kV X-rays at a dose rate of 1-1 x 10° 
rads/min. A survival curve for cells irradiated under 
these conditions is presented in Fig. 1 and shows that no 
cell inactivation occurs at doses below 0-5 Mrad. 

To extract the DNA, 20-ml. samples of the suspension 
ın veronal buffer were incubated with 5 mg Streptomyces 


‘R1 fraction’! for 15 min at 30° C. This suspension was 
then cooled in ice and 10-ml. samples irradiated at 4° C. 
Immediately after irradiation, 4-ml. samples of this 
suspension were sdded to a solution containing 60 ml. 
TGY medium, 15 ml. 0-2 M citrate-phosphate buffer pH 
5-6 and 13 ml. 20 per cent sodium dodecyl sulphate. 
After incubation for 15 min at 30° C to imitiate lysis the 
samples were left to stand at room temperature until 
dissolution of the cells was complete (about 1-2 h). The 
clear, highly viscous solution was made 1 M with respect 
to sodium chloride and the sample shaken gently at room 
temperature for about 12 h. After centrifugation at 
10,000g for 10 min to remove precipitated proteim and 
polysaccharide, an equal volume of 2-ethoxyethanol] was 
added slowly to the supernatant to precipitate the DNA. 
The fibrous material was collected, rinsed briefly in 
absolute ethanol and redissolved in 30 ml. of M/100 
sodium chloride. 3 ml. RNase solution (4 mg/100 ml.) 
were added and the samples incubated at 25° C for 4 h. 
After addition of 1-5 ml. of 20 per cent sodium dodecyl 
sulphate and 8 ml. of 6 M sodium chloride, the samples 
was shaken gently for 15 min and any insoluble material 
was removed by centrifugation at 15,000g for 10 min. 
The DNA was precipitated by addition of an equal 
volume of 2-ethozyethanol and the fibres washed twice 
in absolute ethanol, once in acetone and air dried. The 
yield of DNA was 50-80 per cent. The treatment with 
Streptomyces ‘R1 fraction’ alone caused no cell inactivation 
during a period o? 2 h and the X-ray survival curve for 
enzyme treated stspensions is identical to that shown in 
Fig. 1. 

The molecular weight of the DNA was estimated by 
measurement of its intrinsic viscosity (n) in a Couette 
viscometer and its sedimentation coefficient Sow in the 
Spinco model # ultracentrifuge with ultra-violet optics. 
From these measurements it is possible to determine the 
nature of the changes in macromolecular structure 
following X-irradiation“. Fig. 2 shows the reciprocal 


values of the intrirsic viscosities of DNA samples extracted 
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Fig 1. Survival curve of M. radiodurans irradiated under anoxia 
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Fig, 2. Effect of X-rays in vwo on the reciprocal intrinsic viscosity of 


M. radiodurans DNA 


from. cells immediately after irradiation with doses of 220, 
330, 495 and 990 krads. The results show that there is a 
considerable decrease in viscosity of the irradiated 
samples and that the extent of the decrease is dose 
dependent. 

When DNA is irradiated with sparsely ionizing radia- 
tions in vitro, the change in its intrinsic viscosity is a 
direct measure of the number of scissions m the twin 
helix (double breaks) caused by a given radiation dose}. 
The physico-chemical changes observed in the DNA 
extracted from M. radiodurans indicate that over a limited 
dose range a similar relation obtains as in Table 1. 


‘Table 1, Viscosity oF DNA ISOLATED FROM X-IRRADIATED CELLS DURING 
POST-IRRADIATION INOUBATION AT HIGH CELL CONCENTRATIONS (ABOUT 


5 x 10ML) 

” Molecular weight 
Dose Incubation Sonit (7) % Yield cale. from 
(krads) time (di/g} DNA (17) Sao, 

0 8 27°2 151 77 137 x 107 131 x 10 
220 0 242, 92 55 88 x 105 95 x 10° 
0 +h at 30° C — 150 73 — —_ 

220 4h at 80° © ares 93 60 — “seen 


The plot of the reciprocals of the intrinsic viscosities of 
M. radiodurans DNA. with mereasing cellular X-ray dose 
is shown in Fig. 2 and it can be seen that linear extra- 
polation gives a much higher zero dose intrinsic viscosity 
than the actual experimental controls. The behaviour 
‘above 500 kr. may indicate the presence of cross-linking’. 

DNA. of high molecular weight 1s very susceptible to 
hydrodynamic shear'®. A given shear rate will reduce 
all molecules above a certain size to a lower size distri- 
bution, but longer shearmg at the same rate will have 
no further effect. In a similar fashion different shear 
rates will cause plateaux at different size distributions?’. 
If the DNA extraction procedures utilized for M 


radiodurans impose approximately constant shear rates 


this would explain why the function in Fig. 2 does not 
extrapolate to the control viscosity because on this basis 
the rate of shear will reduce control and irradiated DNA 
alike to a limiting size, unless the irradiation alone 
reduces the molecular weight below this limit. Thus the 
control viscosities so far as irradiation is concerned 
would not be the 150 dl./g measured experimentally, but 
could be nearer the 500 dl./g indicated by the extra- 
polation in Fig. 2. 

The linear portion of the graph in Fig. 2 suggests that 
M. radiodurans DNA is about 25 per cent more resistant 
to X-ray-induced double breaks than the DNA of E. colt 


. NATURE 


January i 1966 VOL. 209 


B/r (rəf. 10) when irradiated in vivo. At a sensitivity of 
140 eV per number-average double break the M. rado- 
durans DNA is about six times less resistant than salmon 
and herring sperm DNA irradiated im vitro. The 
apparent increased radiosensitivity of DNA in vivo may 
be due to a large contribution by indirect action?®, or to 
‘energy transfer’ from the proteins associated with the 
DNA, However, it can also be explained as another 
result of hydrodynamic shear since irradiation of DNA 
also causes single breaks, that is, scission of only one 
chain of the twin helix. These single breaks constitute 
points of weakness in the DNA molecule and the intact 
strand may rupture at these points under shear rates 
which would not be expected to produce double breaks 
in an undamaged molecule, with the net result of more 
double breaks than were actually caused by irradiation. 
If the X-ray sensitivities of herring and salmon sperm 
DNAs irradiated in vitro represent the true situation 
occurring in M. radiodurans, then this would require 
that at least five single breaks are produced for every 
double break in the bacterial DNA on X-irradiation. 
The extrapolation in Fig. 2 is very uncertain because both 
the types of shearing damage discussed above can occur 
at the same time and there is also no reason to expect 
the intrinsic viscosity to be linearly related to the mole- 
cular weight above molecular weights of 20x10%. All 
that can be said is that the true control molecular weight 
is very large, perhaps encompassing all the DNA in the 
cell. There can be no doubt, however, that the DNA of 
M. radiodurans has sustained considerable damage at 
doses where the cells exhibit 100 per cent survival. If 
the DNA of M. radiodurans ıs contained in a single 
chromosome as described for E. coli??, then it must 
possess the capacity for the repair of double breaks m 
the twin. helix. 

Post-irradiation incubation. Cells were grown and 
irradiated as described and then diluted into fresh 
medium and incubated at 30° C with shaking. Incubation 
was examined at two concentrations, namely, c. 4x 10° 
cells/ml. and 2 x 108 cells/ml. At the former concentration 
no cell growth would be expected while at the latter, 
unirradiated cells will undergo exponential growth for at 
least 3 h. During incubation, samples of the cultures 
were taken for determination of optical density at 650 mu, 
DNA content by the method of Burton”, and acid insol- 
uble protein by the procedure of Lowry et al.27. When 
cells which had been. irradiated to a dose of 220 krads 
were incubated at the higher cell concentration in fresh 
medium no change in either DNA or protein content was 
observed during a 4-h incubation period at 30° C. Neither 
was there any detectable alteration in the viscosity of 
the DNA extracted from cultures durmg imcubation 
(Table 1) suggesting that under non-growth conditions no 
degradation, synthesis, or repair of DNA occurs. 

Cultures of unirradiated cells incubated at the lower 
initial cell concentration show an exponential increase in 
turbidity, DNA and protein content with a doubling time 
of 120 min. Cells irradiated to doses of 220, 330 and 
495 krads, however, show no net increase in DNA durmg 
the early period of incubation (Fig. 3a). After this lag, 
the length of which ıs dose dependent, DNA synthesis 
commences at a rate at least equal to that of the control 
culture. The cells irradiated to 495 krads show @ small 
but significant decrease in DNA content during the period 
before DNA synthesis starts, indicating that some degrada- 
tion of the DNA occurs during this time. Both the 
turbidity and protein content (Fig. 3b) of the trradiated 
cultures increase during the initial period of incubation, 
but at a rate which is both slower than the control and 
also dependent on the dose of radiation received. Pro- 
nounced’ degradation of DNA during post-irradiation 
incubation has been reported in Æ. colt and E. coli Bfr, 
but only after doses of X-rays which are both lethal and 
an order of magnitude less than those described in the 
present communication. At doses where survival was 
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50 per cent or more, neither DNA degradation nor delay 
in synthesis was observed??-*4, 
Clearly, at doses of X-rays which cause no cell inactiva- 


.tion, profound changes occur in the metabolic activity of 


M. radiodurans, the most remarkable being the delay m 
DNA. synthesis, a phenomenon also observed following 
ultra-violet irradiation®. Since no merease ın cell number 
occurs until after DNA synthesis resumes, we may conclude 
that durmg this delay part or all of the lethal damage in 
the DNA is repaired. While evidence of synchronized 
growth is seen in the irradiated cultures, signs of partial 
synchrony at least can be seen in the unirradiated cultures 
as would be expected for cell cultures held at the high 
concentration and low temperature for the 30-60 min 
required for irradiation. 

Repair of the X-ray lesion in DNA. It was found that 
during post-irradiation growth the cells repaired the 
partial degradation of the cell wall resulting from treat- 
ment with the Streptomyces R1 fraction so that cells no 
longer lysed on treatment with dodecyl sulphate. The 
DNA isolation procedure was therefore modified. After 
harvesting from the post-irradiation growth media, the 
cells were resuspended in 0:04 M veronal buffer pH 8-6 
at a concentration of c. 101° ml. and treated with ‘Rl 
fraction’. The remaining steps in the isolation procedure 
were then carried out as described previously. 

Marked changes in both the viscosity and extractability 
of the DNA occur during post-irradiation incubation 
under growth conditions. After approximately 2 h 
incubation, the DNA extracted from cells which had 
received 220 krads of X-rays gave the same viscosity as 
that -from unirradiated cells (Table 2). DNA extracted 
from cells incubated for 1 h, however, showed a lower 
viscosity than the zero time uradiated samples, indicating 
that some degradation of the DNA occurs durmg the ‘lag 
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irracuation incubation under growth conditions, b, protein content of 
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Table 2. CHANGES IN VISCOSITY (AS PERCENTAGE OF CONTROL) OF DNA 

ISOLATED FROM X-IRRADIATED CELLS DURING POST-IRRADIATION INCUBA- 

TION AT LOW CELL CONCENTRATIONS (ABOUT 2 x 10° ÇCELLS/MO., INITIAL 
. CONCENTRATION) 

Dose (7) % control at time (h) 
(krad) 0 18 20 25 3-5 
220 (i) 690 605 p 99-0 — se 
220 Qi) 655 485 = 91:0 —. 100 — — 
330 49 5 — = — 69 0 eee 96 0 = 

495 33-0 — — ara * — — 950 


~~ No sampls taken * No fibrous DNA could be prepared at these times 
{see text) 


4:0 4:5 


— — 


period’. During the ‘lag period’ considerable difficulty 
was encountered in preparing samples of fibrous DNA by 
the standard technique from cells which had been irra- 
diated to doses of 330 and 495 krads. After DNA 
synthesis had commenced, samples of fibrous DNA 
could again be prepared, and it is apparent from Table 2 
that even after doses of 330 and 495 krads the viscosity 
of the DNA had returned to that of the control value. 
The inability to prepare samples for viscosity measure- 
ment from heavily irradiated cells during the early part 
of the repair process is due, in part, to the non-precipit- 
ability of the DNA in 2-ethoxy ethanol. This loss in 
DNA precipitabiaty does not seem to be due to extensive 
denaturation because the buoyant density of DNA 
extracted from an irradiated cell lysate by caesium 
chloride equilibrium density centrifugation 1s the same 
whether the cells were taken immediately after irradiation, 
in the middie of the post-irradiation lag phase or after 
the onset of DNA synthesis. The data would therefore 
indicate a further reduction in the molecular size of the 
DNA. It 1s also possible that during this time part of the 
DNA ıs rendered non-extractable because of chemical 
combination with protein. such that the buoyant density 
is not altered in caesrum chloride. 

It is quite clear from these results that M. radiodurans 
possesses a most efficient DNA repair system which is _ 
even capable of restitutmg ‘double breaks’ in the twin 
helix. The decrease in molecular size seen during the 
early part of the repair process indicates that damaged 
regions of the DNA are being removed. Confirmation of 
such an excision process has been found following X-irra- 
diation of cells of M. radiodurans labelled in their DNA 
with tritiated thymidine. Measurements of tritium 
activity of cold perchloric acid (PCA) extracts of cells 
and also of the media suggest that tritium label passes 
first unto the PUA soluble fraction and then into the 
medium (Fig. 4). The excision process begins immediately 
on incubation and the quantity released reaches its 
maximum at the time when DNA synthesis commences. 
Thus durmg the ‘lag period’ when no DNA synthesis is 
observed, excisicn of damaged regions of the DNA is 
occurring. 

Four possible schemes for the repair of X-ray damaged 
DNA in M. radiodurans may be considered, namely: 
(1) Excision, followed by restitution, followed by synthe- 
sis; (2) excision, followed by restitution and synthesis 
together; (3) excision and restitution together, followed. 
by synthesis; (4) all three together. 

In all four cases the term ‘excision’ may include removal 
of areas adjacent to the damaged sites, as has been 
envisaged by Boyce and Howard-Flanders** followmg 
ultra-violet damege. 

The release of labelled material reaches 1ts maximum 
before the onset of DNA synthesis; therefore, these two 
processes would seem to be divorced from one another. 
This argues against scheme 4. While labelled material 
is being released from the cells the amount of DNA 
estimated by the Burton method also drops, and while it 
is not possible at present to compare accurately the 
relative losses it 1s evident that more than 75 per cent 
of the excision loss is not restituted prior to the onset of 
synthesis proper. This argues against schemes 1 and 3. 
If restitution is not substantially complete before the 
onset of synthess, the DNA might be expected to show 
symptoms of its unrestituted state. This may explain 
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330 kr. of X-rays, on post-irradiation incubation under growth conditions 
in TGY medium supplemented with cold thymidine. a, Into PCA soluble 
fraction (O @); b, into medium (AA); e, total counts (W). Also shown 
is the total PCA Insoluble DNA content measured by the Burton method, 
Open symbols are control and closed symbols are irradiated samples, 
Total activity released 18-6 per cent (of DNA); maxim 


um loss in activity 
from DNA 14 per cent; maximum loss in DNA by Burton method 


12 per cent 


why the difficulty in extracting the DNA from lysates of 
irradiated cells increases during the period of excision, 
reaches a maximum prior to the beginning of DNA 
synthesis and then decreases as DNA synthesis proceeds. 
Once the irradiated cell suspension has doubled its initial 
DNA content the DNA is indistinguishable, by the 
physico-chemical methods employed, from control DNA. 
Most of the evidence would therefore point to scheme 2, 
and if this is the case then a DNA polymerase may 
possess the ability to effect both restitution and synthesis. 

More difficulty is experienced in explaining the repair 
of the physico-chemical damage suffered by the DNA 
on biological grounds. From the interpretation given 
earlier for the change in molecular size of the DNA on 
irradiation (Fig. 2) it follows that if the bacterial DNA is 
all in one piece, and shearing is excluded, the effect of 
330 kr. of X-rays will be to cause several hundred scissions 
of the twin helix (double breaks)—quite apart from single 
breaks and other damage—and in addition, more than 
10 per cent of the DNA components will have been excised 
from the DNA before the onset of restitution and synthesis. 
Yet, by the time that the irradiated suspension has 
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doubled its initial DNA content, all these scissions of the 
twin helix will have been repaired. Either the nucleo- 
protein structural proteins and/or RNA must play a very 
important part in maintaining the DNA template or 
elso M. radiodurans can. tolerate errors in 1ts genetic code 
and still appear unchanged so far as currently available 
biological parameters are concerned. 

While the restoration of X-ray induced DN A damage 
in cells of M. radiodurans is clearly of importance m 
terms of the survival of the cells, it cannot be stated with 
certainty at the present time that cell death occurs 
because some of the DNA damage is not repaired. More- 
over, the restoration of radiation damaged DNA may 
represent but a part of the capacity of this extraordinary 
micro-organism for the restoration of cellular damage. 
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EVALUATION BY RADIOIMMUNOASSAY OF FACTORS CONTROLLING 
THE SECRETION OF PARATHYROID HORMONE ii 


Intravenous Infusions of Calcium and 
Ethylenediamine Tetraacetic Acid in the 
Cow and Goat 


REPARATION of purified bovine parathyroid hormone 
(PTH) has permitted more definitive characterization 

of its chemical and immunological properties, as well as 
its physiological behaviour’. In 1963, Berson, Yalow, 
Aurbach, and Potts? reported the development of a 
specific and sensitive radioimmunoassay for the bovine 


hormone. In principle, this technique was similar to the 
methods developed for the measurement of insulin and 
growth hormone’, and depended on the inhibition by 
unlabelled hormone of the binding of hormone labelled 
with iodine-131 to specifie antibody. With recent improve- 
ments in the sensitivity of the assay, particularly the use 
of non-equilibrium conditions‘, it has been possible to 
measure reproducibly the concentration of PTH in normal 
bovine plasma and perform a number of physiological 
studies concerning the regulation of hormone secretion®. 
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Bovine PTH was purified by gel filtration® and ion 
exchange chromatography'. This highly-purified product 
was labelled with iodine-131 (IsoServe Corporation, 
Cambridge, Massachusetts) by the mathod of Hunter and 
Greenwood’? and was used as the test antigen. Antibody 
produced by repeated injections of a crude hormone 
preparation into guinea-pigs was used at a final dilution 
of 1/300,000 in the assay?. 

Parathyroid hormone in bovine or caprine plasma was 
measured by a modification of the method of Berson et al.’. 
In the non-equilibrium assay, unlabelled hormone or un- 
known plasma was pre-incubated at 4° C with antibody for 
45 days; labelled hormone was then added to the mixture 
for 24-48 h. This technique offered several advantages: 
(1) the assay was more sensitive, since there was a greater 
decrease in bound to free ratio for a given amount of 
unlabelled hormone; (2) the shortened incubation period 
markedly decreased radioactivity ‘damage’ and allowed 
the use of labelled hormone of high specific activity 
(700-1,000 uc./ug); (3) the binding o7 unlabelled hormone 
was facilitated by keeping the concentration of antibody 
greater than the final dilution (1/300,000) during the pre- 
incubation phase. With these specific improvements, 
concentrations of hormone in normal unextracted bovine 
plasma could easily be measured at a 1/5-1/10 dilution, 
and absolute amounts of hormone as small as 10 upg 
could be detected. 

Samples of jugular venous blood-were obtained from 
normal cows under control conditions and during infusions 
designed to alter plasma calcium concentration. Disodium 
EDTA. or calcium chloride was administered by intra- 
jugular catheter to conscious animals, while periodic 
samples for calcium determination and immunoassay were 
obtained from the other jugular vein. Plasma calcium was 
measured by a modification of the EDTA method’, the 
standard deviation being + 0-1 mg/100 ml. Concentrations 
of calcium in plasma were consistently 0-1-0-2 mg/100 ml. 
greater than similar measurements in serum, but the results 
of immunoassay were not significantly different. Bovine 
plasma was routinely assayed in duplicate at a dilution of 
1/5, the standard deviation being +0-065 mug for con- 
centrations less than 1-0 myg/ml. and +0-171 mug for 
concentrations of 1-0-6-0 mug/ml. 

Similar infusions were administered to goats anaesthe- 
tized with methoxyfluorane through an endotracheal 
tube. Solutions of calcium gluconate or disodium EDTA 
were infused via a femoral vein, and jugular venous 
samples were obtained periodically for measurement 
of calcium and PTH concentration. 

Initial investigations of the cross-reactivity of purified 
bovine PTH and the endogenous hormone in bovine 
plasma indicated a reaction of comp-ete identity (Fig. 1). 
Likewise, there was excellent cross-reactivity between 
endogenous caprine hormone and purified bovine PTH. 
While this reactivity was not complete, it was sufficient 
to permit measurement of PTH concentration in normal 
caprine plasma at a 1/5-1/1 dilution. 

The concentration of PTH in the plasma of 24 normal 
cows varied from 400 to 1,800 pys/ml., with a mean 
of 1,070 (Fig. 2). There was a reciprocal relationship 
between plasma calcium and the ccncentration of PTH 
in the normal animal; this relationship was statistically 
significant with a correlation coefficient of — 0:6. 

Infusions of calcium chloride, with corresponding eleva- 
tion of the plasma calcium, consistently decreased the 
measureable concentration of hormone in peripheral 
bovine plasma. This is shown in Fig. 3, where gradual 
elevation of plasma calcium was associated with a marked 
reduction in the concentration of PTH. Two hours after 
beginning the infusion, hormone was not detectable, 
and even 5h after the infusion, PTH concentration had 
not returned to normal]. In three cifferent experiments, 
elevation of blood calcium to 14 mg/100 ml. was accom- 

anied by a complete disappearance of measurable hormone 
(less than 100 pug/ml.). 


NATURE 53 


With prolonged infusions of disodium EDTA. in two 
animals (Fig. 4), 2 decrease in plasma calcium was associ- 
ated with: (1) a marked and sustained increase in the 
concentration of PTH; (2) elevation of PTH concentration 
to three to four times the control value during maximal 
stimulation; (3) persistence of increased concentrations 
of hormone despite a prolonged hypocaicaemic stimulus 
(20 h in one animal and 36 h in the other). 

The reciprocal relationship between calcium and PTH 
concentration waa shown more vividly when alternate 
infusions of calcium, EDTA, and calcium were adminis- 
tered (Fig. 5). Despite the constant rate of fall in plasma 
calcium with EDTA. from 14:5 to 6:1 mg/100 ml., there 
was no real rise m PTH concentration until the plasma 
calcium was less than. 10 mg/100 ml. In addition, stimuls- 
tion of the gland with EDTA following suppression with 
calcium (Fig. 65) produced a smaller increase in PTH 
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Fig. 1. Standard curves obtained with a purified pe eparaiion of bovine 

PTH (closed symbols, zug/ml.) and with aliquots of bovine plasma (open 

symbols, xl. of plasma added to total incubation mixture of 0-5 ml.,), 

The curves through the two sets of points are identical, suggesting a 

reaction of complete identaty between the purified preparation and 
endcrenous hormone in bovine plasma 
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Fig. 2. Distribution of PTH concentration in 24 normal animals. Each 

assay point represenzs duplicate determinations in two separate assays 

(the mean of four values). There is a statistically significant inverse 

correlation (P value Eess than 0:01) between calcium and PTH concentra- 
tion in normal animals 
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concentration than did stimulation without prior adminis- 
tration of calcium (Fig. 4). 

The role of calcium ion in the regulation of PTH. seere- 
tion was also studied during normal lactation and during 
the syndrome of parturient paresis (or ‘milk fever’). Mild 
physiological hypocalcaemia accompanying the onset of 
normal lactation (about 8 mg/100 ml.) was frequently 
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Fig. 4. Infusions of disodium EDTA in two normal cows for 20:5 h (closed 

symbols, 40 m.equiy./h) and 36 h (open symbols, 57°5 m.equrv./h), respec- 

tively; the effects on plasma calcium and PTH concentration are shown. 

Arrows mark the end of each Infusion. Of note is the continued stimulation 
of PTH production despite the prolonged hypocalcaemic stimulus 
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Fig 5. Concentrations of PTH and calcium in bovine plasma in response to 
alternate infusions of calcium chloride (196-4 m equiv./h), disodium BDTA 
(115 m.equiv /h), and calelum chloride (196-4 m.equry./h) 


associated with an increase in PTH concentration to two 
to three times normal. In addition, animals with par- 
turient paresis, a syndrome characterized by marked hypo- 
calcaemia and flaccid paralysis during the postpartum 
period, showed elevated concentrations of PTH (similar 
to the concentrations produced by maximal stimulation 
of the gland with EDTA). 

Parathyroid hormone in normal caprine plasma was 
measured in conjunction with parallel experiments 
involving perfusion of the isolated superior parathyroid 
gland of the goat®. Variation of the plasma calcium con- 
centration by alternate infusions of EDTA and calcium 
produced changes in PTH concentration (Fig. 6) which 
fully corroborated the findings with bovine plasma and 
permitted direct correlation with the results of isolated 
parathyroid gland perfusion. 

It is reasonable to assume that there is a close correla- 
tion between the estimates of PTH concentration obtained 
by immunological methods and the actual content of 
biologically active hormone in plasma. The evidence in 
favour of this approach, as well as the sources of potential 
error, has been extensively discussed**, The results 
reported in this and the accompanying article® at least 
satisfy empirical criteria; the changes m hormone con- 
centration follow the pattern predicted by earlier in- 
vestigations!!~14 of hormone secretion during physiological 
variations in plasma calcium. In addition, evidence is 
provided from isolated gland perfusions in a sheep and 
goats that the changes in PTH concentration in peripheral 
plasma are due to actual alterations in the secretion rate 
of hormone and not merely to changes in its distribution, 
excretion, or rate of destruction’. 

It is generally believed that the concentration of ionized 
calcium in the blood directly controls the secretion rate 
of PTH. Production of parathyroid hyperplasia by diets 
low in calcium!!, perfusion investigations by Patt and 
Luckhardt*® and Copp and Davidson}, and the in vitro 
investigations of parathyroid cells by Raisz™ all provide 
evidence to support this hypothesis. With the use of a 
sensitive assay to detect PTH in plasma, it has been 
possible to confirm directly the control of hormone secre- 
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tion by blood calcium. In addition, the presence of an 
inverse correlation between calcium and PTH in the 
normal animal suggests that the hormone is being con- 
tinuously secreted, and that 1t is under the fine and precise 
control of blood calcium level*-16, 

With maximal suppression or stimulation of the gland, 
peripheral hormone concentrations may vary from 
undetectable values (less than 0-1 myg/ml.) to 6-0 myug/ml. 
The normal range in the animals so far examined has 
been between 0'4 and 1:8 mg/ml. Severe hypocalcaemia 
associated with parturient paresis produced the same 
increase in PTH concentration noted after maximal 
stimulation with EDTA, suggesting that an absolute 
defect in hormone secretion is not the cause of this disorder. 
An increase in PTH concentration during hypocalcaemia 
in the cow was thus directly demonstrated without the 
necessity of administering EDTA acutely to lower plasma 
calcium. 

The maintenance of blood caleium ın 1ts narrow homoeo- 
static range is a highly complex process. It seems clear 
that changes in PTH secretion play a major part in this 
homoeostasis, but the interrelationships of PTH, thyro- 
calcitonin", and/or possible hypocalcaemic factors from 
the parathyroid gland remain to be elucidated. The 
work recorded here indicates that changes in PTH 
concentration may appear as rapidly as 20 min after 
starting an infusion of calcium or EDTA. The diminished 
response to EDTA stimulation after previous infusion of 
calcium may reflect a delay in the restoration of hormonal 
synthesis following suppression of the gland. Preliminary 
results by the immunoassay method also suggest that 
magnesium acts like calcium in suppressing PTH secre- 
tion®:18, and that plasma phosphate only indirectly affects 
PTH secretion by influeneing the concentration of ionized 
calcium in the blood?, 
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Perfusion of the Isolated Parathyroid Gland 
cf the Goat and Sheep 


THE investigations of Sherwood et al.1 provide direct 
evidence from intravenous infusions of calcium and EDTA 
in the cow and goat that the concentration of parathyroid 
hormone (PTH) in peripheral plasma varies inversely 
with blood calcium. The development of techniques for 
perfusing the isolated superior parathyroid gland of the 
goat or sheep? and the strong degree of cross-reactivity 
between bovine and caprine hormone! permitted the 
direct measurement by radio-immunoassay of the con- 
centration of PTH in the venous effluent of the perfused 
gland‘. Variations in the amount of hormone leaving 
the gland undoubtedly reflect alterations in its rate of 
secretion; direct assessment of the factors which influence 
hormone secretion is thus made possible. 

(A) Acute Experiments. Three 12-month-old Nubian 
Cross female gosts, weighing 25-39 kg, were used for the 
perfusion investigations. The operative procedure was 
carried out under methoxyfluorane/oxygen closed circuit: 
anaesthesia. Via a midlime incision, both thyroid lobes 
containing the inferior parathyroid glands were removed. 
The arterial supply and venous drainage of the left 
superior parathyroid were identified; they were usually 
in common. with those of the left apical lobe of the thymus. 
The external maxillary artery and vein and the left 
femoral artery were catheterized with silicone elastie 
tubing (external diam. 21 mm, internal diam. 1-0 mm). 
Except for those vessels related to the parathyroid and 
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thymic lobe, all branches of the left carotid artery and 
jugular vein were ligated between the levels of catheteriza- 
tion and the ligated left superior thyroid artery and 
vein*. Thus, the blood supply to, and drainage from, the 
left superior parathyroid gland could be isolated from the 
general circulation by clamping the carotid artery and 
jugular vein caudal to the points of emergence of the para- 
thyroid vessels. The left apical lobe of the thymus, which 
contained the left superior parathyroid gland, was separated 
from the remainder of the thymus. The right superior 
parathyroid was not disturbed. ; 

After the goat was treated with heparin (250 units/kg 
initially, then 125 units/kg every 2 h), the left parathyroid 
‘giand was perfused with blood of controlled calcium 
concentration, as described by Care et al.3. Parathyroid 
venous blood was obtained via the catheter in the external 
maxillary vein, after the left jugular vein had been clamped 
caudal to its junction with the parathyroid vein. The 
plasma calcium concentration in the perfusate was varied 
over a wide range (0-13-8 mg/100 ml.) by the addition 
of either disodium EDTA. or calcium gluconate, in 0-9 
per cent saline. In two experiments the gland was per- 
fused with blood containing a high concentration of 
magnesium (2°8-3-7 m.equiv./1.). 

The flow-rate of perfusate in the afferent and efferent 
vessels was measured; they should be equal when satis- 
factory surgical isolation of the parathyroid in situ has 
been achieved. The concentrations of calcium (by a 
modification of the method of Hill5) and parathyroid 
hormone (by a modification’ of the method of Berson 
et al.*) in parathyroid venous plasma were determined at 
suitable intervals. Plasma magnesium was measured by 
flame photometry®. At the end of each gland perfusion, 
indian ink was added to the perfusate and the perfused 
gland excised for histological examination to ensure that 
the parathyroid gland had, in fact, been perfused. 

(B) Conscious Animal. A gland perfusion was performed 
in one 18-month-old Herdwick sheep (28 kg). The 
operative procedure, similar to that already described here, 
was performed under aseptic conditions on the day pre- 
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Eig. 7. Perfusion of a surgically isolated parathyroid gland in situ in an 

anaesthetized goat The thyroid and inferior parathyroid glands were 
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secretion are depicted 


arathyrold gland in siu in an 
The thyroid and inferior parathyroid glands were re- 


ceding the parathyroid perfusions. The carotid artery 
caudal to the parathyroid vessels, with its branches ligated, 
was placed in a skin tube for ease of temporary occlusion 
during the gland perfusion. The jugular vein could be 
occluded with a 2/0 mersilene snare placed caudal to its 
junction with the parathyroid vem when collection of 
parathyroid venous blood was required. 

The isolated parathyroid gland was perfused for 1-8 h 
with hypercaleaemic blood, and several parathyroid 
venous blood samples were collected, some of which were 
assayed for PTH. 

The immunological similarity of bovine and caprine 
hormone has already been described!. Similar cross- 
reactivity over the most sensitive portion of the standard 
curve was also observed between bovine and ovine PTH. 

The influence of plasma calcium on the secretion of 
PTH by the perfused gland is shown in Fig. 7. Perfusion 
of the gland with hypercalcaemie blood (14 mg/100 ml.) 
caused a marked suppression of PTH secretion to 20 per 
cent of the initial value. Subsequent perfusion with EDTA 
resulted in a stimulation of hormone secretion which could 
easily be suppressed with a second perfusion of calcium. 
The secretory rate changed rapidly in response to calcium 
fluctuations, alterations in hormone concentration being 
evident within 20 min after the calcium concentration 
of the perfusate was altered?. Changes may be even more 
rapid than this, but in these initial experiments no samples 
earlier than 20 min were obtained. The secretory rate 
during the control period (before calcium or magnesium 
perfusion) appeared to be high, relative to that seen after 
hypocaleaemic stimulation. This may have been due to 
the administration of anaesthesia or to the fact that the 
inferior parathyroids were surgically removed. Still 
another possibility, suggested by the results obtained with 
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Fig. 9. Hypercaleaemie perfusion of a parathyroid gland in sifu in a 

conscious sheep. This gland had been surgically isolated on the previous 

day, when the thyroid and inferior parathyroid glands were bothremoved. 

Blood flow was maintained at 2-2 ml./min. The effect of hypercalcaemic 
perfusion on PTH secretion is shown 


intravenous infusions in the cow!, ıs that the initial 
perfusion with calcium or magnesium may have partially 
suppressed the response to subsequent EDTA stimulation. 
_ Similar changes in PTH secretion rate were observed 
in a second anaesthetized goat (Fig. 8). In addition, 
perfusion of the gland in this animal with hyper- 
magnesaemic blood caused a decrease in hormone secretion 
similar to that noted with hypercaleaemia. In a third 
experiment of the same type, an 80 per cent increase in 
plasma magnesium concentration resulted in a 30 per 
cent decrease in PTH secretion within 6 min. 

In a conscious sheep, surgically prepared 24 h earlier, 
perfusion of a parathyroid gland with hypercalcaemic 
blood caused a similar decrease in the secretion rate of 
PTH (Fig. 9). 

Direct evidence has already been presented! that the 
concentration of PTH ın peripheral plasma responds in a 
reciprocal manner to alterations in plasma calcium con- 
centration. Direct assessment of hormone secretion rate by 
determination of PTH concentration in the venous effluent 
of the isolated perfused parathyroid gland has fully 
confirmed these results. In addition, the perfusion studies 
indicate: (1) that the initial response of the gland to 
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changes in calcium is rapid (less than 20 min); (2) that 
the receptor site for calcium regulation is in the parathyroid 
glands, as previously suggested’; (3) that the changes in 
plasma PTH concentration represent actual changes in 
secretion rate of hormone. Whether there are also varia- 
tions in the distribution, excretion, or rate of destruction 
of the hormone in response to changes in concentration, 
of calcium and other ions was not separately tested in 
these experiments. 

There is an intsresting similarity in the response to 
hypercalcaemic or hypermagnesaemic perfusion. Whether 
magnesium plays a significant part physiologically in 
regulating PTH secretion, as suggested by MacIntyre... 
et al.?°, awaits additional investigation (the use of physio- 
logical changes ın magnesium concentration by dietary 
or other means and evaluation of the effects of hypo- 
magnesaemia). 

The precise interrelationships of parathyroid and thyroid 
polypeptides in meintaining calcium homeostasis are now 
being investigated in a number of laboratories. Direct 
measurement of these hormones by radioimmunoassay, 
utilizing both isolated gland perfusates and peripheral 
plasma, should provide valuable information concerning 
their physiological function. Precise evaluation of the 
factors controlling hormone concentration, the rapidity 
and extent of changes in secretion rate, and alterations 
in the distribution, excretion or destruction of these 
proteins will allow more definitive assessment of the finely 
adjusted hormonal control of blood calcium concentration. 

The major part of this work was completed while one 
of us (A. D. C.) was a visiting scientist in the U.S. National 
Health Institute, Bethesda, Maryland. 
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RELATIONSHIP BETWEEN ENVIRONMENTAL TEMPERATURE AND 
THE DEATH RATE OF WOMEN FROM NEOPLASMS OF THE BREAST 


By Dr. A. J. LEA 


Statistics Unit, Imperial Cancer Research Fund, Lincoln’s Inn Fields, London, W.C.2 


I has been shown for the countries of Norway, Sweden, 
Scotland, and England and Wales that the death rate 
from neoplasms of the breast in women is closely correlated 
with the mean annual temperature!. The investigation of 
this relationship has been extended to all countries for 
which comparable data were available, and the results 
are now reported. 


The evidence on death rates was taken from a report 
by Segi and Kurihera’?. Of the twenty-four countries with 
which these authcrs dealt, four were excluded for the 
folowing reasons: Canada, United States, and Australia, 
because the countries are so large that the idea of a mean 
annual temperatura becomes absurd, and Israel because 
the bulk of the population has only been there for the- 


58 


past 40-50 years. For the remaining twenty countries 
the death rates are expressed per 100,000 living and 
adjusted for age. For Belgium the rates are given only 
for the years 1954-61, for Portugal 1956-61, and for Chile 
1950-57 and 1960-61. For the other countries the rates 
are for the years 1950-61. The mean values for these 
periods have been used. 

Mean annual temperatures were calculated by a method 
of weighting. The populations of the largest towns, 
districts, counties and ‘other divisions of the various 
countries are given in Whitaker's Almanack (1964) (ref. 3) 
and the Statesman’s Yearbook (1964-65) (ref. 4). For 
most of these subdivisions one or more places are quoted 
by the Meteorological Office, and the mean annual tempera- 
ture was obtained from published tables®. However, for 
many countries this left a large proportion of the popula- 
tion unaccounted for, and they were assumed to live at 
the mean temperature for the whole country. Then, by 
using the population living at each mean annual tempera- 
ture as a weight, a weighted mean annual temperature 
for the country as a whole was obtaimed. 

The mean annual températures were then plotted against 
the death rates from neoplasms of the breast, and it was 
at once obvious that the straight line relationship previous- 
ly found for Norway, Sweden, Scotland, and England and 
Wales did not hold for the other countries, although a 
second degree curve gave a reasonable fit. 

At this stage of the investigation it was thought that if 
the mean temperature influenced the death rate from 
breast neoplasms, then the range of temperature might 
also be a controlling factor. This seemed not unreasonable 
since Greenwood has shown! that of nineteen hens kept 
in a standardized environment (temperature 65° F, 
relative humidity 60 per cent, artificial light only) eightcen 
developed adenocarcinoma of the ovaries or oviducts, 
as compared with a complete absence of such tumours 
in æ control series of fourteen hens kept under normal 
conditions for the same period. 
<" The Meteorological Office includes in its published 


, tables: (1) the monthly averages of the daily maximum 


and minimum temperatures; (2) the averages of the ex- 
treme values of the daily maximum and minimum for 
each month; (3) the absolute extremes which have occurred 
for each month during the entire period of recording. Of 
these three records (1) was chosen for the present purposes 
as it was considered to' give a better reflexion of the 
temperature range than: the others, because (2) is the 
average of the abnormal values and (3) is even more 
abnormal than (2). 


~ l 


The highest and lowest monthly averages were, there- 
fore, taken as representing the range of temperature, and 
a ‘range’ for each country calculated by the method of 
weighted means as described for mean annual temperature. 
Various combinations ofj mean annual temperature and 
‘range’ were plotted against the death rates, and it was 
found that the best fit was obtained by using mean annual 
temperature + ‘range’. 

Further evidence of the usefulness of this combmation 
of mean annual temperature + ‘range’ in biological sys- 
tems was received from Dr. P. S. Dixon of the University 
of Liverpool, where a similar result had been found ex- 
perimentally for the effect of environment on the distribu- 
tion of marine algae”. | 

The technique of multiple regression was then applied 
to the data to obtain the best combination of mean annual 
temperature and ‘range) for the observed death rates 
from breast neoplasms. | It must, however, be kept in 
mind that the estimations of both death rates and tempera- 
ture are known. to be inaccurate and that it is not possible 
to estimate the degree of these inaccuracies. It follows 
that standard errors for 'the data derived from. the fore- 
going calculation would have to be regarded with con- 
siderable suspicion, and it was finally decided that their 
use would tend to cause an impression of accuracy which 
could not be justified from the data. 
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It was found that: 
y = 69-5614 — 0-5249R — 0-6200M 


where y is the expected death rate from neoplasms of the 
breast, R is the ‘range’ and M the mean annual tempera- 
ture, from which it will be seen, bearing in mind the 
inaccuracies in the data, that ‘range’ and mean annual 
temperature produce approximately equal effects. 

This provided an additional reason for using the com- 
bination of mean annual temperature + ‘range’, and it 
was decided to use this representation of the data for the 
continuation of the work, and to obtain data for all 
countries which presented them in such a way that they 
could be reduced to the Segi-Kurihara standard popula- 
tion2, 

Data for twelve more countries which fulfilled this 
condition were obtained from Annual Epidemiological 
and Vital Statistics 1950 to 1961 (ref. 8). In- addition it 
was found that the distribution of the female population 
of Iceland for the 1960 census did not differ significantly 
from the Segi-Kurihara standard, so that the crude death 
rate for that country could be used’. Finally the death 
rate for breast neoplasms for Singapore, adjusted to the 
Segi-Kurihara standard, is given by Muir’. Thirty-three 
countries were now available, and, the data for them are 
shown in Table 1, with the ‘best straight line’ calculated 
from the data, and the resulting graph in Fig. 1. Calcula- 
tion of the correlation between death rate and ‘range’ + 
mean annual temperature gave r = —0-7208, n = 31, 
and P much less than 0-001. 


Table 1. DEATH RATES FROM BREAST NEOPLASMS (AGE-ADJUSTED), MEAN 


AL TEMPERATURE (MAT), ‘RANGE’ AND MEAN ANNUAL TEMPERATURE 
+ ‘RanGnr’ FOR 33 COUNTRIES 


Death MAT + 
Country rate MAT ‘Range’ ‘range’ 
(1) Ireland 257 49°0 30 _ 735 
(2) Switzerland 21-5 44-0 46 90-0 
(3) Sweden 18 2 380 - 54 92°0 
(4) Norway 17-1 355 58 93-5 
(5) Finland 12-1 350 61 96-5 
(6) Denmark 24:0 45°65 40 85:5 
(7) Austria 149 47-0 51 98-0 
(8) Portugal 11-0 805 38 86-5 
(9) Italy 13-6 590 47 108-0 
(10) Japan 3°8 56-0 53 109 0 
(11) Belgium 198 405 40 89-5 
(12) France 14:4 530 44 97-0 
(13) The Netherlands 23-4 49-0 38 87-0 
(14) Germany 15-5 46°5 44 90-5 
(15) England and Wales 23-2 405 32 81:5 
(18) Northern Ireland 18-9 48-0 29 77:0 
(17) Scotland 22:8 46°5 29 755 
(18) Chile 7'1 56°5 31 87-5 
(19) New Zealand (Whites) 21-6 55-0 31 86-0 
(20) Singapore 6-2 80-5 16 96-5 
(21) Yugoslavia 6-9 550 54 109 0 
(22) Hungary 124 505 57 107-5 
(23) Spain 6°5 600 47 107:0 
(24) Czechoslovakia 131 48:0 51 99-0 
(25) Greece 4:5 63-5 46 109-5 
(26) Poland 8-8 47 0 51 98 0 
(27) Romania 75 46°5 59 105-5 
(28) Bulgaria 72 53-5 60 113 5 
(29) Iceland 26-0 410 29 70:0 
(30) South Africa (Whites) 217 63-0 42 105 0 
(31) Mexico 3:8 750 32 107-0 
(32) Venezuela 8-0 725 21 93-5 
(33) Columbia 5-6 70:0 18 88-0 


‘The nature of the relationship between the environmental 
temperature and the death rate was found to be that the 
rate fell with increase of both mean annual temperature 
and ‘range’. This, however, was complicated by an 
apparent repulsion between mean annual temperature 
and ‘range’. Consideration of mean annual temperature 
and ‘range’ for all those places dealt with by the Meteoro- 
logical Office, that is most of the inhabited world, showed 
that there was a very marked negative correlation 
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Fig. 1. See Table 1 for identificaticn of numbers 


between mean annual temperature and ‘range’, P again 
being much less than 0-001. 

Mr. R. H. Clements of the Meteorological Office! has 
pointed out that this correlation is to be expected on an 
ideal world, because as one approaches the poles from the 
equator the mean temperature decreases but the con- 
ditions become more favourable for -ow temperatures in 
the winter half-year and for high ones in the summer 
half, hence the range increases. On the actual world 
the situation is, of course, more complicated by the 
atmospheric circulation, variations in cloudiness, and 
especially by the nature of the surface, land and sea. 
This explains some of the more remarkable results of 
Fig. 1, for example Iceland with mean. annual temperature 
+ ‘range’ of 70-0 and death rate of £6 as compared with 
Norway’s mean annual temperature + ‘range’ of 93-5 
and death rate of 17, the distance af the two countries 
from the equator being approximately the same. 

It is now clear that the relationship previously found 
between mean annual temperature anc the death rate from 
breast neoplasms for Norway, Sweden, Scotland, and 
England and Wales was a first approximation to a more 
complex relationship, and that the combination of mean 
annual temperature and ‘range’ provides a much wider 
relationship between environmental tamperature and the 
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death rate from these neoplasms. The same procedure 
carried out for other neoplasms produced no simular 
pattern, or in fact any pattern other than a random dis- 
tribution. There are, of course, bad points on the graph, 
but in view of the uncertainties in the data this is to be 
expected. It may be of some importance that the countries 
which diverge most from the straight hne are those which 
have been colonized from European countries, namely 
South Africa, Venezuela, Columbia and Chile. 

Two factors which may influence the incidence of breast 
neoplasms have previously attracted attention, lactation 
and social conditions. The influence of lactation is based 
on. experimental work in mice, but investigations of such a 
possibility in humans have failed because of the difficulties 
encountered in obtaining lactational histories mn normal 
women??, While it is just conceivable that variations in 
breast-feeding in different countries might account for 
the observed differences in the death rate from breast 
neoplasms, the evidence which could prove or disprove 
this does not exist. Stocks! found an association between 
a social class index and the mortality index for breast 
cancer in women in thirty large towns in England and 
Wales for the years 1921-30, the correlation coefficient 
being —0-357 + 0-159. This is not significant at the 1l 
per cent level, and Stocks stated that there was apparently 
some factor other than economic and social differences 
operating to affecs this cancer. As economic differences 
have been greatly reduced since 1921-30 it seems very 
improbable that such a factor could explain the variations 
in death rates shown in the present article. 

The nature of this relationship remains completely 
obscure, but in view of the very high correlation there can 
be little doubt of its reality Certain possibilities suggest 
themselves, but as they are at present without supporting 
evidence it is not Droposed to discuss them at this stage. 

I thank Sir Austin Bradford Hill, Mr. R. H. Clements, 
Prof. Hans Gruneberg, Dr. G. F. Marrian, Prof. C. A. B. 
Smith and Dr. C. C. Spicer for their advice and Dr. P. 8. 
Dixon for permission to use unpublished material. 

Correction added in proof. The death rate for Ireland (1) 
has been shown in Fig. 1 and Table 1 as 25-7. This is an 
error and should read 18-9 in both places. 
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CORTICAL LESIONS AND INTERHEMISPHERIC COMMUNICATION 
IN MONKEYS (Macaca mulatta) 


By C. R. BUTLER 


Medical Research Council Cerebral Functions Research Group, Department of Anatomy, University College, London, W.C.I 


HE technique of restricting the visual connexions of 
each eye to the ipsilateral hemisphere of the brain 
by midline section of the crossed optic nerve fibres has 
permitted investigation of the funct-on of the forebrain 
commissures in interhemispheric transfer of visual dis- 
crimination habits!-*. It has been reported‘ that if optic 


chiasma-sectioned monkeys are taught pattern dis- 
criminations with one eye open, the problems are cor- 
rectly performed with only the other eye open, without 
further training. If, after thirty trials using this second 
eye, the forebrain commissures are cut (that is, the 
anterior commissure and the corpus callosum, plus un- 
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avoidably the psalterium situated beneath the callosum), 
it is found that the monkeys perform correctly with the 
first eye open, but imperfectly with the second eye. This 
suggests that communication between the hemispheres is 
incomplete or absent during the initial training. How- 
ever, the amount of training necessary to bring the 
monkeys back to the correct performance with only the 
second eye open is significantly less than that given with 
the first eye open. It seems that communication occurs 
during the testing of the naive side, before cutting the 
commissures, and the animal requires only a few more 
trials to complete the learning on that side. Further 
problems were then taught with only one eye open after 
the commissures had been cut, and these were not Gor- 
rectly performed with the second eye alone open until the 
monkey had received an amount of training comparable 
with that originally required‘. Because of these and 
similar results in other species it is generally considered 
that the forebrain commissures mediate the communica- 
tion of visual pattern training with one hemisphere to 
the other. 
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Since the forebrain commissures concerned, arise and 
terminate within the cerebral cortex, it was thought that 
suitable cortical lesions might disrupt interhemispheric 
communication. This has now been tested with three 
types of lesion. Various aspects of this work have been. 
reported elsewhere’-?. The two optic chiasma-sectioned 
monkeys in Group I each sustained a large lesion of the 
frontal parietal and temporal cortex on one side, sparing 
the visual and motor areas. Before making the cortical 
lesion, these monkeys had been taught to discriminate 
+- from O using the eye on the side later to be damaged, 
and a more difficult problem, A from $, using the other 
eye. After the cortical removals the first problem was 
solved correctly on the trained, damaged side only, even 
though the neocortical commissures had not been sec- 
tioned. The second discrimination was made correctly 
without further training with either eye open, although 
this second task was more difficult than the first, as 
judged by the number of trials needed in training. Thus 
the lesion interfered with communication from the 
damaged side to the undamaged side but not the reverse, 
producing an unexpected asymmetry in interhemispheric 
communication. This result would not have been possible 
if the communication between the two hemispheres had 
been completed during the initial training. A similar 
deficit in performance on ‘difficult’ discriminations, when 
using the eye projecting to the untrained side following 
cortical lesions on the trained side, has been found by 
Myers® in cats. 

Post-operatively, these two monkeys were taught to 
discriminate Y from T using the eye on the damaged 
side, and F from F with the eye on the intact side. The 
first discrimination was performed correctly without 
further training using the eye on the untrained side, but 
the second discrimination was not. The lesion thus dis- 
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rupted communication from the intact hemisphere to the 
damaged one. This asymmetry in the communication of 
post-operatively acquired learning is in the opposite 
direction to that found for pre-operatively acquired 
learning. These results were consistent in the two 
monkeys and present a challenge for interpretation. It 
was decided to repeat the experiments with more com- 
plete lesions confined to specific areas of cortex. 

The three optic chiasma-sectioned, monkeys of Group IT 
sustained unilateral lesions in the inferotemporal area, 
which is concerned in the discrimination of visual patterns. 
Lesions in this area are known to produce specific visual 
deficits’. The pre-operative training was the same as for 
the previous group. Post-operative testing showed that 
communication was able to take place between the hemi- 
spheres in both directions. The asymmetry found in 
Group I was absent. The monkeys were then given 1,000 
trials with the eye on the damaged side attempting to 


discriminate from K). but did not reach the criterion 


of three errors in each of two successive sessions of thirty 
trials, although the proportion of errors was slowly falling 
(Fig. 1). When the monkeys were tested on the same 
problem using the opposite eye, they reached eriterion in 
about 150 trials. The score for other chiasma-sectioned 
monkeys with intact cortex trained monocularly on this 
problem is about 600 trials. Thus the inferotemporal 
lesion made learning on the damaged side slow and 
incomplete, yet the number of trials required on the 
intact side was only one quarter of that which would be 
expected if the latter had received no training. There is 
evidence!!-!2 that in the situation described the remaining 
intact inferotemporal area is necessary for the slow 
learning of visual discriminations through the eye pro- 
jecting to the damaged side. The results recorded here - 
suggest, therefore, that communication from the damaged 
to the intact side during learning is enhanced by the 
participation of the intact inferotemporal area in the 
learning of visual discriminations. 
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Fig. 2. Percentage of errors per 30 trial training session. Lesion, left 
inferotemporal: problem, ¥ versus +. @, Initial training on intact 
side; O, subsequent testing on damaged side 


When the monkeys had reached criterion in discrimin- 
ating the five- and six-point stars using the eye projecting 
to the intact hemisphere, they were re-tested with the 
other eye. They at once solved the problem correctly, in 
spite of the previous slow progress in 1,000 trials on this 
side. This result could mean that the solution to a 
problem is more easily communicated to the opposite 
hemisphere than is information about a discrimination 
problem that has not yet been solved completely. The 
result could, however, also be interpreted as an asymmetry 
such that communication from the intact hemisphere to 
the damaged hemisphere is more effective than in the 
opposite direction. To test that the communication from 
the intact side to the damaged side seen in the foregoing 
did not depend on the previous training given to the 
damaged side, a new problem, F versus +, was tramed 


No. 5018 January 1, 1966 


on the intact side. The animal performed correctly when 
the damaged side was tested (Fig. 2), showing perfect 
communication in this direction. A further control is now 
being undertaken using monkeys with inferotemporal 
lesions. This consists of varying the amount of training 
given to the damaged side on the six- versus five-point 
star problem to see if the amount of training necessary 
to complete the learning on the second, or intact, side 
varies correspondingly. 

The experiments were repeated on the two chiasma- 
sectioned monkeys of Group ILL with unilateral lesions in 
the frontal granular cortex. The lesions were centred on 
the sulcus principalis and included the frontal eye fields 
(Fig. 3). Frontal lesions cause a variety of deficits and 
sometimes interfere with certain types of visual dis- 
eriminations*, The pre-operative training was the same 
as in Group I and Group II. Post-operative testing 
revealed effective communication between the hemi- 
spheres in both directions, as in Group IT. The post- 
operative training was the same as for Group II and 
again the six- and five-point star problem was unsolved 
after 1,000 trials with the eye on the damaged side open. 
When the other eye was tested, 600-800 trials were 
required to learn the problem, so there was no saving as 
in Group II. Moreover, subsequent re-testing with the 
eye projecting to the damaged hemisphere revealed a 
continued performance at chance level. The frontal lesion 
seemed, therefore, to have reduced communication 
between the two hemispheres in both directions (Fig. 4). 
This result was further tested by training a new problem, 
discriminating F from + using the eye on the normal 
side. This problem was solved correctly on the normal 
side, but subsequent testing through the eye on the 
damaged side again showed, a performance at the level of 
chance. These results were consistent in the two monkeys 
used. 





Fig. 3. Diagram to show extent of cortical lesions sustained by animals 

in Group IZ and Gro lI. Regular stippling (below), inferior tem- 

poral lesion (Group If); sy stapling (above), frontal lesion 
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These experiments on the effect of cortical lesions on 
interhemispheric communication have produced a number 
of unexpected results, and have suggested several further 
experiments. In the first place, properly designed experi- 
ments are needed to make certain that interhemispheric 
communication normally takes place during the testing 
of the naive hemisphere rather than during the initial 
training. Secondly, the asymmetry found in the first 
group of monkeys ın the communication of pre-operatively 
Jearned problems needs to be confirmed in a larger group, 
for it was not seen after frontal, or inferotemporal lesions, 
and is at present difficult to explain. It implies that the 
lesion disrupts communication from the damaged to the 
intact side without affecting retention on the trained, 
damaged. side. 

The most surprising findmg was that interhemispheric 
communication. can be enhanced as well as obstructed by 
appropriate cortical lesions. The explanation suggested 
for the asymmetry in the second group of monkeys was 
that communication from the damaged to the intact side 
during learning is enhanced by the necessity for the intact 
inferotemporal area to participate in the learning of visual 
discriminations seen through the eye on the damaged 
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side. This explanation might also apply to the similar 
asymmetry in the communication of post-operative 
learning in the first group of monkeys, except that the 
lesion in these mankeys involved only a small part of the 
posterior inferotemporal area. The prestriate cortex was, 
however, involved in the lesion and this would have 
reduced the visual input to the inferotemporal area. The 
frontal lobe was also extensively damaged in these first 
two monkeys; but the results are not similar to those 
for the third group of monkeys with pure frontal lesions. 
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The inability of the third group of monkeys which had 
frontal lesions to lsarn the visual discrimination given on 
the damaged side was unexpected, though similar cases 
of increased difficulty in learning have appeared in the 
literature!®18, The frontal lesions prevented the correct 
performance of a visual discrimination using the eye pro- 
jecting to the damaged side even after it had been trained 
to criterion on the intact side. Whether this is due to 
some quite different disability in the testing situation 
such as increased distractability, visual neglect or lack of 
drive inhibition as described by Brutkowski et al.*4 is at 
present unknown. Further results suggest that the animals 
with frontal lestcns respond more quickly to the dis- 
crimination stimulı when using the eye projecting to the 
damaged side than when using that on the normal side. 
Possibly the response time is insufficient to allow adequate 
examination of tke stimuli. Comparison with the deficit 
in the second group of monkeys and the explanation 
offered for it suggests that the deficit produced in the 
monkeys with frontal lesions cannot be compensated by 
the activity of a similar intact structure on the other 
side, so that interhemispheric communication is not pro- 
moted. These results suggest that the examination of the 
effect of cortical lesions on interhemispheric communica- 
tion is a useful method of exploring aspects of the func- 
tioning of cerebral cortical areas, and a fertile source of 
further problems. 

I thank Prof. J. Z. Young, Dr. J. L. de C. Downer and 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Jupiter’s Great Red Spot 


THe great red spot of Jupiter has puzzled astronomers 
since its discovery in 1857 (or since 1664 if it is identical 
with the feature seen by Robert Hooke). It is generally 
conceded to-day that Jupiter is approximately 80 per 
cent hydrogen by weight}-*, and the best modern evidence 
does not conflict with the assumption that hydrogen 
predominates in the atmosphere of Jupiter to the same 
extent as in the planet’s bulkt. It has proved difficult to 
conceive of an ‘object’ able to ‘float’ in a surfaceless 
ocean® of supercritical hydrogen gas. Therefore the 
suggestion of Hide? that the red spot might not be a 
flotation phenomenon at all but rather a “Taylor column’ 
was an Intriguing alternative. Unfortunately, it has not 
been possible as yet to prove hydrodynamically that a 
Taylor column can be realized iw Jupiter’s atmosphere; 
for one does not know. enough about the hydrodynamic 
conditions of the atmosphere (we shall return to this point 
later). Moreover, certain. observed phenomena appear to 
indicate that the rather restrictive requirements for the 
existence of a Taylor column are not met by the red spot. 
Without here going into these arguments, we merely wish 
to propose a novel and alternative explanation based on 
a theoretical prediction of J. D. van der Waals? which 
has been verified in some detail by Krichevsky and 
Zichs’, Kennedy and Takenouchi® and others. 

Multi-component fluids with one polar component can 
show phase separation over a broad range of temperatures. 
As a rule the temperature range of 1mmiscibility of fluid 
phases begins somewhere between the highest and lowest 
critical temperatures of the pure components and extends 
indefinitely upward, in so far as is known. In two-com- 
ponent two-phase systems the phases generally differ in 
density, but continuous changes in pressure and tempera- 
ture can reverse the sign of the difference in density of the 
two phases. Moreover, there is a finite (univariate) range 
of conditions for which the two distinct phases have equal 
densities®, The two-component system is univariate in 
the sense that one of the two degrees of freedom allowed 
by the phase rule is lost owing to the stipulated equality 
of densities. However, three-component systems (for 
example, hydrogen, helium and ammonia) could show 
decomposition into two phases having equal densities 
over a finite area of the p,T plane. 

Since the atmosphere of Jupiter is predominantly com- 
posed of the non-polar gas hydrogen, though the polar 
gas ammonia is known to be present, we feel that possibly 
the red spot is merely a region where phase separation 
occurs under the condition that the two distinct phases 
have the same density, but different compositions. Hence 
the ‘red spot phase’ would be buoyantly neutral with 
respect to its surroundings—a thermodynamic Cartesian 
diver. 

We anticipate objections to this view, which we shall 
not attempt to meet here. Experiments we hope to see 
forthcoming in the near future may very woll prove that 
a multi-component gas matching Jovian surface conditions 
does not show the behaviour of the systems already 
investigated®®. In that case the objections would stand 
with no rebuttal possible. On the other hand, if phase 
separation does occur in such gases, it is clear that the 
hydrodynamic theory of the Jovian atmosphere may be 
significantly—if not profoundly—affected. We shall 
then present a more detailed set of reasons for our belief 
that the red spot may be, after all, merely a normal 


manifestation of the thermodynamics of multi-component 
fluids. 

We would lıke to underscore the fact that our remark 
concerning the possible effects of the soparation of fluid 
phases on the hydrodynamics of the Jovian atmosphere 
would deserve attention even if Jupiter had no red spot. 
As a concrete illustration of how the phase separation 
phenomena in supercritical gas mixtures might alter 
hydrodynamic flows one can imagine a cylinder in the 
laboratory filled with pure water vapour maintained at 
260° C and the pressure raised from 1,500 to 2,500 bars 
and thereafter reduced to 1,500 bars. Naturally, owing to 
the small displacements, the hydrodynamic mass velocities 
are small and at most of the order of the piston velocities, 
except near the region where the moving piston meets the 
eylinder walls so that the usual local lubrication flows 
would arise. However, if the cylinder is filled with a 
mixture of carbon dioxide (say, 30 per cent by mole) and 
water and the same process repeated, a glance at Fig. 8 in 
ref. 9 shows that the same isothermal cycle in pressure 
would cause dramatic effects. For at 1,500 bars the 
bottom of the cylinder would contain a phase with 17:5 
per cent mole per cent of carbon dioxide, while a lighter 
phase with 50 per cent carbon dioxide would fill the top. 
On compression to 2,200 bars the carbon dioxide content 
of the bottom phase would rise to about 21 per cent and 
that of the phase on top would be depleted to approxi- 
mately 47 per cent. Further compression would again 
lower the mole per cent of carbon dioxide in the phase 
which originally was at the bottom; but then the bottom 
phase becomes less dense, and in general, if the cycle is not 
too rapid, the two phases must reverse positions in the 
cylinder every time the pressure crosses 2,200 bars, 
approximately. Consequently. in this very simple system 
the hydrodynamic regime ıs altered drastically by the 
phenomenon of phase separation. 
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ASTROPHYSICS 


X-ray Emission from Very Dense Stars 


Iw recent years few localized astronomical X-ray sources 
have been discovered by rocket- and balloon-borne 
instruments. To explain the X-ray emission by celestial 
bodies several production mechanisms have been invoked 
such as the inverse Compton effect, bremsstrahlung in a 
‘hot’ plasma cloud, synchrotron radiation and thermal 
emission. 

These attempts have been reviewed by Giacconi and 
Gursky!, by Manley? and by Burbidge et al.’. 
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The purpose of this communication is to consider yet 
another mechanism, which accounts in a satisfactory 
manner for the emission of X-rays from punctual sources. 
It fails, however, to account for the emission from ex- 
tended sources. 

Consider a very dense neutron star such as was de- 
scribed by Hoyle, Narlikar and Wheeler*. They showed 
that for a star possessing rotation, the usual treatment of 
the maximum mass does not apply. One can obtain a 
disk-like structure, of radius a, thickness b, rotating 
around an axis perpendicular to the disk in its centre, 
where the mass M may be made as large as one may 
desire. 

They pointed out that since a neutron star is thought to 
be formed catastrophically, it will arrive at its stable con- 
figuration through large dynamical oscillations, thus 
dissipating a total energy of 1054 ergs for a star of mass 
M=5Mo. 

Such a star, the density of which is of the order of 1015 g 
em~* and the dimensions of which are of the order of a 
few kilometres, will develop a polar magnetic field H of 
the order of 10?° gauss. 

Dynamical oscillations of the main body of a neutron 
star imply oscillations of the associated magnetic field. 
As the density p falls steeply at the surface, the hydro- 
magnetic wave speed v = H/V fno becomes of the order 
of the velocity of light and the oscillations become electro- 
magnetic rather than hydromagnetic. Outside the 
immediate surface of the star, electromagnetic waves of 
wave-length are generated, with }/2m of the order of 
the linear dimensions of the star. 

The polar magnetic field H can be expressed in the 
form: H = H, + 8H cos wt, where H = 10'° gauss is the 
stationary field and 8 cos œt is the variable part of the 
field due to electromagnetic oscillations, with œ = v/a. 

If one relates the magnetic field of the star to its 
angular momentum, it would seem reasonable to admit 
that during the dynamic oscillations of such a disk- 
shaped star the relative variation of angular momentum, 
and thus the relative variation of the magnetic field, is 
of the order of 8H/H = 10-4. 

Although neutrons are dominant in the star, electrons 
and protons are also present. The electromagnetic waves 
of frequency will oxert radiation pressure, particularly 
noar the rim of the star, and will accelerate electrons to an 
average energy of 10° eV. These electrons will be trapped 
in the magnetic field of the star, and will spiral tightly 
around the magnetic lines of force emitting synchrotron 
radiation. 

The tightly spiralling electrons will create a toroidal 
magnetic field H, of the same order of magnitude as the 
polar field H. 

Let n be the average density of electrons creating the 
toroidal field, then : 

ári 4xecnnab 


Bee Bee ys 2ra 


where e is the charge of the electron and c the velocity of 
light (the electrons being relativistic). If a is taken to 
be 3 x 10° cm, and b = a/10, one has n = 1-1 x 10” electrons 
cm, 3 

The radiation pressure at the mm of the disk 1s: 


par = 2:6 x 10!" ergs cm-* 


Each electron thus gains an average energy of : 


ra OR say -2 
i = Tyxioe = 2-4 x 10- erg 
say 10° eY. 

Electrons with an average energy of 10° eV spiralling 
in a magnetic field of H = 10! gauss emit synchrotron 
radiation with a spectrum in which the peak flux has a 
characteristic frequency: 


EN: 
Ve = 1:26 x 10° a (2) = 5x 107 c/s = 2x 108 eV 
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that 18 y-rays of 200 MeV. 
The total power radiated by an electron is: 





2 
p = 10-8 He (= ) eV .sec") = 


mee 
E 3 
1-6 x 107 H2 (2) ergs.sec-! = 0-6 x 10! orgs .sec-? 
The star will radiate a total power of: 
P = Exab'np = 10% ergs.sec"! 
The dynamical energy of oscillations of 105: ergs will 
be dissipated in 101! sec (= 3,000 years). However, if 


one considers the gravitational redshift, which is quite 
high, that is: 


the whole spectrum should be shifted towards the lower 
frequencies and tke time of dissipation of the dynamical 
energy will be somewhat longer. 

The frequency analysis of the synchrotron radiation 
could be obtained if the energy spectrum of electrons were 
known. To simplity matters it will be assumed hereafter 
that the spectrum of synchrotron radiation is of the form 
A/fy (ref. 5). The total power emitted is then: 

f vs 
d 
Pe | Ae A log 

y y 
The lower limit of integration, v,, occurs quite naturally 
at the frequency at which the dielectric constant: 

ne? 
pan ve 

of the electron clcud becomes zero. 





Thus: 
ne? 
y = nara 9 x 10% and v, = 3 x 10! cjs 


For the higher limit of integration, vz, one may take 
2 ve—ve being the characteristic frequency. This is 
justified by the fect that for frequencies higher than ve 
the energy in the synchrotron pulse falls off exponentially 
It can be remarked here that the value of A is very ın- 
sensitive to the limits of integration. One finally has: 
A = Pflog Yev = 3-5 x 10“ ergs.sec~! 
The number of X or y photons emitted per sec by the 
star in the bandwidth Av is then: 
AAy 
T hy? 
photons sece~ (h is Planck’s constant). Consider a star the 
distance of which rom the Earth is R, then the number of 
photons, X or y, recerved at the surface of the Earth 
(neglecting absorption) per unit area during one second 
in a band-width Av is: 
AAy 
4nR? hy? 
As an example, consider a star for which R = 5x 10% cm 
and compute An for X-rays of 5 KeV, that is v = 1-2 x 1078 


An = 


sec}, Assuming = = 0:25, one has Anz = 3-510*X em? 


sec-!. The number of y-photons of 200 MeV received 
under the same conditions will be An, = 10? y em- sec-?, 
These numbers ara somewhat higher than those obtained 
experimentally®.?. If, however, one considers the gravi- 
tational redshift tne discrepancy between calculated and 
observed numbers decreases. The corresponding number 
of optical photons, calculated under the same general 
conditions, is: 


Attipn = 10° ph.cm~ sec-* 


Whereas the absorption by interstellar matter 1s quite 
small for X-rays and y-rays, it is by no means negligible 
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for optical photons. In fact, if account is taken of absorp- 
tion by interstellar matter, the star is scarcely detectable 
in the optical band. 

It is interesting to compute the unattenuated power 
which one could expect to receive on the surface of the 
Earth in the radiofrequency band, above the cut-off 
frequency v, For v = 10! sec, one has Ap = 10-18 W 
m- (ejs). This is a very high figure indeed. However, 
these waves would be strongly attenuated in regions of 
the electron cloud, where the densities are higher than the 
average calculated. In spite of this fact it would be interest- 
ing to observe X-ray emitters in the centimetre band of 
radio frequencies. 
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SPACE SCIENCE 


An Effect of Nuclear-reactor Operation in 
Space 


THERE is considerable development effort towards pro- 
ducing nuclear reactors for SNAP (systems for nuclear 
auxiliary power) applications. Obviously the performance 
of these reactors in the space environment is a matter of 
some concern. 

Both the effect of the reactor system on the space 
environment and the effect of the space environment on 
the reactor system should be carefully considered. 
Recently it was pointed out that a nuclear reactor could 
have a definite effect on its environment while orbiting 
in the geomagnetosphere'; now it appears that the 
environment can have a very definite (and unexpected) 
effect on. the reactor system. 

In particular, the photonic flux from a nuclear reactor 
will produce Compton electrons in nearby material. Under 
planetary conditions, these electrons would dissipate their 
energy through atomic interactions, and then return to 
the immediate vicinity of their origin because of electro- 
static attraction. In space, however, energy dissipation 
1s small enough to be neglected, and magnetic fields will 
at best cause only a small percentage of the ejected 
electrons to follow paths returning them to the reactor 
system, so electrostatic forces must play an especially 
large part in establishing a steady state condition. This 
suggests that the reactor system might achieve a noticeable 
positive potential while in operation. The magnitude of 
this effect can be determined from & few rough approx- 
imations. 

Let us assume that a 1 MW (thermal) nuclear reactor 
is in polar orbit at an altitude of 1,000 km above the 
surface of the Earth. Let us further assume that the heat 
rejection radiator is placed about the reactor as a spherical 
surface. Since the radiator area would be about 120 m? 
(ref. 2), this yields a thin spherical shell (perhaps 2 em 
thick) of 3-1 m radius. At the centre of the shell would 
be located the reactor and reflector. The reactor should 
be no more than 30 cm in radius (assumed spherical here), 
and the reflector would perhaps be 4 em of beryllium. 

It is reasonable also to assume that the average power 
density of the reactor is less than twice that of the power 
density at the reactor’s edge. This provides a power 
density near the reactor’s edge of 4:4 x 10-§ MW jems, 
which in turn yields a fission density of 1-36 x 10% 
fissions/cm3-sec. Each fission can be considered to yield 
7 photons at 1 MeV per photon’. 
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Now 1 MeV photons have an e-folding path length 
in plutonium fuel of 0-7 cm, so the photon production 
region can be taken as 7:9 x 10? cm’. This yields ja 
thin shell source of 7-5 x 10% photons/sec (of 1 MeV 
each). However, geometric considerations should lower 
that figure to about 3-5 x 1015 photons/sec. 

The 4 em of beryllium should attenuate the photons to 
approximately 2 x 1015 photons/sec. So, 2 x 10% pho- 
tons/sec (of 1 MeV each) should strike the inner wall of 
the radiator. If we assume the radiator to be 2 em (of 
aluminium) thick, the photons/sec through the outer 
surface should approximate 1-4 x 10! photons/sec. When 
only those electrons within an electrons e-folding dis- 
tance of the radiator’s outer surface are considered, 
3 x 10! electrons/sec are Compton scattered. 

If we consider further the angular spread of Compton 
scatter, about 5 x 10} electrons/ses of 0-8 MeV maximum 
energy can be considered as ejected from the reactor 
system. If no other factors were considered, the reactor 
system would rapidly approach a positive potential of 
0-8 MV. However, there are other factors which should 
be included. 

Over the reactor’s orbit, there are flux levels of trapped 
electrons and positive ions as low as 10° particles/em? sec 
and lower‘. The positive ions would tend to be repelled 
from a positively charged reactor system, while the elec- 
trons would just as effectively be attracted to the system. 
The large surface area of the reactor system would tend 
to acquire about 1 x 10° electrons/sec. This, of course, 
assumes the very doubtful complete repulsion of all 
positive ions. 

We now have a Compton electron current away from 
the reactor system, and a trapped radiation electron 
current into the system. When the energy distribution of 
the Compton electrons is considered in light of the 
electrostatic build-up, a steady state potential of about 
0-79 MV is found to exist on the reactor system. 

The importance of this potential can be better evaluated 
by noting that the reactor system described would have a 
capacitance of 3-4 x 10-?° farads. So the electrostatic 
energy stored would be 100 joules. 

The discharge of 100 joules might puncture a very thin 
surface; but it would appear that this effect would 
provide merely a nuisance for the case investigated. The 
positive charge would tend to make objects in contact 
with the reactor system surface be repelled from that 
surface, and from each other. 

However, it would seem advisable to determine the 
magnitude of this effect to be expected for the particular 
space mission planned for each nuclear reactor. 
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PHYSICS 


Attenuation of Shock Waves by Cooling 


THe attenuation of shock waves was the subject of a 
where energy loss through heat 
transfer was suggested as the mechanism. 

Experiments conducted by me? have illustrated that 
heat loss from shock waves can be an effective method 
of attenuation. Here, liquid nitrogen was injected into 
shock waves. 
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Fig. 2. Pressure-time record of similar shock wave following injection 
of liquid nitrogen 


Fig. 1 illustrates a pressure-time record of a shock wave 
ina 2 x 1-5in, shock tube. Fig. 2 illustrates the pressure- 
time characteristics of a simular shock wave, following 
the injection into the wave of 3-8 c.c. of liquid nitrogen. 

The total impulse in the shock wavs was reduced from 
46 lb/in®. msec to 31 ib/in®. msec. 

Although the quantities of liquid nitrogen required 
limit the usefulness of this technique on any large scale, 
its use on a small scale would appeer to present many 
intriguing possibilities. 
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Lifetimes of Saturable Absorbers 


Tue use of saturable absorbers such as aluminium 
phthalocyanine for the passive Q-switehing of ruby lasers? 
raises the question of the lifetime of the active molecule. 
We have measured the lifetime of that state of aluminium 
phthalocyanine which corresponds to absorption at or 
near 6943 Å. Similar data for magnesium phthalocyanine 
have been obtained, for comparison with literature values. 

In their theoretical treatment of passive Q-switching, 
Szabo and Stein? point out that this may need modification 
for the case of short lifetimes, and the reservations of 
Armstrong? concerning the effect of short spontaneous life- 
time on the application of Franz and Nodvik’s‘ saturable 
amplifier theory to saturable attenuators also showed the 
need for lifetime measurements to be made in situ or in 
high-flux environments similar to the laser resonator. 
Using the low-flux phase-shift fluorometer method, 
Dmitrievskii et al. have found that the excited-state life- 
times of magnesium and zine phthalocyanines in various 
solvents lie in the ranges 6:5-8:6 nsec and 3:0-4:6 nsec 
respectively. Gires and Combaud® have established that 
the excited-state lifetime of chloro-aluminium phthalo- 
cyanine in chloronaphthalene is less than 10 nsec. 

We have photographed directly tke time variation of 
the fluorescence of a solution of chloro-aluminium phthalo- 
cyanine in chloronaphthalene when excited by a giant 
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pulse from a Q-switched ruby laser. Comparison with a 
simultaneous photograph of the exciting light yielded the 
lifetime. 

The output from a 2 in. x 0:25 in. ruby laser, with 
external reflectors and a Pockels cell Q-switch, was 
focused into a 6 x 10-4 M solution of chloro-aluminium 
phthalocyanine to give a line source of fluorescence about 
0:3 mm wide. Thie was focused on the photocathode of an 
S.T.L. image convarter camera, operating in the streak. 
mode, the line of fluorescence thus constituting the 
effective slit of tha streak recording system. A small 
fraction of the lassr beam was deflected on to an opal 
glass screen giving a spot of 0-2 mm diameter which was 
also in the field of view of the camera. Records were made 
on Kodak ‘Royal-X Pan’ film which was carefully cali- 
brated for density versus relative incident light intensity. 
As there is no reciprocity failure for exposure times shorter 
than 1 msec (ref. 7) this film calibration was performed 
with a xenon flash lamp and standard step wedge. 


(a) 


(b) 
100 nsec 
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Fig. 1. (a) Stationary image; 0 — record, time increasing down- 
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Fig. 2. 


The experimental records are shown in Fig. 1. The 
stationary patterns a show the effective slit during the 
course of the experiment. In the streak mode b the time- 
variation of the laser and fluorescent intensities are shown 
and the delay in fluorescent output due to the lifetime of 
the absorber may be seen by eye. Scattering at 6943 A 
was found indeperdently to be less than 4 per cent. The 
streak records were scanned along the time axis with a 
microdensitometer, and the wave-forms (Fig. 2) obtained 
after applying the film calibration. These show the gross 
effect of a time delay of about 5 nsec, but a more careful 
analysis was thouzht warranted. 

Assuming that che excitation process is a simple two- 
level transition with a single decay process, and that 


It 


“thalene was made and gave 9 nsec, which 
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the number of molecules, n, in the upper 
state is small compared with the number 


in the ground state, then: 


: ñ = PI — n/t 
where J is the normalized imeident mten- 
sity, PI is the rate of induced absorption, 
and r is the lifetume of the excited state. 
The fluorescent intensity Ip is proportional 


“to z and hence, by integrating over times 


t, to ty, we obtain: 


ts 
= Q e - i, 
f Ide 
ty 





ty 
{ Idt 
i 


where Q is a constant. 

The integrals of this equation were 
evaluated for intervals (t, — tı) = 10 nsec 
over the wave-forms of Fig. 2 and the left- 
hand side plotted against the multiplier 
of 1/+. A least squares fit of a straight line 
to these points gave a value of 5-3 nsec 
for + (estimated standard deviation, 1 
nsec). A second set of results gave 4:4 nsec. 

To examine the validity of the method, 
an observation of the ‘hfetime of mag- 
nesium phthalocyanine in chloronaph- 


Fig 1 


is in substantial agreement with the results 
of Dmitrievskii et al., who used different 
solvents. 

A lifetime of 5 nsec is not large compared 
with the usual photon lifetime in a laser resonator and this 
could limit the application of the simple theory of the 
passive Q-switch laser. A quantitative analysis of the 
possible effects of this parameter is at present being carried 
our in these laboratories. 
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Radial Motion in the Schwarzschild Field 
and the Issue of Gravitational Collapse 


ACCORDING to present relativistic ideas, a test particle 
released from rest at a distance rmax from a central point 
mass m appears (from the point of view of an external 
observer) to slow down as it falls toward the Schwarzschild 
radius 2m, reaching it only asymptotically. This is in 
contrast with the Newtonian picture of a rectilmear 
oscillation with half-period z(r3max/2m)!/?. 

_ In fact, the proper time required to reach r = 2m 18 
finite, and the particle’s career can be explored beyond 


‘=this. . But ıt is thought that, having once disappeared 


, dropped in from outside. 


behind the observer’s event horizon, the particle remains 


- permanently sealed off from optical observation. It is 
> concluded that the Schwarzschild sphere acts as a ‘uni- 


directional membrane’! for particles and _ light-pulses 
Since both the field equations 
and the static boundary conditions are reversible, this 


'; conclusion (while not logically impossible) is difficult to 


** understand. é 
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The uz plane, showing null (wavy) lines and future null cones m the domain 
{r> 2m) where they can be defined Accepting a Euchdean topology for space-time, it 18 
natural to interpret the figure as a map of the umon of the 2-spaces 6=¢,, ọ = Cg, and 8 = 
Tom ly, P= A+ ey 
of a 3-space £ = const., and N, N’ are to be identified The light wave LN’ M’ sent radially 
inwards by a stationary observer ab r>2m reaches the diametrically opposite observer 
after a co-ordinate time-lapse 4¢Av2r Radial light-signals emitted by a freely falling clock 
at successive moments A, B, C, D, E are recerved by an external stationary observer at 
A*, B*, C*, never, and E*, 

inverted order, and may be said to be red-shifted ito negative frequencies 


Thus, M, Mf’ are events occurring at diametrically opposite points 


Light signals emitted along section DE are received in 


Exactly the same considerations apply to the homolog- 
ous gravitational collapse of a pressure-free sphere of mass 
m, since particles on the surface are effectively test par- 
ticles in the exterior Schwarzschild manifold V(m)}. One 
encounters the same disparity between the Newtonian 
picture of a reversible pulsation and the strange 
but generally accepted? contemporary description’ of 
asymptotic shrinkage to r = 2m and isolation from the 
external observer. 

The current relativistic conception rests on the implicit 
assumption (for which no justification is apparent) * that 
events occurring ‘later’ in the history of a test particle in 
V¥(m) also occur later m the history of an external observer. 
I shall present arguments to support the contention that 
this assumption and the conclusions derived from it are 
fallacious. 

The line-element: 

ds? = 2du dz + (z?7/2mr) du? + r? (d0? + sin 70 do?) 

r= 2m + uz/4m 
is regular for r > 0 and convertible to the standard 
Schwarzschild form by the substitution: 


t = r — 2m in(u/2z) 

in the domain (uz > 0) where the co-ordinate ¢ is defined. 
It therefore represents an analytic extension of the 
Schwarzschild manifold, and it may be shown to be 
geodesically complete. 

For a test particle started from rest at T = Tmax = 
2m esc?a, the (analytically extended) parametric equations 
of the path are: 


r(0) = 2m sin?ð csc*a 
ul) = 4mcscasin ( O + «) expG 
z(0) = 2m cacasin (0 — a) exp (—G) 
where: 


4sintaG = 1 + eseasin (20 — a) — 
2cot « (1 + 2 sin*«)@ 


* An appeal to extraneous considerations of causality does not justify 
recoiling from a consistent ah onci of the motion according to the 
principles of general relativity. Relativity is not automatically consistent 
with intuitive preconceptions of causality. The new description aeaa 
here indeed appears to violate causality, though only within a radius com- 
parable with the Schwarzschild radius. 
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max == 2m this time-like geodesic is a closed loop 









Whe 
Fig. 2). This means that the accustomed global assign- 
wnt of a time-arrow breaks down inside the Schwarz- 
schild sphere. That is, each individual observer traverses 
“his world-line in a definite sense, so that the relation 
‘sarlier-later’ retains a meaning for him (except at isolated 
points); however, it is impossible, in the domain r < 2m, 
to distinguish ‘past’ and ‘future’ halves of the null cone in a 
globally consistent way*. 
In general, the motion is oscillatory, the co-ordimate 
time between successive maxima being: 





At = 2rm ese*a cos «(1 + 2 sim?) 


For rmax > 2m this formally agrees with the Newtonian 
2 result. 
SCCA remarkable feature of the motion is the existence of 
events such as X (Fig. 2) at which the world-line mtersects 
*.-itgelf. For large 7 max, the radial co-ordinate at this event 
has the value: 


r(X) ~ 2m + 4m exp (— 2/208) (a-> + 0) 








e well-known paradoxes‘ associated with self-collision 
re invalidated if one assumes that exposure to conditions 
at the singularity r = 0 erases every type of organized 
- structure, in particular (human or mechanical) ‘memory’. 

A detailed description of the homologous collapse of a 

_ ball of dust would be complicated, However, the preceding 
-equations apply to the geodesics followed by particles at 
surface, and therefore give a correct account of the 
perficial aspects of the motion. The history of the 
urface is thus depicted by an external observer as a 

shaped. curve of the form BXF . . . (Fig. 2). This 
is the ball is observed to be pulsating elastically, 
imal radius ryax and a minimal radius between 
meng, 2-5568 m. 

a sphere of 10° solar masses collapsing from the 
\andrasekhar radius of instability*, the period of pulsa- 
‘js about 20 years. In practice, the pulsations will be 
slowed by anisotropies and viscous effects, and quickened 
“by loss of amplitude due to radiation, neutrino emission 
and ejection of matter streams with escape velocities 
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mpressions (not to scale) of the time-like geodesic paths of a test particle with 
N...) and a particle with rmax > 2r (the curve BCDE .. . ). 
(DE... may also be regarded qualitatively as the history of a massive 
hell which has been held at rest (section AR), then released and allowed 
own weight, as seen in the exterior Schwarzschild space. 
yposite points of the figure should be identified, and the first self-coHision 
Y: buta point X* in the first or third quadrant obtained by intersecting the 












(mainly at the minimal radius). It seems that. 1 
picture offers hove of understanding the extended 
times, light variation and coherence of flashes whieh hi 
been such puzzling features of the quasars. 
The final stage in the evolution of such an objeet super- 
venes when the amplitude of the pulsation has died down 
to the Schwarzsenild radius. The interior is m a state, 
characterized by multiple  self-collisions, which can 
properly be termed primordial chaos. It is interesting to- 
speculate that ir this condition the body is thermally” 
dead. All irreversible processes must have ceased, since 
there is no preferred time-direction in which they could 
operate. ea. 
Fuller accounts-of this work will appear shortly in The 
Physical Review end Il Nuovo Cimento. ee 
Bes 
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GEOLOGY 
Terrestrial Origin of the Igast Objects 


THIS communication presents evidence for the terre 
trial origin of the objects which allegedly fell. from i 
sky at Igast, Estomia, in 1855 (ref. 1). T o 

The Igast objects have been of interest in relation. to 
the tektite problem, because if it could be proved. thi 
they were of extraserrestrial origin, they would be the fi 
such material with the chemical composition of a. 

It was suggested by us? that, since much of the Ig 
material referred 70 in published papers could be sho 
to be spurious, the genuine Igast specimens 
showd be re-examined, Through the court- 
esy cf Dr. M. Hey and Mr. M. Frost of the 
British Museum (Natural History) we were 
able to make a re-examination of specimen 













No. 26271 (British Museum (Natural History)», 
number). ae 


The specimen, which is part of the British 
Museum (Natural History) collection of, 
pseudo-meteorites and is so labelled, weig. 
about 1-5 g. It is brownish lavender m: 
most places, but is reddish-brown im Azone — 
a few millimetres deep along one side and 
around some of the vesicles. The material 
is chiefly vesicular glass, but under. the < 
micrescope can be seen to grade into a”. 
sintered mass of quartz grains. Several 
individual quartz grains and clusters of 
quarz grains are present. ates: 

The specimen examined is definitely one. 
of the original ones collected by Grewingk ~ 
and Schmidt (1864) as shown by its resemb- “ 
lance to their description and by the Museum, 














* 


label. which shows that it was acquired: i 
1864. directly from Grewingk. (In t 
1880s the Russian dealer, J. Siemaschl 
distr:buted specimens labelled Igast which 
were not acknowledged by Grewingk and 
were entirely different in their character- 
istics.) However, the specimen was 
pletely fused in the Earth's atmo 
rather than being superficially melted, as are 








Tn this case, 


-. 
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meteorites. Evidence for this conclusion consists of the 
presence of abundant iron oxide throughout the specimen 
and the absence of a fusion crust. There is a smooth 
quenched skin which might be mistaken for a fusion crust, 
but is clearly not one because it grades into, and is identical 
with, the smooth surface lining vesicles. 

This Igast specimen closely resembles the pseudoscoria 
formed by burning coal and lignite beds, such as described 
by Lydon’ and others. It particularly resembles material 


~ discovered by Elbert A. King in Eocene sediments of the 


coastal plain near Huntsville, Texas, and shown by field 
relations to have been formed by burning lignite seams. 
Such material is much more common than formerly 
realized, since numerous specimens have recently been 
recovered from Iowa and surrounding states in a search 
for possible extraterrestrial materials resembling the 
Igast objects (Table 1). 


Table 1 
Igast? Iowa W-9 Iowa W-21 
RIO 80-9 63-4 67-3 
Al,Os 9-9 16-5 190 
Fe O: t D4 |18 1-0 
Feo | : |56 32 
MgO 16 3-2 26 
Cad 0:75 28 008 
a NaO 0-76 ll 074 
K,O 3-1 265 4+7 
H,O— n.d. 0-35 012 
H0 + n.d. 1-4 0-61 
O: n.d, 0-78 57 
P,0 n.d. 0-24 015 
MnO 0-20 0-21 0-04 
co n.d. 0-07 <(05 
Ignitionloss 032 aa wi 
Analyses of Iowa pseudoscorias by Rapid Rock Analysis Section of the 
U.S. Geological Survey. 


We thus conclude that the Igast objects are of terrestrial 
origin and are probably pseudoscorias formed by burning 
coalbeds. 

We thank Dr. M. Hey and Mr. M. Frost of the British 


_ Museum (Natural History) for their co-operation, Mr. 


E. A. King of the Manned Spacecraft Center (National 


_ Aeronautics and Space Administration) for bringing the 


exas pseudoscorias to our attention; Mr. P. Nielsen of 
Missouri Valley, lowa, and Mrs. D. Cooper of Blencoe, 
Iowa, for specimens; and the U.S. Department of 
Agriculture for its collaboration in the search. 
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Metamorphic Differentiation in Crenulated 
Schists 


Ir has recently been suggested by Rast! that the 


common development of modal variation in structures of 


the strain-slip* or crenulation cleavage? variety in quartz- 
mica schists is essentially a matter of mica recrystalliza- 
tion in “the points of maximum flexure” of the earlier 
developed schistose fabric. I suggest, however, that on 
the contrary in most cases the mobile constituent is 
silica, and that it is the recrystallization of quartz that is 
the basis of this type of metamorphic differentiation. 
Such a view has been expressed already by Voll*, who 
attributes a high surface energy to the junction of quartz 
and mica compared with quartz/quartz junctions or 
quartz and other minerals. In line with these views of 
Voll and the petrographic evidence, it seems reasonable 
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to suppose that where a schistose quartz—mica rock is 
folded and develops zones of steeply dipping and highly 
strained schistosity in one set of limbs of asymmetric 
folds, the quartz diffuses from these zones and migrates 
to more gently dipping and less strained limbs and 
crystallizes there. 

The typical crenulated schist contains asymmetric 
folds resembling kink-bands* and shows mica concen- 
tration not where there is the greatest flexure of first 
generation mica, as claimed by Rast, that is, along fold 
axial planes, but in the alternate limbs of the folds. Com- 
parison of such rock with that in which the crenulation 
structures are not developed shows that the mica pro- 
portion in broad and only moderately rotated limbs is 
very close to the proportion in rocks without the crenu- 
lations, but that the narrow and strongly rotated limbs 
show pronounced deficiency of quartz. In thinly layered 
quartz—mica schists, quartz-rich layers may be followed 
into the steep limbs of such folds to thin greatly as the 
mica-rich layers on either side almost merge, but to thicken 
as the next broad limb is reached. 

It is characteristic of mica-rich zones such as those of 
the folds of Fig. 1 to have as good a schistosity as limbs 
rich in quartz, and there is no difficulty in explaining the 
precise continuity of mica fabric by proposing silica 
migration and quartz recrystallization as, throughout the 
folds, the mica fabric is an arrangement directly inherited 
from an earlier phase of deformation and crystallization. 
In a hypothesis of mica recrystallization, however, there 
is more difficulty, as the common situation of Fig. 1 would 
then suggest the need for a very strict control of the 
attitude of the new micas, the crystallization of whieh 
supposedly took place only under the control of residual 
stresses“. This is not to sey that the diffusion of micaceous 
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components does not take place, but that these common 
cases of differentiation do not seem to show it. The 
hypothesis of quartz migration allows in addition a ready 
explanation of the development of differences of quartz 
fabric in the two limb types of asymmetric folds where 
grains in the two limbs often are of a different shape’:*. 
Thus, difference in mineral shape accompanies mobility of 
constituents. 

Fig. 2 shows a rock in which crenulations are almost 
symmetrical. Here there is no formation of fold limbs 
alternately rich in quartz and in mica, but instead of 
quartz-rich zones along the axial plane traces. Here it 
seems that, since all limbs lay equally obliquely across the 
principal stress and were equally strained, silica-seeking 
areas of minimum strain concentrated in the fold hinges. 

Thus the petrographic evidence is in favour of silica 
migration and quartz recrystallization rather than mica 
reorystallization as this allows erenulation differentiation 
(a conclusion suggested by Dewey® for kink bands). The 
ready diffusion of silica in a schistose quartz—mica fabric 
during deformation. thus seems to be a most important 
element in the metamorphic differentiation of such rocks, 
and post-kinematic mica recrystallization is relegated to 
a role in developing other mica arrangements not pos- 
sessing the continuous and well-marked schistose arrange- 
ment common to those illustrated here. 


R. NICHOLSON 
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CHEMISTRY 


Fluorescence Quantum Yield of I-Dimethyl- 
aminonaphthalene-5-sulphonate 


FLUORESCENCE quantum yields may be determined with 
spectrofluorometers simply by comparing the corrected 
emission spectrum of an unknown substance with that of 
a compound of known. fluorescence yield!, provided that 
the relative numbers of photons reaching the solutions 
are known. Recently, 1-dimethylaminonaphthalene-5- 
sulphonate (DNS) in water at 25° was used by Churchich?.® 
as a fluorescence standard which was assumed to have a 
quantum yield of 0:53 as reported by Weber and Teale‘, 
The assumption that this quantum yield figure was correct 
was also made by Slayter and Halls for the purpose of 
calculating the efficiency of energy transfer in protein- 
dye conjugates. The purpose of the present communica- 
tion is to direct attention to the fact that while DNS may 
be a suitable fluorescence standard, the quantum yield 
figure of 0:53 is incorrect. In fact, Bowen and Seaman’ 
have already published data indicating that the quantum 
yield of DNS in water at 20° C is only about 0-29. These 
authors found that the quantum yields were higher in 
solvents of lower dielectric constant and took pains to 
exclude oxygen quenching by purging the solutions with a 
stream of carbon dioxide. Measurements of DNS quantum 
yield have been performed recently in this laboratory. 

An Aminco-Bowman spectrophotofluorometer (American 
Instrument Co., Silver Spring, Md.) was calibrated by 
modifications of standard techniques (see ref. 7); and the 
fluorescence quantum yields were measured by comparison 
with quinine—it is well established that the latter has a 
quantum efficiency of 0-55 at 25° Cin 1 N sulphuric acid?)®. 
The apparatus and its associated instrumentation have 
been described previously®:?°. 
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Table 1. QUANTUM YIELDS OF 1-DIMETHYLAMINONAPHTHALENE-5-SUL- 
PHONATE AT 23° 
Salvent Q 

Nias 7 een, vith N;) 0387 + 0-01 

0:36 + 0-01 
OB M Nae: 033 + 001 
10M NaHCo, 0-31 + 0-01 
95 per cent ethanol (purged with N3) 072 + 002 


The results obtained are shown in Table 1. DNS was 
found to have a quantum yield of 0-37 in water, but the 
fluorescence was quenched in bicarbonate solutions. The 
value Q = 0-3] in 1 M sodium bicarbonate is reasonably 
close to that reported by Bowen and Seaman‘, so it can 
be assumed that their low figure was due to quenching as a 
result of the use of carbon dioxide to purge their solutions 
of oxygen. These authors also showed that the quantum 
yield of DNS in ethanol at 20° C, also purged with carbon 
dioxide, rose to about 0-75. This figure compares well 
with our measuremants in ethanol purged with nitrogen. 
In ethanol, then, there is no appreciable quenching by 
carbon dioxide. Since the solubility at 25° C of carbon 
dioxide in ethanol is about four times that in water, 
the quenching observed in aqueous solutions is probably 
due to the HCO; species. 

DNS in 0-1 M scdium bicarbonate has now been used 
in this laboratory as a fluorescent standard (Q = 0:36), 
and the results are the same as those obtained when 
quinine is used as the standard. DNS is easily crystallized, 
reasonably stable, and there is little overlap of the absorp- 
tion and emission kands. Experience with our instrumen- 
tation leads us tc agree with Parker and Rees! that 
determinations of quantum yield utilizing a comparison 
with a standard areprobably more accurate than ‘absolute’ 
methods which attampt to measure Q directly. 
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Cadmium-I€9 in New Zealand Rainwater 


Capmium-109 has been detected in rainwater collected 
at the Institute of Nuclear Sciences site, Lower Hutt, 
New Zealand. ‘This isotope is presumed to have been 
produced during the high altitude nuclear detonation, 
‘Starfish Prime’, carried out’ over Johnston Island on 
July 9, 1962. The cadmium-109 was introduced at an 
altitude of 400 km to investigate distribution and fallout 
for debris injectec. at the outer edge of the ionosphere’. 

Cadmium-109, which has a half-life of 470 days, decays 
by electron capture to silver-109m (t4 = 40 sec). In the 
experiments to b2 reported the specific activity of the 
cadmium-109 in the samples was determined by measure- 
ments on the 22-25-keV K X-rays which follow the 
electron capture process and which also arise from internal 
conversion of the 88-keV radiation in the decay of silver. 
109m. 

Measurements rave been made on monthly rainwater 
samples collected between April and October 1964. 
Initially samples were collected in a stainless steel vessel ; 
this was later supplemented by a polythene-hned tray. 
Both vessels yie-ded similar activities ın the October 
collection, but tae September results are significantly 
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different. The reason for this discrepancy is not yet 
understood. At the beginning of each moath the bottoms 
of the collectors are covered with distilled water and 
appropriate carrier solutions added for the radioisotopes 
now being examined (caesium-137, strontium-90, barium- 
140, certum-144, cerium-141, cadmium-109). For cadmium- 
109, 10 mg cadmium as sulphate isused. At the end of the 
sampling period, the rainwater containing the carriers 
and their associated activities is transferred to the labora- 
tory where the cations are absorbed on ‘Dowex 50 x 8’ 
cation exchange resin at 80° C. To remove cadmium and 
the alkali metals, the resin column is eluted with 0-7 M 
hydrochloric acid and cadmium is associated with sodium 
in the early part of this elution. The cadmium fraction is 
evaporated to dryness and the residue: redissolved in 
0:25 M hydrochloric acid. Cadmium 1s then precipitated 
as sulphide by passing hydrogen disulphide through the 
solution. The precipitate is coagulated by heatmg on a 
water bath, and filtered on to a tared I-cm diameter 
No. 42 Whatman filter paper disk, dried with acetone, 
and re-weighed. The filter paper disk and cadmium sul- 
phide deposit ıs sealed by covering with transparent 
plastic tape. Blanks have been prepared from the carrier 
solution. 

Since November 1964 no cadmium has been recovered 
because an unusually large amount of calcium, which was 
present in the ramwater, caused the cadmium to be 
removed from the ‘Dowex 50° resin column during the 
cation absorption process. 

The counting technique has been improved during, the 
course of the work to be reported; the following procedure 
is now being used. To minimize errors which could arise 
from background variations a sample changer is used; this 
alternately moves a sample and a blank into the counting 
position. The pulses from the detector are routed to 
different segments of a pulse height analyser, the appro- 
priate segment being determined by the position of the 
sample changer; sample changes are made every 40 min. 
Counting is carried out using a 0-080 in. thick x 0-5 in. 
diam. Nal(Tl) detector and a 14 stage photomultiplier. 
An X-ray spectrum from a 148-]l. rainwater sample col- 
lected during October 1964 is shown in Fig. 1. This 
spectrum was obtained from a 2,040-min run with the 
counting time equally divided between sample and blank. 

In an attempt to prove that the photopeak shown in 
Fig. 1 does mdeed arise from cadmium-109 the October 
rainfall sample was ignited to remove the filter paper and 
plastic tape covers. The residue was digested with a few 
ml. of aqua regia on a water-bath and finally taken to 
dryness on a hot plate. The residue was dissolved in 
0:25 M hydrochloric acid and cadmium precipitated as 
sulphide. The precipitate was filtered on to a tared 1-cm 
diameter No. 42 Whatman filter paper, dried with acetone 
and re-weighed. The cadmium sulphide deposit and filter 
were sealed with plastic tape. The specific activity of the 
treated sample was essentially the same as the original. 

Identification based on the decay of the samples is being 
carried out. Measurements were made on the April 


Table 1 


Collection |Col- Volumeof Cadmium Fraction Activity 
date lector rainwater carrier of total (counts/min/1,) 
(l recovery deposition 
(per cent) 
April Stainless 412 81 1 0-185 + 0-010 
1964 steel 
May Stainiess 694 87 1 ~ 0-002 + 0015 
1964 steel 
June Stainless 813 100 0 66 0014 + 0-015 
1964 steel 
July Stainless 75:2 100 0-44 0031 + 0-015 
1964 steel 
August Stainless 115-8 41-2 1 09075 + 0:015 
1964 steel 
September Poly- 157-0 84 1 0 097 + 0:008 
1964 thene 
erg 147-8 100 1 0-047 + 0008 
stee 
October Poly- 429 21-8 1 0-2064 + 0-080 
1064 thene 
Stainless 40-4 100 1 -7 0220 + 0014 


steel 


NATURE 


January 1, 1966 VOL, 209 


120 
100 
80 


60 


Counts/channel/1,020 min 


40 


20 





Channel No. 


Fig. 1. Pulse height spectra obtained from September 1964 rainwater 
sample (x) and blank (@). The arrow indicates the expected position 
of the X-ray peak from cadmium-109 


sample during July and August 1964 and again in Feb- 
ruary 1965. During the intervening period the activity 
had decayed by a factor of 0-807 + 0:153 which is in 
good agreement with the factor 0-766 obtained assuming 
a 470-day half-life. 

The results obtained so far are listed in Table 1. The 
results have been corrected for decay of the samples be- 
tween collection time and counting. In evaluating the 
correction factor we have arbitrarily assumed that all 
the sample was collected on the first day of the month. 
The efficiency of the y-ray spectrometer was determined 
using a cadmium-109 source kmdly provided by the 
Health and Safety Laboratory, U.S. Atomic Energy 
Commission, New York. 

The activity concentrations of the measured samples 
are of the order predicted by Salter}. 

G. J. McCatium 
R. N. WOODWARD 
Institute of Nuclear Sciences, 
Lower Hutt, New Zealand. 
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Crystallization Kinetics of [:3:5 Tri-a- 
naphthyl Benzene 


Some years ago an examination! of the physical proper- 
ties of tri-a-naphthyl benzene revealed that this com- 
pound exhibits unusual behaviour, spontaneously forming 
a hydrocarbon glass on cooling. It was also noted that 
the pure material (which is non-polar) could also be 
crystallized with difficulty. Recently, more extensive 
investigations of the physical properties of this material 
have led to significant results, particularly in relation 
to the nature of the transport phenomena experienced in 
viscous flow and crystallization. 

A. detailed investigation has been made of tho kinetics 
of crystallization, from temperatures a few degrees below 
the melting point (Tm = 472° K) to within 25° of the glass 
transition temperature (Tg = 342° K). Over this interval 
a gradual transition in morphology, ranging from single 
crystals to spherulites, is observed as the temperature is 
lowered. The crystal growth rate varies over six logarith- 
mic decades in this temperature span and passes through 
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& maximum at T max = 448° K. Viscosity measurements? 
(covering fifteen logarithmic decades in viscosity) made 
through the same temperature range have enabled us to 
test the validity of some aspects of accepted theories of 
erystallization®* according to which the crystal growth 
rate, G, is given by: 


G = G, exp — AF*/kT oxp — AG*/kT (1) 


Here G, is a parameter considered constant, AF *t repre- 
sents the activation energy characteristic of transport 
across the liquid-crystal interface (usually taken as the 
activation energy for viscous flow in the liquid). AG* 
is @ measure of the energy required to construct a stable 
nucleus of the appropriate geometry. 

We find that a model invoking coherent surface nuclea- 
tion‘ is adequate for our analysis. In this model, B is a 
constant and the undercooling, AT = Tm — T. The 
transport term, rather than having the form for an 
activation process, is better represented by a Vogel relation- 
ship’. This relationship is derived from, and is compatible 
with, free volume concepts. Under these changes, equa- 
tion (1) becomes: 

BT m 


a= mop (~ pier ar O 


By a Wiliams-Landel-Ferry analysis® of the crystal 
growth at large supercoolings between Tg and Tmax 
values of the constants C and T œ are obtained. Then re- 
arranging equation (2) and plotting log G + 23080 T'S) 
versus 1/7 AT gives an approximate value for B. With 
this derived value of B, the temperature dependence of 
the transport process involved in crystallization can be 


written as G’ = G exp Go) With these G” values, a 


more accurate estimate of C and T œw is made. In turn, a 
better value of B is obtained. Utilizing the deduced 
constants from this- truncated iterative process, we find 
that we can fit all the crystal growth data by equation (2). 

Fig. 1 shows reduced plots for G’ and viscosity data 
over the same temperature interval. The temperature 
dependence for viscous flow and transport-dominated 
crystal growth G” differ substantially. The present study 
clearly demonstrates that it is not correct to use the 
temperature dependence of viscous flow to describe the 
crystal growth of 1:3: 5 tri-a-naphthyl benzene. 

Over the temperature range where a free volume expres- 
sion fits the results, the calculated parameters’ for viscous 
flow are b = 5-0, vo = 0-807 c.c./g and To = 200° K: 
for crystal growth b = 0:84, v, = 0:848 c.0./g and Ta = 
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Fig. 1. Temperature dependence of reduced viscosity and transport 

dominated crystal growth rate of 1:8:6 tri-a-naphthyl benzene 

(reference temperature AI C). ,Subsorint 8 indicates value of G’ 
and 7 a 
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300° K. Here b is the Doolittle parameter? and vọis the- 
occupied volume’. According to Cohen and Turnbull”, A 
b 18 a measure of the minimum hole size necessary for mass . 
transport. The fact that 6 for viscous flow is the larger 
indicates that more co-operative interactions are necessary 
for flow than for crystal growth. IET œ is the temperature 
where the effective free volume for a process disappears 
(under equilibrium liquid volume which is unattainable in 
reality), then it may be concluded that between 200° and 
300° K viscous flowis possible, whereas crystal growth is 
not. In contrast, as higher temperatures (Fig. 1), where 
b is the dominating influence in determining the severity 
of the temperature dependence, then mass transport in 
viscous flow changes more rapidly than it does in crystal 
growth. It appears reasonable that v, for crystallization 
should be the larger because the crystal substrate is space- 
consuming and the-eby lowers the local probability for 
density rarefactions near the crystal interface. 

Although these results apply specifically to a single 
compound, they may have implications relating to the 
behaviour of other erystalline materials. 

J. H. M. thanks the Office of Naval Research for 
contract Nonr 2693(00) and D. J. P. acknowledges support 
from the National Aeronautics and Space Administration. 
under grant NsG 147-61. 
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Covalent Radii of Noble Gas Atoms and 
Position of Hydrogen in the Periodic 
System of Elements 


In connexion with the discussion initiated in the article 
by Dash! on the position of hydrogen in the periodic 
system of elements, I wish to say that one cannot disagree 
with the critical nozice of Hawes?, who has stressed that it 
is not correct to express the ‘atomic size’ of members of 
the noble gas family in terms of their van der Waals radii 
(the only radii which are conveniently measurable) while for 
other elements (in the comparisons presented by Dash) 
covalent or metallic radii are used. Although, as Dash‘ has 
stated in his reply, the noble gas elements do not form 
homopolar covalert aggregates, the discovery during 
1962-64 of a large number of noble gas compounds makes 
possible nowadays the estimation of covalent radii for these 
elements on the basis of their heteroatomic compounds. 
Such an attempt hes been made by myself and colleagues‘. 

First, the electronegativity (X) of noble gas elements 
has been computed using the Mulliken method and 
expressed in Pauling’s scale according to the equation: 

= (I + A)/2 x 2:78, where J is ionization potential, 
A, electron affinity. The following values have been 
obtained: Xye = ©°33, Xwe = 3°73, Xar = 2°65, Xkr = 
2-31, Xxe = 1:94, XBa = 1-67 (for comparison: Xyp = 
3-78, Xa = 3-03, Xer = 277, Xy = 2-47, Xo = 271). 

Afterwards, using our own modification of Batsanov’s® 
method, the avereged values of electronegativity (AX) 


and the averaged values of ionicity degrees (i) have been 
computed for Xe—F and Xe—O bonds in the known 
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compounds XeF,, and XeO,, where n = l, 2, 6 
(the degree of ionicity has been calculated by the e Hanney 
and Smith equation: ¢ = 0-16AX + 0-035 (AX)?; for 
the increasing n values the starting value of xenon elec- 
tronegativity increases gradually, f for example, from 1-94 
in XeF to 2-16 in XeoF,, while AX and 7 values decrease 
respectively). Then, using for the Xe—F bond-length the 
known Schomaker and Stevenson formule in the form: 


vXeF(in XeFn) = 7XeGn XeFn-,) T 
ry — 0-09 [Xp — X xecin Xern)| 


and for the Xe—O bond-length an analogous formula, and 
also the experimental values of these bond-lengths in the 
species: Xek’,, XoF, XeO;, Xe04-, and the known covalent 
radius values of fluorine (rg) and oxygen (rg), the following 
values for the average covalent radius of xenon atom have 
been obtained: 


at single bond 7xe-) = 1:41 A 
at double bond 7(xe=) = 1:18 A 


The covalent radius of xenon (1-41 A), computed in this 
way, is only about 6 per cent larger than that of the 
preceding element—iodine (1-334 A). It seemed more 
reasonable to evaluate the covalent radii of the other noble 
gas elements analogically, that is, increasing the values 
for the preceding halogens about 6 per cent, than to 
assume, like Waters and Grays, that the formation of an 
octet causes no expansion of the electronic shell, or to add, 
like Nesbet’, a constant correction 0-10 A to the covalent 
radius of halogen directly preceding the given noble gas 
element. The values of covalent radii, estimated in this 
way, are: 


Ne Ar Kr Xo Rn 
(0-76 A) aooi) © 221A 141A 1-55 A 


Although these values’ are much less than those of van 
der Waals radii used in Dash’s communication!, in 
accordance with his expectation’, taking into account 
such corrections does not change the general nature of 
periodic relationships shown by the atomic radii of 
elements plotted as a family of curves dependent on the 
principal quantum number. In particular, the slope of 
line halogen~noble gas element on Dash’s graphs remains 
the same as that of line hydrogen-helium, and remains 
the reverse of the slopes for lines drawn for all the other 
pairs of s orbital elements (lithium—beryllium, sodium- 
magnesium, etc.). This supports the uniqueness of the 
first quantum shell emphasized by Dash. As is easily 
proved, besides the covalent radii and boiling points 
the melting points of elements, plotted as a famuly of 
curves dependent on the principal quantum number, also 
show the same regularities. 

The other suggestions of Hawes’, that one can find the 
specific properties of hydrogen that would make possible 
the comparison of this element with any desired element 
or family of elements in the Periodic Table, and particu- 
larly the suggestion of considering the hydrogen as a very 
light member of Group IVb (carbon family), seem only 
partly true. 

The uniqueness of the 1s (ref. 1) position of hydrogen, 
justified by energy conditions (ionization potential and 
constant energy difference (CED) (ref. 8), cannot be called 
into question. Some similarity of hydrogen to carbon, but 
not to other elements of the carbon family, is expressed 
not only in the near electronegativity values (Xy = 
2-1; Xo = 25 in Pauling scale), what has been stressed 
by Hawes’, but mainly in the fact that only these two 
elements, unique in the Periodic Table, use in their com- 
pounds all their disposable orbitals in the appropriate 
for their principal quantum level. In the case of these two 
elements, their orbitals are exactly half filled. These 
conditions are not obeyed for heavier members of Group 
IVb. 
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Moreover, the electronegativity of carbon is very near to 
the arithmetical mean of electronegativity (X) of extremely 
electropositive caesium (Xos = 0-7) and extremely electro- 
negative fluorine (Xp = 4:0). As shown by Haiduc’ this 
is the condition of homoatomic as well as heteroatomic 
catenation. The former is shown only, beside carbon, by 
sulphur (Xg = 2:5), selenium (Xgp = 2:4), and iodine 
(Xr = 2-4) in polyiodides; the latter is appropriate for 
about 65 pairs of elements of different electronegativities, 
but which obey the Haiduc condition X = 25 + 0-35. 
Such catenation leads to the formation of chain and cyclic 
structures by alternation of elements. This capacity of 
carbon to form homogeneous chains, taken with the specific 
properties of hydrogen, means that carbon and hydrogen 
bind readily together, and form unusually numerous, 
nearly pure covalent, mother hydrocarbon systems, 
thermodynamically stable and moderately reactive. They 
provide the millions of organic compounds characteristic 
for the alive nature. The richness of forms which are 
known, uniform and simple (in sense of types of chemical 
bonds), has contributed to and exaggerated the role of 
electronic octet and binding pair (cf. ref. 10). 

This is the limit of the structural similarity of carbon 
and hydrogen atoms, however; their physical and chemical 
properties differ from those expected for the true chemical 
analogue or homologues. 

On the other hand, the structural similarity of hydrogens 
(181) and halogens (ns*p5), and therefore also the similar- 
ity of their properties, as stressed by Dash}, arising from 
the fact that these elements require attraction of one 
electron to get the especially stable even-electron noble gas 
configuration, seems to be proved. 

Moreover, this can also be said of the uniqueness of the 
first quantum shell (H-He) as compared with whole 
periodic system, as well as of some uniqueness of the second 
shell (Li-Ne) as compared with the next ones. This is 
evident in the properties of second period elements some- 
times very different from those of their heavier analogues. 
This is a consequence of the energetic relations, which 
manifest themselves, among other things, in the values of 
constant energy difference, CED, also computed by Dash 
(ef. Table 2, ref. 8). 
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Labelled Products from the Internal Radiolysis 
of Liquid Cyclohexane saturated with 
Tritium Gas 


ALTHOUGH the fate of the secondary electron in the 
radiolysis of water has been discussed for many years, 
most workers have assumed that 1t returns to the parent 
ion in condensed saturated hydrocarbon systems and have 
interpreted radiolysis data in terms of excited molecules 
and free radicals. However, the occurrence of ion- 
molecule reactions in such systems has been discussed by 
Libby? and Williams?, both of whom have put forward 
indirect evidence for such reactions*-*. The action of 
several solutes has been interpreted in terms of secondary 
electron scavenging?*, and Freeman? and Allien! have 
shown by conductivity measurements on irradiated 
cyclohexane and n-hexane respectively that low yields 
of free electrons and hence positive ions occur. However, 
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direct evidence for ion-molecule reactions in such systems 
is still lacking. 

Cyclohexano is the most studied liquid saturated hydro- 
carbon system and yields the smallest number of radio- 
lysis products. Ho and Freeman? in a careful investiga- 
tion of pure cyclohexane have recently found primary 
products which had hitherto evaded detection. 

We have investigated by gas chromatography the 
products formed by self-irradiation of cyclohexane/ 
tritium mixtures in the liquid phase and present the 
results as being pertinent to both the foregoing topics. 

0-3 ml. samples of cyclohexane (< 0-001 mole per cent 
impurity) were saturated with tritium gas at 44 mm and 
kept in a glass capillary at room temperature for up to 
two days.. Fractions 20 em from the top of the capillary 
were transferred to a side limb under vacuum and 2 pl. 
samples injected into a Pye-Argon gas~liquid chromato- 
graph with proportional counter and ionization chamber 
attached. Preliminary experiments showed that no gas 
phase products formed above the surface of the liquid 
diffused rapidly enough to interfere with the results. 

No compounds other than the parent cyclohexane were 
detected with the "Sr B-ionization mass detector of the 
Pye chromatograph, but numerous labelled products were 
identified with the radiation detectors. Silicone oil, di(2- 
cyanoethyl)ether, and benzyldiphenyl were used as 
stationary phases. Chromatographic analysis was carried 
out at 25° C, limiting detection of labelled products to 
molecules with less than ten carbon atoms. Not all the 
products have been identified, but a list of labelled com- 
pounds with relative peak areas normalized with respect 
to cyclohexane is shown in Table 1. 


Table 1 
2-methylbutane 001 
n-pentane 017 
2-methylpentane 008 
n-hexane 0 20 
methyleyclopentane 0°02 
(Cs 0 07 
cyclohexane 1:00 
methyleyclohexane 0-10 
cyclohexene 0-04 
ethyleyclohexane 022 
(C; or ©; 0-15 
(GC, or Cy) 0 32 
(Ca or O) 032 


Although accurate G values have not been determined, 
the total yields are well above 0-02 indicating that tritium 
recoil labelling can account for only a small fraction 
of the products, and therefore most of the labelling is caused 
by internal tritium-f radiolysis of the cyclohexane. 

The implications of these results are threefold: 

(1) Free-radical mechanisms are not dominant in the 
labelling reactions in this system. In radiolytic investiga- 
tions of cyclohexane it has been found that cyclohexyl 


radicals are by far the most abundant free radicals as - 


shown by the fact that dicyclohexyl and cyclohexene are 
the major products’, Consequently, if the tritium 
labelling of all products in the system discussed here 
occurred by free-radical reactions the yield of labelled 
by-products relative to that of labelled parent should be 
at least one order of magnitude lower. We conclude that 
in the production of labelled by-products, free radical 
reactions are not dominant. Jon-molecule reactions seem 
the most likely source of such by-products. 

(2) There are many more primary products than have 
hitherto been detected in radiolytic investigations 
conducted without the use of tritium. Although reaction 
with tritium would alter the reaction pathway of the 
various intermediates, the formation of the many labelled 
products indicates that there are many more primary 
products. 

(3) Fragmentation of cyclohexane occurs in the liquid. 
The formation of carbon skeletons other than C, demon- 
strates that to a small extent fragmentation involving the 
breaking of two or more carbon-carbon bonds occurs in 
the liquid (as well as in the gas phase as shown. by the mass 
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spectral pattern) in spite of the cage effect of neighbouring 
molecules. A. L. ODELL 
J. E. PACKER 


Urey Radiochemizal Laboratory, G. R. WHITE 
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3,2,1: A,B,C Sub-unit Hypothesis for the _a-Chains 
of Tropocollagen 


THe clear-cut demonstration by Piez! that the 3 
a-chains of cod-fisn skin tropocollagen are unique, and 
the likelihood thas a similar condition is true for all 
species of tropocollagen, have led me to consider various 
simple arrays of sub-units within the chains which could 
explain their known compositional features. I have 
arrived at a model in which an -chain consists of 6 sub- 
units, each of approximately 17,000 molecular ‘weight, 
and falling into 3 different compositional types that I call 
A, B and C, respectively. A tropocollagen unit, then, in 
this model would consist of a total of 18 sub-units: 6A, 
6B, 6C. Of all ths possible combinations of 6 sub-units 
of 3 types in an «-chaim, one which fits the known analyses 
of the amino-acid compositions of the several types of 
a-chains in the various tropocollagens is the following: 


For purposes of reference we designate this particular 
model as the 3,2.1: A,B,C model, indicating that each 
different «-chain in the tropocollagen unit consists of a 
different array of the sub-units, but similar in that it has 
3 of one kind of sub-unit, 2 of a second, and 1 of the third. 

The validity of this model has been tested as follows: 
First, it must rationalize the data for the composition of 
the 3 separate chains of tropocollagen of cod-fish skin as 
determined by Piez. This is the most exacting test of the 
model because similarly complete data are not available 
for any other species of tropocollagen. Secondly, the 
model must be thoroughly consistent with the com- 
positional data known for all the other tropocollagens 
examined which have been separated into «-chains. The 
reason why the data on these latter collagens are incom- 
plete is that they have been separated into æ, and ‘a,’ 
chains, but the laster have not yet been experimentally 
resolved into œ, end &, components as in the case of 
cod-fish. 

In making such tests of the model, I have in particular 
determined how it accommodates the analysis with regard 
to 10 amino-acids, selected because each is present in a 
relatively low leval in the tropocollagen molecule or is 
distributed unequally among the different «-chains. This 
constitutes the most stringent test of the model, since 
obviously less unique models could also explain the 
composition with regard to amino-acids which appear to 
be distributed in equal and large numbers among the 
different «-chains. 

Before presenting the fit of the known amino-acid 
compositions with the proposed model, let us consider 
some of the ideas leading to its development. In this 
laboratory I have been impressed with the recurrence of 
the number 6, or multiples of it, as various chemical and 
physical aspects of the tropocollagen structure have ‘been 
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Table 1. CONTENTS OF SIX AMINO-ACIDS* OF VARIOUS TROPOCOLLAGENS 
AS MULTIPLES OF SIX 
Hydroxy- Phenyl- 
Tropocollagen Tyrosine lysine Histidine alanine Methionine 
Rat skint 7-2 (6)** 182 ie) 12:7 (12) 86-7 (38 23°7 (24 
Rat tail tendont 121 (12) 214 A 11:3 (12) 386-6 (86) 23-7 (24 
Human skin 9-7 (12) 180 is} 17-2 (18) 36-9 an} 16.6 (18) 
tea oo 109 (12) 20-0 (18) 25°0 (24) 36:0 (36 61:7 (60) 
b aden 8-8 (12) 22-1 (24) 10-2 aa 412 oa 508 R, 
Dogfish skinf 7-4 (6) 19 4 (18) 88:3 (86 38-1 (36 56-1 (54 


* Expressed as residues per bropesollagen molecule (300,000). 
Calculated from Piez et al. (ref. 4). 
Calculated from Bornstein and Plez (ref, 8). 

§ Calculated from Lewis and Piez (ref. 9). 

al Calculated from Piez (ref. 1). 
* Numbers in parentheses represent an egal multiple of 8. 


Table 2, IEXPHRIMENTAL* AND CALOULATED f COD-FISH a-CHAIN ANALYSES 
OF THE BASIS OF THE UNIFIED (3,2,1 ' A,B,C) SUB-UNTIT MODEL 


Amino-acid a, Oy ea, Sum A B C nr 

Tyrosine Experimental 11 70 28 10-9 
Calculated 2 6 4 12 0 0 2 8 

Hydroxylysine Experimental 55 91 53 199 
; Calculated 5 S 5 18 10 2 383 

Histidine Experimental 61 130 7-2 253 
Calculated 4 12 8 24 0 0 4 4 

Phenylalanine Experimental 15-0 7 18:0 370 
f Calculated 15 9 12 36 3 8 O 6 

Methionine Experimental 160 190 170 62:0 
Calculated 17 20 17 54 3 2 4 9 

Valine Experimental 160 280 230 6820 
Calculated 18 21 28 60 1 4 6 10 

Leucine erimental 190 27-0 1860 62-0 
Calculated 18 26 16 60 4 0 6 10 

Threonine Experimental 230 290 250 770 
Calculated 22 30 26 78 3 3 7 33 

Lysine Expenmental 320 22:0 320 86-0 
, Calculated 32 21 31 84 5 8 I 14 

Glutamic acid Tx perimental 84:0 69:0 880 241 
Calculate 84 68 88 240 12 20 8 40 


í piez (ref, 1) to a 100, o molecular weight a-chain from experimental data 
of Piez (ref. 

alculated from the model a,=34+2B4+0; ag=380+ B; a= 
3B 204A with Integer amino-acid assignments to each of the rib aie 


analysed. Thus, there are 6 ‘ester-like’ bonds per «-chain?, 
and 12 hexose units per tropocollagen molecule’, Even 
more significantly, if one examines the amino-acid com- 
positions of various species of tropocollagen as determined 
by Piez et al.4, one is struck by the fact that amino-acids, 
critical according to the criteria already described here, 
occur in multiples of 6. Table 1 illustrates this circum- 
stance for 5 amino-acids as they occur among 6 different 
tropocollagens. Thus, apart from the implications of the 
ester-bond and hexose analyses, there are reasons which 
compel one to consider a sub-unit hypothesis for the 
a-chains. (Note added in proof. Recently, Hörmann et al. 
have shown the presence of an average of 6 N-acetyl 
residues per «-chain in tropocollagen and have interpreted 
this finding as consistent with an average of 6 sub-units 
per «-chain.) If one looks closely at the amino-acid com- 
positional data, one sees that there is more regularity than 
contained in the simplest model that states that there are 
3 different «-chains, 2 of which (a, and «,) are similar 
but not identical in composition. 

Recently, Blumenfeld et al.56, using hydroxylamine- 
treated tropocollagen, have been able to isolate sub-unit 
fractions which are homogeneous in size. These fractions 
fall mainly into two molecular weight classes of about 
18,000 and 34,000, respectively. Considering that the 
integral sub-units are 17,000 to 18,000 in molecular 
weight, a single «-chain of molecular weight approx- 
imately 100,000 would be comprised of 6 sub-units. 
Within the chain, of course, these sub-units could be co- 


valently bonded so that after particular chemical or ' 


physical treatments they could be found as multiples of 
the 17,000 sub-units. 

From the cod-fish skin tropocollagen «-chain analyses 
various models were calculated subject to the following 
rules: (1) There are 3 different kinds of sub-units of 
equal size. (Attempts to calculate models based on 
occurrence of 2 sub-units failed when they were unable 
to rationalize the amino-acid compositional data.) (2) 
Each «-chain contains 6 sub-units. (3) In the composite 
3 chains (that is, the tropocollagen unit), there are equal 
numbers of each of the 3 sub-units. (Without this rule 
a great number of combinations becomes possible.) 
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The A,B,C «-chain models then can be classified as 
(6,0,0), (5,1,0), (4,2,0), (4,1,1), (3,3,0), (3,2,1) either for all 
three chains in @ unified manner (for example, œ; = 
4A4+B+0; of =4B4+A+C; a, = 40+B+A) or in 
combinations (for example, x, = 44+B40C; a, = 3B+ 
20+A; a; = 2B+4+3C+A) in a non-unified manner. 

Calculations were made for all unified models and 
only one model was found which could fit the data for 
the 10 selected amino-acids. Other models are able to fit 
some of the amino-acid analyses; however, none could 
fit as well as the unified (3,2,1) model below: 

a = 344+2B4+C 
In Table 2 are tabulated the experimental and calculated 
a-chain compositions for this model with various integer 
assignments to the A, B and C sub-units. 

A striking result of this analysis is thet the several sub- 
units are considerably more dissimilar than are the, 
different «-chains. For example, the model predicts that 
a B sub-unit of the cod-fish tropocollagen should have 8 
residues of lysine in contrast to 1 residue in the C sub- 
unit and 5 residues in the A sub-unit. Also, it predicts 
that histidine should be absent from the A and B sub- 
units and present to the extent of 4 residues in the C 
sub-unit. Outstanding differences in the distribution of 
other amino-acid residues among the several sub-units are 
also predicted, as seen in Table 2. These predictions can. 
be tested when the A, B and C sub-units are isolated 
separately and analysed. 

A different sub-unit model has been proposed by 
Petruska and Hodge’ on the basis of interpretation of 
the electron optical appearance of various precipitated 
forms of tropocollagen and, in particular, of the segmental 
lang-spaced form (SLS). This model consists of 17 sub- 
units per tropocollagen molecule. The sub-units are of 
two different sizes and compositions. An œ,- or a -chain 
is considered to have 5 sub-units, and an, «,-chain to havé 
7 sub-units. This model, although having certain inter- 
esting features, is not in agreement with several important 
chemical and physical features of the collagen structure. 

The 3,2,1 : A,B,C sub-unit model proposed here ex- 
plains much of the chemical data, and agrees with the 
size units found after treatment of tropocollagen with 
hydroxylamine. The predictions that it allows concerning 
the composition of the different sub-units (A,B,C—each 
of a molecular weight approximately 17,000-18,000) can 
readily be tested by isolation and analysis of the sub-units. 
Experiments towards this end, utilizmg various tropo- 
collagens, are now in progress in this laboratory. 

P. M. GALLOP 
Unit for Research in Aging and Department 
of Biochemistry, 
Albert Einstein College of Medicine, 
Bronx 61, New York. 
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Coacervate Behaviour in an Alternating 
Electric Field 


CoACERVATES have been intensively investigated because 
of their presumed importance in the origin of life’; however, 
their electrical properties, representing many important 
processes, appear to have been relatively neglected. We 
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have continued work by Bungenberg de Jong? on the 
behaviour of coacervates in an alternating electric field, 
and effects simular to those reported by Heller and Texeira- 
Pinto® and Furedi and Ohad‘ on living cells have been 
observed. 

Our work used gelatine-gum arabic and haemoglobin- 
gum arabic coacervates prepared by a method similar 
to that reported by Dervichian®. To prepare the gelatine 
coacervates, equal volumes of 1 per cent solutions of 


gelatine and gum arabic were mixed and brought to a pH - 


range of 2-5-40 by adding sodium acetate-citric acid 
buffer. Coacervate formation could be seen by the appear- 
ance of a white turbidity as the mixture was acidified. 
The haemoglobin coacervates were formed by mixing two 
volumes of a 2 per cent haemoglobin solution (prepared by 
the lysis of red blood cells) with one volume of a 1 per 
cent gum-arabic solution and acidifying as above. 

The electric field was applied to a simple assembly on a 
microscope slide. Brass strips 0-0125 cm thick separated 
from each other by a distance of 0-1-2 cm were used as 
electrodes. The brass strips were fixed to the slide by 
embedding them on melted ‘Parafilm’ sheets (manu- 
factured by Marathon, Neeah, Wisconsin); the assembly 
was then allowed to cool, and a chamber was cut between 
the electrodes to enable direct contact to be made with the 
solution. The observations reported in this communica- 
tion cover the frequency range from 4 efs to 700 kejs: 
the electric field intensity was a maximum of 500 V/cm. 

Flattening of the gelatine-gum arabic coacervates, with 
the long axis perpendicular to the field, was observed 
throughout the frequency range. This response to the 
electric field was strongest during the first few minutes 
after the coacervates had formed. The minimum field 
strength necessary to obtain deformation increased at 
higher frequencies and higher pH ranges. After the field 
had been applied for several minutes, coalescence of these 
coacervates into streams perpendicular to the field 
occurred. When the coacervaies were allowed to age for 
15-60 min, the coacervate morphology changed and we 
could sometimes see a difference in the response to the 
PT field. The elongation became parallel to the electric 

eld. 

The haemoglobin-arabic coacervate behaviour in the 
electric field was also observed to be strongly dependent 
on time. When the coacervates were fresh, they flattened 
into discoidal shapes perpendicular to the field at all 
frequencies used and showed seemingly-random rotations. 
As the haemoglobin coacervates aged (about 1 min from 
the time of acidification) the perpendicular elongation 
disappeared and the only deformation observed was 
elongation parallel to the field and chain formation which 
occurred at the higher frequencies. These observations 
on the haemoglobin coacervates are very similar to those 
of Füredi and Ohad? on the living red blood cell. These 
authors found that an electric field of 120 Mc/s, applied 
to an isotonic sucrose suspension of erythrocytes, aligned 
the cell radii perpendicular to the field direction, and 
caused slow rotation. However, older cells (with regard 
to time of formation in the donor) became elongated in 
the direction of the field and formed chains parallel to the 
field. Our coacervates showed, to the living red blood cells, 
an analogous behaviour, when they first became elongated 
er then later parallel, to the field and form 
chains. 

Füredi and Ohad explained their results by considering 
the electric field behaviour of elastic charged spheres. If 
the young cells had a lower dielectric constant than the 
medium and bear a surface charge, then their behaviour 
was accounted for. Older cells, having a higher dielectric 
constant and a lower surface charge density, would become 
elongated parallel to the field and form chains. This 
explanation would seem to be the most appropriate to 
explain the coacervate behaviour. We also expect that 
the frequency variation of deformation is connected with 
the finding of Schwan’, who reported extraordinarily 
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large dielectric constants of colloid suspensions at low 
frequencies. 

Our observations es described here indicate that coacer- 
vates exhibit similar electrical behaviour in an alternating 
electric field to that of some living cells. The coacervates 
are, therefore, of intarest as a model system for the study 
of the behaviour of living cells in electric fields. 

We thank the National Research Council for financial 
assistance (grant A-2528) and Dr. R. S. J. Manley for 


advice. ADOLPH E. SMITE 
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Montreal 25, Canada. 
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Effect of Vitamin E Deficiency on Uptake of 
Amino-acid and Incorporation in Isolated 
Rabbit Diaphragm 

One of the most striking effects of vitamin E deficiency 
is the acute muscular wasting seen in young rabbits raised 
on a tocopherol-free diet. Although this nutritional 
muscular dystrophy has been known for more than 
thirty years, its meshanism remains obscure. If impaired 
muscle protein synthesis were the cause of the wasting, 
one should expect that vitamin E-deficient animals would 
incorporate less of a given dose of amino-acid labelled 
with carbon-14 inta muscle proteins when compared with 
vitamin E-supplemented animals. Surprisingly, Dinning 
et al. have found that dystrophic muscle incorporated 
more glycine-1-4C. 

This does not cecessarily mean that muscle protein 
synthesis is increased in this condition. Radioactivity 
from an injected cose of glycine-1-4C or of «-aminoiso- 
butyric acid-1-4C (ATB) reaches the free amino-acid pool 
of muscle of dystrophic rabbits faster than that of 
vitamin Ki-supplemented animals?:*. Higher radioactivity 
of the amino-acid precursor should be expected to lead to 
@ higher radioactivity of the proteins. In vivo investi- 
gations are further complicated by possible effects of the 
dietary deficiency on plasma volume, blood supply and 
capillary permeabinty. In order to exclude such complica- 
tions, I have investagated the effect of vitamin E deficiency 
on amino-acid uptake by isolated rabbit diaphragm, and 
amino-acid incorporation into diaphragm proteins in vitre. 

Two groups of four-week-old White New Zealand 
rabbits received a vitamin E-deficient semi-synthetic diet. 
One group was given oral supplements of a-tocopherol 
acetate. The comdosition of the diet and the manner of 
vitamin E supplementation and other details of animal 
care were the same as in previous experiments®. When 
symptoms of beginning muscular dystrophy (urinary 
creatine excretion and muscular weakness) became evident 
in the vitamin E-deficient group after approximately 
three weeks, animals were killed and diaphragms were 
quickly excised. Conditions of the incubation of hemi- 
diaphragms with “C-labelled amino-acids are indicated in 
Table 1. At the end of the incubation periods the hemi- 
diaphragms were briefly rinsed in ice-cold saline, blotted, 
weighed and homogenized. Total proteins of diaphragm 
incubated with g-ycine were precipitated with hot tri- 
chloroacetic acid "TCA) and lipids removed in the usual 
manner. Radioactivity was determined in the proteins 
and in the TCA-scluble extract. 

Table 1 shows that vitamin H-deficiency caused a more 
than two-fold increase of incorporation of glycine-1-4C 
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into diaphragm proteins. The result obtained in vivo by 
Dinning et al.1 has thus been confirmed with isolated 
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muscle, This increase may well be due to a higher specific 
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increased oxygen consumption of vitamin E-déficjent 1” 
muscle’, and the reported linear relation between oxygen $” 
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consumption and membrane transport in some tissues®: 2: 
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' activity of glycine in the precursor pool, as indicated by 


the higher activity found in the TCA extract. 
Glycine is not very suitable for an investigation of 
amino-acid uptake because of its participation in numerous 
metabolic pathways. Christensen et al.4 have therefore 
suggested to use the non-metabolizable AIB as a transport 
model. This amino-acid is not incorporated into proteins 
and it resembles glycine in its transport properties®. | In 
the work recorded here the effect of vitamin E deficiency 
on amino-acid accumulation in skeletal muscle has been 
investigated with the aid of AIB. After incubation of 
hemi-diaphragms of vitamin E-deficient and supple- 
mented rabbits with AIB-!C the tissue was homogenized 
and extracted with hot 0-01 N acetic acid and radio- 
activity was determined in the extract. 
The results (Table 2) are in line with those obtained 
with glycine and differences between the two groups of 
animals are even greater. After 1 h of incubation, dia- 
phragms of vitamin E-deficient animals contained on the 
average 92 per cent more AIB-“C, The observation that 
vitamin E-deficient muscle accumulated less glycine than 
AIB is probably due to the fact that some of the glycine 
is utilized for protein synthesis and carbon dioxide 
formation, the latter being greatly elevated in vitamin E 
deficiency®. Since distribution ratios in Tables 1 and 2 


- are expressed on a ‘per gram of tissue’ basis, one might 


suspect that a higher ratio could be caused by higher 
water content or greater extracellular space. However, 
earlier experiments have shown? that differences in water 
content and inulin space between skeletal muscle of 
vitamin E-deficient and of supplemented rabbits are 
small. They cannot account for the differences observed 
‘here. The same applies to diaphragm weights. Average 
hemi-diaphragm weight of vitamin E-supplemented 
animals was 644 mg, and of vitamin H-deficient animals 
669 mg. This difference is not statistically significant. 
The content of TCA-precipitable protein was significantly 
.lower {P < 0-025) in diaphragms of the deficient group: 
10-2 per cent, versus 12-5 per cent in the supplemented 


" group. à 


` The experiments recorded here do not exclude the 
possibility that there is a higher rate of protein synthesis 
in skeletal muscle of vitamin E-deficient rabbits. They 
do indicate that the big increase in the rate of incor- 
poration of glycine-1-"C into muscle proteins of vitamin 
E-deficient rabbits is at least partly due to a higher rate 
of glycine uptake into the tissue amino-acid pool. The 
finding of increased amino-acid accumulation in vitamin 


„E deficiency is of particular interest in view of the 
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Table 1. UPTAKE OF GLYOINE-1-HO BY ISOLATED DIAPHRAGM AND INCOR- 


ro] 
t 
te 


PORATION INTO PROTEINS 
(A) Specific activity of diaphragm proteina (o.p m./mg protein) 


A . > Ai Vitamin E-supplemented (9)* 
7 ~ e Vitamin E-defictent (9) 


69+ 20¢ 188463 | 
153475 474 + 197: 


glycine (c.p.m./g diaphragm divided by 
. medium) sf 


“~ 


p.m./ 


Vitamin E-supplemented (9) 
a Vitamin E-deficient (9) 


‘. * No. of animals in parentheses. _ 

> + Mean value + standard deviation. 

<- Statistical evaluation by the Student ¢ test indicates that the differences 
-between vitamin E-supplemented and deficient groups are significant 
(P <0 025) at both incubation times. 


. Conditions of incubation: Dubnoff metabolic shaker: 37° O; OCO, atmo- 


0 81+ 0-20 
1:11 40-28 


0°63 + 0°10 
0-91 40 21 


‘wsphere 05 : 5; 8 ml. Krebs-Ringer bicarbonate buffer pH 7-4, containing 4 uc. 
_ Oflabelied amino-acid. Specific activity of glycine: 4-84 mc./mmole. í 
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Determination of Serum Oxytocinase 
(i-Cystine-aminopeptidase) Activity 

AN increasing interest is being shown in serum oxyto- 
cinase (/-cystine-aminopeptidase (3.4.1.2.)) levels in preg- 
nancy, yet the methods described in recent papers? * for 
its determination seem unnecessarily laborious. We have 
for some time now been using the modification described 
here. Itis based on the method used for the determination. 
of l-leucine-aminopeptidase (3.4.1.1.) activity in serum?-5, 
now used as a routine biochemical investigation for which 
commercial test kits have been developed, such as that of 
Boehringer, Biochemica, Mannheim, which we use. 

The buffer is 0-05 M phosphate (KH,PO, (Sorensen) and 
K.HPO,), pH 7:20. The substrate is l-cystine-di-beta- 
naphthylamide, 135 mg dissolved in hot 0-012 N HCl and 
made up to 100 ml. with H,O. It is understood that 
preparations made with beta-naphthylamide are now 
known to be carcinogenic. Although opinions on the 
various concentrations required for harmful activity differ, 
we think that the particular concentration used here does 
not necessitate precautions other than usually employed 
in biochemical laboratories using often poisonous material. 
Ti is, however, the intention of the authors to replace the 
present substrate with a new preparation as soon as a 
manufacturer can be found to produce it routinely. The 
chromogen is diazotized 3-chloro-4-nitraniline (Echtrot 
‘3 GL’) 1 mg per ml. of H,O. 

The principle of this reaction of cystine aminopeptidase 
(CAP) is: 

CAP 


‘l-cystine-di-beta-naphthylamide-+-H,0 ==> 
l-cystine + beta-naphthylamine 

The azo-dye produces a red colour with the enzyme- 
liberated naphthylamine which is extracted with ethyl 
acetate; its concentration is measured colorimetrically, and 
the-CAP activity of serum is deduced. Since the liberation 
of naphthylamine is linear within the range of enzyme 
activity to be found in normal and abnormal human sera, 
a factor can be used for calculation of the enzyme activity 
per ml. of serum. 

A mixture of 2-40 ml. of buffer and 0:01 ml. of substrate 
and 0:30 ml. of serum is incubated at 37° C for 1 h, and 
2-50 mil. of trichloroacetic acid is added. After centri- 
fugation, 1 ml. of supernatant is added to 1 ml. of chromo 


' `“ Table 2. UPTAKE OF a Era AOID-1-“C BY ISOLATED gen, which then is mixed well and stood at room tempera- i 
at HRAGM 


‘ t > Distribution ratio (c.p.m. le dig- ture for 10 min. 5 ml. of ethyl acetate is added and the 


ve phragm divided by ¢.p.m./ml. tubes are shaken vigorously. The extracted colour inten- 
side eat ee ae sity is measured in the ethyl acetate using a colorimeter 


at 546 mp and a l-em light path rectangular cuvette 

against a blank prepared using H,O instead of serum. 
The absorbancy of the ethyl acetate is multiplied by the 

factor of 118 for calculating CAP activity per ml. of serum. 


"x i- “Vitamin H-supplemented (6) 0-46 +0 04 0-66 + 0-12 

“a Vitamin E-deficient (6) 0-66 +0 07 1-27 + 0°46 

~ Bee legend to Table 1 for explanation of terms and conditions of incubation. 

, The difference between the two groups Is significant (P <0 025) at both 
incubation times. Specific activity of AIB: 10 03 mc./mmole. 
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ae should be pointed out that this factor needs to be 


ie corrected according to the variations in instrument sensi- 


tivity and other technical factors for individual labora- 


ae tories by setting up an initial calibration curve of beta- 


naphthylamine. 
S. M. Harpy 
J. M. Rrevcuie 
King’s College Hospital, 
Dulwich Fospital, 
London, 8.E.22. 
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Effects of Propiolactone on Rat Fibrocytes 


B-PROPIOLACTONE has been reported!‘ to be a potent 
but slowly acting carcmogen ¿n vivo. In an investigation 
of the effects of this agent on rat fibrocytes cultivated 
in vitro, treated cells were found to undergo a particular 
sequence of structural alterations which culminated in 
cytological malignancy. This sequence of changes 
appeared to be directly related to the process of caremo- 
genesis. 

Fibrocytes were grown from Wistar strain rat embryo 
voluntary muscle tissue. They were cultivated as mono- 
layers on No. 2 coverslips in hexagonal roller-tubes. 
Suspensions of fibrocytes in modified culture medium were 
prepared either directly by dissociating the parent tissue 
with 0:25 per cent commercial grade trypsin mn 0-9 per 
cent sodium chloride solution at 4° C overnight, or by the 
trypsinization of recently derived stock cultures grown’ 
from muscle explants. The latter method gave cleaner 
preparations. The density of cell population was adjusted 
to give thin, incomplete monolayers at the beginning of 
treatment. This made provision for subsequent prolifera- 
tion. Coverslip cultures were fixed in Heidenhain’s ‘Susa’ 
fixative for 10 min and routinely stained progressively 
with Ehrhch’s acid haematoxylin and alcoholic eosin. 
Stained cultures were mounted under matching No. 0 
coverslips for study with oil immersion objectives. 

The normal culture medium, as used for control cultures, 
was composed of 25 per cent of inactivated calf serum, 
55 per cent of tissue culture medium supplement No. 199, 
and 20 per cent of Earle’s buffered saline solution. It also 
contained lactalbumin hydrolysate and extract of auto- 
lysed yeast av final concentrations of 0-25 and 0-1 per cent, 
respectively. Mycostatin at 50 units/ml., penicillin and 
streptomycin at standard concentrations were also 
incorporated in the medium. The original cell suspensions 
were prepared in this medium, to which was added either 
5 per cent of cell-free sarcoma 37 ascites tumour ‘plasma’, 
or 0:25 per cent of heparinized rabbit plasma. The 
addition of plasma promoted adhesion of fibrocytes to the 
coverslips. 

Experimental media were prepared by the addition of 
propiolactone to the normal culture medium and serial 
dilutions. After a preliminary cultivation for several 
days, fibrocytes were treated daily with concentrations 
of propiolactone ranging from M/10 to M/100,000 in a 
standard volume of 4 ml. per roller-tube. The lactone was 
rapidly inactivated in culture medium. At concentrations 
of from M/10 to M/500 propiolactons quickly ned the 
cells during the first application. Depletion of basophilic 
material from both nuclei and cytoplasm was noticeable 
even when structural detail was virtually ‘fixed’. This 
loss was not secondary to autolysis but due to a direct 
effect of the agent. One application of M/1,000 propio- 
lactone irreversibly injured the fibrocytes; those in 
mitosis were most susceptible. Fibrocytes withstood 2-3 
applications of M/2,500 and 5-6 applications of M/5,000 
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propiolactone, but almost no viable dividing cells were 
found atcany time. M/10,000 and M/20,000 drug con- 
centrations were slowly lethal and most mitoses were 
abnormal. The mergin of safety was difficult to estimate 
because of the delsyed toxic effects. Mitotic aberrations 
were widely varied. They included failure of chromosomes 
to move to the metaphase position, spindle failure, incom- 
plete separation and coalescence of metaphase chromo- 
somes, anaphase bridges and deletions, and faulty telo- 
phase reconstructions. The majority of mitotic aberra- 
tions occurred at prometaphase; the chromosomes 
remained entangled and degenerated. 

After about eighseen successive applications of M/40,000 
propiolactone cytclogically malignant cells appeared in 
treated cultures. These cells were very hyperchromatic, 
with deeply basophilic cytoplasm and indistinguishable 
from typical sarcoma cells. They proliferated rapidly. 
At this drug concantration treated cells responded with 
over-compensatior to the repeated injuries caused by 
propiolactone. M/100,000 drug concentration was usually 
less effective than M/40,000 in inducing malignancy. 

Comparisons of nterphase cells treated with the graded 
drug concentrations showed a common pattern of qualita- 
tively similar lesions which varied from the infliction of 
rapid cell death to the transformation of normal fibrocytes 
to viable, dividing-malignant cells by a progressive adjust- 
ment to repeated slight injuries. The initial aberrations 
of mitosis appeared to be less directly relevant than the 
alterations in mteczphase cells to the carcinogenic process. 

Structural changes in interphase cells of the foregoing 
pattern were init-ally shown by the loss of basophilic 
material from tke cytoplasm and nuclear organelles. 
This loss was relatively slight in cells exposed to M/40,000 
propiolactone solations. It was well marked in the 
nucleoli and chramocentres. Cytoplasmic basophilia is 
positively related to the presence of RNA-containing 
ribosomes ın ergastoplasm®.5. The parallel disappearance 
of basophilic material from the matrices of nucleoli revealed 
their internal reficular structure. The typical mam- 
malian nucleolus sonsists of such a reticulum embedded 
im an optically amorphous matrix’*. The component 
threads of the intranucleolar reticulum or nucleolonema® 
were thicker than those of the nuclear reticulum itself, 
but the threads of the two networks were structurally 
continuous. ‘Thess altered primary nucleoli had a variable 
reticular structure associated with different amounts of 
matrix substance. 

The early loss of basophilic matrix substance was 
followed by hypertrophy of the nucleolonema structure. 
This was brought about by a preliminary thickening of 
nuclear reticulum threads continuous with those of the 
nucleolonema before they were mcorporated into the 
structure of the enlarging nucleolus. This thickening 
usually began with the development of small discrete - 
nodes along a thread. These enlarged and became con- 
fluent to form a generally thickened thread. The nodes’ 
were sometimes confluent from their first appearance. ` 
Modified nuclear reticulum threads became indistinguish-- 
able from the orginal threads of the primary nucleolus 
and laid down metrix material. aS 

Sections of nuciear reticulum unconnected with nucleoli * 
similarly hypertrophied. In some cells these altered 
threads appearec to give rise to surrogate secondary 
nucleoli. Altered nucleoli reached their maximum’ 
development in the induced mahgnant cells and were rich -- 
in basophilic matrix substance. They wero usually irregu- 
lar in shape through the protrusion of hypertrophied - 
reticulum threads which tapered into strands of nuclear, 
reticulum. Chromocentres enlarged and became more: 
numerous parallel with the changes in reticulum threads. 
The process of rucleolar enlargement continued to the 
fully malignant stage at which basophilia was maximal. ` 
The malignant cells multiplied rapidly, unlike the altering -; 7 
cells. The compete sequence of alterations was readily: 
followed in fibrocvtes treated with M/40,000 propiolactone. . 
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Comparison of sister cells in the reconstruction phase 
of the nuclei showed a detailed similarity in the pattern 
of altered reticulum threads of the twin nuclei. However, 
variation in pattern between different pairs of sister 
nucle: was great. This suggested that the changes were 
inherited. The latter continued to develop during inter- 
phase and probably gave rise to chromosome abnormali- 
ties during mitosis. ` 

The nucleolus is regarded as the main site of develop- 
ment of ribosomal RNA (refs. 7, 8 and10) and is positively 
correlated with protein synthesis and cell zrowth5:* which 
are dependent on the ribosomes of ergastoplasm. Replace- 
ment of cytoplasmic RNA in fibrocytes injured by pro- 
piolactone would seem, therefore, to be dependent on the 
restitution of nucleolar function, itself decreased by the 
carcinogen. The latter was achieved by conversion of 
sections of nuclear to nucleolar reticulum. This trans- 
formation of portions of nuclear reticulum implied the 
converse loss of their original functions. The nuclear 
reticulum and its associated organelles comprise the 
interphase equivalent of formed chromosomes. ‘The 
carcinogenic action of propiolactone would therefore seem 
to be related to the progressive development of increased 
growth potential at the expense of losing specific chromo- 
somal functions. The characteristics of malignant cells 
are in accordance with this interpretation. 
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Methionine-activating Enzyme and Catechol- 
O-methyl Transferase Activity in Normal and 
Leukaemic White Blood Cells 


It has been found recently in these laboratories that 
the leucocytes of patients with chronic myelocytic 
leukaemia have significant elevations of the important 
methyl donor, S-adenosylmethionine (SAMe) (ref. 1). 

The original series of patients has been extended to 
include 40 leukaemic and 20 normal leucocyte prepara- 
tions. Not only is there an elevation of SAMe in chronic 
myelocytic leukaemia, but there also appears to be a 
decline of this substance with remission of the disease*. 
The mechanism and significance of this abnormal bio- 
-chemical finding are not clear and are now under investi- 
gation here. The work recorded here was designed to 
discover whether the SAMe-synthesizing enzyme or & 
methyl transferase can be detected m human leucocytes. 
In addition, since SAMe elevation could be due to in- 
creased synthesis or decreased utilization, the examination 
of these enzymes might help explain the elevations in 
SAMe noted. 

Blood was obtained from 14 untreated patients with 
chronic myelocytic leukaemia at the National Cancer 
Institute. Our diagnoses were confirmed by haemato- 
logical and cytogenetic examinations of peripheral blood 
and marrow. Total peripheral white counts ranged from 
50,000 to 350,000 cells/mm’, and all patients had eleva- 
tions of mmature peripheral white blood cells. Leucocytes 
were also obtained from 19 normal blood donors for 
comparison with leukaemic cells. 

The white blood cells were isolated by plasmapheresis 
followed by dextran centrifugal sedimentation and osmotic 
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stress at 4° C by the method of Fallon eż al.3. The con- 
centrated white cells were stored at — 20° C until assayed 
for enzyme activity, usually within 48 h. With careful 
preparation, 1t was poss'ble to obtain 1 g of white cells 
from. 500 ml of normal whole blood. Aliquots of leukaemic 
cell preparations of the same quantity (1 g) were taken. 
Leucocyte homogenates were prepared by homogenizing 
aliquots of the frozen wet white blood cell preparations 
in 5 vol. of ice-cold isotonic potassium chloride and 
centrifuging at 0° C, 10,000g, for 30 min. 

The activity of a typical and ubiquitous methyl pherase, 
catechol-O-methyl transferase (COMT) (ref. 4), was 
measured by a modification of a previously reported assay 
of the combined activity of methionine-activating enzyme 
(MAE) and COMT (ref. 5). Dihydroxy benzoic acid was 
converted to vanillic acid-methoxy-“C with SAMe-4C 
(New England Nuclear Corp., Boston, 40 ¢./mole) in 
tubes containing 1 umole of substrate, 52 myc. of SAMe- 
HC, 50 moles of magnesium chloride, 125 umoles of 
phosphate buffer (pH 7-8), and 0-5 ml. of the leucocyte 
preparations. The mixture was incubated for 30 min 
and C-vanillic acid was extracted into ethyl acetate 
from the strongly acidified reaction products. The 
products, labelled with carbon-14, were assayed by liquid 
scintillation spectroscopy*. The extracted carbon-14- 
labelled product, in excess of a boiled enzyme blank, 
varied linearly with both incubation time and enzyme 
concentration. 

The activity of methionine activating enzyme ın the 
leucocyte homogenates was estimated by the method of 
Mudd et al.’, utilizing the synthesis of SAMe-*C from 
methionine-4C and ATP, and isolation of SAMe-**C on 
‘Dowex-50-NH,*’ chromatographic columns. The carbon- 
14 eluted by ammonia varies linearly with incubation 
time and enzyme concentration. 


Table 1. ENZYME ACTIVITIES IN NORMAL HUMAN LEUCOOCYTES AND IN 
CHRONIC MYELOOYTIC LEUKAEMIA (CALL) * 
\ 
Normal CAML 
N 19 14 P 
MAE 3-59 + 0-75 478 + 1:06 0-3-04 
COMT 605 + 0°51 §:04 + 097 0-3-0 4 


+ MAB = methionine activating enzyme, units+ S.L. COMT = catechol- 
O-methyl transferase, units + S.E. Unit enzyme activity equals mymoleg 
of product formed in 30 min per gram of frozen wet leucocytes. P is proba- 
bility by ‘Student’ t-test, N is the number of patients. 


The results of these enzyme assays are presented in 
Table 1. They demonstrate that human leucocytes con- 
tain detectable quantities of methionine-activating and 
methyl transferase activity. In chronic myelocytic 
leukaemia, these enzyme activities are not different from 
normal, 

The significance of methylation in leukaemia has not 
yet been adequately evaluated. In addition to the 
finding of increased levels of SAMe in leukaemic white 
cells}, other facts are presently available to suggest that 
abnormal methylation may be of importance. Folic acid 
18 increased in leukaemic cells®, and antifolate agents have 
been used in leukaemia chemotherapy. Patients with 
chronic myelocytic leukaemia have increased amounts of 
vitamin B,, in their serum®™!1. Finally, methionine acti- 
vating enzyme and COMT appear to be normal in chronic 
myelocytic Jeukaemia leucocytes. Thus it is not clear 
whether SAMe is elevated in chronic myelocytic leukaemia 
cells because of increased synthesis or decreased utiliza- 
tion. There are many routes of utilization" 1? which remain 
to be studied and which might be decreased. Elevations 
of SAMe have been demonstrated in the presence of 
normal MAE activity! when methionine availability is 
increased!4. Methionine might be more readily available 
for SAMe synthesis if its entry into leucocytes were in- 
creased or its incorporation into protein were decreased. 
Assays of leucocyte methionine are thus in order. The 
suspected decrease in leukaemic white cell ATP degrada- 
tion! is of uncertain significance for SAMe synthesis. 
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Reduced Nicotinamide-adenine Dinucleotide 
and Pyruvate in Urea-denaturation of Lactic 
Dehydrogenase Isozymes 


It has recently been reported that lactate dehydrogenase 
isozymes differ from each other ın cenaturation caused 
by urea’-‘, probably depending on the different resistance 
of the sub-units in these isozymes against denaturating 
forces. The atm of this contribution is to show that the 
presence of coenzyme during urea incubation may help 
to differentiate isozymes composed of different sub-units, 
and that the increase of substrate molarity will further 
accentuate this differentiation. 

The isozymes examined were LDH, (pig heart) and LDH, 
{rabbit muscle) received from Boehringer and Soehne, 
Mannheim. The determinations of LDH activity were 
made in duplicate as presented earlier‘ and were confirmed 
with repeated measurements. Urea concentration selected 
was 1:5 M, at which molarity we have noticed the greatest 
difference between these isozymes. Pyruvate concentra- 
tions used were 2-5 x 10 M and 10 x 104M. NADH 
concentration was 1:3 x 10-4 M in all determinations. 

In our first experiments we used 2-5 x 10-4M pyruvate. 
As seen in Fig. 14 the incubation of LDH, in urea solution 
without pyruvate and NADH dimmished the enzyme 
activity to 54 per cent. The presence of pyruvate during 
the incubation did not prevent denatcration (56 per cent), 
but when the enzyme was incubated with urea and NADH 
the activity remained at 64 per cent. The presence of 
NADH during incubation thus protected the activity of 
LDH, about 20 per cent. On the contzary the inactivation 
of LDH, in this urea concentretion was not prevented 
by NADH. The activity of LDH, was already diminished 
to about 5 per cent in all incubation arrangements (Fig. 
2A). 

In order to see whether substrate concentration has an 
effect on the inactivation caused by urea the determina- 
tions were made with four times greazer pyruvate concen- 
tration (10 x 10-1? M). The activity of LDH, incubated 
with urea solution in the absence of pyruvate and NADH 
was 70 per cent; in the presence of pyruvate, 69 per cent; 
but in the presence of NADH, 85 per cent, as shown in 
Fig. 18. The protective effect of NADH agaist urea 
denaturation was the same (about 20 per cent) as in the 
lower pyruvate concentration. At the higher pyruvate con- 
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centration the increase of enzyme velocity was about 30 
per cent in all incubation arrangements. As with the 
lower pyruvate concentration, the protective effect of 
NADH on LDH, was not evident at the higher concentra- 
tion (Fig. 2B), and the enzyme velocity was not increased 
as compared with the lower pyruvate concentration. 

The results observed here show that the presence of 
NADH during incubation favours the maximal difference 
between lactate dehydrogenase isozyme activities because 
it counteracts the wactivation of LDH, but does not seem 
to have this effect on LDH, at this urea concentration. 
The increase of pyruvate molarity also favours this effect. 
We have also noticed these same effects with human 
LDH isozymes, which is in accordance with our earlier 
study* where no major difference could be seen between 
the animal isozymes and human isozymes separated 
electrophoretically. Hardy? has recently presented a 
method for separation of LDH isozymes in clinical use. 
He incubated the enzyme with NADH during 26 M 
urea treatment and used 3-1 x 10-* M pyruvate. 

Coenzymes (NADH and its analogues) have earlier 
been shown to protect heart lactate dehydrogenase 
against various inactivating agents, and this protection 
has been thought to be mediated by the formation of 
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Fig.1 A, Determinanons made with substrate pyruvate concentration 
of 25 x 10*M. NADA concentration was 13 x 10+ Mın all determina- 
tions and the reactior. was carried out in phosphate buffer of pH 7 4. 
(a), LDH, activity without urea inactivation, The activity of LDH, 
after 10 min incubation with 1-5 M urea when (b) the urea incubation 
was made without pyruvate and NADH, (c) the incubation in the 
presence of pyruvate. (d) the incubation In the presence of NADH. 
B, The diagrams are e m A pyruvate concentration 
Q x 
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Fig. 2. Same parameters as in Fig. 1 made with LDH, isozyme 
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enzyme coenzyme complex®-*. If this is so the observa- 
tions reported here allow the supposition that the coenzyme 
1s bound more firmly to LDH, than to LDH, so protecting 
the tertiary structure of the enzyme molecule necessary 
to catalytic action. 

The elevated pyruvate concentration increases the 
reaction velocity of urea-treated LDH,. This consequently 
means that the affinity of the enzyme towards 1ts substrate 
is lowered possibly as a result of changes in the conforma- 
tion of enzyme molecule in its active centre caused by 
urea. 

This work was supported partially by the Sigrid 
Jusélius Foundation, Helsinki, Finland. 

SEPPO LINDY 
AARNE KONTTINEN 
Wihuri Research Institute, 
Helsinki, Finland. 
1 Punan D T , Wilkinson, J. H., and Withycombe, W. A., Biochem. J., 89. 


* Brody, I. A , Nature, 201, 685 (1964). 

° Hardy, 5. M., Nature, 206, 933 (1965). 

t Konttinen, A , and Lindy, S., Nature, 208, 782 (1965). 

* Pfleiderer, G , Jeckel, D., and Wieland, Th., Biochem. Z., 329, 104 (1957). 
° Shifrin, S , Kaplan, N. O.,and Ciotti, M. M., J. Biol. Chem ,284, 1555 (1959). 
7 Di Sabato, G., and Kaplan, N. O., J. Biol. Chem , 289, 488 (1964). 


Preparation of Endotoxin 


WHEN a watery suspension of Gram-negative organisms 
18 heated at 80° C for 1 h, the endotoxin is liberated mto 
the suspending fluid, giving it a dichroic appearance; a 
method of preparing endotoxin on a large scale by recover- 
ing it from such a supernatant was described earlier. 
In that method concentration was effected by evaporation 
under reduced pressure. This method, improved and 
modified to avoid this, is described here. 

A culture is grown in a medium containing commercial- 
grade ammonium sulphate 0-5 g, glucose 1:0 g, disodium 
hydrogen phosphate 0-2 g, sodium citrate 0-2 g, and mag- 
nesium sulphate 0-02 g in 100 ml. of distilled water. A still 
culture in this medium with the pH held at 7:5 yields 
3x 10° and an aerated culture 10! viable cells per ml. The 
cultures are stored at 4° C, and when there is a convenient 
quantity available they are centrifuged to obtain the cells 
in a stiff paste; the cells are re-suspended in distilled water 
to about 10% cells/ml. and the suspension is heated at 
80° C for 1 h and centrifuged. The cells are discarded and 
the oil-lke supernatant ıs dialysed against running tap- 
water for 72 h to remove amino-acids, and the endotoxin 
precipitated in 75 per cent alcohol and dried. It is a 
slightly greyish sugar-like powder. 

Greater purity can be achieved by (a) re-suspending the 
living cells in chilled water and repeating the centrifuging, 
(6) continuing the dialysis against distilled water, and (c) 
re-precipitating in 75 per cent alcohol. 

‘Ina typical batch the yield of endotoxin from 10* cells of 
E. colt was 7 g and the LD,» of this by intraperitoneal 
injection in 18-22 g mice was 0-5-1-0 mg. 
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Depsides in Sunflower Leaves 


THIS communication reports our finding of neochloro- 
genic, isochlorogenic, and 3-O-feruloylquinic acids in the 
leaves of sunflowers, Helianthus annuus, Russian Mam- 
moth variety. The well-known chlorogenic acid (3-0- 
caffeoylquinic acid) has been previously found in sun- 
flowers by Urban! and its presence there has been con- 
firmed by Watanabe et al.?, 

Neochlorogenic acid, first isolated from peaches by 
Corset, has recently been proved to be 5-O-caffeoyl-p- 
quinic acid‘*~*, Isochlorogenic acid, as available commer- 
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cially, has been shown to be a mixture of depsides*~’. 
Corse et al. have identified one component as 4,5-di- 
caffeoyl-p-quinie acid, and Haslam et al.® have identified 
another component of the mixture as 3,5-dicaffeoyl-p- 
quinic acid. The isochlorogenic acid from sunflowers 
contains three components identical with three of the 
components, other than chlorogenic acid, of commercially 
available reference isochlorogenic acid. Neochlorogenic 
acid and isochlorogenic acid have previously been found 
in coffee beans, blueberry leaves, plums, and other fruits®, 
but not in sunflowers. Recently, 3-O-feruloyl-p-quinic 
acid has been isolated as a crystalline material from 
unroasted coffee beans®, but had not been found previously 
in sunflower plants. 

Isolation and identification of neochlorogenie acid. 
Sunflower leaves (194 g) grown in the greenhouse of the 
Department of Botany, University of Oklahoma, were 
extracted by twice boiling the disintegrated leaves with 
1 1. portions of 85 per cent isopropyl alcohol—water for 
5 min. The extracts were filtered, concentrated in vacuo 
at 37° C to 250 ml. and extracted three times with benzene. 
The aqueous concentrate was poured on to a 45 x 10 cm 
chromatographic column which previously had been 
packed with ‘Magnesol’ (Food Machinery and Chemical 
Corp, N.Y.) and washed with distilled water under a 
pressure of 5 lIb./in.* pressure. The yellow zone on the 
column was developed with distilled water to produce two 
major zones, called fraction A and fraction B, which were 
eluted off separately. Fraction A, the faster moving 
zone, was streaked on to ten sheets of Whatman 3 MM 
paper and developed in n-butyl alcohol—acetic acid-water 
(6: 1:2 v/v/v, here referred to as BAW). The broad zone 
at Ry 0-75 was cut out and eluted with methanol—water 
(1: 1 v/v). The extracts were concentrated and streaked 
on ten sheets of paper and developed in butyl acetate— 
acetic acid-water {4:1:5 v/v/v) for 20 h. The broad 
zone at Rr 0-70 (chlorogenic acid) was separated from a 
narrow one at Rr 0-25. The latter zone was eluted and 
further purified by streaking the eluate on seven sheets of 
Whatman. 3 MM paper and developing the chromatograms 
in BAW. This procedure was repeated on nine sheets 
of Whatman 3 MM paper, and then on eight sheets of 
Whatman. No. 1 paper in isopropyl! alcohol—formic acid- 
water (50:1: 950 v/v/v, here referred to as IFW). The 
extract was taken to dryness im vacuo, dissolved in a 
small amount of methanol and poured on top of a 2°5 x 
25 em ‘Magnesol’ column previously packed under a 
pressure of 5 lb./in.? with distilled methanol. The column 
was developed with one column length of methanol 
followed by methanol—water (1:1 v/v). The zone which 
fluoresced greenish blue under ultra-violet light (3660 A) 
was collected. The absorption spectrum of the eluate 
showed a maximum at 326 my, shoulders at 242 and 300 
my, and a minimum at 265 my. The eluate was taken to 
dryness and hydrolysed with 10 ml. of 5 per cent sodium 
hydroxide for 20 min at room temperature. The solution 
was then acidified with concentrated hydrochloric acid 
and extracted three times with ethyl acetate. The ethyl 
acetate extract was chromatographed on Whatman No. 1 
paper to prove the presence of caffeic acid. After the 
evaporation of the aqueous phase, the dry crystalline 
residue was extracted with 5 ml. absolute ethyl alcohol. 
The alcohol extract on chromatography showed the 
presence of quinic acid. The hydrolysis products, the 
Ry values (Table 1), and the ultra-violet spectra on 
comparison with authentic neochlorogenic acid showed 
that the compound extracted was identical with the refer- 
ence compound. 

Isolation of zsochlorogenic acid. Fraction B, the slower 
moving zone from the ‘“Magnesol’ column, was concen- 
trated in vacuo and streaked on 20 sheets of Whatman 
3 MM paper and developed in IFW to give three zones. 
The broadest and most intense one under ultra-violet 
light at Rr 0-22 was cut out and eluted with 70 per cent 
isopropyl alcohol. The eluate was concentrated to a 
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low volume and extracted twice with ethyl acetate. The 
extracts were dried over anhydrous sodium sulphate and 
taken to dryness in vacuo. The absorption spectrum of an 
alcoholic extract of the residue showed maxima at 245 
and 330 my, a shoulder at 300 mp and a minimum at 
265 mu. 

In all but one of the solvent systems used for paper 
chromatography (Table 1) the sunflower isochlorogenic 
acid produced only one zone on the chromatogram, and 
in each case this was identical with the isochlorogenic 
acid zone of the reference sample used. In 2 per cent 
acetic acid, however, the isochlorogenic acid from sun- 
flower separated into zones with Rr values of 0:08, 0-16 
and 0-30. The reference isochlorogenic acid (Fluka, 
Buchs S.G., Switzerland) on the same chromatograms had 
Ep values of 0:09, 0-15 and 0-29, in addition to the chloro- 
genic acid zones. 

Hydrolysis of the isolated acid was carried out by the 
procedure previously described for neochlorogenic acid. 
The Ep values of reference samples of quinic acid, quinide 
and caffeic acid were identical with the hydrolysis product 
zones in the solvent systems tried (Table 1). 

Isolation of 3-O-feruloylquinic acid. Sunflower leaves 
(2,840 g) were extracted in a Waring blender with 10 1. of 
hot isopropyl alcohol. The extracts were filtered, con- 
centrated in vacuo at 37° C to remove most of the organic 
solvent, and extracted three times with benzene to 
remove green pigments and lipids. The aqueous con- 
centrate was then concentrated further to 140 ml. A 
column (3 cm diam.) was packed to a depth of 26 ecm 
with “Ultramidpulver’ (Badische-Anilin und Soda-Fabrik, 
Ludwigshafen am Rheim) in distilled water under gravity, 
washed with dimethylformamide—acetic acid—-water-ethy]l 
alcohol (1: 2:6: 4, v/v/vy/v) and then with water. The 
aqueous sunflower concentrate (50 ml.) was poured on the 
column and developed with distilled water. The yellow 
zone that was readily eluted off was concentrated in vacuo 
to 30 ml. and streaked on 110 sheets of Whatman No. 1 
chromatography paper and developed in isobutyl methyl 
ketone—formic acid—water (14:3:2 v/v/v). The zone at 
fy 0:60 which fluoresced faint blue under ultra-violet 
light (3660 A) was cut out and eluted with 50 per cent 
methanol—water. The extract was re-chromatographed on 
fourteen sheets of Whatman No. 1 paper, and then on 
eight sheets in butyl aleohol-ethy] aleohol—water (20:65: 1] 
v/v/v). The zone at Rp 0-74 was cut out and eluted with 
50 per cent methanol~water. The ultra-violet absorption 
spectrum of the eluate showed a maximum at 323 muy, a 
shoulder at 300 my, and a minimum at 263 mu, the same 
as given by the authentie reference sample. Half this 
eluate was hydrolysed in the same manner as described 
for neochlorogenic acid to produce ferulic and quinic 
acids. The Rr values of the isolated depside and reference 
3-O-feruloylquinic acid were identical in the solvent 
systems tested (‘Table 1). 

This work was supported by a grant, GB-181, from the 
National Science Foundation. Dr. J. W. Corse supplied 


Table 1. Ry VALUES OF ISOLATED AND REFERENCE COMPOUNDS 
Solvent systems * 
8 4 


Compounds 1 5 6 
Chlorogenic acid 068 0-49 0-03 ries 0 49 0°56 
Isochlorogenic acid 080 074 002 r 0-53 0-83 

0 30 
Neochlorogenic acid 057 049 003 oe 042 024 
3-0-Feruloylquinic acid 078 O28 016 be O57 O74 
Caffeic acid 084 0-57 0:30 ces 
Ferulic acid — — 0 80 0 36 

0 84 
Quinic acid 0-24 008 — 
Quinide 061 0-70 — 


* Solvent systems‘ (a buil alcohol—acetic acıd-water (6 1: 2 viiv); 
{2} n-butyl alcohol-pyridine~benzene-water (5 3 1:3 -v/v/v/v); (3) benzene- 
acetic acid~water (125 . 72 . 3 v/viv); (4) 2 per cent acetic acid, (5) n-butyl 
alcohol-ethy! alcohol—water (14 . 3 : 8 v/v/v); (6) isobutyl methyl] ketone- 
formic acid—water (14 : 3° 2 v/v/v). 
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the authentic neochiorogenic acid, and Dr. E. Sondheimer 
supplied the reference 3-O-feruloylquinic acid. 
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Metabolic Differences between Starch and 
Sucrose 


SINOE 1957, papers from this department have stressed 
that the dietary actor involved in the aetiology of 
ischaemic heart disease is likely to be sugar (sucrose) 
rather than fati. The evidence incriminating dietary 
sugar—now quite strong—is chiefly epidemiological. 
Investigations of populations show that the rise in the 
incidence of the disease coincides with the rise in the 
consumption of sugar and not of fat®-*. Again, during 
investigations of individuals we have shown that the 
disease is most likely to occur in those that have been 
eating a great deal of sugar’. 

Our suggestion that dietary sugar is a cause of ischaemic 
heart disease has sometimes been criticized on the grounds 
of implausibility (fr example, Kinsell*’). Sugar, we are 
told, is rapidly hydrolysed and rapidly absorbed as 
glucose and fructose, and the fructose 1s rapidly con- 
verted into glucose; in what way then can sugar act 
differently from the other major dietary carbohydrate, 
starch, which also rapidly appears in the blood as glucose ? 
Are not all digestidle carbohydrates interchangeable, so 
that they have identical metabolic effects ? 

In seeking for a possible mechanism by which sugar 
may induce ischaemic heart disease, we have therefore 
taken as our first task the discovery of differences in the 
metabolic effects of dietary sucrose and dietary starch. 
Our second task will be to see whether we can demon- 
strate which of these differences may be responsible for 
the involvement of sugar in the aetiology of heart disease. 

A great deal of evidence contradicts the common belief 
that all forms of dietary carbohydrates are interchange- 
able. Macdonald’, and Antar and Ohlson’, have sum- 
marized some of the differences induced in man and in 
experimental animels when sugar is substituted for starch 
in the diet. The effects include an increase in serum 
cholesterol, changes in depot fats and liver fats, and 
diminished growth. In addition, Cohen and Teitelbaum’? 
have found that sugar-fed rats exhibit an ımpaired glucose 
tolerance. 

During the past year, we too have found several dif- 
ferences between starch-fed and sucrose-fed rats. We are 
now reporting these briefly with the purpose of combating 
the view that all dietary carbohydrates are equal, and 
particularly that starch and sugar are interchangeable. 

All experiments were carried out on rats given purified 
diets and water ad lihitum. The diets contained about 
70 per cent carbohydrate, either as corn starch or as 
sucrose; except where noted, they were adequate in all, 
known. nutrients. ; 
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Diets containing sucrose produced a lower growth-rate 
in weanling rats (Fig. 1), or a loss of weight in adult 
rats, compared with diets containing starch. The effect 
was more noticeable when the diets were low in 
protem. The lower rate of growth was not due to a lower 
food intake, nor was there any difference in absorption. 
The effect must therefore have been due to less efficient 
utilization of the food. 
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Fig. 1. Growth of male rats from the age of 28 days on purified diets 


containing two levels of protein, and 69 per cent carbohydrate in the 
form of starch or sugar. Each group consisted of four male rats 
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Measurements of oxygen uptake and carbon dioxide 
output were made in rats over periods of 24 h, about six 
months after they had been placed on the diets with 
starch or with sugar. The rats on the diet with starch 
gave the expected respiratory quotient of about 0-87. 
However, the rats on sucrose gave a respiratory quotient 
of about 0-75; this figure is far lower than that expected 
for a high carbohydrate diet, and sumilar to that expected 
(and, in fact, found) for animals on a high fat diet. We 
have at present no explanation for the low respiratory 
quotient of the rats on sucrose. 

After feeding for sıx months, ‘the level of serum chol- 
esterol was higher in rats on the sugar-containing diet 
than in those on the starch-containing diet. The total 
body fat was significantly less in the sugar-fed rats. The 
liver fat was less in the sugar-fed rats when they were 
given the experimental diets from weaning; it was higher 
in the sugar-fed rats when they were given the diets 
from the age of three months (Table 1). 


Table 1. BODY FAT AND LIVER FAT iN RATS FED DIETS CONTAINING Two 
LEVELS OF PROTEIN, WITH 69 PER Onit CARBOHYDRATE AS STAROH OR AS 
UGAR 
Groups of four male rats fed on experimental diets for 6 months, from age 
28 days (weaning) or age 3 months. Fat as percentage of dry weight of body 


or of liver 
Young rats Older rats 
Diet Fat content Diet Fat content 

Carbo- Carbo- 

hydrate Protem Body Liver hydrate Protein Body Liver 
Starch o 35 12 Starch 4 35 7 
Sugar 20% 30 9 Sugar 10% 26 9 
Starch 10%. 32 9 Starch 5% 32 18 
Sugar a 32 7 Sugar i 27 46 


The major carbohydrate components of current human 
diets, especially in affluent countries, are starch and sugar 
(sucrose). Experiments have now shown conclusively 
that the substitution of one for the other in the diet of 
rats causes several metabolic changes. There is no justi- 
fication for the view that starch and sugar are meta- 
bolically identical. 
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The effects of altering the carbohydrate in the diet 
stand in remarkable contrast to the effects of altering the 
fat in the diet. For example, Thomasson et al.*° have 
given rats diets containing 54 per cent of the calories 
from fat, and compared natural soyabean oil with various 
hydrogenated soyabean and other oils. Some of these 
contained more than half of the fatty acids in the 
‘unnatural’ trans form. They found no difference in body 
growth, body fat, kidney and liver function, and several 
other measurements. 
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Proton Transfer Processes in Muscle : 
Pressure, Temperature and Isotope Effects- 


INVESTIGATIONS of muscular contraction in heavy water 
have shown that the rate-determining process involves 
proton. transfer‘. The magnitude of the effect suggests 
that more than one proton is involved. Varga? has ob- 
served that fibres under isometric tension in the presence 
of adenosine triphosphate are relaxed when the tempera- 
ture is lowered, an effect which has been attributed to the 
endothermicity of actomyosin formation. On the other 
hand, increasing the hydrostatic pressure results in con- 
traction of intact muscle*-. 

At 25° C the limiting equivalent conductivity of the 
proton is nearly ten times greater than that of the 
similarly charged and hydrated lithium ion’. This 
anomalously great mobility of the proton has been attrib- 
uted to the Grotthuss mechanism™!, This mechanism 
entails three steps: (1) the rotation of adjacent’ water 
molecules to form a transitory H-bonded chain ; (2) proton 
flips along this chain; (3) dissolution of the chain and 
rotation of water molecules to return to a random distri- 
bution. Huckel® and Conway, Bockris, and Linton? 
maintain that one of the rotational steps is rate-determ- 
ining, while Bernal and Fowler” and Stern and Eyring"? 
believe that the proton flip is the slow step. Our more 
recent studies have shown that the rotational step is 
not only rate-determining, but also that protonic conduce- 
tion by the Grotthuss mechanism is restricted to the ‘free’, 
rotatable, water monomers between the structured Frank- 
Wen clusters!?-14, 

The Grotthuss conductive process avoids areas of order 
because the activation energy required to rotate a bound 
water (as in ice) is greater than that required to rotate a 
‘free’ water molecule; 12 compared to about 3 kcal/mole 
(the latter at 10° C)14.45, 

Some time ago Klotz!! proposed that certain long-range 
biological redox reactions might involve electron transfer 
via a Grotthuss-like mechanism. Studies of the Fe(II)— 
Fe(III) electron-exchange reaction in ice have substan- 
tiated such a possibility’. Thus the Grotthuss mechanism 
can sustain both transport of electrical energy by protonic 
conduction and transport of chemical energy by electron 
exchange?®, 
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Recent nuclear magnetic resonance investigations by 
Bratton, Hopkins, and Weinberg} have yielded evidence 
that in relaxed muscle fibre the solvation sheath water 
molecules are bound tightly to the protein material ın an 
orderly manner, but that on contraction the waters are 
released and set ‘free’. From this information Horne?’ 
drew the inference that the waters are released so that they 
can rotate and thereby transport electrical or chemical 
energy by the Grotthuss mechanism. The purpose of this 
communication is to examine whether the observed pres- 
sure, temperature and isotope effects support this hypo- 
thesis. 

The application of either thermal energy or hydrostatic 
pressure tends to break up the structure of liquid water, 
the rotation of water molecules is facilitated, and, as a 
consequence, the activation energy of protonic conduction 
decreases. This is shown in Fig. 1 where the temperature 
dependence of the activation energy of electrical conduc- 
tion of aqueous hydrochloric acid solutions, which is to 
say, the activation energy for water molecule rotation, is 
calculated from the results of Owen end Sweeton™ and 
where the pressure dependence is from Horne, Myers, and 
Frysinger!, (It should be noted that the former is for 
molar, the latter for molal conductances.) Hydrostatic 
pressure also breaks up the local structure around ions in 
solution®*; one expects by analogy that it also breaks up 
the local structure in the solvation sheath of biopolymers. 
If such is the case, then water rotation and the Grotthuss 
transport process is facilitated and pressure should be 
associated. with muscular contraction, as observed*. By 
the converse of the same argument tercperature reduction 
should be associated with muscular relaxation, as 
observed’. Notice that the endothermicity of actomyosin 
formation is not relevant unless thet process is rate- 
determining. 
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Fig. 1. Temperature and pressure dependence of the activation energy 
of electrical conduction of an aqueous 0-10 M hydrochloric acid solution 


The isotope effect for electrical conduction by the 
Grotthuss mechanism is 1:1-3-0 (in water) or 2:2 (in ice) 
while that of electron exchange by the Grotthuss mechan- 
ism. is 1:5-25 (ref. 18). The H,O/D,0 effect for muscular 
contraction is about 3 (ref. 1). This value is commen- 
surate with the values for the Grottluss mechanism but 
may be slightly higher. Hydrophobic bonding plays a 
part in the hydration of biopolymers, unlike ions in 
solution or the bulk water structure. The disruption of 


NATURE 83 


such bonding involvss the co-operative movement of more 
waters than does ths disruption of electrostatic bonding, 
and this could easily give rise to a somewhat greater 
isotope effect. 

Higher pressures, like higher temperatures, result in 
more profound and irreversible chemical reactions in 
proteins?®?4, We visualize that at modest pressures (or 
temperatures) the waters of the biopolymer’s solvation 
sheath are released and rendered ‘free’ to rotate in place. 
As pressure (or temperature) is further increased the 
sheath is totally disrupted and the water molecules may 
even stray away. The structured hydration sheath 
stiffens and stabilizes the biopolymers: when it is des- 
troyed, both inter- and intra-molecular reactions occur 
resulting in denaturation and coagulation. 

The bits of evidence discussed above all point to the 
conclusion that muscular contraction is assomated with a 
release of the bound waters in the biopolymer’s solvation 
sheath and with the transmission of electrical and/or 
chemical energy by the Grotthuss mechanism. However, 
the position of these processes in the temporal sequence of 
muscular contraction is far from clear. Are they cause or 
effect ? In particdlar it would be most interesting to 
know the nature ofthe signal and of the processes in the 
protein which resclt in the release of its waters of 
hydration. 

This work was supported in part by the Office of Naval 
Research. 
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Fine Eye Movements during Inattention 


RECORDING by numerous observers! during steady visual 
fixation has shown a highly typical pattern of fine eye 
movements (Fig. L) invariably present, beyond voluntary 
control, and consisting of three components: rapid saccades 
(flicks); slow dri& and waves; and fine fast tremor. 
While these movements are usually related to a control 
mechanism for keeping the eyes on target?, some feel 
that they play a greater part in visual function‘, especially 
since an artificially stopped retinal image disappears to 
perception’, and since there is an evoked occipital re- 
sponse correlated with saccadic movements’. 

An important question about visual function is: What 
is happening in the visual system when the subject is not 
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attending to vision? The question can be asked at a 
number of levels-—introspectively, in psychological experi- 
ments, or in physiological experiments correlating 
electroencephalogram, electroretinogram, etc. This com- 
munication reports findings correlating types of fine eye 
movements with attention and inattention. 

During routine experiments recording fine fixation eye 
movements by standard techniques it was discovered that 
when the mind of one subject wandered a new pattern 
of fine eye movement (Fig. 2) occurred. If the subject 
was afterwards instructed to attend to the task of fixation 
the eye movements would again revert to the normal 
pattern and the subject became retrospectively quite 
aware of his inattention. This happening occurred several 
dozen times, always identified by the changed character- 
istics of the eye movements, and the retrospective aware- 
ness of inattention, so that the relationship to inattention 
was invariable. These eye movements were oscillatory, 
without finite periods of steadily maintaining relative 
stability on a comparatively small area of the retina. such 
as is true of the ordinary movements. 


10 min. | 


| sec 


Fig.1. Typical recording of fine eye movements with subject attending 

to “ask of fixating a small point. H is horizontal eye movement. V is 

vertical eye movement. Saccades, drift and slow waves and fine fast 
tremor can all be seen 


10 min | 


y 
H 
1 sec 
Fig. 2. Eye movements of the same subject during inattention several 


minutes later. H 18 horizontal eye movement V 1s vertical eye move- 

ment. Note infrequent saccades Note shifting phase relations of the 

traces, necessarily resulting m varying Lissajous figures describing the 
retinal image—retina relation over time 


A feedback control system of fine eye movements might 
be assumed from this evidence to operate differently 
during attention and inattention. Most parsimoniously, 
it could be assumed that during attention there is a closed- 
loop feedback functioning with stability of the system, 
while during inattention the loop is opened, resulting in 
typical instability oscillation as recorded in artificially 
opened loops by Fender and Nye*. Thus, inattention 
would physiologically involve the opening of feedback 
loops which are ordinarily closed and operative. Although 
parsimonious, these assumptions should be tentative. 

Another issue concerns the state of organization of 
visual information transmitted during attention and in- 
attention. Introspection does not readily allow asking if 
what we see during mattention is different from during 
attention. The different space-time relationship of the 
retinal image to the retina during attention and in- 
attention, suggests that the organization of information 
transmitted by the optic nerve might be markedly different 
in the two states. 

This work was supported by U.S. Public Health Service 
grant MH 06554. I thank colleagues at the Department of 
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PHARMACOLOGY 


Drosophila-tests in Pharmacology 


In pharmacology the possible genetical effects of drugs 
have so far been neglected. One reason for this is that the 
test organisms used by pharmacologists are not con- 
venient for genetical tests. A similar problem was faced 
by geneticists and developmental physiologists up to the 
1930’s. Through tests with Drosophila, Neurospora 
genetics was developed and later the whole branch of 
biochemical genetics. 

The increasing use of drugs of various kinds might, in 
addition to secondary somatic effects, also cause genetic 
effects. Among these are included mutagenic effects of 
various kinds and effects on segregation of the chromo- 
somes—non-disjunction. The latter will, in man, either 
cause the death of the foetus before birth, or might cause 
severe somatic and mental deficiency, for example, 
Down’s syndrome. 

For this reason it will be necessary to develop tests 
whereby drugs can be tested for such possible genetic 
effects. 

The use of mammals—mice—in such tests would be 
both expensive and time-consuming, and might slow down 
even more the development of new drugs. Thus, compared 
with the normal time lapse in their introduction, the 
benefit of such tests could be small. It occurred to us 
that Drosophila might be used in such tests, as we there 
have the most refined genetical methods. The problem is 
whether or not we can conveniently observe any somatic 
effects which are dependent on dose. 

This communication presents some experiments which 
show the possibulities of Drosophila tests. 

As somatic effects I decided that developmental time 
and survival would be the best characters to observe. 
The normal developmental time for Drosophila melano- 
gaster at the optimum temperature of 25° C is: egg stage 
slightly less than 1 day, larvae 4 days and pupae 4 days. 
In conditions that are not overcrowded the developmental 
time is thus approximately 9 days. 

As tho larval period is one of very active feeding I 
thought that the best method of introducing the drug was 
to allow newly hatched larvae to live on a medium 
in which it was mixed. 

Normal Drosophila medium consists mainly of agar- 
agar, syrup, corn-meal and water. To such a medium were 
added various drugs which were then thoroughly mixed 
with the medium. 

When various concentrations were to be tested I 
started with the highest concentration and to half of that 
added an equal amount of normal food and mixed it 
thoroughly. Half of this was then taken to obtain the 
next lower concentration, etc. The medium was poured 
into vials into which 25 newly hatched larvae were placed. 
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In order to obtain a great number of young larvae, flies 
were bred in plastic boxes in which there was a hole 
covered by a Petri dish containing a blackened medium 
of agar-agar, syrup and water. The Petri dish could be 
easily exchanged. Egg-laying was allowed for only 4 h. 
Twenty hours after the beginning of egg-laying the Petri 
dishes were inspected and larvae which had already 
hatched were discarded. Within the next 4 h the larvae 
were sampled in groups of 25 which were placed in the 
test vials. In order to get uniformity, 25 larvae were 
added to one vial from each concentration for each drug 
and their controls before the second vials were used. 
There was a total of 8-11 vials in each group. From the 
8th day onward the vials were inspected and emptied 
every 4th or 6th hour, with the longer intervals at night. 
The number of adults ecloding in each period was recorded. 

The developmental time was taken as the time from the 
mean of the egg-laying period until the time of inspection. 
For each concentration total mean developmental times 
for males and females were calculated. These are given 
in Figs. 1-3. 

From these figures it is evident that in most cases there 
is & linear relationship between the concentration of the 
drugs in the medium and the time of development. For 
one drug there is a plateau and in two others seemingly 
no effects at all. 


Table 1. ADULTS OUT OF 25 LARVAE PER VIAL 
Cone. A B 0 D Con. E F Cone, a 


4g 175 229 28565 171 2 183 192 1 21°8 
2 192 21b4 212 225 1 121 1&8 1/2 233 
1 192 22:0 22-5 2837 1/2 224 196 1/4 22-6 
1/2 21:4 23-7 220 282 4 224 200 1/8 281 
1/4 226 220 282 218 1/8 215 214 1/16 235 
Control 232 232 28:2 240 32 232 24°0 


salicylate; Æ, Dhenobartatones T dialivibarbivan’e a of aloan 

As an example of the effects on survival I have used the 
same groups as presented in Figs. 1-3. The mean number 
of adults per vial with originally 25 young larvae are given 
in Table 1. It is obvious that there are some toxic effects 
at the higher concentrations of some drugs. The effects 
on survival are, however, not at all as distinct in relation 
to the concentrations as are the developmental times. In 
many cases there might be a correlation between the 
effects on development and survival. 


Mean developmental time (h) 





0 4 i $ 1 2 





4 
Concentration (g/400 g medium) 
Fig. 1. —, Phenobarbitone; — - —, diallylbarbituric acid 
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Na gal 3 1 2 
Concentration (g/400 g medium) 


Fig.8 —, Glutethemide; — + -—, sodium salicylate 


From these results we can conclude that lengthening of 
developmental time might be a fairly good indication of 
somatic effects. Furthermore, there is good evidence that 
individuals which have had a prolonged developmental 
time have been in one way or another affected by the 
drug, and thus may be used for further genetical tests. 

In Drosophila melanogaster the first meiosis occurs in 
late larval stages of males, and during the pupal stage 
further cells pass meiosis. 

Hence, possible effects of drugs could be manifested as 
chromosomal or genic disturbances in spermatozoa. 
We have chosen one of the drugs (glutethemide) used in 
the previous tests in order to see whether or not we could 
find any effects such as non-disjunction of the sex- 
chromosomes or chromosome breakage. 

In order to perform such a test one needs stocks with 
convenient marker genes. The simplest method in this 
model test, namely, y w sn females and y w sn: scf Y 
males, was used. The males carry in their Y chromo- 
some a very small piece from a normal X-chromosome with 
the wild-type allele of yellow. Thus the males are grey- 
brownish while the females have yellow bodies. If a 
female receives en extra Y-chromosome (XX Y) they, 
too, will be grey-brownish, and if the males have but one 
sex-chromosome «XO) they will be yellow. By always 
using yellow-females and grey-brownish males one will 
be fairly certam that they are of the original normal 
types, XX and XY respectively. Non-disjunction will 
give XXY females which are phenotypically easily seen. 
The complementary class, XO males, may also result from 
other causes than non-disjunction, namely, chromosome 
lagging, or breaks resulting in the elimination of the 
broken chromascme. More XO offspring than XXY 
will therefore be expected. These types of aberrant 
individuals appear in normal stocks at low rates and for 
that reason one musi run parallel controls on the experi- 
mental series. 

In one preliminary test there was a significantly higher 
rate of non-disjunction in the glutethemide-fed group 
than in the control. It was then decided to perform two 
tests to confirm-o-> refute this first observation. This time 
the material was divided into two groups according to the 
developmental time: the first half (early) and the second 
half of eclosions (late). The control group was bred at 
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room temperature (20° C) in order to cause a lengthening 
of developmental time for reasons other than drugs. 
The results of tests of males that had had their larval and 
pupal development on a medium containing 1 g glut- 
ethemide per 400 g (D), and the controls (C), are given in 
Table 2. As is seen, there is some variation but no clear 
trend. A comparison between the combined 4 glut- 


ethemide groups versus the controls gives no significant - 


difference for any of the two types of aberrant mdividuals. 
We can therefore in this case conclude that the drug under 
consideration, although giving appreciable delay of 
development, has no detectable effects such as non- 
disjunction, lagging or breakage. 


Table 2 


Total 10-* 104 
Ser, offspring XXY AO XXY xO 
DL E 47,144 25 117 53 24-8 
DIL 74,245 37 135 50 18-2 
CLE 86,139 35 133 +i i54 
C1 L $6,711 20 194 2°3 22 4 
D2 E 51,822 18 90 3-7 17:4 
D2 LE 63,536 30 124 47 19-5 
C2 E 45,718 31 67 68 14-7 
C2 Lh 32,395 17 53 562 16 4 
Total 
D 236,747 11i 466 4-7 19°7 
C 250,963 103 447 4°] 17°8 


D, giutethemide; C, control; E, the early half of eclosion; D, the late half. 


These tests are presented in order to show the possibili- 
ties in using Drosophila techniques to detect agents with 
genetical effects. Although in this particular case we 
happened to test a drug which did not show any secondary 
effects on the chromosomes the method might prove 
successful with other drugs. 

There might be objections to the use of an invertebrate 
in pharmacological tests since its physiology differs so 
much from man. It is true that we may in some cases 
have quite other types of effects in mammals, especially 
man. On the other hand, a potent agent might manifest 
its effect on an invertebrate as well asin mammals. Thus 
one could have some better ground for the detection of 
undesirable secondary effects on the genetic side rather 
than, as at present, continuing to neglect the problem by 
doing no studies at all. 

This work was supported by Ciba Produkter AB. 
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Maintenance of Pregnancy in Spayed Rats with 
20a-Hydroxypregn-4-ene-3-one and 208-Hydroxy- 
pregn-4-ene-3-one 


THE two epimers 20g-hydroxy-pregn-4-ene-3-one (20«- 
progesterol) and 208-hydroxy-pregn-4-ene-3-one (208- 
progesterol) are in metabolic equilibrium with progesterone 
in Ovaries!->, in the placenta’, and probably in the 
adrenals’. They have also been isolated from ovarian and 
adrenal venous blood?-§-13, their relative concentrations 
and their distribution varying from one species of animal 
to another. 20a-Progesterol and 208-progesterol possess 
certain progestational properties® 1516, The purpose of 
the experiment described here was to determine to what 
extent and under what conditions the two epimers are 
able, like progesterone, to maintain pregnancy in the 
spayed rat. 

Adult virgin female rats of the Sprague~Dawley strain 
weighing 200-250 g were placed in cages with adult male 
rats of the same strain on the evening of pro-oestrus. The 
following day, insemination was confirmed by the presence 
of spermatozoa in the vagina (Ist day of pregnancy). 
The progestational steroids, ın the form of a solution or a 
fine suspension in sesame oil, were administered sub- 
cutaneously twice daily (doses henceforth expressed in 
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mg/kg daily) from the 8th to 19th day of pregnancy, 
either alone or in combination with oestradiol (1 pg/kg 
subcutaneously twice daily in sesame oil). On the 9th 
day, laparotomy was performed, pregnancy confirmed, and 
the animals (except for one group of intact controls) 
bilaterally ovariectomized. On the 20th day, all the 
animals were submitted to autopsy, during which the 
absence of ovaries was confirmed, the number of live and 
dead foetuses counted, and the two horns of the uterus 
examined for implantation sites. 

Effect of the progestational compounds administered 
without oestradiol (Table 1). The two compounds 20a- 
progesterol and 208-progesterol in doses up to 200 mg did 
not exert any pregnancy-maintaining effect. Progesterone, 
on the other hand, maintained pregnancy to some extent 
in a dose of only 12-5 mg. Following this dose, 33 per cent 
of the rats had 1—3 live foetuses; and the uteri of the rest 
af the animals either contained dead foetuses or showed 
implantation sites. A somewhat better effect was observed. 
following 25 mg progesterone, while a dose of 50 mg 
maintained pregnancy in all the animals. In the latter 
case the number of live foetuses in the uterus was equiva- 
lent to that found in intact controls. 

Effect of the progestational compounds administered 
together with oestradiol (Table 2). A partial response was 
elicited with 20«-progesterol. In response to a dose of 
50 mg, a few dead foetuses were found in 25 per cent of 
the rats. With doses of 100 mg and 200 mg, foetuses—all 
of them dead—-and implantation sites were found in 40—50 
per cent of the animals. 

Given in a dose of 50 mg, 208-progesterol had only a 
limited effect : a few foetuses survived in 33 per cent of the 
rats, and dead foetuses were found in 22 per cent. A dose 
of 100 mg, on the other hand, resulted in complete main- 
tenance of pregnancy, all animals containing a normal 
number of live foetuses. 

Following a dose of only 3 mg progesterone, a certain 
number of foetuses survived in 66 per cent of the rats, 
and dead foetuses were found in all animals. The number 
of live foetuses found at autopsy in all animals treated 
with 6-25 mg, 12 mg, or 25 mg progesterone was compar- 
able to that in intact controls. 

Discussion. The finding that 20a-progesterol and 208- 
progesterol show no ability to maintain pregnancy in the 
spayed rat when administered without oestrogen tallies 
with similar observations in the castrated mouse”. 
Under these conditions, the two epimers are less than 1/15 
as active as progesterone. 

Oestradiol, like oestrone in other experiments’*:)’, 
reduced the dose of progesterone required to maintain 
pregnancy in the spayed rat to one-half or even one- 
quarter. Its synergistic effect appears to be even more 
marked with 20«-progesterol, and particularly with 206- 
progesterol. The partial effect observed with 20a-pro- 
gesterol probably indicates that maintenance of pregnancy 
was limited to a certain period of time after castration. 
When administered together with oestradiol, 208-pro- 
gesterol—in contrast to 20«-progesterol—produces quali- 
tatively the same effects as progesterone, but is 15 times 
less active than progesterone. 

The superiority of 206-progesterol over its epimer is 
also apparent in the Hooker-Forbes test: 16, in which it is 
twice as active as progesterone, whereas 20a-progesterone 
is two times less active. In the Clauberg test®1*, by con- 
trast, 208-progestero! is 20 times less active than progester- 
one, whereas 20«-progesterol is only two times less active. 
The activity ratios between the two epimers and progester- 
one, as established in the course of these various tests, 
show that, in comparison with progesterone, 208-pro- 
gesterol and particularly 20a-progesterol have a weaker 
progestational effect on the maintenance of pregnancy 
than on the uterine mucosa. Hence, there is a marked 
dissociation between the various types of effect exerted 
by 20«-progesterol and 20-progesterol. In order to explain 
this dissociation, it would be necessary to determine how 
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Table 1. PREGNANCY MAINTSNANOE IN OVARIEOTOMIZED RATS WITH 200-PROGESTEROL AND 208-PROGESTEROL 








Dose No, and % of 
Treatment mg/kg rats with 
REA live 
dally foetuses 
Intact controls, _— 10 100% 
segame oll 
Castrate controls, eea 0 0 
sesame oll 
20a-Progesterol 200 4 0 0 
208-Progesterol 200 5 0 0 
100 5 0 0 
50 5 0 0 
25 5 0 0 
Progesterone 100 6 6 100% 
50 20 10 100% 
25 é 3 50% 
12:65 6 2 33% 





* Also includes rats with some live foetuses togezhe: with dead foetuses. 
t Mean + SE. 








Av. No. of live No, and % of | Av. No, of dead No of rats 
foetuses per rats with foetuses per with implan- 
rat having lead rat having tation sites 
live foetuses foetuses * dead foetuses only 
116 - 11if 1 10% 0 
0 0 0 0 
0 0 0 0 3 
0 0 0 0 0 
0 0 0 0 1 
0 0 0 0 0 
0 0 0 Q 
106 + 09 2 33% i-0 0 
10-2 + 05 1 10% 1-0 0 
90 +13 4 68% 20 + d 2 
20+ 06 2 338% 3-5 2 





Table 2, PREGNANOY MAINTENANCE IN OVaRIECTONIZED RATS WITH 20a-PROGESTEROL AND 208-2ROGESTEROL TOGETHER WITH OESTRADIOL 





Dose Oestradiol Total No and % of 
Treatment mg/kg dose No, rats with 
B.C. mg/kg of live 
daily sc, daily rats foetuses 
Intact controls, — — 10 
sesame oil 
Castrate controls, — — 16 0 
sesame oli 
Castrate controls, — 0 002 17 0 
oestradiol 
20a-Progesterol 200 0-002 4 Q 
100 0-002 5 0 
50 0 002 8 0 
25 0 002 4 0 
208-Progestero! 100 0-002 9 9 
50 0 002 9 3 
25 0 002 5 0 
Progesterone 50 0-002 6 6 
25 0 602 6 6 
125 0 002 6 6 
6°25 0 002 5 5 
30 0-002 6 4 
15 0 002 5 0 











* Also includes rate with some live foetuses together with dead foetuses. 
t Mean + S.B. 


much of the activity of each of the two epimers is due to 
an intrinsic effect, and how much is due to metabolic 
conversion into progesterone.. 


= F. K. TALWALKER 
C. KRAHENBUHL 
F. A. DESAULLES 
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Av. No, of live No. gnd % of | Av, No. of dead No, of rats 
foetuses per Tats with foetuses per with rmmplen- 
rat having dead rat having tation sites 
live foetuses foetuses * dead foetuses only 
11-6 + 11t 1 10% 1-0 0 

0 0 0 
0 0 0 0 
0 2 50% 3-5 2 
0 2 40% 1:5 1 
0 , Oo 3° ò 
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Excitatory Action of Prostaglandin E, on 
Brain-stem Neurones 


PROSTAGLANDINS (PG) were first identified chemically 
in 1960 by Bergstrom and his co-workers!-* in extracts 
of sheep prostate gland, and since then they have been 
found in many other tissues. They are biologically active 
and stimulate or relax a variety of smooth muscle prepara- 
tions’. Recently, evidence has been obtained for an action 
on. the central nervous system following intraventricular 
or intravenous injection in small doses®*. PGF,a has 
been isolated from bovine brain’ and evidence has been 
obtained that PGE, or PGE, is released from the 
cerebral cortex inso a superfusate following afferent or 
cortical stimulation®. Krnjević, however, was unable to 
detect any action of PGE, on cerebral cortical neurones 
when it was released by iontophoresis’. 

Since some of the effects observed following the intra- 
ventricular or intravenous injection of prostaglandins®-® 
might have been due to an action on the brain-stem, it 
was decided to test for an action of PGE, on neurones in 
this region. A sample of PGE, (95 per cent purity) was 
supplied by Dr. D. A. van Dorp and initially a solution of 
1 mg in 0-2 ml. adjusted to pH 8-2 with sodium hydroxide 
was used. In later experiments, this concentration 
was doubled and tne pH was 6:7. The PGE, solution was 
placed in one barrel of three-, four-, or five-barrelled micro- 
pipettes. These were inserted into the medulla of un- 
anaesthetized decerebrate cats and the spontaneous 
activity of single neurones was observed before, during 
and after the iontophoretic application of PGE. The 
methods used have been described elsewhere!*-1*, Histo- 
logical controls showed that most of the neurones studied 
were in the medial reticular formation of the medulla. 
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Out of 265 neurones studied, 75 (28 per cent) were 
excited and 184 (70 per cent) were unaffected by PGE.. 
The active ions were expelled from the electrode by a 
negative current and an equivalent current was passed 
through a saline-containing barrel as a control. A nega- 
tive current through the control barrel sometimes caused 
excitation, but an effect of PGE, could be distinguished by 
a comparison of the magnitude and time course of the 
two effects, or by adjusting the current strength until it 
had no action when applied via the saline barrel. With 
some neurones, repeated application of PGH, led to a 
progressive reduction in effect whereas with others its 
magnitude remained relatively unchanged. The effects 
observed could not have been due to the expulsion of 
hydroxyl ions since the activity of PGE, was the same at 
both pH 6-7 and 8-2. 

In some experiments, the effects of two related sub- 
stances were compared with those of PGE,. Approxim- 
ately half the neurones | excited by PGE, were similarly 
affected by the precursor, homo-y-linolenic scid!?. ' On 
the other neurones, it |had only a slight effect or no 
effect at all. Linolenic jacid was also active on some of 
the neurones excited b7 PGE, but inactive on others. 
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Fig. 1. Graph to show the effects of: a, alee E; b, linolenic acid; 
c, current, each applied with| a current of 100n amp, on the impulse 
requency 1 a medulary neurone 











The excitatory action of PGE, on a neurone in ‘the 
medial reticular formation of the medulla is shown in 
Fig. 1. At rest, this neurone fired only occasionally, but 
it was markedly excited by PGE,, while current and 
linolenic acid had relatively slight effects. 

Thus PGE, not only has an action on the central 
nervous sytem when injected intraventrioularly or intra- 
venously in very small quantities, but also has a selective 
excitatory action on brain-stem neurones. Since a 
related substance (PGF3,) has been found in brain, the 
possibility that one of the prostaglandins or a related 
substance has some function of biological importance in 
relation to neuronal activity must be considered. 

G. L. AVANZINO 
| P. B. Brapiey 
J. H. WOLSTENCROFT 
Medical Research Council Neuropharmacology | 
Researchl Unit, 
The Medical School, 
Birmingham 15. 
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Liver Metabolism of Anticholinesterase 
Compounds in Live Rats: Relation to 
Toxicity 
Tux insecticide ‘Isolan’ (1l-isopropyl-3-methyl-5-pyra- 
zolyl dimethylearbamate) is more toxic to rats by the 
dermal than by the oral route!. This finding is interesting, 
because the opposite is true of most compounds. It was 
not known whether the unexpected difference in the 
toxicity of “Isolan’ by the two routes was caused by 
detoxification in the intestinal lumen, poor absorption 
from the gastrointestinal tract, detoxification in the liver, 
unusually efficient percutaneous absorption, or some other 

mechanism. 

It is generally recognized that the liver is the main site 
of metabolism of foreign compounds in mammals. 

Compounds may enter the body through a variety of 
routes: the gastrointestinal tract, skin and respiratory 
system being the most important. Absorption by any of 
these routes involves either the lymph or the blood as a 
primary transport medium. ‘The lymphatic circulation 
and the capillary blood networks of the skin and lung 
discharge into the systemic blood circulation; the blood 
is then passed through the heart and on throughout the 
body. The liver receives about 6-5 per cent of the cardiac 
output directly through the hepatic artery and another 
21 per cent of the cardiac output less directly by way of 
the mesenteric arteries and portal venous circulation. 
In contrast, the blood capillary network of the gastro- 
intestinal tract discharges directly into the liver via the 
hepatic portal venous system, and essentially 100 per 
cent of this blood is delivered into the liver. Thus (if one 
ignores the possibility of a compound being sequestered 
by a given tissue or capillary bed) virtually all of a com- 
pound absorbed by the gastrointestinal tract goes directly 
to the liver; whereas, if a compound is absorbed from any 
other site, only 27-5 per cent reaches the liver before 
being distributed in the general circulation. 

To test the effect of a single pass through the liver, 
‘Isolan’ was injected directly into the hepatic portal 
system (intestinal vein) in one group of rats and into the 
general circulation (femoral vein) in another group. 
Similar investigations were conducted with two organic 
phosphorus compounds—dichlorvos, a direct inhibitor of 
cholinesterase, and parathion, an indirect inhibitor. It 
is well known that parathion is converted to the highly 
toxic paraoxon in the liver, but it is presumably in the 
liver also that it is eventually detoxified. 

Adult female Sherman strain rats were paired according 
to age and body-weight and prepared for infusion by 
cannulating the intestinal vem of one rat and the femoral 
vein of the other. Surgery for installation of the cannulae 
was performed on the rats while under anaesthesia with 
methohexital sodium solution given by intraperitoneal 
injection at a dosage level of 80 mg/kg. The method of 
cannulation of both veins was the same as that described 


-by Ross and Rappaport? for cannulation of mesenteric 


veins. 

As soon as the cannulation was completed and the 
incision sutured, each rat was confined to an individual 
restraining cage*. The cannulae were each fitted over the 
tip of a 27-gauge hypodermic needle and attached to 
separate 5-ml. hypodermic syringes on a dual infusion 
pump. Each rat was infused with normal saline, at the 
same rate as the poison formulation was later infused, for 
at least 1 h or until both rats recovered from the anaesthe- 
sia if recovery took longer. Then the syringes of normal 
saline were replaced with syringes containing the poison, 
and the infusion of the poison was started simultaneously 
in both rats. 

Preliminary investigations were conducted with each 
of the compounds in a deliberate effort to establish a 
concentration, infusion rate, and duration of infusion 
which would kill all the rats infused by one route and 
allow those infused by the other route to survive. Once 
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these conditions were determined for a compound, all 
the rats infused with that compound were infused at the 
same concentration and rate and for the pre-determined 
period of time, unless they died earlier. Based on the 
results of the preliminary tests, the compounds (all 
technical grade) used in this investigation were formulated 
and infused as shown in Table 1. 

Each rat was observed continuously during the infusion 
of poison, and a complete record kept of time of the 
onset and course of symptoms and of the time of death. 
Except for the earlier detection of facial muscle fascicula- 
tion in some of the rats, the first symptcm of poisoning 
was light generalized muscle fasciculation. Consequently, 
the time of onset of the latter was indicated as the time of 
onset of symptoms. Rats which survived the infusion 
were held for observation until recovery from symptoms, 
but not necessarily until recovery from cholinesterase 

inhibition. 

The toxicity of ‘Isolan’, dichlorvos, and parathion 
infused into the hepatic portal system (intestinal vein) 
compared with their toxicity when infused directly into 
the general circulation (femoral vein) in rats is shown in 
Table 2. Based on time to onset of symptoms, time to 
death, and mortality in the poisoned rats, it is apparent 
that ‘Isolan’ and dichlorvos infused into the hepatic 
portal system undergo considerable detoxification during 
a single passage through the liver before they reach the 
general circulation. On the other hand, parathion 
infused into the hepatic portal system is more toxic than 
when infused by way of the femoral vein into the general 
circulation. 

Time to onset of symptoms caused by “Isolan’ and di- 
chlorvos was delayed about three times as long in rats 
infused into an intestinal vein as in those infused in the 
femoral vein. Six rats given a mean tozal dose of 0:73 

_~ mg/kg of “‘Isolan’ in the femoral vein were killed. but 5 of 
6 rats given a mean total dose of 1-63 mg/kg by intestinal 
vein survived. A mean total dose of 50 mg/kg of di- 
chlorvos killed 6 rats infused in the femoral vein, but 
6 rats infused in an intestinal vein survived a mean total 
dose of 15-2 mg/kg. 

The results for parathion presented in Table 2 indicate 
that the time to onset of symptoms in rats infused in the 
femoral vein was about twice as long és that for rats 
infused in an intestinal vein. However, 3 of the 6 rats 
infused in the femoral vein for 75 min never exhibited 
any signs of poisoning and none of the € rats died. All 
the 6 rats infused in an intestinal vein were killed in 57—75 
min. 

It is clear that efficient detoxification of ‘Isolan’ by the 
liver tn vivo is one factor contributing to 1ts relatively low 


€ Table 1. FORMULATION OF COMPOUNDS AND BATE OF INTRAVENOUS 


INFUSION IN FEMALE RATS 


Formulation Maximal 
Concentration Irfusion period of 
Compound Vehicle of poison ra infusion 
(mg/ml.)  (mi.'rat/min) (min) 
“‘Isolan’ Normal saline 1:0 0:0083 60 
Dichlorvos Modified “Lipomul * 12°5 (+0068 60 
Parathion Modified ‘Lipomul’* 1:0 0:0068 75 


* As described by Tullner and Hertz (ref. 4). 
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toxicity by the oral as compared to the dermal route. 
However, one or more other factors must be important, 
for the detoxification of dichlorvos by the hver seems 
equally efficient, and yət dichlorvos is slightly more toxic 
by the oral than by the dermal route. Even though other 
techniques will have to be used to explain fully the pattern 
of toxicity of ‘Isolan’ when given by different routes, the ° 
technique presented in shis report 1s a useful and relatively 
simple procedure for learning the net effect of the liver on 
the metabolism of chernicals in intact laboratory animals. 


Tomas B. GAINES 
WAYLAND J. HAYES, JUN. 
RALPH E. LINDER 


Toxicology Section, 
Technology Branch, 
Communicable Disease Center, 
U.S. Department of Health, Education and Welfare, 
Atlanta, Georgia. 

1 Gaines, T. B., Toxicol. App. Pharmacol., 2, 88 (1960) 
1 Ross, P. L. B., and Rappaport, A. M., Nature, 188, 326 (1960). 
> Bollman, J. L., J. Lab. Chn. Med., 33, 1348 (1948). 
t Tullner, W. W , and Hertz, R., Endocrinology, 86, 494 (1960). 


Incompatibility of Synthetic Tetraicosapeptide 
Corticotrophin with the Present U.S.P. and 
International Corticotrophin Standard 


CoORTICOTROPHIN, unlike insulin or the octapeptides 
of the posterior lobe of the pituitary gland, is known 
to exist in different biological forms, due to incon- 
sistencies in bioassays in which various routes of adminis- 
tration are used. The first hormone preparations used 
were of the same type as the first and second Inter- 
national Standard, thai is, crude corticotrophin—a glacial 
acetic acid extract of pituitary glands. When in 1951 the 
oxycellulose adsorption method of Astwood et al. yielded 
a highly purified hormane, the bioassays carried out by sub- 
cutaneous injections inso hypophysectomized rats showed, 

on the average, potency estimates three times greater 
than the classical assay mothod (Sayers test) which 
involves intravenous injection. This phenomenon led to 
a type distinction of oxycel-purified ACTH from crude 
corticotrophin, the former being called corticotrophin A 
(Wolfson?). Another attempt to purify corticotrophin 
involving peptic or strongly acid hydrolysis yielded pre- 
parations of lower molecular size (about 28 amino-acid 
residues), which also differed biologically from crude 
corticotrophin®. In this case the ratio of potencies 
observed after subcuteneous and intravenous comparison 
with the latter was reversed and of the order of 1: 4. 
This third biological ACTH type was designated. cortico- 
trophin B or actide (ref. 2). The foregoing ratios were 
obtained in rats but eppear, in the main, to agree with 
those in man so far as crude corticotrophin and cortico- 
trophin A are concerned. Bearing in mind that ACTH 
is mainly given subcutaneously (extravascularly), cortico- 
trophin A may be regarded as the most important type 
of native ACTH due to its high degree of purity and 


Table 2, INTRAVENOUS TOXICITY OF PESTICIDES INFUSED INTO THE HEPATIC PORTAL SYSTEM (INTESTINAL van) SOME eee WITH THER TOXIOLTY WHEN 
INFUSED INTO THE GENERAL CIROULATION (FEMORAL VEIN) IN FEMATE RA 




































































Body weight Time to onset of Time to death Total dose 
es r newer of rats (g) symptoms (min) (min) (mg/kg) Morsay 
mpoun ute 0 a [areor 
a infusion fated 
Range de, 

‘Tsolan’ Femoral vein 287-392 18-35 0-44~—1-00 0-73 +0 08 6/6 
Intestinal vein 255-368 One died 1 86~1°95 1:63 +0 10 1/6 

Dichlorvos | Femoral vein 292-410 17-31 4 4-64 5-0 + 0°29 6/6 
Intestinal vein 300-408 Survived 12 5-17 0 15 24071 0/6 

Parathion Femoral vein 270-336 1 52~-1-89 1:89 + 0-06 0/6 
Intestinal vein 280-354 1:27-1 60 1-41 + 0°05 8/6 





* One rat showed no symptoms of poisoning. 
} Three rats showed no symptoms of poisoning. 
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Table 1. EIGHT INDEPENDENT BIOASSAY RESULTS COMPARING Senario 
CORTICOTROPHIN (TETRAICOSAPEPTIDE-CIBA) WITH THE PRESENT INTER- 
NATIONAL a cara STANDARD BY THE METHOD OF RERUP AND 


HEDNER 
No. Weight Log Potency P = 005 
Assay of factor of potency ratio = confidence 
day mice | assay = IV, ratio = M antilog M limits 
(a) Subcut- 18.1264 12 2 6 1:3370 2L j (1.0. a 
aneous 10365 16 80 1:5686 370 
injection 11.3.65 16 09 i 1:5473 353 
12.3.65 16 14721 29-7 
Total 60 | is 0 ow reighted 1.5190 380., 240-443 
(b) Intra- 12.1.65 16 a 2:4105 257 
venous 9.3.65 16 ; 65:9 23948 248 i 
injection 16.3.65 16 2.4055 254 
19.365 16 |183 2:4146 260 i i 
Total 64 | a i — 24088 256-4 204-322 


favourable efficiency (when given extravasculatly.’. '. It is 
partly for these reasons that the now official International 
and U.8.P. Corticotrophin Standard preparations are of 
the corticotrophin A| type, a fact which has practically 
eliminated bioassay discrepancies (crude corticotrophin. is 
now rarely used). The reasons for the foregoing bioassay 
discrepancies are unknown, but it is most likely that they 
lie in the different rates of inactivation of the different 
types of ACTH at the site of extravascular administration. 

The recent introduction of synthetic corticotrophin 
(tetraicosapeptide-Ciba), which due to its lower molecular 
weight should belong to the corticotrophin B type, has 
created a new situation, since formerly this type was not 
in general use.- We tested the hypothesis of a type- 
difference between the synthetic tetraicosapeptide and 
the International Standard for corticotrophin (cortico- 
trophin A) by a method utilizing the increase in the 
corticosteroid-level of mouse plasma. This method, 
devised by Rerup and Hednert, has been. shown to give 
valid potency estimates for corticotrophin A preparations. 
Typical results are shown in Table 1. 

It will be noted that the synthetic ‘tetraicosapeptide 
' when given subcutaneously showed only sbout 13 per 
cent of the activity expected from the assay using intra- 
venous injection. Thus there can be no doubt concerning 
the strong biological difference between the present 
(International and U.S.P.) standard and the synthetic 
peptide. From this it follows that, so long as the inter- 
national unit is used as a reference for corticotrophic 
activity, labelling of the synthetic product in weight units 
(mg) is inappropriate, since there does not appear to’ exist 
. a fixed constant of equivalency of weight unit to biological 
unit. The findings indicate the need for (a) a clear dis- 
_ tinction between preparations for intravenous and sub- 
cutaneous use (U.S. P! 1955)5; (b) a parallel study in man 
and laboratory animals to assess the equivalent of 1 mg 
of the tetraicosapeptide ï in international units after both 
intravenous and subcutaneous injections. a 

C. RERUP 
Department of Pharmacology, 
The Royal University, 
Lund, Sweden. 
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PATHOLOGY 
Carcinoma of the Glandular Stomach in 
Rats given Diets containing Aflatoxin 


SPONTANEOUSLY occurring carcinoma of the glandular 
stomach in the rat is'exceedingly rare. In a large series 
Bullock and Curtis! reported a single case, while Stewart 
et al.? in a review of the literature failed to find a convincing 
example of adenocarcinoma of the stomach in the rat. 
Experimentally, Haré et al.* produced a low incidence of 
glandular carcinoma on intramural injection of the carcino- 
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genic polycyclic hydrocarbons. The same substances on 
feeding failed to induce carcinoma, of the stomach. Stewart 
et al.2 have since demonstrated that oral administration 
of N,N’ 2,7-fluorenylenebisacetamide will induce a low, 
inerxdence of stomach adenocarcinoma (4 in 47 rats), and 
Schoental* has reported the induction of malignant 
adenocarcinoma: with - N-nitroso-N-methylurethane 
(NMU). It is the purpose of this communication to 
describe the incidence of carcinoma of the glandular 


_stomach observed in a series of experiments in which the 


toxicity of groundnut meal containing aflatoxin was 
investigated. 

In our original experiments to examine the toxicity of 
groundnut meal we reported two definite adenocarcmomas 
of the stomach while a third animal had multiple meta- 


‘stases from a histologically similar adenocarcinoma. 


These experiments were started when the rats were about 


5 weeks old and the animals were killed 66-76 weeks after® 


the start of the experiment’. 

In further experiments rats have been given a diet 
made up with 50 per cent of the same batch of groundnut 
meal. The level of aflatoxin in the diet was 3—4 p.p.m. 
In one experiment 6 male rats 1 year old were given the 
diet to test its effects on old rats. Five of the 6 rats 
survived for more than 39 weeks, the sixth dying of 
middle-ear disease after only 9 weeks on the diet. Of 
these animals 3 showed anaplastic hepatocellular carcino- 
mas. Two of these animals also had a further primary 
carcinoma, one an adenocarcinoma, of the rectum and the 
other an adenocarcinoma of the stomach. The rat with 
the stomach carcinoma was 104 weeks old. In other 
experiments to be reported in detail elsewhere, the effects 
of short-term administration of aflatoxin were investi- 
gated. 

Six young rats were given the diet for 3 weeks and then. 


returned to s normal diet; one animal which lived for ~ 


106 weeks after return to the normal diet developed a 
carcino-sarcoma of the stomach. In this group of 6 
animals only one developed a hepatic carcinoma. 

Thus & total of four confirmed and one probable 
carcinoma of the glandular stomach have been seen in 
rats fed aflatoxin. Although the overall incidence is low, 
the tumours reported here are of considerable interest in 
view of the difficulty with which this type of carcinoma 
can be induced. 

It has been suggested that aflatoxin may play a major 
part in the aetiology of human liver carcinoma in some 
parts of the world’. Carcinoma of the glandular stomach 
also shows an interesting geographical distribution, and it 
is possible that this type of food contaminant may be 
a factor in the aetiology of carcinomas in organs other 
than the liver. 

W. H. BUTLER 
J. M. BARNES 
Toxicology Research Unit, 
Medical Research Council Laboratories, 
Woodmansterne Road, 
Carshalton, Surrey. 
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Experimental Pyelonephritis in the Rhesus 
Monkey 


EXPERIMENTAL work on pyelonephritis has been con- 
fined to rabbits, rats and mice!. 
rhesus monkeys recorded here was undertaken because 
this species is phylogenetically close to man and, therefore, 
has better chances of developing the various character- 
istics of the human disease rather than any other labora- 


The investigation on ` 
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Fig. 1. 
inflammatory cells, destruction of renal tubules, 
and shrunken glomeruli as a result of chronic pyelonephritis (x e. 70). b, Section of 
left kidney showing markedly dilated and cystic tubules with atrophic epithelial 


lining along with diffuse cellular infiltration of interstitial tissue (chronic pye 
(= ¢. 70). ¢, Section of left kidney showing destruction of renal tubules and interstitial 
cellular infiltration with mononuclear histiocytes, plasma cells and lymphocytes 
(x c. 250). d, Section of the pyelonephritic left mney showing intimal elastosis of a 

1aematoxylin and eosin; Fig. d, 


medium-sized interlobar artery (» c. 70). Figs. ae, 
Verheeffs’ stair 


tory animal. This preliminary commun.cation describes 
the techniques employed for the produstion of chronic 
~ pyelonephritis. 

Twelve healthy animals weighing 2-2-5 kg were caged 
individually and were given a diet made up of soaked 
grain, green vegetables and bread. After adapting them 
to the laboratory conditions for ə fortnight they were 
subjected to laparotomy aseptically under sodium pento- 
thal anaesthesia. The left ureter was exposed and partially 
ligated by silk thread 2 cm below the hilum of the kidney, 
thus producing hydronephrosis. The right kidney served 
as control. 
18-h broth culture of haemolytic and ccagulase positive 
Staphylococcus pyogenes representing 9-76 x 10° organisms 
per ml. were injected into the femoral vein at a week's 
interval. The optimum dose of the cu ture which was 
found to avoid mortality was 0-5 ml. init.ally followed by 
1 ml. after a week. 

The animals were killed after 8 weeks of the second 
injection and autopsy performed. Culture of heart blood, 
liver, spleen, both kidneys and of urine was performed. 
The tissues were examined grossly and blocks fixed in 
10 per cent neutral formaldehyde saline for histopatho- 
logical studies. Paraffin sections 5u thiek were cut and 
stained with haematoxylin and eosin. Special histochemi- 
cal techniques were used whenever required. 

Although they became thinner, the test animals kept 
well throughout the experiment. Bacterielogical examina- 
tion of specimens at autopsy yielded growth of Staphylecoc- 
cus pyogenes from the left kidneys of two animals whch 
resembled the original culture morpholegically and bio- 
chemically. The tissues of the remaining animals were 
found to be sterile. 

The left kidneys were enlarged and showed hydroureter 
and hydronephrosis. The renal calyces were ill-defined, 
and the pelvie surface was shaggy. In one animal, the 


_ left kidney was markedly shrunken and the cut surface 


showed fibrous bands running irregularly in the renal 
parenchyma. The right kidney showed congestion. The 
urinary bladder was unaffected. 

The microscopic examination of the left kidney showed 
inflammation and degeneration of tubular epithelium 


a, Section of left kidney showing diffuse infiltration of interstitial tissue with 
sasts in dilated and cystic tubules 


lonephritis) 


15 days after this operation, two doses of 


A 
and cystie dilatation with protein and 
leucocyte casts. In the interstitial tissue 
oedema and capillary dilatation with diffuse 
infiltraton by mononuclear histiocytes, 
lymphoeytes, plasma cells and occasional 
polymorphs were seen. Early fibrous 
proliferation was also noted. The glomeruli 
appeared normal. Some of the renal 
arterial branches had fibro-elastic intimal 
thickening (Fig. la-d). The pelvic epithe- 
lium shewed atrophy and the sub-epithelial 
zone was markedly inflamed. Examina- 
tion of the right kidney showed a normal 
appearance in all the animals except two, 
in which interstitial inflammation with 
slight tubular degeneration were noted. 

The sissues of the control group of 
monkeys did not show any pathological 
process. 

The work recorded here has provided 
for the first time new information regarding 
suitabilty of rhesus monkeys for research 
on pyeonephritis. The morbid changes 
observed had many features of the human 
disease, for example, isolation of causative 
organisms from the kidney, presence of 
internal hydronephrosis, diffuse interstitial 
nephritess and vascular changes. It was 
also found that kidneys are particularly 
prone =o localization of the pathogenic 
organisms if obstruetion to urine flow is 
achieved. In other laboratory animals 
also, this point has been emphasized*-*. 
In this work, however, no advanced pictures of pyelone- 
phritis or scarring of kidneys or inflammatory changes of 
urinary bladder were detected. This could have been 
due to the short peried of observation. 

We thank Dr. Mohini Malhotra for her help in standard- 
izing surgical techniques in this experiment. 

S. K. DATTA 
R. N. CHAKRAVARTI 
Department of Exoerimental Medicine, 
Institute of Post Gracuate Medical Education 
and Research, 
Chandigarh, India. 
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Is there a Cortex-Medullary Cord Barrier 
in Lymph Nodes ? 


THIs communication discusses the evidence for a barrier 
between the cortex and the medullary cord of rat lymph 
nodes, as suggested by the regional distribution of lymph- 
borne particulates within such a node, and also by the 
cytological pattern ef its reaction to intense antigen 
stimulation. 

A useful method of examining particle distribution is to 
inject 0-1 ml. of iron—dextran (‘Imferon’, Benger) into the 
right hind footpad ef the 80-100-g rat. 3-y paraffin 
sections stained by Prussian blue are then used to plot the 
distribution of iron-marked macrophages in the medullary 
structures of the corresponding para-aortic lymph 
node, at greduated time intervals after this footpad 
injection. 

From 0-5 to 24 h afterwards, medullary sinus macro- 
phages are heavily outlined, but little iron is found in the 
cords. After 24 h, iren-marked macrophages in cord and 
sinus regions can be easily observed. After 2 days, 
relatively less iron is found in the sinuses; but in the cords 
closely packed groups of macrophages are seen to be laden 
with Prussian blue-positive material. Adjacent to this 


5 








Fig. 1. View of cortex, top left, and medulla, bottom right, of para- 

aortic lymph node of rat 4 days after one footpad injection of iron- 

dextran. The maximum concentration of iron-marked macrophages is in 

the medullary cords, The cortex contains no visible iron. In terms of 

marked macrophages, there is a sharp cortico-medullary transition. 

Formol-fixed paraffin sections cut at 3u, stained by Prussian blue-nuclear 
fast red (xe. 95) 


heavy cord marking, the macrophages of the inner cortex 
contain little or no iron (Fig. 1). Especially in 4-day 
preparations, this gradient can be very abrupt. 

Para-aortic lymph nodes have been observed for up to 
9 weeks after a footpad iron—-dextran injection. At the 
end of this time, some scattered cortical macrophages 
have become Prussian blue positive. However, the 
general exclusion of iron from the inner cortex remains 
unchanged. These regional peculiarities of macrophage 
iron—dextran distribution are duplicated by lymph-borne 
carbon used under similar conditions (‘Pelikan’ indian 
ink, Gunther-Wagner, C11/1431la). 

The behaviour of lymph-borne particles thus suggests 
a barrier between the medullary cord and the cortex, in 
spite of the fact that collagen and reticulin stains do not 
support such a suggestion, nor does the adherent carbon- 
frozen section technique, as described in a previous com- 
munication’, show any obvious organization of macrophage 
processes at this site (Fig. 2). 

Yet certain cytological observations support a cortico- 
medullary barrier concept. Antigen stimulation by TAB 
vaccine (0-1 c.c. Commonwealth Serum Laboratories vac- 
cine twice daily for 5 days) produces a sequence of blast- 





E, Sm View of cortex, top right, with macrophage processes marked by 

adherent carbon. Bottom left, the medullary sinuses are dark because 

of their dense macrophage concentration. Between the sinuses, the 

medullary cords can be seen in the region of the cortico-medullary 

junction, There is no special macrophage organization in this zone to 

suggest a ap emer gers | barrier, 10-4 frozen section, unfixed. 
Stained by adherent indian ink (x e. 130) 


delay of at least a part of the A-cells. 
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plasma cell change in the medullary cords, while the 
adjacent cortex shows remarkably little alteration of its 
predominantly small lymphocyte population. The line of 
separation between the lymphocytes of the cortex and the 
blast-plasma cell population of the adjacent medullary 
cord can be visually abrupt on the low-power view (Fig. 3) 
although higher magnification usually shows a zone of 
transition rather than a sharp boundary line. 


a . 





Fig. 3. View of cortex, top right, with medullary cords and sinuses, 


bottom left, at the end of a TAB antigen course by footpad injection, as 
described in text. The cortex maintains its small lymphocyte popula- 
tion; the medullary cords are full of maturing plasma celis. Visually, 
these two populations show an abrupt cortico-medullary transition. 
Formol-fixed paraffin sections cut at 3x, stained by haemalum (x 50) 


Electron microscopic observations will be necessary to 
confirm objectively the presence of this cortico-medullary 
barrier, which has so far been inferred only by indirect 
means. Further investigation into this point is now in 


a D. W. MENZIES 
Department of Pathology, 
University of Melbourne, 
Melbourne, Australia. 
‘Menzies, D. W., Nature, 208, 163 (1965). 


RADIOBIOLOGY 


Radiation-induced Mitotic Delay in ™ 
Spermatogenesis of Drosophila melanogaster 


Welshons and Russell! demonstrated in their histological 
observations on the testis of X-irradiated adult Drosophila 
males that secondary spermatogonia and young primary 
spermatocytes are easily killed by X-rays and that their 
destruction results in a period of temporary sterility of 
the males. These data were tabulated by the authors in a 
semi-quantitative way. If one presents the results graphic- 
ally (Fig. 1) it becomes evident that, besides cell killing, 


mitotic delay has been induced by the exposure to X-rays. 


The authors find that the minimum of curve A at day 2 
is caused by radiation-induced degeneration of secondary 


spermatogonia and young primary spermatocytes. The 
minimum of curve B is explained by assuming that the old 
primary spermatocytes develop into sperm without 
degeneration and without being immediately replaced 
from the spermatogonia. 
curve B is lower than that of A and—after curve B has 
gone through this minimum—the frequency of B-cells 


However, the minimum of 


temporarily exceeds the control value. These two 
facts can easily be explained by postulating mitotic 
If these A-cells 
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Days after irradiation 


Fig. 1. Histological condition of Drosophila testis of adult males irradi- 

ated with 4,000r X-rays (after ref. 1). The normal condition of the 

testis is designated by + ++, conditions characterized by radiation 

induced decrease of the number of germ cells are designated by + +, + 

and 0, A, Secondary spermatogonia and young primary spermatocytes; 
B, old primary spermatocytes 


interrupted their development the minimum of curve 
B might become lower, as if it were determined only by 
the frequency of killed A-cells. When the younger A-cells, 
which were not delayed in their development, together 
with the delayed A-cells, formed B-cells, the frequency of 
B-cells was raised above its normal value by this process 
of synchronization. One wonders why there is no 
corresponding excess of A-cells; perhaps this increase was 
not detectable by this semi-quantitative investigation. 

Though the authors do not discuss mitotic delay in their 
paper, we feel that their observations do support the 
postulate that radiation-induced mitotic delay occurs in 
“the testis of Drosophila melanogaster. If so, mitotic 
delay, as well as cell killing and dominant lethality, con- 
tributes to the sterile interval observed in brood pattern 
experiments utilizing irradiated Drosophila males. 

I thank Prof. D. W. Dittrich and Dr. 5. Bhaskaran 
(Münster) and Dr. W. J. Welshons (Oak Ridge) for their 
advice. 

Note added in proof. The symbols A and B used in 
this communication have nothing to do with the classifica- 
tion of mouse spermatogonia into type A- and B-cells. 

H. TRAUT 

Institut für Strahlenbiologie, 

Universität Münster, 
(Westfalia), Germany. 


: Weeen W. J., and Russell, W. L., Proc. U.S. Nat, Acad. Sei., 43, 608 
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BIOLOGY 


Root Cap and the Perception of Gravity 


DvuRING investigations into the fine structure of apical 
meristems under the electron microscope, one of us (S. G.) 
discovered that it was possible, in maize and barley, to 
detach the intact root cap cleanly from the rest of the root 
tip. This is shown in Fig. 1. The roots of grasses are 
characterized by having a discrete cap meristem and, as 
can be seen in Fig. 2, a very well marked boundary between 
the cap and the root proper. The fracture takes place 
through the unstrengthened walls of the meristematic 
region of the cap as indicated in Fig. 2. We have not so far 
succeeded in removing the cap intact from other species 
such as broad bean or pea. 

Removal of the cap has no effect whatever on the growth 
_ in length of the root as a whole, whatever the orientation 
of the root may be. This is in strong contrast to the early 
claims!, on which much of the theory of root growth con- 
trol has been based, that decapitation accelerates extension 
rate. On the other hand, removal of the root cap (which 
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we shall henceforth call decapping) completely prevents 
the perception of the gravitational stimulus, and decapped 
roots will continue to grow horizontally for up to 30 h 
without check or curvature. 

Regeneration of the root cap follows decapping and is 
complete at 28° C in about 36 h. An increase in tempera- 
ture accelerates the regeneration and we have some evi- 
dence that young roots replace their root caps more 
rapidly than do older roots. The quiescent centre* of the 
root is exposed on its distal margin by the removal of the 
cap, and it is the cells of the quiescent centre, stimulated 
into rapid meristematic activity, which replace the cap 
meristem and consequently the root cap itself. Towards 





Fig. 1. A decapped maize root showing the clean undamaged surface of 
the meristem 
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Fig. 2. Cell outline drawing of a median longitudinal section through 6 


root tip of maize 
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Fig. 3. Graph showing relationship between root length at decapping 
and time taken to recover geotropis sensitivity in maize roots at 20° C, 
. The lengths of the lines through the means represent + the standard 
~- error.of the recovery times and the range of the root lengths in the samples. 
oo The numbers in brackets record the number of roots observed per sample 


the end of regeneration the cap boundary is reformed and 
the quiescent centre re-established. 

The ability to perceive gravity is regained somewhat 
abruptly and is correlated, so far as can at present be 
judged, with the regeneration of a major proportion of the 
root cap. Fig. 3 shows the relationship between root- 
length at decapping and the interval between decapping 
and the recovery of geotropic sensitivity in maize roots. 
The more rapid recovery of younger roots is correlated 
with the more rapid cap regeneration noted previously. 


=. In other experiments one of us (B. S.) bas been able to 


-i remove a completely regenerated cap and to observe the 
regeneration process and recovery of geotropic sensitivity 
the second time in the same root; this demonstrates 
~ ¢learly the lack of any damage to the root meristem by the 
‘decapping process. 
= The implications of these results are far-reaching. 
Clearly the root cap has no direct influence on root elonga- 
tion and henee is unlikely to be the centre of root growth 
regulator production. But since it is the site of the percep- 
_ tion of gravity it must in some way control growth regula- 





ter production in or movement from the tip meristem 
«itself. Our results so far give no clue as to the nature of 


` = this control, and work on this problem is continuing. 


B. E. JUNIPER 
SUZANNE GROVES 


Botany School, University of Oxford. 


BRURIA LANDAU-SCHACHAR 
L. J. Aupws 


Department of Botany, Bedford College 
(University of London). 

t Cholodny, N., Jb. wiss. Rot., 65, 447 (1928), 

* Cowes, F. A. L., Endeavour, 24, 8 (1965). 


Metabolic Activities of Isolated Heterocysts 
of the Blue-green Alga Anabaena cylindrica 


_ KNOWLEDGE of the nature of the heterocysts of blue- 
“green algae has been limited by the lack of suitable 
_ techniques for investigation of the physiology and bio- 

_. ¢hemistry of these puzzling structures. The association 
_ of the presence of heterocysts with the ability to fix free 

nitrogen and the findings!:? that ammonia suppresses both 
nitrogen fixation and heterocyst formation have led to the 
suspicion that these cells might be involved in the nitrogen- 
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fixation process. In this communication we report a 


successful technique of ‘differential cell disruption’ for the 
isolation of heterocysts of Anabaena cylindrica. We also 
present the first results concerning the metabolie activities 
of isolated heterocysts. = 
In making cell-free extracts of A. cylindrica’ by smash- 
ing filaments in a French press‘, it was noticed that some 
of the heterocysts resisted breakage even at pressures 
exceeding 2,100 atm. At lower pressures (760 atm.) it 
was found that most of the heterocysts remained intact. 
while all the vegetative cells were broken. Since then it 
has proved possible to obtain by this means a pure 
preparation of heterocysts, free of cell fragments and 
soluble cell material. 
The experimental material was prepared from an 
exponentially growing culture? with developing hetero- 
cysts, It was important to use young cultures free from 


extracellular mucilage, which interferes with the puri- 
fication of the heterocyst fraction. The heterocyst fre- 
quency was about 6 per cent. The algal material was 
collected by centrifugation and forced through the pre- 
cooled French press at 760 atm. The suspension was 
homogenized a little at a time, in ten volumes of distilled 
water, using a Potter homogenizer. The suspended 
material was bulked and centrifuged at 1,300g for 10 min. 
Most of the soluble material and mucilage remained in 


the supernatant. The pellet was resuspended in distilled 
water, homogenized and centrifuged at 100g for 2 min, 


which precipitated the heterocysts but left most of the 
cell fragments in suspension. The supernatant was dis- 
carded and the heterocyst residue treated twice more as 
before. A heterocyst fraction practically free of soluble 
and particulate cell material was obtained. The main 
remaining contaminant was cell walls of broken hetero- 
cysts. The control fraction was prepared by identical 


both akinetes, which survive the smashing process, and y 


treatment of algal material passed through the French 5S 


press at a pressure not exceeding 95 atm., which caused 
the breakage of the filaments into short lengths but left 
the majority of the cells intact. This preparation is 
referred to as ‘filament’. Both the final fractions were 
suspended in standard medium? and used immediately 
for experimental investigations. aon 

Nitrogen fixation by heterocysts was tested by exposure 
to an atmosphere containing nitrogen-15 enriched nitrogen 
gas. Uptake of nitrogen-15 was measured by the method 
of Burris and Wilson®. The results obtained in the two 
experiments and shown in Table 1 demonstrate that no 
significant fixation occurred in the heterocyst fraction 
while the filaments fixed nitrogen vigorously. 


Table 1. FIXATION or '°N-NirroGexn IN HETEROCYST AND FILAMENT 


FRACTIONS OF Anabaena cylindrica 
Atom, per cent nitrogen-15 excess 
xp. Ti 


Fraction xp. f i 
Hetercevst 0-004 (0-003) 0-000 (0-002) 
O01 0004 
Filament 1538 (1-616) 0388 (0-868) 
1-693 (307 


Five-ml, suspension samples were incubated in Warburg flasks at 600 ft.- 
candles and 30° C with continuous shaking for 2 h. Gas phase: 0-1 atm. Na 
(containing 50 atom per cent N in Exp. I and 20 atom per cent N in 
Exp. II), 0-1 atm. oxygen; 0-02 atm. carbon dioxide; and the rest argon. 
Means in parentheses. 


The photosynthetic capacity of heterocysts was investi- 
gated by exposing the fractions in the light to “C-labelled 
carbon dioxide. Carbon dioxide fixation was measured 
by radioactivity assay of samples collected on membrane 
filters. The results of the two experiments shown in 
Table 2 show that the heterocysts had no appreciable 
photosynthetic activity in contrast to the filaments, which 
became highly labelled. 


Respiratory activity was measured by the direct *.. 


manometric method of Warburg, and the results (Table 3) 
indicate that the heterocysts had greater respiratory 
activity than the filaments. 


so.sor January 1, 1966 NA 


TON OF UC-CARRON DIOXIDE IX HETEROCYST AND FILAMENT 
oo FRACTIONS OF Anabaena cylindrica 







Radioactivity of celis (counts/min/ug cell N) 


- Fraction Exp. I Exp. I 

Heteroeyst, 12 (11) Q (85) 

| 10 i690 

Filament 11,040 (11,460) 58,750 (52,575) 
11,880 46,400 


 Six-mil. suspension samples were incubated in Dickens-Simer flasks at 606 

. fi -candles and 30° C with continuous shaking for 2 h. In each sealec flask 
“labelled carbon dioxide was generated by tipping 0-5 mi, 0-1 N hydro- 
ehlorie acid placed in the side-arm into 0-5 ml. NaHCO, solution {containing 
r9 mg NaHCOs) placed in the trough of the flask, thus providing 1 per cent 
carbon dioxide concentration (plus 2 ve. activity in Exp. I and 10 we. activity 
in Exp. Din the gas phase of each flask. Means in parentheses, 


“Table 8. RESPIRATORY ACTIVITY OF HETEROCYST AND FILAMENT FRACTIONS 
ES EEE or Anabaena cylindrica 


Fraction ni. O, uptake/img cell N/h 
ee Heterocyst VIRB (230-2) 
— 241-3 
ETATO" Filament 170-4 (150-4) 


148-4 


oo Fourmi suspension samples were incubated in Warburg flasks, each 
“provided with 0:5 ml. 12 per cent potassium hydroxide in the side-arm, in the 
os dark: at 0° C with continuous shaking. Means in parentheses. 







jlectron microscope investigations®” with A. cylindrica 
d other blue-green algae have shown that the develop- 
ment of heterocysts from vegetative cells involves exten- 
< sivo changes in the fine structure, the most striking of 
whieh is the disorganization of the lamellar system. The 
ired lamellae (thylakoids), which are considered to be 
structural units of the photosynthetic apparatus, the 
ture of which seems to be essential for the retention 
the photosynthetic pigments, become open to the 
ocyst and the unit membranes run singly, surround- 
he vesicles or forming an elaborate branching system. 
sumably the absence of photosynthetic activity in 
srocysts results from the disorganization of the photo- 
itic apparatus. The interesting finding that nitrogen 
ag capacity is also absent in heterocysts is in good 
greement with our previous report? that the site of 
trogen fixation in this alga is located at the photo- 
synthetic lamellae. Our findings are in agreement with 
histochemical investigations*:* which indicate that hetero- 
»ysts possess an active respiratory mechanism. Further 
vestigations regarding the physiological and biochemical 
nges which occur during heterocyst formation are in 
“OPTESS. 

‘his work was aided by grants from the Science 
search Council. We thank Prof. G. E. Fogg for his 
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Use of Lipase and Strepzyme for the 
Isolation of ‘Protoplasts’ from Fungal 

=f Mycelium 

solation of protoplasts from bacteria’, vegetative 
is?-* and plant tissues*, following the use of 
esting the cell wall, suggested that proto- 
odies might be obtained from resistant spore 





forms of fungi. It has recently been shown in this labora- 
tory that free ‘protep.asts’ are also obtained when. conidia 
of Trichothecium reseum® and Fusarium culmorum’ are 
incubated in a solution containing the lytic enzyme pre- 
paration. Age of the spores seemed to be important for the — 
digestion of the cell walls; under appropriate conditions, 
using young spores <4 days old), more than 90 per cent 
of the suspended conidia were transformed into ‘proto- 
plasts’. It was them suggested that spore pi otoplasts 
represent a satisfactery starting material for obtaining 
suspensions of free uniform protoplasts. 

It was previously shown that Actinomycetes possess 
marked bacterial’ and fungal lytic? properties. Following 
an investigation unciertaken to explore the possibility of 
using enzyme preparations from actinomycetes in the 
digestion of fungal. cell-walls, we found some interesting 
results. Cell-free sheke flask culture filtrates of Strepte- 
myces RA grown for 6-8 days at 28°, according to the. 
method of Rodrigues Aguirre et al.4, produced a lytie 
enzyme (strepzyme) «hich was very useful for the p-epara- 
tion of hyphal proteplasts of several species, including 
Fusarium culmorure mycelium. , 








It was noteworthy that protoplasts were not formed from ae 
cells of the more resistant forms, the fusaroid conidial — 


cells, which in contsast were very susceptible to other 
strepzymes, for example Micromonospora chalcea enzymes. 
‘These results encouraged us to make a comparative study 

not only of the cell wall composition of the hyphal and — 
spore cell walls but-a.so of some of the enzymes present in: | 


the strepzyme preparations from the lytic organisms = 


Streptomyces RA ani Mieromonospora chalcea. It was 


found that the conidial cell walls of F. culmorum contain 


less lipids than the mycelium cell wall®. However, it is 
well known that the total lipid content of fungus mycelium 
is so strongly affected by cultural conditions and age that 
any set of figures might be misleading. On the other 
hand, when the lipase activity was examined in the two 
cultures of actinomyecetes mentioned here it was detected as 
very low, or practieally no lipase activity in the strepzyme_ 
preparation from .i/scromonospora AS which is active on 
conidia and high Hipase activity in the Streptomyces RA 
preparation. | 
These results may in part explain some of the previous — 
observations on the digestion of the hyphal and spore 
eell walls and on the liberation of protoplasts. | 
Furthermore, in ceder to test and confirm the previous 
observations a commercial lipase preparation was used. 





The Fusarium mycelium was previously incubated for a |. 
short time (30 min) with 200 ug/ml. of pancreatic lipase 


enzyme (Sigma, U.S.A.) and then washed by centrifuga- 
tion with a stabil#ing buffered solution. The mycelium 
was again resuspeaded in the same solvtion and treated 
with the strepzyme preparation as already described. 
Surprisingly, and comfirming the previous results, it was 
found that the coraiined action of lipase and the strep- 
zyme from the Mieromonospora RA successfully gave rise 
to the rapid forraation of large numbers of mycelium 
protoplasts. 

These findings, ix addition to those described by various 
other workers when using combinations of chitinases and 
glucanases*!-!*, mey clearly speak in favour of the possi- 
bility of more frequent use of combinations of commercial 
and crude or partially purified microbial preparations for 
digestion of fungal cell walls and subsequent liberation of 
protoplasts, as well as for examination of the structural 
components of the cell walls released during degradation. 
Breakdown of cell wells by enzymes of one kind or another 
has been studied exzensively in bacteria. Our experience 
of lytic activities seggests that combination of enzymes 
often shows a synergistic action, and these synergistic 
effects are appareat not only on living cells but also on 
dead cells and on their isolated cell walls. However, as 
has been suggested for the bacterial cell walls, a further 
assessment of the sites of action ard relative specificities 
of the many enzymes which attack fungal cell walls 
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must await more information about chemical structure of 
their substrates—the walls themselves. 
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Semi-fossil Lichen Fungi in Scottish Hill Soils 


RECENT investigations? into the micromorphological 
features of hill soils in north-east Scotland have revealed 
the presence, within the soil profile, of what appear to be 
perithecia containing dark-coloured muriform spores. 
These perithecia are apparent in profiles from Meall-an-t- 
Slughain, Aberdeenshire (at heights of 2,050 ft. and 2,300 
ft.), Ben Rinnes, Banffshire (2,500 ft.), and Morven 
Aberdeenshire (2,025 ft., 2,800 ft. (two) and 2,850 ft.). 
The profiles are developed on parent materials derived 
from both granite (Meall-an-t-Slughain and Ben Rinnes 
profiles) and basic igneous rocks (Morven profiles). Peat 
cover is either absent or amounts to no more than 2-3 in., 
except on one of the 2,800 ft. profiles on Morven, which 
has a peat cover 14 in. thick, the base of the peat being 
pollen dated within the Sub-Boreal period. 

In many Ascomyceteae the whole ascus undergoes 
digestion at maturity, thus setting free the ascospores’, 
and it is likely that this has occurred in the perithecium 
shown in Fig. 1. The size of the ascospores (Fig. 2) is 
rather variable, and though the majority are of the order 
of 40u x 20u some are considerably larger, up to 60y. in 
length. The size of the perithecia is also rather variable; 
the majority are approximately 160u in diameter, but 
one from the 2,800 ft. Morven profile without peat cover 
was approximately 270. in diameter. Some of the 
perithecia exhibit well-developed ostioles (Fig. 1). 

Dr. T. D. V. Swinseow of the British Lichen Society 
and Mr. P. James of the Department of Botany, British 
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Fig. 1. Perithecium containing ascospores in thin soil section ( x 270) 
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Fig. 2. Dark-coloured muriform ascospores with portion of perithecial 
wall in thin soil section ( x 375). 


Museum (Natural History), have confirmed (personal 
communication) our opinion that the structures described 
are the fungal components of a pyrenocarpic lichen, 
probably a species of Polyblastia*, although it is impossible 
to recognize algal tissue in the soil sections. 

Within the soil profile, the presence of either perithecia 
or ascospores has been noted to depths of 9 in. below the 
mineral surface, though in the case of the 2,800 ft. Morven 
profile not covered by peat they are present to a depth of 
19 in. The Morven profile with peat cover has a thin 
iron pan at 8-10 in. below the mineral surface, and above 
this ascospores have been found in association with a 
pollen assemblage of Atlantic age. 

This appears to be the first record of fungal components 
of a lichen, in a semi-fossil state. 

We thank Mr. 8. E. Durno of the Macaulay Institute * 
for the pollen data. 
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Nitrogen Fixation by Lichens of Arid Soil 
Crusts 


THE nitrogen budgets for natural ecological systems are 
poorly understood, and the contribution of particular 
microflora in these associations has been only tentatively 
assessed’, This applies especially to arid zones where 
soils sometimes have a surface crust of lichens, some blue- 
green algae, and other cryptogams covering as much as 
30 per cent of the total soil area. It is of considerable 
interest therefore to determine to what extent these 
lichens fix atmospheric nitrogen, since they might con- 
tribute appreciably to the maintenance of a favourable 
nitrogen balance in these areas. 

About forty species of lichens are known to occur in 
the southern central arid zone in Australia, and twelve of 
the commonest were exposed to a gas mixture containing 
nitrogen enriched with nitrogen-15. Thus each lichen was 
incubated in a Warburg flask for 6 days at 21° C under * 
artificial light, using the following gas mixture (in atmo- 
spheres): oxygen 0-2, nitrogen 0-2 (enriched with 35 atom 
per cent excess nitrogen-15), and helium 0-6. After this 
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ontents of each flask were digested in acid, 
ed to ammonia by distillation in a Markham 
and then to nitrogen gas which was analysed 
AEI MS, mass spectrometer. Nine lichens, in- 
ng Parmelia adhaerens Nyl, apud Cromb., P. austra- 
tensis Cromb., P. semiviridis (F.v.M. ex Nyl.) P. Bibby, 
Caloplaca citrina (Hoffm.) T. Fries, Caloplaca T. Fries 
sp., Dermatocarpon hepaticum (Lam.) Th. Fr., Diploschistes 




















<- o whichis also widespread in this area, has a green algal 
| symbiont (Protococcus), hence the fixation associated with 
this lichen is of interest and will be investigated further. 
The lichen has a small squamulose thallus with long 
hizoids penetrating up to 1 em into the soil. Parmelia 
“adhaerens similarly has a green algal symbiont (Proto- 
: coccus), and occurs on rocks where it is fairly widespread. 
_ This. preliminary work suggests that the lichen crust 
contribute appreciably to the nitrogen balance in 
ustralian arid soils. 
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Measurement and Control of the Rate of 
arbon Dioxide Assimilation by Glasshouse 
; Crops 


Iw recent experiments on the effect of environment on 
-. glasshouse crops, the net assimilation rate’ and other 
<» — indices of growth are found by measuring the dry weight 
and leaf area of plants sampled from the crop at intervals 
-of the order of 10 days. During this time the intensity of 

the solar radiation reaching the plants fluctuates over the 
whole range between zero and the maximum value, so 
that a series of different combinations of light intensity 
and plant temperature occurs even if the air temperature 
and content of carbon dioxide are successfully main- 
tained constant. Such experiments are thus difficult to 
interpret, especially as the rate of uptake of carbon dioxide 
© by individual leaves is not related linearly to light inten- 
sity at all levels of temperature and carbon dioxide 
© eoneentration?, and even when light and all other environ- 
-montal factors aro held constant the rate may vary 
Interpretation is easier if the rate of assimilation of 
carbon dioxide can be measured during an interval of the 
f 10 min rather than 10 days. In apparatus de- 

‘this purpose, air is made to pass at a known 
gh an enclosure containing a leaf®4 or a whole 
an infra-red gas analyser is used to measure 
ations of carbon dioxide in the incoming and 
air. With difficulty, it might be possible to 
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make a glasshouse sufficiently airtight for this method _ 
to be used to maasure the net rate of assimilation of 
carbon dioxide by «he plants contained in it. as 
An alternative approach is to make no attempt to ses 
the glasshouse or io make air flow through it at a constan 
rate, Instead, carbon dioxide is injected from a weighed 
cylinder at a rate varied to maintain a constant coneen- 
tration, [CO,],, in the glasshouse air, which is stirred by- 
fans to distribute the gas uniformly. In the course of a. 
time interval, Aż, tae loss in weight, Awe, of the cylinder 
of carbon dioxide represents the net amount supplied tọ 
the plants and soil plus that lost by ventilation. To 
estimate the lose ky ventilation, nitrous oxide, which is | 
absent from the outside air and is not absorbed or produced 
by plants or soil, is injected into the glasshouse air froma 
weighed cylinder at a rate varied to maintain a concentra- = 
tion: ; 





[N9 = b([CO2), — [COs]o) (1) 
where b is a constant and [CO,], is the concentration of 
carbon dioxide in the air outside the glasshouse. The 
density, p, of nitrous oxide happens to equal that of o 
carbon dioxide, although the technique doesnot depend on | 
this being so. If Awn is the loss in weight of the cylinder 
of nitrous oxide during the time interval At, the rate of 
carbon dioxide uptake by the plants is: ES 


1 | Awn 
T m N+ >) AWe ~ > 
G= t+; | Au c A 


where S is the rave of carbon dioxide output from tk 
and v is the volume of the glasshouse. A[N,O 
A{CO,], represent any small changes in concen 
between the beginning and end of the time interval ¢ 
imperfections in the control system. a 
In preliminary experiments, infra-red gas ana 
have been used to measure [CO,] and [N,O], as the two- 
gases have well-separated infra-red absorption bands. 
By using the signals from these analysers to give propor- - 
tional control of the concentrations of the gases in the sir- 
of a small (v ~ & = 10? em) glasshouse, the fluctua 5 
in the control system have been small enough for A[N,Q}. 
and A[CO,], to be negligible when At is of the ordi 
10-100 min, and when [CO,], is about 1,000 vol. 
million, which is aear the level required to give max 
uptake by leaves in bright light?. Under most. weath 
conditions, changes in [CO,], also remain negligible fo 
long periods and it is only necessary to confirm this by 























A(N,O NF 
+ ve( oe = A[COs]: | 














measurements at the beginning and end of each time SLP 
interval. It is thea possible to make b = 1 in equation | 
(1) and equation (29 ean be simplified to: 


(3) 


For ordinary agricultural soils, S is small and can 
readily be measured®. Although it depends on temperature, 
it changes only slewly because of the large thermal inertia 
of the soil. It cam be minimized, for experimental pur- 
poses, by growing the plants in sand, when the only source 
of carbon dioxide will be the roots and their associated 
micro-organisms. ees 

Equations (2) ane (3) thus provide a basis for measuring 
the rate of assimilation of carbon dioxide by all the plants 
in a glasshouse over an interval of time so short that the 
intensity of the selar radiation and the other components 
of the environment remain nearly constant. So also will 
the relevant physical properties of the plants, such as the 
leaf area index, the stomatal resistance and the diffusion 
pressure deficit in the tissues, and the chemical properties, 
such as the concentration of assimilates accumulated in 
the leaves. 4 

By conducting a vong series of these brief experiments at 
various intensities ef solar radiation and at various levels 
of the environmenial factors influencing the uptake of 
carbon dioxide, i would be possible to find the relation 
between this uptaks and the factors on which it depends. 
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genotype, the plant breeders will have offered the horti- 

culturists something new. 

But a better solution is now in sight. If C — S, the 
net rate of uptake of carbon dioxide by the plants and 
soil, can be measured over a period of a few minutes, it is 
possible to feed back this information to a control system 
which then adjusts the environment until it produces the 
maximum, possible value of C — S attainable at the 
prevailing intensity of solar radiation. As S changes only 
very slowly, it is not necessary to measure it for the 
present purpose. At first, the control system could 
probably be designed to adjust the air temperature and 
(COl, and in order to comply with equation (1) it would 
also be necessary to adjust [N OR. 

The method could be used as an experimental tool to 
find the combinations of solar radiation, air temperature 
and concentration of carbon dioxide which produce 
maximum assimilation of carbon dioxide in various 
circumstances; but its most interesting potential use is 
-practical horticulture, where it could simply be used 
to ensure that during the hours of daylight a crop was at 
all times assimilating carbon dioxide at the maximum 
possible rate. This appears to be a promising basis for 
obtaining maximum crop production, provided the best 
levels of certain other factors, such as night temperature, 
“are known from the results of orthodox experiments. 

- It is likely that the system would best be operated by a 
_ simple form of digital computer, which would call altern- 
ately for an adjustment of the temperature or [CO,], and 
_EN,O},, and for a measurement of C — S, with sufficient 

delay between the operations to allow for steady conditions 

to- be reached. 

The apparatus at present available is too large and 
expensive for use in practical horticulture, but computers 
are likely to become very much more compact! and a 
relatively cheap and simple device for the continuous 
measurement of (CO,] is at present being developed’. 
The control systems for the preliminary experiments 
ere designed and made by G. E. Bowman and D. A. 
Browne, and the work was stimulated by discussions with 
LG. Morris. 
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Selective Herbicidal Activity of lodides 


INVESTIGATIONS carried out here with the selective 
herbicide toxynil (3,5-diiodo-4-hydroxybenzonitrile)! have 
shown its mode of action to be complex. The compound 
inhibits the Hill reaction in isolated chloroplasts, strongly 
uncouples oxidative phosphorylation, inhibits photo- 
synthetic phosphorylation and when exposed to ultra- 
violet light there is evidence that free radicals are produced 
with the loss of iodine from the moleculo?. In further 
investigations of the breakdown of ioxynil in soil and 
plant we have found that hydrolysis to 3,5-diiodo-4- 
hydroxybenzoic acid occurs with the amide as an inter- 
mediate product. The liberation of iodine in these systems 
has also been demonstrated. 
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- Iù a separate investigation, solutions of the sodium salt 
of 3,5-diiodo-4-hydroxybenzoic acid applied to the soil 
caused littl damage to most plant species but were very 
damaging to dwarf bean plants (Phaseolus vulgaris, var. 
‘Canadian Wonder’). As the acid became degraded in 
this plant and also in soil with liberation of iodide, experi- 
ments with iodide solutions were carried out. These showed 
that dwarf bean is very susceptible to iodide toxicity; 
foliar applications of sodium iodide (0-2 per cent) caused 
damage to the leaf tissues (see also ref. 4) and when the 
chemical was applied to the soil at the rate of 15 mg/3-in. 
pot (about 30 Ib./acre) the seedlings were destroyed. 
Many other species of plants, however, were unaffected by 
iodide at this rate of soil treatment, thus indicating the 
possibility of selective herbicidal action. Experiments 
with some 50 weed and crop plant species from 20 families 
have confirmed this. Among weeds, annual nettle (Urtica 
urens) and fat hen (Chenopodium album) were found to be 
very susceptible to iodide, as was red and white clover 
(Trifokum spp.) and all other legumes tested. We have 
also achieved eradication in the field of well-established 
stinging nettle (Urtica dioica) with sodium iodide applied 
to the soil at rates of the order of 0-5 oz./yard* in one 
gallon of water. Brassica plants have been found to be 
very resistant to iodide, and a striking control of annual 
nettle growing in a cabbage crop can be achieved by 
application of sodium iodide to the soil at 20 Ib./acre. 
We have also found that, while clover is susceptible, most 


species of grasses are tolerant, thus providing a simple — 


means of removing clover from lawns. Such uses of 
iodides on the field scale, however, are likely to be un- 
economic. 
While the toxicity of iodides to certain plants is well 
known>-®, the specific herbicidal selectivity here reported 
is a new finding. This might arise from differential uptake, 
though the results of our preliminary experiments carried 
out with two ‘susceptible’ and two ‘resistant’ species do not 
support this. In considering the chemical basis for this 
selectivity, it would appear that the fate of the iodide ion 
in susceptible and resistant species is different. In the 
former case, iodide could perhaps be oxidized more readily 
to iodine by peroxidase enzymes in a manner analogous to 
that thought to occur in the animal’. The iodine thus 
liberated within the tissues might then lead to the iodina- 
tion of certain plant constituents. Reaction with tyrosine” 
might effectively deplete the level of this essential amino- 
acid in the amino-acid pool, and this, together with the 
simultaneous production of iodo derivatives, could have 
drastic effects on protein metabolism. 
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Correlation between Induced Extension- 
growth and Regeneration in Horseradish 


Previous work has shown that initiation of bud and 
root primordia on roots of intact horseradish plants is 
influenced by the presence of a rosette of leaves, and that 
regeneration m isolated root segments is controlled by a 
growth factor produced during the extension of the buds 
first-formed following excision}, 

During an investigation of the effects of gibberellic acid 
on regenerating horseradish, further light was thrown 
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Table 1. MEAN NUMBER OF PRIMORDIA FORMED PER LATERAL ROOT SCAR 


Time from last Sprayed 4 times 
Month during spray treatment with gibberellic 
which segments to excision of Sprayed 4 times acid (Na salt) 
grown root segment with water * 1 mg/ml. 
(weeks) in water* 
January 16 (2) 1-467 (6) 1-594 0-15 
June 6 (5) 1-90 + 0-26 (5) 1014011 
April 2 (4) 1:10 40°26 (5) 0-09 + 0°04 


* Figures in parenthesis indicate the number of replicates, 
t The standard error is not given where insufficient material was available, 


on the nature of the correlation between stem extension- 
growth and regeneration. The main stem has been induced 
to grow in clonal horseradish plants treated with fort- 
nightly sprays of an aqueous solution of the 75 per cent 
sodium salt of gibberellic acid. Plants were sprayed four 
times with 5 ml. of the solution, which contains 1 mg of the 
salt. Control plants were sprayed with the same quantity 
of distilled water. All seven treated plants elongated, 
whereas four out of five untreated plants remained as 
rosettes. Root segments 2 em long and 2-5 mm thick 
were excised from some of the plants and were grown in 
the dark at 25° C on moist sand in Petri dishes. Segments 
from treated plants showed different regeneration patterns 
from the control segments; these results are expressed in 
Table 1 as mean number of primordia formed per lateral 
root scar. The regeneration pattern appears to be influ- 
enced by the length of time between the completion of 
treatment and the excision of the segments. It is also 
possible that these differences in root behaviour owe their 
origin to the use of clonal material of different age or to the 
different time of year in which experiments were carried 
out; seasonality in regenerating horseradish roots has 
been reported? ; an age effect is suspected’, 

Gibberellic acid inhibits root and bud formation when 
applied directly to Begonia leaf disks‘, but it inhibits 
root initiation while promoting root extension-growth in 
pea and bean stem-cuttings®. It has also been reported 
to inhibit shoot formation in tobacco callus cultures at 
concentrations which stimulate callus growth®. The sug- 
gestion has also been made that gibberellic acid enhances 
the enzymatic destruction of indolyl-3-acetic acid’. In 
another series of experiments, unpublished results 
indicate that low concentrations (1 p.p.m.) of IAA can 
diminish the inhibition of root regeneration in treated 
horseradish plants. Table 1 indicates an improvement in 
regeneration ability in treated plants, the longer the 
interval between treatment and root excision. This would 
seem to indicate a possible recovery of a regeneration- 
controlling system from the inhibitory effect of gibberellic 
acid. Asa working hypothesis, it could be suggested that 
gibberellic acid pre-treatment in causing extension-growth 
induces the formation by the elongating stem of either an 
antagonist to endogenous auxin, or, as seems more prob- 
able, the development of an auxin—oxidase mechanism in 
the roots. It is hoped that investigations in progress on 
indolyl-3-acetic acid oxidase mechanisms in horseradish 
will provide additional data which will explain these 


sults. 
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Uptake of Small Particles by Moniliformis 
dubius (Acanthocephala) 

THE adults of Moniliformis dubius Meyer live as para- 
sites in the small intestine of rats. Because they do not 
possess an alimentary canal, acanthocephalans, like ces- 
todes, must obtain all their food through the surface of 
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Fig. 1. Transverse section of cuticle of M, dubius showing an a tion 

of particles of carben and thorium dioxide within a vesicle below the 

cuticle (note layer ef earbon and thorium dioxide (C) adhering to the 
euter surface of the cuticle) 


Transverse section of cuticle of M. dubius showing method of 
entry of the carbon and thorium dioxide particles (C) 


Fig. 2. 
their bodies. It is known that M. dubius is able to absor 
directly through its surface a number of simple sugars 
and some aminc-acids, the latter sometimes against a 
concentration gracient®*, 

Recent experiments carried out in this department 
have shown that MW. dubius can also take up very small 
particles of solid matter in a manner that resembles 
pinocytosis. Figs. 1 and 2 gre electronmicrographs of 
transverse sections of the cuticle of a male of M. dubius 
showing the uptake of a mass of small particles of carbon 
and thorium dioxide. The worm (aged 7 weeks) after its 
removal from the rat was immediately placed in a solution 
of 0-8 per cent sodium chloride containing carbon par- 
ticles of diameter about 250 A aggregating to 500-800 A 
and thorium dioxide particles of diameter 70-250 A. The 
temperature of the solution was maintained at 37° C. 
After 3 h the worm was removed, washed in warm saline, 
cut up into small pieces, fixed in 2 per cent osmium 
fixative and embedded in methacrylate. Sections were 
cut at 600 A. 






h 


A 
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Confirmatory results showing that the uptake of small _ ~ 


carbon particles occurs in vivo were obtained from 
electronmicrograpks of the cuticle of worms removed 
from rats which kad been dosed orally with saline solution 
containing carbon particles in the parasite. 

We thank Dr. J. R. Casley-Smith, of the Electron- 
microscope Unit of the Departments of Botany, Micro- 
biology and Zoology, for his assistance, and Prof. W. P. 
Rogers for his advice. 
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Ubiquity of Melanin and the Effect of 
Phenylthiourea 


Buiack or brewn pigments are widespread among 
animals. Although they have been widely assumed to be 
melanin, they heve not always proved to be so’. Their 
ubiquity is manifest in another way, by their widespread 
occurrence in a particular organism. 

These pigments have been interpreted as protective, 
either by assisting concealment? or by acting as a screen 
against nocuous radiation*-*, and in some cases they 
have been considered as energy transducers. Such 
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adaptive significance is less evident in the case of the 
abundant black pigment that may occur in the viscera, 
and perhaps for this reason this pigment has been relatively 
neglected. Though an excretory significance has been 
proposed for melanin‘, some reluctance to accept the idea 
has been expressed'. Our investigations show that con- 
siderable quantities are indeed excreted, sometimes by 
surprising routes. 

The ubiquity of such pigment is striking among amphi- 
bians. Some indication of this has already been reported 
in the case of Xenopus’, but the account is incomplete, 
and further, the widespread distribution is more evident 
in the larvae of Ambystoma, Rana pipiens and Rana 
temporaria. In addition to the pigment that is obvious 
in the dermis, epidermis and eyes, it is present in the 
peritoneum, heart, walls of the major blood vessels, gut, 
liver, lungs, pronephros, mesonephros, spleen, pancreas, 

i neural tube and brain, membranous labyrinth, 
olfactory epithelium, the myotomes and in cartilage cor- 
puscles. 

The pigment in these sites is melanin, and is not to be 
confused with ommochromes or lipofuscins, in so far as it 
is insoluble in a wide range of solvents, including strong 
formic and sulphuric acids; it is readily oxidized and 


4 bleached, but not reduced; it reduces ammoniacal silver 


and appears dark green after staining with Nile 


‘blue under the conditions specified by Lillie*. 


Pigment in the epidermis, myotomes, gut and kidneys 
should not be confused with that contained in processes 
of dermal or peritoneal melanophores which insinuate 
themselves among the cells of these structures. Epidermal 
pigment in Xenopus is very scanty, being confined to the 
oral sucker and the tip of the tail, between stages 25 and 
41 (Nieuwkoop and Faber); but it is abundant in the other 

ies investigated, thus substantiating earlier observa- 
tions®-". Moreover, in Rana pipiens appearances strongly 
suggest that melanin granules are transferred from the 
processes of dermal melanophores into the epidermal cells 
among which they are insinuated (Fig. 1). 

In the central nervous system, pigment is present not 
only in the meninges as previously recorded’, but more 
significantly, we find that it occurs in the cerebral ven- 
tricles and neural canal as large clumps which appear to 
arise by compaction of granules cast off by the walls 
(Figs. 2 and 3). 

o pigment in the myotomes appears as fine or coarse 
granules in the striated muscle fibres as well as in the 
myoblasts and in the surrounding connective tissue. 

The effect of phenylthiourea is very significant. Its 
suppressive action on the melanin pigmentation of 
amphibians has been reported several times?:!*-1*, Tt is 
usually assumed to act directly on melanophores by 
inhibiting formation of their pigment and therefore its 
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Fig. 2. Xenopus laevis. Discharge of melanin into the ventricle of the 
diencephalon, The lower portion of photograph shows melanin in the 
lateral wall of the diencephalon, from which secretion containing pigment 
may be seen passing off. Fixed 10 per cent formol. Stained by Masson's 
argentaffin reaction, counterstai in Mallory's triple stain. Scale, 8# 





Fig. 3. Xenopus laevis. Compacted meianin in ventricle of medulla. 
Fixed 10 per cent formol, Mallory’s triple stain, Scale, 18 


action in causing loss of colour has been held to show the 
existence of a considerable turnover of melanin'*, This 
may appear surprising in a pigment that is chemically so 
notoriously inert. In Xenopus, it has been urged that 
there is no turnover’:'*, the pigment merely accumulating 
during normal development, so that the overt effect of 
phenylthiourea disappears by about stage 46. Its effect 
persists only in regenerating tissues that are still accumu- 
lating their complement of melanin and in which the 
melanophores consequently retain an active enzyme 
system. 

The situation is not so easily explained. Our experi- 
ments on Xenopus confirm that the marked effect of 
phenylthiourea on pigmentation is relatively short-lived, 
beginning at room temperature at about stage 25 and 
persisting until about stage 41. Thereafter it progressively 
declines, although its effect on pigmentation can still be 
detected in the meninges and dermis until about stage 49. 
Nevertheless, melanin slowly accumulates up to the time 
of metamorphosis (the latest stage we have investigated) 
in most of the areas already listed here, with the notable 
exception of the gut and the brain. 

Most significantly, however, from the very earlicst 
stages the pigment in some situations is unaffected by 
phenylthiourea. This is not wholly due to the fact that 
some pigment is carried over from the egg, for the pigment 
that appears later in certain situations remains unaffected, 
or is even increased in amount by the drug. Thus, pig- 
mentation of the eye, dermis, peritoneum, meninges and 
olfactory sacs is diminished by it, whereas that of the 
brain, gut, liver, myotomes and membranous labyrinth 
is unaffected or increased. The latter ‘aberrant’ effect 
appears very clearly in the two species of Rana; morc- 
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Fig. 4 


Fig. 5 


Fig. 4. Rana pipiens, Striated muscle and connective tissue of myo- 
tomes in a larva 19 days after hatching. Fixed 10 per cent formo!; 
Mallory’s triple stain. Scale, 15u 


Fig. 5. Rana pipiens. Melanin in striated muscle and connective tissue 

of myotomes as it appears in a larva 19 days after hatching, which has 

been treated from the time of hatching with 0-01 per cent phenylthiourea. 
Fixed 10 per cent formol; Mallory’s triple stain. Scale, 15a 


over, here it also appears in the kidneys, particularly in 
the pronephros. In Rana pipiens, the amount of pigment 
appearing in the muscle fibres and surrounding connective 
tissue of the myotomes is strikingly increased after 
phenylthiourea (Figs. 4 and 5). 

In the instance of the gut, central nervous system and 


kidney tubules, the histological picture presented is of 


granules of pigment being cast into the lumen from the 
free border of the surrounding epithelium. The same is 
seen in animals that have been starved, or fed on milk 
powder, so that in the case of the gut, absorption is an 
unlikely interpretation. Pigment appears to accumulate 
in the myotomes and epidermis, though in the latter case 
some will be lost by desquamation. 

Much melanin is therefore being excreted and the pro- 
cess occurs particularly in the areas apparently unaffected 
by phenylthiourea or in those where pigmentation may 
be increased by it. The areas where melanin is diminished 
after phenylthiourea are those where pigment is being 
formed. During development active excretion is roughly 
contemporaneous with rapid pigment formation so that 
rapid turnover clearly occurs at some stages and the 
overall pigmentation will be determined by the amount 
of pigment excreted as well as by the amount formed 
and accumulated. 

Phenylthiourea, therefore, not only affects formation 
but exerts other effects on melanin pigmentation. Its 
precise mode of action is still a matter of argument, so 
that considerable cireumspection is necessary in inter- 
preting its effects. 
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A Protozoan Parasite of Molgula 
manhattensis (De Kay) (Urochordata) 


DURING the course of an investigation into oogenesis in 
the ascidian Molgula manhattensis a protozoan was 
discovered parasitizing a few of the nearly mature and 
fully mature eggs of one gonad. The ascidian which 
contained the infected gonad was one of several of the 
same species taken from Plymouth Sound in June 1963. 
Although there was insufficient material to classify the 
parasite accurately, the similarity of the observed stages 
to certain stages in the life-eyeles of the Haplosporidia 
suggests that it is a lied to this group? *. 

The infected gonad had been excised, fixed and sectioned 
before the parasite was discovered, and as the remaining 
parts of the specimen had been discarded it was not 
possible to discover whether any other organs were 
infected. Fixation was carried out in Lillie’s acetie— 
alcohol formalin’. It was found after sectioning normal 
gonads from other specimens that the fixative caused 
some distortion of the egg contents; it is therefore possible 
that the strueture of the parasite may have been similarly 
affected. 

The Feulgen reaction followed by staining in fast green 
gave the clearest picture of the parasite’s structure; 


therefore the following description has been made from- 


sections subjected to this procedure. 

The stages of the parasite comprised plasmodia, cysts 
which contained unminucleate spores, or spores and plas- 
modia, and structures intermediate in development 
between plasmodia and cysts. 

Each plasmodium was spherical and surrounded by a 
thin unbroken membrane. The diameter varied from 
5 to 20u. The cytoplasm contained an eccentrically sited 
vacuole, and from 4 to approximately 64 nuclei, all of 
which were oval and were coloured evenly by the Feulgen 
reaction. Their number increased with the diameter of 
the plasmodia (Fig. 1). 





Fig, 1. Plasmodia in evtoplasm (ey) of mature egg. The nuclei (x) 
appear as dark oval badies, the plasmodial vacuole (rv) as a diffuse 
unstained area (x 3,400) 


w 
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Stages greater than 20u in diameter were encysted. 
Each eyst wall was formed from the thickened plasmodia! 
membrane which had become irregular in outline. The 
greater portion of the cytoplasm had disappeared, and 
each nucleus together with a small portion of the remain- 
ing cytoplasm had developed directly into a spore (Fig. 2). 
The number of spores per cyst was estimated as being 
between 150 and 200. Each spore was oval and measured 
3u x l-5u. One end was coloured by the Feulgen reaction, 
the other was stained faintly by the fast green. No other 
structural details could be observed. 

It was considered reasonable to assume that the Feulgen 
positive region of each spore contained the nucleus. 
Presumably a thin membrane surrounded each spore, 
but was so delicate that it was not demonstrable by the 
procedure used. 

Some of the larger cysts contained a few small plasmodia 
as well as spores (Fig. 2), and a few of these cysts had 
ruptured membranes. The plasmodia within the cysts 
were spherical, 5-Su in diameter and contained 4-8 


nuclei. A plasmodial membrane was not observed. 
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Growth of Processes from Single isolated 
Dorsal Root Ganglion Cells of Young Rats 


CAVANAGH}, using the technique described by Nakai’, 


has filmed the growth of isolated cells from chick-embryo ,. 


dorsal root ganglia. By the application of a similar 
technique, growth of new processes has been shown in 
isolated cells from dorsal root ganglia of new-born rats 
up to 7 days old. The Wag-strain rats were decapitated, 
the spinal cord separated, and the ganglia teased out with 
needles under microscopic vision. The ganglia were 
torn open to release a large number of cells into the culture 
Medium 199 (ref. 3) in well slides. The slides were covered 
with cover-slips, sealed with petroleum jelly, and incubated 
at 37° C. They were examined and photographed under 
phase-contrast microscopy immediately on incubation 
(20 preparations), and then three times a week; in this 
series, cultures from 15 young rats, and 11 adult rats, 
were observed between 7 and 14 days after the beginning 
of incubation. No processes were visible in the freshly 


incubated cells, nor were they in the cells from the adult 
ganglia (Fig. 1). 


However, in 13 out of 15 preparations 





f 
"P 


e- , 
aa 
Fig. 2. Portion of heavily infected egg containing plasmodia (p) and 


cysts (c). Some of the cysts contain — (cp) as well as spores (s) 
{x 1,300) 
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The degree of infection varied considerably. A few 
infected eggs contained only plasmodia scattered between 
the yolk platelets, whereas the majority contained cysts, 
plasmodia and intermediate stages. These eggs were 
distended; the yolk platelets had either degenerated or 
perhaps been consumed by the parasite as a source of 
nourishment. 


Corin H. BURREN 
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Langley Court, 
Beckenham, 
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Fig, 1. Isolated dorsal root ganglion cells of rat. a, b, Freshly isolated 

from 4-day-old rat; c, incubated for 14 days from a 3-month-old rat. In 

both figures the cells are photographed under phase-contrast microscopy 

and are In Medium 199, The oes oe ven by the horizontal bar 
in Fig. 2 (20u 





Fig. 2, Similar cells, isolated from 4-day-old rats and incubated for 14 
days. Note the processes, with their cones 
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ung rats, straight or angular processes of 
nt to from one-quarter to two times the 
ameter could be seen in about a quarter to a 
the cells in each preparation (Fig. 2). Growth 
3 could sometimes be seen either at the tips of the 
rocesses or where they changed direction. 

IT thank Dr. J. B. Cavanagh for his advice. 
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Metabolism of Gammexane in Flies, Ticks 
EE en and Locusts 
THE insecticide gammexane is known to be converted 
water-soluble compounds in a variety of inverte- 
est, but the nature of these metabolites is not known. 
© indication of their structure has been given by 
3radbury and Standen’, who obtained a mixture of 
-dichlorothiophenols after the alkaline hydrolysis of 
reta from gammoxane poisoned flies. It is also known 
mogenates of flies require glutathione if enzymatic 
on of gammexane to water-soluble derivatives is 
These results have suggested that a compound 
pentachlorocyclohexyl)giutathione might be a 
e, and this hypothesis is supported by the 
of highly active enzymes in a variety of insects 
alyse the condensation of other chloro-com- 
ith glutathione’. 
ive attempted to identify such a metabolite in 
houseflies or locusts dosed with gammexane or in 
me extracts fortified with glutathione, but have found 
> major metabolic product in each case to be an aromat- 
-ized molecule which appears identical with S-(2,4-dichloro- 
-pheny] glutathione. 
The synthesis of this compound was achieved by a 
ation of the general method of preparing S-aryl 
nes‘ in which the cuprous mereaptide of glutathione 
reated with diazotized 2,4-dichloraniline. The 
“was isolated by isoelectric precipitation at pH 3 
stallized from ethanol-water. The S-(2,4-dichloro- 
glutathione had m.p. 215° C decomp. and [a]Ð = 
5 (c= 1 in 0-1 N sodium hydroxide). Found: C, 
“5; H, 46; N, 8-4; Cl, 16-0; 8, 7-0 per cent. C,.H,,N,0,- 
a5 requires: C, 42-5; H, 4-2; N, 9-3; Cl, 15-7; 5, 7-1 per 











































<- cont. This compound was also isolated in good yield from 
-unsuccessful attempts to prepare S-(pentachlorocyclo- 

~ hexyl)glutathione from gammexane and glutathione in 

> liquid ammonia as described for other glutathione deriva- 
tives’. The S-(2,4-dichlorophenyl)glutathione bad an 
absorption spectrum similar to that of the analogous 
_ cysteine derivative with Amas 258 my, Emax 6,600 in 
= œ] N sodium hydroxide and Amax 257 my, Emax 5,600 in 
0-1 N hydrochloric acid. After hydrolysis at 100° C with 
2 N hydrochloric acid for 4 h, 2,4-dichlorophenylcysteine 
yas isolated identical with a sample prepared according to 
s chromatographic analyses of cattle ticks (Boophilus 
us) kept at 35° C overnight showed that only 77 
64-96 per cent) of a 10 pg topical dose of gam- 
was recoverable unchanged. In similar experi- 



















s found in the water-soluble fraction after 
the homogenized ticks between water and 


xperiments were carried out with homo- 
attle ticks, houseflies, or locust fat body 
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containing 5 mM glutathione at pH values between 5 _ 
and 8 and with sufficient “C-gammexane to give a con-~ 
centration of 5 mM. Water-soluble radioactive products. . 








were only formed'when both glutathione and enzyme 
present. When the reaction mixtures were ex: 


chromatographically (Table 1) or by ionophoresis at 
pH 2, 3, 5, 7 and 8, a major part of the metabolized 
material was identical in behaviour with reference 2,4-. 
dichlorophenylglutathione. ee 


Table 1. Ry Vales OF POSSIBLE GAMMEXANE METABOLITES O0) 


S-(2,4-dichlorophenyl)- ones : 


-cysteine — -glutathione ooo oo 
Collidine—lutidine~A O, 1:4:1 075 0-50 
n-Butaaol-acetic acid-Hyg), 45155 0-70 OBO 
Pyridine—n-butane)-,0, 1:11 0-80 t70 
n-Propanol-~ammimis sg. $8, 7:3 08o OHS 
2-Butanone~H,O, 25° 0-05 O05 


The characteristivs of this enzymatic reaction differed 
from those associated with the same enzyme sources when 
2,4-dinitrochlorobenzene or p-nitrobenzyl chloride were- 
used as substrates®. While the reaction rate with these . 
substrates was censtant over several hours, the reaction | 
rate with gammexane fell off to a negligible value in 2-5 
min. Moreover, the conversion of gammexane to 
soluble derivative was not significantly affected by 
bromsulphonphtkalein, which completely inhi 
enzyme-catalysec reaction between p-nitrobenz} 
or 2,4-dinitrochlerebenzene and glutathione 

The formation ef an aromatic derivative | 
mexane is in general agreement with Bradbury 
tion! that 4—6 ator:s of chlorine are lost from gar 
when it forms water-soluble metabolites. On t 
hand, it is difficult: to reconcile the formation o; 
major metabolite-with Bradbury and Standen’s: 
of substantial amcunts of 2,5- as well as 2,4- 
thiophenols from hydrolysed fly excreta unless ` 
sponding isomeric S-arylglutathiones are identi 
our chromatographic and ionophoretie systems or 
2,4-dichlorophenylglutathione is an artefact forme 
a very labile pentachlorocyclohexylglutathione. 

It has been suggested’, on the basis of a colorimetric 
estimation procedure, that pentachlorocyclohexene is a 
major but transient metabolite of gammexane in resistant 
flies, though this has not been confirmed by 
techniques. We have therefore applied the $ 
Hornstein’ colorimetric procedure to 2,4-dichlorop! 
glutathione to see if it would give a false indi i 
pentachlorocyelokoxene. The metabolite did not fere 
significantly in the reaction, but it would be desirable. to 






































investigate its probable precursor, pentachlorocyclo- 
hexylglutathione,. as the ‘apparent’ pentachlorocyclo- 
hexene found by Sternberg and Kearns‘. ae 

We are grateful to the Anti Locust Research Centre for 
financial assistance and to the Cooper Technical Bureau 
for supplies of cattle ticks. 
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Increases in the Incidence of Atherigona 
indica infuscata Emden Diptera 
(Anthomyiidae) on Sorghum due to Spraying 

CENTRAL shoot fly, Atherigona indica infuscata Emd., 

is a serious pest of sorghum in the Old World. It is 
extremely common in East Africa and has been recorded 
from Brachiaria brizantha’, Sorghum verticilliflorum, 
Eleusine coracana, Pennisetum typhoides, Zea mays?, as 
well as cultivated sorghums. The fly is a pest of the young 
seedlings, and causes severo damage to the growing point. 
This usually leads to tillering; these tillors may or may 
not escape subsequent attack. If the former, the only 
effect is to lengthen the maturation period; if the latter, 
yield may be seriously affected. 
- Swaine and Wyatt? obtained some control of the pest 
using weekly applications of DDT/benzene hexachloride 
dusts in Tanzania. Ingram‘ has reported failure to control 
the pest at Serere, Uganda, with DDT, and was unable to 
correlate the degree of infestation with yields. Clinton‘ 
also found that insecticidal sprays failed to afford control 
of this Anthomyid in the Sudan. Wheatley*, working in 
Kenya, has obtained control with DDT/benzene hexa- 
chloride dusts on late plantings. 

In subsequent experiments at Serere, we tested three 
insecticides against a control treatment, namely, DDT 
(25 per cent ml.) at 1 Ib. a.i. per acre, carbaryl (85 per 
cent sprayable) at 2 Ib. a.i. per acre and fenitrothion 
(50 per cent ml.) at 1 1b. a.i. per acre. Sprays were applied 
7 and 14 days from germination to sorghum planted at 
three dates separated by 4-day intervals. Two varieties 
were used, ‘Serena’ (SB 68) which shows field resistance 
to the pest, and ‘Combine Kaffir’ (CK 60) which is sus- 
eeptible. The two experiments had different error vari- 
ances and were analysed separately. Counts on random 
rows within harvest plots, protected by the appropriate 
sprayed guard rows, were made. Results are shown in 


Table 1. 


Table 1, MEAN NUMBER OF ss Si KILLED BY dA. indica AT FOURTEEN 
-Planting date Control Carbaryl Fenitrothion DDT Mean 
A, ‘Serena’ 
1 69 56 55 51 58 
2 47 68 38 86 60 
3 137 303 145 286 218 
_ Mean 84 143 79 141 112 
S.E. treatment mean, + 27-3, 
B. Combine Kafir’ 66 
1 64 60 34 48 52 
z 70 72 86 132 8&6 
3 87 171 127 199 146 
Mean 74 101 76 126 94 


| S.E. treatment mean, + 15-2, 


In both varieties late planting leads to an increase in the 
number of plants attacked (P < 0-001), but DDT and 
‘earbaryl also increase the pest attack compared with the 
control. Fenitrothion had no effect. The increased 
attack on the DDT and carbary! treatments was significant 
at P < 0-01 on CK 60 and at P < 0-05 on ‘Serena’, 
The effect of late planting has been observed previously, 
but the insecticidal effect was unexpected. DDT and 
carbaryl apparently control parasites or predators of 
Atherigona more efficiently than the pest itself, leading to 
an increase in crop damage. 

There was no significant difference in the degree of 
infestation in the two varieties, although CK 60 shows 
less attack and the difference approaches significance. 
Analysis of yield data from both varieties showed that 
there was no significant difference betweon the insecticidal 
treatments for either variety. The regression of yield on 
dead hearts was significant at the 5 per cent level for CK 60, 
but not for ‘Serena’. This confirms the apparent. field 
resistance of ‘Serena’. The mechanism of varietal resist- 
ance is probably a reduction in the level of attack on the 
secondary tillers of ‘Serena’. Secondary tillers of CK 60 
are heavily attacked, and yields are consequently 
affected. 
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Such resistance is probably possessed by many of the 
indigenous sorghum varieties of East Africa, and explains 
Ingram’s result. Introduced varieties from areas where the 
pest does not occur are not so resistant. 
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Comparison of Oxygen Demand Rates and 
Oxygen Utilization Rates 


THE rate of oxygen consumption by a bacterial sus- 
pension can be measured by observing the change in 
concentration of oxygen in the air in contact with the 
culture or dissolved in the suspension. The rate of con- 
sumption is known as the oxygen. demand rate which 
Gaden? defines as the maximum use of oxygen by a 
culture in an ideal environment. Oxygen utilization is 
defined by the author as the terminal use of oxygen in 
respiration, that is, the formation of water. In this 
investigation both oxygen demand and oxygen utilization 
of a culture of Pseudomonas fluorescens during respiration 
only were simultaneously measured. 

To act as a hydrogen acceptor in respiration, oxygen 
must pass from the gaseous. state to the dissolved state 
and then through a number of interfaces and obstacles 
all of which provide considerable resistance to its passage. 
Theoretically, then, oxygen utilization may occur at the 
same rate as oxygen demand, but should lag oxygen 
demand by a time factor which is dependent on the 
magnitude of the resistance to oxygen transfer. The 
purpose of the investigation reported here was to test 
this hypothesis. 

To measure the rate at which water is formed in an 
environment that contains water it is necessary to use a 
tagged oxygen atom. The heavy isotope, oxygen-18, was 
used in this investigation. The method of using oxygen-18 
to measure utilization rate, that is, the formation of 
H,}#O, has already been desecribed?®. 

Manometric determinations of oxygen demand were 
made simultaneously with the oxygen utilization tests. 
The apparatus used automatically recorded the oxygen. 
demand of the respiring culture’. 

The results of oxygen utilization and oxygen demand 
tests for two runs are shown in Fig. 1. It is apparent that 
oxygen utilization does not proceed at the same rate as 
oxygen demand, at least for the time period of these 
tests. It is evident, however, that the rate of utilization 
increases through the test. This is especially evident in 
run B, where the rate of utilization increases and the 
oxygen demand rate is constant. In run O the oxygen 
demand rate decreased ducing the final minutes of the 
run, and so the increase in oxygen utilization rate is not as 


Table 1, PERCENTAGE PRODUCTION OF HO 


| Sample Rate of H4!"O produced 
aun No, Rate of PO consumed 
{per cent) 
B g 22-4 
3 34-8 
4 42+7 
c 5 25-1 
6 17-4 
ry 44-0 
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ig. 1. Rate of H,O production and oxygen-18 consumption for runs 
2 B(——) and C (-~- -—- —) 


‘obvious. However, if the rate of H,'*O production is 
= divided by the rate of consumption of oxygen-18 and 
_eonverted to a percentage as shown in Table 1, it is evident 
xt the rate of utilization is increasing in both the runs. 
is no apparent explanation for the reduction in the 
ntage for sample 6. 

exploratory work indicates that there is a lag 
xygon demand and oxygen utilization. As the 
vere deprived of oxygen for approximately 2 h 
16 test was undertaken, it is possible that this lag 
ly an indication that oxygen must first be used to 
ih stored oxygen, after which it is then utilized as 
rogen acceptor. Since oxygen utilization is closely 
ciated with product formation, the lag determined 
ere may be similar to the lag in product formation 
eported by Gaden? or Finn’, 

This investigation was supported in part by grant 
}P~355 from the National Science Foundation. 
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ae Enkihced Growth of Bordetella pertussis in 
Dialysis Culture 


THE propagation of phase-1 Bordetella pertussis for 
g p 


vaccine production has been the subject of considerable 
experimentation. Some investigations'* dealt with a 
_ Geseription of media which do not contain blood, yet 
. few studies were directed to population development or to 
methods for achieving high-titred cultures. Pollock® 
a -observed that the growth of the Pertussis organism in 
liquid media. was enhanced by the presence of a diph- 
heroid: and Holt! reported the recovery of high concentra- 
B, pertussis from a solid- liquid biphasic system. 
tly, Gerhardt and Gallup’ deseribed a dialysis 
for the concentrated culture of micro-organ- 
his twin-chambered flask, designed with a 
ibrane sandwiched between a sterile reservoir 
and the inoculated culture medium, concentra- 
for some microbial species approached the 
it for the reservoir-culture volume ratio 
This communication, reports experiments 
test the possibility that the concentration 
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advantages of dialysis culture might be coupled with 
symbiotic associatien to achieve highly concentrated 
populations of B. pertussis. 

B. pertussis phase-1 (obtained from R. D. Wende, 
Houston City Health Laboratories, Texas) was seeded into 
a biphasic culture vessel? which consisted of a 250 mil. 
Erlenmeyer flask containing 48 ml. of Cohen and Wheeler? 
agar medium overlaid with 12-5 ml. of liquid medium. 
This culture was incubated at 37° C on a reciprocal shaker 
(Eberbach, Ann Arber, Michigan) for 24 h, and 1-0 ml. was 
inoculated into 100 ml. of Cohen and Wheeler medium 
contained in the culture portion of a twin-chambered 
dialysis flask (obtained through the courtesy of Prof. P 
Gerhardt, University of Michigan, Ann Arbor). A cellu- 
lose membrane (Visking Co., Chicago) separated the culture 
portion of the vessel from 1 l of Cohen and Wheeler.. 
medium contained in the reservoir below. The reservoir 
was inoculated with Corynebacterium pseudodiphtheriticum 
cultivated in a marmer similar to that described for B- 
pertussis. In nonsymbiotic experiments, either “the: 
reservoir of the dialysis flask was not inoculated (dialysis 
culture) or it was separated from the culture above by a - 
disk of stainless steel (control culture). The flask was 
mounted on to a rotary shaker (New Brunswick Scientific, _ 
New Brunswick, New Jersey) operated at 200 rpm. — 
through a l-in. streke and was incubated at 37° C for — 
60h. Samples were removed periodically from the upper. 

sulture chamber for determination of viable cells of B. 
pertussis; appropriate dilutions in 0-1 per cent (w/v) 
tryptone were spread over prepared plates of Cohen and 
Wheeler agar medi um, and colony counts were made after 
incubation at 37° C for 48 h. 

Typical experiments are shown in Fig. 1. The rasalta 
indicate not only that dialysis culture was successful for 
the concentrated culture of B. pertussis but also that the. 
provision for dialytce symbiosis resulted in significantly - 
higher cell yields than obtainable in dialysis culture alone. 
The nature of the symbiotic relationship between 
pertussis and C. pseudodiphtheriticum is not kn: 
Pollock® suggested that growth stimulation in symb 
culture might be explained by the removal, by diph 
oids, of toxic fatty acids released by B. pertussis during: 
growth. However, when the reservoir of the dialysis 
flask contained only the filtrate from a culture of C. 
pseudodiphtheriticum, the growth of B. pertussis was 
equivalent to that found under conditions of dialytic 















symbiosis. The results also indicate the survival advan- 
tage gained by cells grown in dialysis culture: B. pertussis 
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optima. o Oe | ae 
Storage of damaged spores i in , water ir some how 5 
temperatures ranging from below the optima to 





Jeon reported. for ‘Serratia. MaArcescens gr own | in n dialys = 


culture”. | above gave improved revival (Fig. 2). In general, an. 2 Ja 
S5. H. BLACK increase in the temperature of storage resulted in a. 
: De artment of Microbi ology shorter period being required for maximum. revival. | 
Baylor feta College af Medicine, Storage at temperatures just below the optima for about 
: Houston, Texas. 24 h gave some of the best recoveries. This effect may 
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be due to the utilization of residual energy for cellular 
repair and not for immediate spore germination, since 
water is an unsuitable growth medium. The transference 
of spores to culture medium may then permit such 
* previously ‘critically viable’ spores to germinate. Desorp- 
tion of the toxic agent from the spores during storage, as 
was suggested with triazine-treated Neurospora sitophila’, 
seems an unlikely explanation since even after storage for 
72 h supernatant fluids obtained by removal of spores 
by centrifuging had no ultra-violet absorption spectrum 
characteristic of phenol. N. M. Cuavunan* 


B. E. Winsiry + 
V. WALTERSÌ 
Department of Pharmacy, 
University of Ife, Ibadan, Nigeria. 
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CYTOLOGY 


Position of Labelled Chromatids in 
Diplochromosomes of Endo-reduplicated 
Cells after Uptake of Tritiated Thymidine 


ENDO-REDUPLICATION as defined by Levan and Hausch- 
ka? consists of a microscopically non-visible duplication 
of the chromosomes within the cell nucleus leading to the 
formation of so-called ‘diplochromosomes’ in the following 
mitosis. Endo-reduplication has been reported to occur 
regularly, although rarely, in human tissues in citro®*, 
In a previous paper*, we showed that in cultured human 
fibroblasts diplochromosomes originate by two separate 
and successive chromosome duplications. Diplochromo- 
somes of endo-reduplicated cells which took up tritiated 
thymidine during the second chromosome replication 
show al] four chromatids labelled in the following meta- 
phase, whereas when tritiated thymidine was given during 
the first chromosome replication the label was restrieted to 
but one chromatid of each of the two chromosomes form- 
ing a diplochromosome. These observations lead to the 
conclusion that the chromatids of diplochromosomes are, 
like chromatids of ordinary human chromosomes‘, com- 
posed of two sub-units which are distributed in a semi- 

conservative mode during chromosome duplications. The 
duration of one endo-reduplication cycle is in the range 
of two eycles of a diploid cell. 

In the work recorded here we induced endo-reduplication 
with «-mercapto-ethanol® in order to examine the forma- 
tion of diplochromosomes in a greater number of cells. 
In autoradiographic investigations using tritiated thy- 
midine our attention was drawn to some irregularities 
in the duration of induced endo-reduplication and to a 

ar pattern of the position of newly replicated chroma- 
tid sub-units in diplochromosomes. 

Cultures of peripheral blood cells from healthy persons 
were set up in the usual way’ with «-mercapto-ethanol 
added at the beginning of culturing in a final concentra- 
tion of 0-01 vol. per cent. After 3-5-4 days, tritiated 
thymidine (Radiochemical Centre, Amersham, sp. act. 
7:2 ¢./mmole) was added in a concentration of 1 ye./ml. 
medium for a period of 12 h; the cultures were then washed 
twice in Gey’s solution and fresh medium (made up with 
autologous serum) without tritiated thymidine and with- 
out mercapto-ethanol was added. Chromosome prepara- 
tions were made 40 and 52 h after the end of treatment 
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with tritiated thymidine. Colcemid (2 ug/ml.) was given 
4 h previous to preparation. Kodak emulsion NTB2 was 
used for autoradiography ; radiation time was 14 days. 

In cultures thus treated with mercapto-ethanol many 
metaphases of endc-reduplicated cells are found. The 
diplochromosomes cf these cells are somewhat different 
from those occurring spontaneously in fibroblast cultures. 
In the latter the -wo chromosomes forming a diplo- 
chromosome are omy weakly connected at the centro- 
meric regions and usually lie a small distance apart, 
probably due to the spreading process during preparation. 
The chromosome pars of diplochromosomes in mercapto- 
ethanol treated blood cultures are more closely attached. 
No direct connexion, however, is visible between the 
centromere of the two chromosomes. 

The labelling patterns of diplochromosomes in prepara- 
tions made 40 and 52 h after the end of a 12-h treatment 
with tritiated thymidine indicate that most endo- 
reduplicated cells axe labelled during first synthesis and 
a few even during second synthesis, that is the synthesis 
preceding mitosis. Diploid cells in the same preparations 
show chromatid labelling, indicating that they are in 
second or third mitosis after uptake of tritiated thymidine. 
Thus diplochromosame formation induced by mercapto- 
ethanol may take longer than two cycles of a diploid cell. 

In diplochromosomes of endo-reduplicated cells which 
took up tritiated thymidine during first replication and 
therefore have one shromatid of each of the two paired 
chromosomes labelled, quite frequently the two outward 
situated chromatids are the labelled ones (Fig. 1). Ho 
tions from this behaviour are rare, mostly when chromati 
or their arms seem to be bent and folded around each 
other or where trae chromatid exchanges may have 
occurred. The relatwely small size of human chromosomes 
and the rather pocrly preserved morphology of diplo- 
chromosomes after mercapto-ethanol treatment have 
allowed no detailed analysis of frequency and type of 
chromatid exchanges so far. 

The characteristic outward position of labelled chroma- 
tids in diplochromosomes escaped our attention when we 
examined spontaneous endo-reduplication in fibroblast 
cultures’, since in this case diplochromosomes are seen 
with the lebelled chromatids also in other positions. How- 
ever, a count of 60 diplochromosomes from spontaneous 
endo-reduplicated fibroblasts labelled during first synthesis 
revealed that more -han half the diplochromosomes show 
both the labelled chromatids in the outward position; 
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Fig. 1. Autoradiography of a metaphase of an endo-reduplicated cell 

which took up tritiated thymidine d first DNA-synthesis. In mosi 

diplochromosomes the grains are restricted to the two outward positioned 
chromatids ( x 1,200) 
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Fig. 2. Schematic representation of position of sub-units in endo- 

edaplication. Tritiated thymidine added during first replication. 

Broken lines: labelled sub-units, labelled chromatids of diplochromo- 
somes in metaphase (indicated in black) in outward position 


the rest show in most cases one labelled chromatid 
outward and one inward and only very rarely are both 
inward chromatids labelled. If the labelled chromatids 
are distributed at random, in 25 per cent of diplochromo- 
somes both should lie outward, in 50 per cent one 
inward and one outward, and in the other 25 per cent 
both should lie inward. The actually observed preference 
of the outward position of both labelled chromatids indi- 
cates that in spontaneous endo-reduplication also this is the 
original position which can only be disturbed by secondary 
movements of the chromosomes such as, for example, 
those caused by spreading in the course of preparation. 

The sub-units which were newly synthesized with first 
replication are seen on second replication to be old 
sub-units of the outward situated chromatids (Fig. 2). 
There must be a certain direction in replication bringing 
newly synthesized sub-units into a defined position. 
They are also forced to move outward, that is in a direc- 
tion opposite to that of the centromeric connexion of the 
original sub-units, when the next replication takes place. 
It is possible that the centromere has some influence 
on the position of newly synthesized sub-units. Also 
chromosomal proteins or ‘linkers’ connecting DNA strands 
or segments’:* could serve as a frame which allows segre- 
gation and replication of DNA molecules only in a given 
direction. 

Note added in proof. After this communication had been 
submitted for publication, K. Walen (Genetics, 51, 915; 
1965) reported observations on the position of chromatids 
in endo-reduplicated cells of Potorous tridactylis, quite 
similar to our findings in human material. 

Hans G. SCHWARZACHER 
WOLFGANG SCHNEDL 
Histologisch-Embryologisches Institut 
der Universitit Wien, Austria. 
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Chromosome Abnormalities in Lymphatic 
Leukaemia in Cattle 


THE specific change in the chromosome complement 
reported by Gustavsson and Rockborn! in three cases of 
overt leukaemia in cattle is extremely interesting, but 
eare should be taken in identifying the chromosome 
changes with the neoplastic condition. This may not have 
been the intention of the authors, but it is an important 
distinction for the following reasons: 

(1) We have studied the chromosomes in more than 
twenty cases of lymphosarcoma (lymphatic leukaemia) in 
cattle, nine of which have been reported*, and in only 
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two cases, one described by us? and the other by Basrur 
et al.*, have similar chromosomal changes been observed ; 
namely, an additional submetacentric chromosome and a 
minute chromosome in place of one of the small acrocentric 
chromosomes. 

(2) In the three cases reported by Gustavsson and Rock- 
born, all the mitoses from the peripheral blood leucocyte 
cultures showed the same chromosomal change. This 
would be unusual if the chromosomal change was associ- 
ated with the neoplasia, because in our experience, even 
when chromosomal changes occur in the peripheral blood 
leucocytes of cattle with lymphosarcoma, a number of 
cells with apparently normal karyotypes are always 
present in cultures to which phytohaemagglutinin has 
been added. 

(3) The finding of the same chromosomal change in cells 
from the bone marrow and kidney of the foetus of one of 
the cows and in peripheral blood leucocytes of the three 
cows would seem to offer further evidence that the chromo- 
somal change was generalized and not confined to the 
cells of the lymphatic system or associated with the neo- 
plastic condition. Chromosomal analyses of other cells 
from the cows, for exarnple, bone marrow cells and fibro- 
blasts, in addition to the peripheral blood leucocytes, 
would have helped to throw light on the significance of 
the change in the chromosome complement and on the 
possibility that it may have been inherited. 

W. C. D. Hare 

Department of Animal Biology, 

School of Veterinary Medicine, 

University of Pennsylvania, 
Philadelphia. 
R. A. McFEEtLy 

Department of Clinical Studies, 

School of Veterinary Medicine, 
University of Pennsylvania, 
Philadelphia. 
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GENETICS 


Periclinal Nature of the Ivy-leaf Sport in 
Potatoes 


THE use of X-ray treatment! can produce from periclinal 
chimeras of potatoes (Solanum tuberosum L.) a small 
frequency (about 5-10 per eent) of plants which have at 
least the two outer layers at the growing point (L, and 





Fig. 1. a and 6, Leaves of ivy-leaf "Doon Star’ sport; lower, simple, 
and upper, compound respectively; c, pinnate leaf on shoot of fant pro- 
duced by X-ray treatment of the sport. (All x e. 1/3) 
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L) with the constitution of L, ın the chimera. Sports for 
large changes in leaf shape? probably always have a 
mutated L, and ın many cases the mutation is also in Ls. 
Such sports cannot therefore be shown to be chimeras by 
either breeding or eye-excision experiments; this explains 
why the ivy-leaf sport (Figs. la and b) has not previously 
been shown to be a chimera. 

Eye-excision expermments with the ivy-leaf sport of the 
variety “Doon Star’ produced only plants with ivy leaves. 
The cross of ivy-leaf ‘Doon Star’ x ‘Ulster Prince’ gave a 
family in which there were 23 seedlings with ivy leaves 
and 28 with normal pmnate leaves. In crosses of normal 
‘Doon Star’ no seedlings with ivy leaves are produced. 
There 1s thus no doubt that ivy-leaf ‘Doon Star’ results 
from a dominant mutation for leaf shape in Lg. 

Ten rose (apical) ends of tubers of ivy-leaf “Doon Star’ 
were given an X-ray dosage of 3,500 r., and all ten ends 
produced plants. On two of these plants shoots with 
normal pinnate leaves (Fig. lc), in addition to shoots with 
ivy leaves, were found. It thus appears that L, in the 
ivy-leaf sport, like L in the docken-(entire-) leaf ‘Majestic’ 
sport’, has the unchanged genotype for normal, pinnate 
leaves. 

H. W. HOWARD 


Plant Breeding Institute, 
Trumpington, 
Cambridge. 
1 Howard, H. W., Rad. Bot., 4, 361 (1984). 
2 Howard, H. W., Wainwnght, J., and Fuller, J. M., Genetica, 84, 113 (19638). 
? Howard, H. W., Nature,, 208, 197 (1965). 


PSYCHIATRY 


Correlation between Scores for Dementia 
and Counts of ‘Senile Plaques’ in Cerebral 
Grey Matter of Elderly Subjects 


SMALL, discrete masses of argyrophilic particles, with a 
mean diameter of 50—60u, were first seen in the cerebral 
cortex by Blocq and Marimesco! and named “‘senile 
plaques’’ by Simchowicz?, who discovered large numbers 
of these lesions in cases of senile dementia. Since they 
may be present in the normal old person’ and no close 
relationship between intensity of plaque formation and 
clinical changes was found „by some workers‘, their 
relevance for senile dementia—the extreme form of 
intellectual decay of old age—has often been called into 
question. More recently Corsellis® has demonstrated a 
reasonably good correlation between clinica] diagnosis 
and neuropathological changes ın post-mortem studies 
of aged mental hospital patients. But the nature and 
extent of the relationship between plaque formation and 
mental deterioration in old age remained uncertain. An 
attempt has been made to shed further light on this 
problem by enquiries in a series of patients, aged 60 years 
and more, admitted with psychiatric or physica] illness 
to mental and geriatric hospitals and subsequently 
studied at post-mortem. The aim was to carry out a 
quantitative assessment of the severity of dementia in 
individual subjects during life and to ascertain whether 
this bore any relationship with mean plaque counts in 
cerebral grey matter. At this stage of the enquiry cases 
with gross cerebrovascular lesions were excluded as there 
was no available technique for making a quantitative 
estimate of their extent. The degree of dementia was 
expressed in quantitative form by carrying out the two 
following assessments. 

(1) Since dements show an increasing range and number 
of defects as their disorder progresses, a list of defects 
was drawn up with special emphasis on those involving 
everyday habits and skills. At assessment, the patient’s 
current ability with regard to each item on the list was 
ascertained, and a positive score of 1 given for each item 
present. The sum of scores for the individual] defects gave 
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a ‘dementia score’ which might lie anywhere from 0 (indicat- 
ing absence of dementia) to +28 (indicating very severe 
dementia). 

(2) Simple psychological tests were given which had 
been previously shown to differentiate groups of demented 
and non-demented aged persons®’. Scores were allocated 
for correct performence in these tests, the summed scores 
lying between 0 and +37. In this case the scoring was in 
the opposite direction. 

These two assessment have been repeated at six- 
monthly intervals cn survivors. 

In the neuropatholegical investigation, sections were 
taken from the same areas of the frontal, parietal, temporal 
and occipital lobes of each cerebral hemisphere and 
stained by the Von Braunmih] method. Plaque counts 
were carried out in each of 60 low-power fields chosen at 
random from these sections by one of us (B. T.) who had 
no knowledge of the dementia or test scores. Product 
moment correlation coefficients were computed between 
the scores for dementia and psychological test performance 
recorded during life. and the mean plaque count estimated 
in each of 37 patients. 


Item Coefficient of correlation Significance 
Age +0184 N.S. 
Dementia score +0777 Y.H.S. P < 0:01 
Test score — 0 4734 V H.S.P < 001 


In Fig. 1, the mean plaque count has been plotted 
against dementia score. It will be seen that there is an 
approximately lmear correlation between them. Plaque 
distribution was on the whole remarkably uniform. The 
significance of variations in the density of plaque distri- 
bution ıs under examination. Although the distinction 
between demented and non-demented subjects appears 
in clinical practice to be relatively sharp, the neuropatho- 
logical difference between them would seem, in the light 
of this study to be a quantitative rather than a qualitative 
one. Thus, if we take a cut-off hne at a mean plaque 
count of ten, 23 of the 24 subjects with a mean count below 
this figure had a d=mentia score of less than ten, while 
only two out of thirteen subjects with a higher mean 
count had a dementia score of less than ten. Dementia 
was present in a c‘inically obvious form im all subjects 
whose score exceeded approximately eight to nine, and 
the majority of thase with clear-cur dementia are there- 
fore placed to the nght of the cut-off lne (mean plaque 
count, 10) while nearly all of those showing no deteriora- 
tion clinically were to the left of the line. In the only 
striking example of a discrepancy between mean plaque 
count (5) and dementia score (17), the neuropathological 
picture was in certain respects an unusual one, differing 
from that of the remaining cases with a dementia score 
of more than ten. In the latter group, the appearances 
conformed closely with those described ın cases of senile 
dementia. The overlap in respect of plaque counts between 
those with low and those with high dementia scores is 
therefore small. It may arise from the margin of error 
attaching to the technique for estimating mean plaque 
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counts, or of measuring dementia, from individual varia- 
tion in respect of threshold for mean plaque count beyond 
which dementia becomes manifest, or more than one of 
these factors. It seems unlikely that the accumulation of 
plaques in large numbers could have been a preterminal 
phenomenon since several cases dying of carcinomatous 
metastases had very low plaque counts. 

The following tentative conclusions may be drawn from 
the findings: 

(1) Far from plaques being irrelevant for the pathology 
of old-age mental disorder, the density of plaque formation 
in the brain proves to be highly correlated with quantita- 
tive measures of intellectual and personality deterioration 
in aged subjects. 

(2) The establishment of a valid measure of cerebral 
damage in one group of organic psychoses opens up the 
possibility of defining and measuring the psychological 
defects that show the best correlation with measures of 
cerebral damage. 

(3) Senile dements have a markedly reduced expectation 
of life’. As the brain is an organ with a fixed cell population 
and such organs have long been known to be particularly 
liable to the changes of senescence, the facts suggest that 
senile plaque formation and related processes may also 
deserve investigation with the aid of more precise tech- 
niques than those employed in this study, for their possible 
relevance to the problems of ageing in man. 

M. RoTa 
B. E. TOMLINSON 
G. BLESSED 
Department of Psychological Medicine, 
Royal Victoria Infirmary and 
University of Newcastle upon Tyne, 1. 
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PSYCHOLOGY 


Tranquillizers in Pregnancy and Behavioural 
Effects on the Offspring 


In 1963 we published the third? in a series of reports?’ 
concerned with the administration of tranquillizers to 
gravid rats and their postnatal effects on the offspring. 
The data of this last report’ indicated that meprobamate 
and not reserpine or chlorpromazine resulted in significant 
deficits in learning a Lashley III maze. This report 
generated much editorial comment’ > and additional 
experimental findings®’. 

I wish to comment on these last two reports®’, not 
because they failed to replicate our findings but rather 
because their alterations in procedure implicate important 
and significant methodological questions concerning this 
area of research. Kletzkin eż al.* administered mepro- 
bamate at a dosage of 20 mg/kg as compared to 60 mg/kg/ 
day reported by Werboff and Kesner’. Furthermore, 
they! stated that the drug was injected for four days of 
gestation on days 5-9, 10-14, or 14-18 (these represent 
five days). Thus, the total dosage of meprobamate 
administered was 240 mg/kg in Werboff and Kesner’s? 
experiment and either 80 or 100 mg/kg in the report by 
Kletzkin eż al.*. Their inability to find differences between 
meprobamate-treated and control offspring in either body- 
weight, activity on the inclined plane, activity and 
emotionality on the open-field, and learning ability on 
the Lashley ITT maze could readily be explained by these 
differences in levels of dosage administered. These dis- 
crepancies then suggest the need for more detailed 
analysis of the dose-response characteristics of pregnant 
animals to meprobamate administration. 
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Hoffeld and Webster’, in a more complete replication, 
compared the effects of meprobamate, reserpine, chlor- 
promazine, or water on body-weight, learning a Lashley 
Jif maze and a conditioned avoidance problem. The 
major contention of these authors is that our previous 
report failed to demonstrate effects related to the stage 
of pregnancy in which the drugs were administered. 
Stage-dependent results were found only in neonatal 
mortality’. The fact that no consistent stage-dependent 
results occurred on several unrelated measures!-? of 
maturation and behaviour requires that a more critical 
evaluation be made of the methodology of the Hoffeld 
and Webster? report.- Two factors are immediately 
apparent. These authors purchased their animals elready 
pregnant and thus such animals probably experienced 
severe stress from shipping in the early stages of preg- 
nancy; secondly, the offspring were colony-housed from 
weaning at 21-80 days of age. During this time, they 
experienced whatever stresses are concomitant to a 
populated colony cage, and they did not experience the 
handling and testing on the battery of behavioural 
measures used by Werboff et al.*?. Thus, the Hoffeld and 
Webster’? animals had a variety of other prenatal and 
postnatal conditions which could easily have masked and 
altered the effects of the particular drugs administered in 
pregnancy on the behaviour of the offspring. 

Hoffeld and Webster’? deal specifically and critically 
with the Lashley TII data from the Werboff and Kesner? 
report. It should be pointed out that Hoffeld and Webster’ 
misquote these findings!: only meprobamate and not 
reserpine was found to produce learning deficits. Further- 
more, Hoffeld and Webster’ state that a comparison of 
the absolute values of the trials to criterion measure of 
control groups in various reports are of special interest. 
Werboff and Kesner? reported that the control group 
required 9-5 trials to criterion as compared to Hoffeld 
and Webster’s’? 14:2 trials to criterion. These authors 
then refer to a previous report of Werboff, Haviena and 
Sikov® in which prenatal irradiation was administered 
with a combined control group requiring 13-1 trials to © 
criterion. The fact that the data from the control] group 
of this investigation® are more in keeping with the data of 
Hoffeld and Webster’? is noteworthy. The pregnant 
animals in this work® had to be carted several blocks to 
be irradiated under a variety of weather conditions. 
Thus, they may have experienced the same kind of 
‘shipping’ stress received by the Hoffeld and Webster’ 
animals, which may explain the differences and simi- 
larities between the scores of the various control groups 
on the Lashley III maze. 

In spite of the fact that it is difficult to replicate con- 
ditions exactly from one experiment to another, certain 
important methodological variables have been suggested 
that may explain the discrepancies noted and that require 
further experimental elaboration. These are the questions 
of dose-response characteristics of pregnant animals to 
various drugs, and the effects of compounding additional 
prenatal and postnatal stresses on subsequent behavioural 
development. If these discrepancies lead us to uncover 
new data and new relations between critical variables, 
then our efforts would be rewarded. 

This work was supported in part by grant HD-O1019 
from the U.S. National Institute of Child Health and 
Development. 

JAOK WERBOFF 


Jackson Laboratory, 
Bar Harbor, Maine, U.S.A. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, January 3 


PLastics INSTITUTE (at the Institution of Electrical Engineers, Savoy 
Place, London, W.C.2), at 2.80 pm—Mr. J. E. Proctor: Young People’s 
cture. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
at 3 p.m.—Sir Dudley Stamp, C.B.E.: “Philatelic Cartography”. 


INSTITUTION OF MECHANICAL ENGINEERS, MEDICAL ENGINEERING WORE- 
ING Party (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.— 
Informal Discussion on “Human Co-ordination and Engineering Control’. 


SOCIETY oF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, 8.W.1), at 6.80 p.m.—Dr. A. P. Prosser: “The Chemistry of 
Mineral Processing”’. 


Tuesday, January 4 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S.W.1), at 5.80 p.m.—Informal Discussion on ‘‘Harthworks—Are 
Present Specifications and Construction Plant the Most Suitable for the Soll 
and Climate Conditions in the British Isles”, introduced by Mr. 8. Rodin. 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, W.C.2), at 5.30 p m.—Mr. E. G. C. Burt. 
“Satellite Control”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Dr. D. L. Croom: “Naturally 
Occurring Thermal Radiation in the Range 1-10 Go/s’’; Mr. E. Denison and 
Mr. G. L, Rogers’ ‘Aerial Noise Temperature at 5,650 Mc/s”. 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
MENT GROUP (at 1 Birdcage Walk, Westminster, London, $.W.1), at 6 p.m.— 
Discussion on “Accountancy as a Service to Engineering Management”. 


Wednesday, January 5 


OPERATIONAL RESEAROH Soorery (at the Royal Aeronautical Society, 4 
Hamilton Place, London, W.1), at 4.80 p.m.—Prof. D. V. Lindley" 
“Bayesian Robustness”. 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C.2), at 5.80 p m.—Discussion on “Operating erfence 
with Deck Machinery” opened by Capt. W. 8. C. Jenks, R.N., and Capt. D. 
Campbell, R.N. 


ROYAL Microscopioan Sooty (at the Royal Society, Burlington House, 
Piccadilly, London, W.1), at 5.80 p.m.—Dr. John R. Baker, F.R.S.: “Experi- 
ments on the Function of the Sye in Light Microscopy” (Presidential Address). 


Thursday, January 6 


INSTITUTION OF Civ. ENGINEERS (at Great George Street, Westminster, 
London, S W.1), at 5.80 p.m.-——-Informal Discussion on “How Can Research 
Help Construction Methods’, introduced by Mr. R. S. Taylor. 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP {at 
1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.—Discussion on 
“The Marine Reactor”. 


INSTITUTE OF METALS, LONDON LooaL SECTION (at 17 Belgrave Square, 


London, S.W.1), at 7 pm.-~-Mr. R. 8. Sharpe: “Current Research in Non- 
Destructive Testing”. 


SOCIETY OF COSMETIO CHEMISTS OF GREAT BRITAIN (at the Royal Society 
of Arts, John Adam Street, Adelphi, London, W.C.2), at 7 30 p.m.—Mr. C. 
Freeman: “The Economics of Research”. 


Friday, January 7 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy Place, 
London, W.C.2), at 5.80 pm-—~Discusston on “Tracking of Insulation’ 
opened by Dr. A. G Day, Mr, P, J. Jackson and Mr. A. W.S ett. 


Monday, January 10 


ROYAL GEOGRAPHICAL Soorery (at 1 Kensington Gore, London, 8.W.7), at 
6 p.m.—‘Taurus and Tibesti” (colour films of recent expeditions). 


SOCIETY OF CHEMICAL INDUSTRY, COLLOID AND SURFACE CHEMISTRY 
GROUP (joint meeting with the London Section of the Oil and Colour Chemists’ 
Association, at 14 Belgrave Square, London, S.W 1), at 6.30 p.m.—Mrs. 
S. M. Ro biola and Mr. A. F. Sherwood. “Surface Properties of Titanium 
Dioxide Pigments”, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

TECHNICIAN or SENIOR TECHNICIAN IN THE DEPARTMENT OF MICROBIGLOGY 
for duties which will include assisting with research and taking charge of the 

I tion of class material-—Prof. D. E Hughes, Department of Micro- 
biology, University College of South Wales and Monmouthshire, Cathay’s 
Park, Cardiff (January 7). 

SENIOR LECTURER (with an honours degree and prepared to teach the 
subject to final B.Sc. (Applied Chemistry) and A P.I standard, and preferably 
appropriate industrial and/or research experience) IN THE CHEMISTRY AND 
TECHNOLOGY OF Hiau Poryarers--The Principal, Rutherford College of 
Technology, Ellison Place, Newcastle upon Tyne, 1 (January 3. 

UNIVERSITY LECTURER IN ANOIENT PHILOSopHY—The Secretary of 
Faculties, University Registry, Oxford (January 8). 

GRADUATE (with at least an upper second-claes honours degree in botany, 
agricultural botany or plant physiology) to carry out individual research on 
the biology of perennial grass weeds in arable land—The Secretary, A.R.C. 
ve Research Organization, Begbroke Hill, Kidlington, Oxford (January 


LEOLURER or ASSISTANT LECTURER (with a special interest in one or more 
of the following: (a) economic geography; (b) planning; (e) a region other than 
Western Europe or the Americas) IN THR DEPARTMENT OF GEOGRAPHY—The 
Deputy Secretary, The University, Southampton (January 10). 


NATURE 


lil 


ASSISTANT LECTURERS (2) IN THA DEPARTMENT OF PsYonoLOGY—The 
Registrar, University Callage of North Wales, Bangor, North Wales (January 
13 


PEER OFFICER/SENIOR SCIENTIFIO OFFICER (with an honours degree 
(or a diploma in technology) in repens engineering, botany or chemistry, 
and preferably some tropical experience) to spend periods overseas under- 
taking original investigatons into ponas associated with the handling and 
storage of foodstuffs in tropical climates, to evolve methods of improving 
quality and reducing losszs, and to assist in the training of local personnel— 
The Director, Ministry of Overseas Development, Tropical Stored Products 
Centre, London Road, S:ough, Bucks, quoting Ref. V/I (January 14). 

ASSISTANT LECTURER (preferably with special interests In the scientific 
aspects of geography, for example, biogeography or climatology) IN GEO- 
Ge ie. Registrar; The University, Manchester, 18, quoting Ref. 226/65 

anuary 15). 

ASSISTANT LECTURERS. LECTURERS or SENIOR LECTURERS IN THE DEPART- 
MENT OF APPLIED MatHewatics—-The Registrar, The University, Sheffield 
(January 15). 

DEMONSTRATOR/SENIOR, DEMONSTRATOR IN THE SCHOOL OF PHYSICS— 
The Registrar, The Umversity, Newcastle upon Tyne 2 (January 15). 

LECTURERS or ASSISTANT LECTURERS (with special interests and qualifi- 
cations in one of the ollowing fields: experimental psychology; soctlal 
psychology; personality and individual differences; psychometrics) In the 
Department of Psychology-—-The Deputy Secretary, The University, South- 
ampton (January 15) 

RESEARCH FELLOW ar SENIOR RESEARCH FELLOW IN APPLIED MATHE- 
MATIOS—The Registrar, University of Queensland, Brisbane, Australia 
(January 15). 3 7 Nex 

DEPUTY LIBRARIAN (honours graduate}—The Librarian, The University, 
Keele, Staffs (January T7). 

CHAIR OF PHYSICAL CHEMUSTRY-—~The Registrar, The University, Sheffield 
(January 22). . 

SENIOR LECTURER IN THE DEPARTMENT OF PATHOLOGY—The Registrar, 
The University, Sheffield (January 22). 

LECTURER/SENIOR LECTURER IN VETERINARY VIROLOGY IN THE DEPART- 
MENT OF VETERINARY PATHOLOGY AND BACTERIOLOGY, University of Sydney, 
Australia—The Association of Commonwealth Universities (Branch Office), 
Meri borough House, Pml Mall, London, 8.W.1 (Australia and London, 

anuary 28). 

LECTURER or SENIOR LECTURER IN THE DEPARTMENT OF PURE MATHE- 
MATICS AND MATHEMATICAL Statistics—The Registrar, University College 
of South Wales and Moxmouthshire, Cathay’s Park, Cardiff (January 29) 

RESEARCH SCIENTIST or SENIOR RESEAROH SOLENTIST (with a Ph.D. 
degree in an appropriate feld or postgraduate research experience of equiva- 
lent standard and duratzon supported by satisfactory evidence of research 
ability) TO THE LEATHER RESEAROH SECTION OF THE DIVISION OF PROTEIN 
CHEMISTRY, Commonwealth Sclentifle and Industrial Research Organiza- 
tion, Parkville, Melbaurne, Australia—Chief Sclentific Liaison Officer, 
Austrahan Scientific Lixison Office, Africa House, Kingsway, London, W.C.2 
quoting Appointment No, 462/244 (January 29). 

ASSISTANT or ASSOCIATH PROFESSORS (with research experience in bio- 
chemistry, plant physiology or experimental biology} IN BIOCHEMISTRY AND 
BroLogy—Head of the Bioscience Department, Brock University, St. 
Catharines, Ontario, Cennda (January 31). ; 
aR OF STATISTICS -The Secretary, The University, Aberdeen (January 

LECTURER IN THE ScoHOOL or SooroL.oey (Seconded to the Faculty of 
Medicine), University of New South Wales, Australla—The Association of 
Commonwealth Universicies (Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (Austraifa and London, January 31) 

LEOTURER (with a good honours degree in engineering or an equivalent 
qualification, and preferably some industrial experience) IN THE STRENGTE 
OF MATERIALS SECTION O07 THE DEPARTMENT OF MECHANICAL ENGINEERING— 
The Registrar, Umversity of Strathclyde, George Street, Glasgow, C1 
(January 31). 

READER IN EXPERIMENTAL PHYSICS AT QUEEN MARY COLLEGE—The 
Academic Registrar, University cf London, Senate House, London, W.C.1 
(January 31). ` 

SENIOR LECTURER/GECTCRER IN BIOCHEMISTRY at the University of 
Adelaide, Australia-—The Association of Commonwealth Universities (Branch 
Office), Marlborough Horse, Pall Mall, London, 8.W.1 (Australia, January 31) 

TECHNICAL ASSISTAST IN THE DEPARTMENT OF PSYCHOLOGY, odes 
University, Grahamstown, South Africa—~The Association of Commonwealth 
Universities (Branch Offfce), Marlborough House, Pall Mall, London, S W.1 
(South Africa and London, January 31). 

LEOTURER (preferably with experience in experimental fields of Zoology) 
IN THE DEPARTMENT OF ZOOLOGY, University of Melbourne, Australia—The 
Association of Commoazmwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australla and London, February 1) 

SENIOR LECTURER/LECTURER IN DAIRY HUSBANDRY at Massey University 
of Manawatu, Palmerstan North, New Zealand—The Association of Common- 
wealth Universities (Brunch Office), Marlborough House, Pall Mall, London, 
save a Registrer of the University (New Zealand and London, 

ebruary 

LECTURER (preferably theoretical physicist with experlence in crystal or 
solid state physics) IN Puysics at Queen’s College, Dundee—The Secretary, 
University of St Andrews, Queen’s College, Dundee, Scotland (February 12). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN PHYSICS, CAEM- 
ISTRY, BIOCHEMISTRY, “INGINEERING, METALLURGY AND PHARMACOLOGY, 
OR ANY RELATED SURISOTS--Tho Registrar, The University, Liverpool, 
quoting Ref. CV/359 (February 14). 

LECTURER/SENIOR GECTURER (with a degree in civil or agricultural 
engineering with expeficnce and interests In the field of soil and water 
engineering) IN AGRICCETURAL ENGINEERING (SOIL AND WATER) at Lincoln 
College, University of Canterbury, New Zealand—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (New Zealand and London, February 14). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (preferably with a 
Ph.D. degree or equivalent research experience, and below the age of 30) 
IN APPLIED MATHEMATICS, BIOCHEMISTRY, CHEMISTRY, ENGINEERING, 
PHARMACOLOGY, OR Firys10s-——The Registrar, University of Strathelyde, 
George Street, Glasgow, ©.1 (February 28). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (with a Ph.D. 
degree or equivalent research experience, and preferably below the age of 30. 
IN CHEMISTRY, CHEMIIAL ENGINERRING, ENGINEERING SOCIENOE AND 
Puysics—The Academic Registrar, University of Exeter, Northcote House, 
The Queen’s Drive, Exeter, Devonshire (February 28). 

_ ASSISTANT or ASSOCLATE PROFESSORS (with a Ph.D. degree; special con- 
sideration for one position will be given to candidates with research Interests 
in theoretical physics) IS THE DRPARTMENT OF PHYSICS—The University of 
Victoria, Victoria, B.C., Canada. 
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BACTERIOLOGIST (with at least three years’ experience in bacteriology) to 
work as Assistant to Dr. E. S. Anderson, Director of the Enteric Reference 
Laboratory, Central Public Health Laboratory, Colindale Avenue, London, 
N.W.9—The Secretary, Public Health Laboratory Service Board, 24 Park 
Crescent, London, W.1. { 

BIOCHEMIST (preferably with experience with chromatographic and electro- 
phoretic techniques) to join a team studying aspects of copper and magnesium 
metabolism in animals-——The Secretary, Animal Diseases Research Associa- 
tion, Moredun Institute, Gilmerton, Edinburgh, 9, Scotland. 

BOTANIST (morphology, monr morphogenesis) IN THE BIOLOGY 
O e ENTERO E. Gorham; University of Alberta, Edmonton, Alberta, 

CHAIR OF THEORETICAL Amoros Registrar and Secretary, The 
University of Sussex, Stanmer House, Stanmer, Brighton, Sussex, marking 
envelope “Confidential”, i i 

ELECTRONIC TEOHNICIAN (Senior or Technician Grade according to 
experience) FOR THE DEVELOPMENT, CONSTRUCTION AND NANCE 
WORK IN THE RADIOTHERAPY, PHYSICS AND MEDICAL ELECTRONICS DEPART- 
MENTS—The Clerk to the Governors, St. Bartholomew's Hospital, London, 
E.C.1, quoting Ref. No PT/9901 

GEOLOGIST (male, national of the United Kingdom or the Republic of 
Ireland, with a first- or good sécond-class honours degree in geology, pre- 
ferably with experience of geological mapping of metamorphic Corta TK 
MALAWI, to undertake geological mapping, geochemical surveys, investiga- 
tion of mineral deposits and possible water supply investigations—The 
Appointments Officer, Ministry of Overseas Development, Room 301, 
Eland House, Stag Place, London, 8.W.1, quoting Ref. RC 218/134/02.. 
in singing ae ee ze bilan Sie asrclogy of bbe sige e 

uorescent antibo ec ues——The Secretary, Harefie os- 
pital, Harefleld, Middlesex, , : var i 

GRADUATE RESEARCH ASSISTANT (preferably with an honours degree) 
for biochemical studies in muscle disease—Dr. B. P. Hughes, Institute of 
Neurology, The National Hospital, Queen Square, London, W C.1. 

HISTOPATHOLOGIST (with either a veterinary or medical qualification); and 
a TOXICOLOGIST or PHARMACOLOGIST (recent graduate in pharmacology, 
pharmacy or zoology) IN THE APPLIED PHARMACOLOGY DIVISION, for work 
concerned primarily with the pathology and toxicology of drug-induced 
lesions ın experimental animals--The Personnel Manager, Arthur D. Little, 
Ltd., Inveresk Gate, Musselburgh, Midlothian, Scotland. 

LECTURER and an ASSISTANT LECTURER IN INORGANIC CHEMISTRY—The 
Registrar, Hatfield College of Technology, Hatfield, Herts. 

LECTURER IN BIOOHEMISTRY and a LECTURER IN MICROBIOLOGY—The 
Registrar, Hatfield College of Technology, Hatfield, Herts. 

ECTURER IN BIOCHEMISTRY to teach the subject to the standard required 
for H.N.C. and H.N.D in applied ey and to assist in the development of 
biochemistry as part of the proposed M.I Biol. and Honours Degree courses 
—The Principal, South-East Essex College of Technology, Longbridge Road, 
Dagenham, Essex. 

ECTURER (with a good honours degree and pectoral postgraduate 
experience in neutron physics and/or health physics) IN PHYSICS IN THE 
DEPARTMENT OF PHY SIOS AS APPLIED TO MEDICINE —The Secretary, Depart- 
mont ad Toaca as Applied to Medicine, Middlesex Hospital Medical School, 

READER (with high academic ‘qualifications, considerable research exper- 
lence, and a particular interest in differential equations) IN EMATICS 
(Ref. CST 65/120); and a LECTURER (with an honours degree or a diploma in 
technology; teaching, research orindustrial experience; and aspecial interest 
in applications in electrical engineering) IN MaTHEMATIOS (Ref. CST 20120) 
—The Secretary and Registrar, Bristol College of Science and Technology, 
Ashley Down, Bristol, 7, quoting, appropriate ref. number. : 

RESEARCH SOHOLAR for research on diffusion of hydrogen through metals 
—Dr. L. V. C. Rees, Chemistry Department, Impertal College, Imperial 
Institute Road, London, S.W.7. | 

RESEARCH STUDENT (suitably qualified British born chemist or physicist) 
to study the physical chemistry of solutions of oceanographic interest—Prof. 
Graham Hills, Chemistry Department, The University, Southampton. 

SCIENCE RESEARCH COUNCIL POSTDOCTORAL ASSISTANTSHIP IN PHYSICAL 
ORGANIC CHEMISTRY—The Secretary, Royal Holloway College (University 
of London), Englefield Green, Surrey. 

SENIOR LECTURER IN PHYSIOLOGY or PHARMACOLOGY—The Registrar, 
Hatfield College of Technology, Hatfield, Herts, 

| 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Agiicultural Research Institute of Northern Ireland. 
Annual Report, 1964-65. Pp.|36+2 plates. (Hillsborough, Co Down: 
Agricultural Research Institute of Northern Ireland, 1965.) [411 

Ministry of Agriculture, Fisheries and Food. Domestic Food Consumption 
and Expenditure: 1963-—~Annual age of the National Food Survey 
Commi ttee. Pp. ix+131, (London H.M. Stationery Office, 1965.) m 
ne 

Ministry of Agriculture, Fisheries and Food. Bulletin No. 188: Cereal 
Pests. By Dr. D, W. Empson. Pp. v+97-4+8 plates. (London: H.M. Station- 
ery Office, 1965 ) 12s. net. ! 911 

Hospital Libraries: Recommended Standards for Libraries in Hospitais. 
Pp. 18. (London: Library Association, 1965.) 59. (L.A. members 33. 9d.) [911 

University of Oxford. Committee for the Advancement of Medicine— 
Annual Report 1964. (Supplement No. 3 to the University Gazette, Vol. 96, 
October xp6b) Pp. 38. (Oxford: The University, 1965.) 2s. 6d. {911 

Bulletin of the British Museum (National History). pntomology, Vol. 17, 
No. 5: Diptera from Nepal. Bombyliidae. By J. Bowden. Asiatic Species of 
the Genus Stenomicra pgs kage By ©. W. Sabrosky. Psychodidae. 
By F. Vanlant..—Celyphidae. By P, Vanschuytbroeck. Pp. 201-230. 18s. 
Geology. Supplement 1: Jurassic Bivalvia Gastropoda from Tanganyika 
and Kenya. By Dr. Leslie Reginald Cox. Pp. 213 +30 plates. 120s. Vol. 18, 
No. 7: Descriptions of Some Strongyles (Nematoda) from Mammals in East 
Nepal—With Records of Other Parasitic Nematodes. By William G. Inglis 
and Colin G. Ogden. Pp. 220-245. 8s. (London: British Museum (Natural 
History), 1965.) i [911 

Scottish Marie Biological Association. Annual Report, 1964-65 Pp. 47. 
Giillport, Isle of Cumbras: Scottish Marine Biological Association, mea 


8. 

Agricultural Research Council. ‘A Bibliography of Farm Buildings Research. 
Part 3: Bulldings for Poultry, 2nd Supplement, 1962-1964. Pp. 88. (London: 
Agricultural Research Council, 1965. Obtainable from H M. Stationery 
Office ) 9s. net. [911 


Thirty-eighth 
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Department of Education and Science. Enquiry into Longer-term Post- 
graduate Courses for Engineers and Technologists, 1964-65. By H. Arthur. 
Pp. x+54. (London: H.M. Stationery Office, 1965) 4s. 6d. net. [911 

Ministry of Transport/Scottish Development Department. Advisory 
Memorandum on Urban Traffic Engineering Techniques. Pp. xi + 92. (London: 
H.M. Stationery Office, 1965.) 78. 6d. net {911 
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Other Countries 


Le Cinquantenaire de l'Institut Royal Météorologique de Belgique, 1913- 
ran Pp. 70. (Bruxelles: Institut Royal Météorologiqne de Belgique, 

Agronomica Revista de la Facultad de Ingenierla Agronomica. Volumen 
2, Numero 1, Fassieulo 1: Descripcion de Angunas Especies Botanicas de 
Interes Farmacologico. Por H. V. Galarza. Pp. 32. Volumen 2, Numero 1, 
Fasciculo 2: Evaluacion de los Dinos Causados por el Diatraea saccharalis 
Fab. a la Industria Azucarera del Valle Geografico del Rio Cauca. Por 
Men} Hincapié. Pp. 56. (Manizales, Colombia: Universidad de oaan 

Commonwealth of Australia. Department of National Development: 
Bureau of Mineral Resources, Geology and Geophysics. 1 : 250,000 Geological 
Series—Explanatory Notes. Junction Bay, N.T. Compiled by R. Rix. 
Ep. 10+map. Wessel Islands/Truant Island, N.F. Compiled by K. A. 

umb. Pp. 18+map. McKinlay, Qtd. Compiled by R. R. Vine. Pp. 
16+map. Julia Creek, Qld. Compiled by R. R. Vine. Pp. 18+map. 
Mackunda, Qld. Compiled by R, R. Vine. Pp.15+map. Brighton Downs, 
Qld. Compiled by W. Jauncey, Pp. 14+ map. Huckitta, N.T. Compiled 
by K. G. Smith. Pp, 20+map. Roper River/Cape Beatrice, N.T. Compiled 
by P. R. Dunn, Pp.12+map. Urapunga, N.T. Compiled by P. R. Dunn. 
Pp. 17+map. Mount Young, N.T. Compiled by K. A. Plumb. Pp. 19+ 
map. Pellew, N.T. Compiled by J. W. Smith. Pp. 6+map. Bauhinia 
Downs, N.T. Compiled by J. W. Smith. Pp. 20+map. Hodgson Downs, 
N.T. Compiled by P. B. Dunn. Pp. 16+map. Robinson River, N.T. 
Compiled by K. R. Yates. Pp. 15+map. (Canberra City: Bureau of Mineral 
Resources, Geology and Geophysics, 1968, 1964 and 1965.) 911 

Canada: Department of Mines and Technical Surveys. Publications of the 
Dominion Observatory, Ottawa. Vol. 30, No. 4 Bibliography of Seis- 
mology, Items 17945-18572, January~April, 1964. By F. E. Langill. Pp. 
121-153. (Ottawa: Queen’s Printer, 1965.) 1 dollar. [911 

Cancer Avancade, Talidomida e Hormônios. Por Dr. Miguel J. Mauad. 
rhage (Sao Paulo, Brasil: Assoc. dos Medicos do Hospital Aa 

United States Department of Agriculture, in co-operation with Texas 
Agricultural riment Station. Conservation Research Report No. 1: 
Effects of Alkalfa, Crop Sequence, and Tillage Practice on Intake Rates of 
Pullman Sity Clay Loam and Grain Yields. By Marvin B. Jensen and Willis 
H. Sletten. Pp. 25. (Washington, D.O.: Government Printing erie 


3 . > 

Annual Report of the Tea Research Institute of East Africa for the year 
1964. (Tea Boards of Kenya; Tanganyika, and Uganda.) Pp. 80. (Kericho, 
Kenya: Tea Research Institutes of East Africa, 1965.) gii 

Commonwealth of Australia: Department of External Affairs. Australian 
National Antarctic Research Expeditions. ANARE Scientific Reporte— 
Series C (s): Upper Atmosphere Physics. Publication No. 80: Auroral Paral- 
lactic Photography. Part 1 by G. V. Simonow and J. Ballantyne. Parts 2 
and 8 by Q. Y. Simonow. Pp 69. (Melbourne: Antarctic Division, Depart- 
ment of External Affairs, 1965 ) {911 

United States Department of the Interlor. Geological Survey. Geophysical 
Abstracts, No. 225 (October 1965). By James W. Clarke, Dorothy B. 
Vitaliano, Virginia S. Neuschel, and others. Pp. f{li+ 783-861. (Washington, 
D.C.: Government Printing Office, 1965.) 35 cents. — [911 

Australia’ Commonwealth Scientific and Industrial Research Organiza- 
tion Seventeenth Annual Report 1964-65, Pp. 216. (Melbourne. Common- 
wealth Scientific and Industrial Research Organization, 1965. [911 

Deutsches Hydrographisches Institut, Hamburg Jahresbericht, Nr. 19, 
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DEPLOYMENT OF MANPOWER IN SCIENCE AND TECHNOLOGY 


- 


HE Committee on Manpower Resources for Science 

and Technology, appointed in February by the 
Secretary of State for Education and Science and the 
Minister of Technology, with Sir Willis Jackson as chair- 
man, has issued an introductory review of the scope and 
problems of policy for scientific and technological man- 
power*, The Committee has interpreted its responsibility 
of advising on manpower resources for science and 
technology as including the effective use of Britain’s 
entire scientific and technological manpower, as well as 
the output of newly qualified individuals, in relation to 
the opportunities for employment. It believes that the 
deployment within the economy of existing scientists and 
technologists, and their utilization within any organiza- 
tion, demand as careful and urgent consideration as the 
continuing supply from Britain’s educational system. 
Moreover, it considers that these problems should be 
studied against the background of the deployment of all 
highly qualified manpower. 

Thus this authoritative Committee, at the outset, puts 
its finger on a key aspect of the manpower situation-—the 
efficient use of trained manpower—which, although 
frequently noted, has seldom received more than passing 
discussion. That in itself should help to ensure that in 
future more attention is given to the question of supporting 
staff and that the triennial surveys of scientific and 
technological manpower will cover technicians. It is 
worth noting in this connexion that Sir Willis Jackson is 
also chairman of a committee set up in 1962 to consider 
the parameters of an enquiry into the employment of 
technicians in industry, the universities and the scientific 
and professional Civil Service. As a result of this enquiry, 
a new section on technicians and other technical support- 
ing staff is being Incorporated in the 1965 Manpower 
Survey, on the findings of which the Committee on 
Manpower Resources proposes to base the complete 
programme of its work. It might be added that another 
member of the Committee, Prof. C. A. Moser, is at present 
engaged in a survey of correlations between academic 
qualifications and performance in industry and that the 
Council for Scientific Policy has invited another member, 
Prof. F. S. Dainton, to study the flow from schools into 
places for science and technology offered in higher 
education. 

The Committee is itself associated with this study and 
will be examining its results. To illustrate the representa- 
tive character of the Committee, on which the Science 
Research Council, the University Grants Committee and 
the Ministry of Overseas Development, inter ala, have 
representatives, it should suffice to mention the names of 
Sir Leon Bagrit, Sir Peter Venables, Lord Brown of 
Machrthanish, and Prof. J. R. N. Stone. The Committee 
is basing its statistical surveys largely on the Census of 
Scientific and Technological Qualifications carried out in 
April 1961, and which is to be brought up to date by a 
recent enumeration in 1966, and on the triennial surveys, 
covering about 80 per cent of Britain’s scientific man- 
power, which have been carried out by the Ministry of 


*Commuttee on Manpower Resources for Science and Technology. A 
Renew of the Scope and Problems of Scientific and Technological Manpower 
Pohey. Pp +17. (Cmnd. 2800.) (London: H.M.8.0., 1965.) 1s 6d. net. 


Labour since 1956. The latest survey, relating to January 
1965, which is now being processed, has been designed to 
interlock with ths more comprehensive enumerations of 
the 1961 and 1966 censuses of population. Data from 
this survey will enable the Committee to assess further 
the supply and demand for qualified manpower, both at 
present and in relation to employers’ forecasts for 1968. 
In the light of this evidence and of other enquiries under- 
taken for purposes of general economic planning, the 
Committee propases to attempt to determine how far, 
present deficiencies within particular categories of scien- 
tific and techno_ogical manpower are due to overall 
quantitative shortages. 

On the supply side, the Committee is lookmg to the 
statistics provided by the University Grants Committee, 
the Education Departments and the professional institu- 
tions. These statistics show the inflow of scientists and, 
when set against estimates of wastage of all kinds, will 
allow more accurate forward estimates of the stock of 
scientific manpower in Britain. The Committee points 
out, however, that an accurate assessment requires a 
comprehensive understanding of the relation between 
scientific and technological education on one hand, and 
employment on tke other. This has profound implications 
for professional 2ducation and the number of places 
universities offer in particular disciplines, as well as in 
respect of the broad basis of scientific and professional 
education and the transfer between subjects, if not 
between disciplines. Employers, for example, in replying 
to questionnaires about future demand, often start with 
their own needs for specialized technologists and estimate 
the number of individuals who are hkely to fill these 
posts from the disciplines listed. 

The material the Committee is seeking to acquire has, 
therefore, implicazions for estimates of material needs in 
terms of disciplines and may call for some further thinking 
about the expansion of higher education. The Robbins 
Report based its estimates of the scale, and its concept of 
the pattern, of tke future supply of qualified manpower 
from the educational system on. a forecast of the numbers 
of boys and girls from the schools who would justify 
education at university level in subjects of their own 
choosing. Apart from the question (only superficially | 
examined in the Report) of where that higher education 
would most appropriately be given, this suggests that, as 
counterpart to employers’ forecasts of needs, an examina- 
tion is desirable of factors affecting or determining the 
choice of subjects of study at school and in higher educa- 
tion. This also the Committee proposes to examine, 
together with the motives, character and abilities relevant 
to science and technology, and the extent to which they 
are encouraged o> inhibited at each stage of education 
and training. The part played by imaginative teaching 
and up-to-date curricula in influencing choice for or against 
science and technology will also be examined. 

These problems are already being investigated by the 
Schools Council in relation to England and Wales, and 
the Scottish Council for Research in Education is studying 
the validity of aptitude tests in selection for university ` 
places in relation to the subsequent performance of school 
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leavers in higher education. The Committee also empha- 
sizes its concern that sixth-form pupils taking science and 
mathematics should, in the course of their studies, come 
into contact with some teachers who have up-to-date 
technological backgrounds, and who have had experience 
and an interest in the application of science to practical 
ends. Few graduates in science and technology, however, 
enter the schools after industrial experience, and means 
should be devised to tap the knowledge and energies of 
those with recent and up-to-date experience in research 
and in industry. The problem is being examined by 
many bodies, but no proposals have so far been advanced 
which can make a measurable contribution in the schools 
themselves and, for the present, the Committee on Man- 
power Resources is content to emphasize the importance 
of this problem. 

The Committee is not content, however, to accept the 
classification of scientific and technological manpower 
based on the disciplines in science and technology in 
which degrees are normally taken. It 1s sometimes 
necessary to supplement this education by a period of 
organized training in employment. This is not necessarily 
an unfavourable reflexion on the teaching given in insti- 
tutions of higher education, particularly if the period of 
adaptation proves to be, short. It is to the national 
advantage rather than otherwise that universities and 
other institutions should prepare individuals in the first 
instance broadly for their future responsibilities, so that 
they are adaptable to a wider variety of circumstances 
throughout their careers. 

That a high proportion of vacancies available in industry 
are for types of technologists not produced solely by the 
educational system is not necessarily disturbing, provided 
it is remembered that, as the Manpower Committee points 
out, proportionately fewer young people capable of 
qualifying as scientists and technologists will start from 
the factory floor—this is especially so now that propor- 
tionately more young people go on from school to higher 
education. Nor does this trend merely affect the provision 
of part-time or full-time census for technicians and others 
in technical colleges; it accentuates the danger of too 
many students in institutions of higher education being 
orientated towards theory and research and away from 
design and production. 

For this reason, the Committee on Manpower proposes 
to consider whether, and at what stage, the emphasis in 
courses in university or college of technology should be 
changed to match industrial needs more closely. This 1s 
partly a matter of communication between industry and 
higher education and, as a first stage, a working group 
has been appointed under Mr. G. 8. Bosworth to study 
the problems involved in statıng the requirements of 
industry in terms relevant to education. A member of 
the Committee, Mr. 8. L. Bragg, is examining how far 
individuals from different academic disciplines are in 
practice interchanged or interchangeable. This could 
help to establish what kind of basic scientific or techno- 
logical education would give the breadth of view needed 
to cope with new developments. 

In this context the Committee welcomes the steps 
which are being taken, as the colleges of advanced 
technology become universities, to preserve and to 
develop those elements which have encouraged close 
contacts between educational courses and the practical 
requirements of employers. It particularly emphasizes 
the importance of preserving both the value of the 
sandwich course (above all, that which ensures an intimate 
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contact between the educational course and industrial ` 
practıce) and the opportunity for a candidate with an 


Ordinary National Certificate type of qualification to`? , 


continue his education through a full-time sandwich 
course at university-level. It questions the validity of 
basing entry to certain advanced courses solely on 
academic criteria and proposes to examine this difficult 
problem further. There is some evidence that industry 
in general is not sufficiently aware of the role of the 
universities in providmg postgraduate courses and that 
universities are not fully aware of the needs of employers. 
The Committee has accordingly recommended publication 
of a report by Mr. H. Arthur on an enquiry undertaken 
at the request of the Committee on Scientific Manpower 
m December 1963+. 

This report has now been published and has been 
examined by the University Grants Committee, by the 
Postgraduate Training Awards Committee of the Science 
Research Council and by professional institutions con- 
cerned with technological education. Discussion of Mr. 
Arthur’s findings has increased the awareness that industry 
must formulate better 1ts needs for postgraduate courses 
if educational institutions are to cater for them effec- 
tively. However, this question of postgraduate courses 
may here be left with the note that the Committee on 
Manpower Resources supports the steps being taken by 
the Postgraduate Training Awards Committee of the 
Science Research Council to encourage the development 
of suitable courses at postgraduate level in technology. 
Advanced course studentships are being allocated more 
generously in relation to the demand for technology than 
for pure science subjects and the award system is being 
comprehensively reassessed so as to ensure that its 
resources are deployed as effectively as possible. 


Apart from the question of technicians and other — 


supporting staff and Prof. Moser’s enquiry, other matters 
bearing on the more effective utilization of qualified man- 
power, which the Committee proposes to examine, include 
the optimum distribution of highly qualified people 
among private industry, the public sector and higher 
education; mobility between employments (including the 
need for adequate numbers of scientists and technologists 
in management); and courses in new technologies. The 
Committee proposes to keep in touch with the newly 
established Industrial Training Boards which have a 
major part to play in training technological manpower. It 
1s also seeking to chart more fully the wastage of scientists 
and technologists whether by emigration or in other ways. 

All this amounts to a considerable programme even 
when set against the research projects known to the 
Committee which are listed m an appendix. The Com- 
mittee itself proposes to pay particular attention to the 
implications of long-term economic planning for policy 
for scientific and technological manpower; to identify 
motives and abilities relevant to science and technology 
and the factors governing the choice of a career in science 
or technology; to identify the main categories of scientists 
and technologists needed by industry and the relation of 
industry’s needs to educational courses; to study the 
extent to which present resources of ability are fully 
mobilized, and problems of effective deployment and 
utilization of scientists at all stages in their career; to 
relate the interactions between scientists and technol- 
ogists and their supporting staff; to investigate the 
migration of scientists and technologists internationally 


Enquiry mto Longer-term Post- 


+ Department of Education and Science. 
By H. Arthur. 


graduate Courses for Engineers and Technologists, 1964-65, 
Pp.x+54. (London H.M.S8.0., 1965.) 4s. 6d. net. 
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and within the economy. The present Manpower Report 


-sets forth the broad approach of the Committee and the 
‘ «lines on which it is now thinking, and will doubtless 
.. provide in due course a yardstick against which its 


achievements will be measured. 

Nevertheless, even at this early stage the Committee 
has identified some matters on which immediate action 
could, and should, be taken, and it concludes its report 
with five specific recommendations. First, universities 
should continue their efforts to provide more facilities for 
the increasing number of candidates in science and tech- 
nology. Secondly, ways should be found to use imag- 
inative and resourceful individuals with practical 
experience in research and development estabhshments and 
industry, to widen the scope of science and mathematics 
teaching in the schools and to demonstrate the challenge 
of careers in applied science and technology. (The Com- 
mittee does not indicate where the responsibility for 
instigating this second recommendation should he, but it 
clearly lies in part on itself, though more especially on the 
Department of Education and Science, and also on the 
professional institutions.) 

Thirdly, the former colleges of advanced technology 
and the leading colleges of technology should be en- 
couraged to maintain the resources devoted to sandwich 
courses, and to keep open opportunities for holders of 
national certificates to enter higher education in tech- 
nology. Here, the major responsibility lies with the 
Department of Education and Science, as it does also for 
the fourth recommendation: that recommendation is for 
a closer partnership between the universities, colleges of 
technology, Government establishments and mdustry in 
promoting and conducting postgraduate courses in tech- 
nology. At the same time, the Government should 
strengthen the preference given to supporting courses to 
which industry would send candidates with industrial 
training and experience, and which are well planned to 
prepare science graduates for technological employment. 
Industry should increasingly provide lecturers on par- 
tacular technological subjects. 

On the difficulties with regard to this last-mentioned 
point, some comments in Mr. Arthur’s report are pertinent. 
To be really effective, he observes, staff of good calibre 
and experience are required, and this means they will be 
m senior positions and will be men that industry can 
least spare on full-time secondments. Firms and organ- 
izations are unwilling to contemplate full-time second- 
ments for as long as a year, nor do the staff themselves 
wish to be absent for so long a period. Full-time second- 
ment for a period from 3-6 months is more favourably 
regarded; it offers sufficient time to broaden the outlook 
of the staff seconded and will give useful experience to 
their deputies. The universities, however, seem only luke- 
warm to such full-time secondments: they feel that it 
takes an appreciable time for a man to settle down and 
become an effective member of the academic staff. 

The universities would accordingly prefer the services 
of an industrialist on a part-time basis regularly over a 
period of several years. This arrangement involves con- 
siderable strain on the individuals concerned, but should 
be possible if the academic load is not too heavy and if 
the individual has the support of competent staff on the 
industrial side. A few universities have already made 
arrangements with large industrial organizations for the 
appointment of honorary readers or part-time or visiting 
professors and lecturers, and possibly the Committee on 
Manpower Resources could encourage the spread of this 


4 
b 
i a! a ‘ . 
NATUR A ARA 
Ta an 


115 


practice. It could also be helped by the growth of sécond- 


‘ment of academic staff for periods of experience in indus- 


try. Here, however, the difficulties are more considerable 
and much may depend on how far the Department of 
Education and Science is able to assist universities and 
colleges of technology with the cost of industrial fellow- 
ships of this type, and also on the development of liaison 
generally between industry and the universities and col- 
leges of technology. 

The Committee's fifth, and final, recommendation, 
namely, that Industrial Training Boards should give 
particular attention to more graduate facilities within 
industry, is essentially a matter for the Minister of Labour. 
Here also, however. the Commuttee itself could act as a 
general co-ordinating authority as well as a central forum 
for considering the problems which arise. Its vision and 
energy will call for the firm support of other Ministers 
besides those to whom this report is presented to secure 
the necessary action based on the fuller understanding 
which the investigations it proposes should provide. 


THE SCIENTIFIC ESTATE 


The Scientific Estate 
By Don K. Price. Pp. xi+323. (Cambridge, Mass.: The 
Belknap Press of Harvard University Press, 1965.) n.p- 


HE SCIENTIFIC ESTATE, which is likely to 
become a major authority in the field of science and 
administration, represents an appreciation of the new 
and important part science is playing in government. It 
might be taken as another example of the development of 
the ‘science of science’, except for the fact that it is not 
written by a physical scientist but by a distinguished 
social scientist who has had a long experience in govern- 
ment and industry and is at present Dean of the Graduate 
School of Public Administration of Harvard University. 
Tt represents an attempt to fit scientific research into the 
framework of government and administration and, in a 
way, it has succeeded in doing this. But reading the book 
yields a very different picture; from what we know 
from other sources in the United States and in Britain, 
the picture presented of the relations of science to politics 
is an idealized, one and still far removed from reality. 
Prof. Price has cnosen to treat science in the United 
States as one of the 2states of the realm: ‘“The four broad 
functions in government and public affairs—the scientific, 
the professional, the administrative and the political—are 
by no means sharply distinguished from one another 
even in theory, but fall along a gradation or spectrum 
within our political system. At one end of the spectrum, 
pure science is concerned with knowledge and truth; at 
the other end pure politics is concerned with power and 
action. But neither ever exists in its pure form. Every 
person, in his actual work, is concerned to some extent 
with all four functicns. The laboratory scientist 1s prob- 
ably interested in some professional association with his 
colleagues, in the administration of his laboratory, and 
in the support for his work that comes only from money 
or influence. At the other extreme, the Congressman or 
the President must be interested in the ways in which new 
knowledge affects his status and his purposes, and in 
which professional skills and administrative competence 
can support them” tp. 1385). He is motivated not by any 
hostility to science but by the fear that scientists might 
use their specialized knowledge to determine policy and 
to pervert the proper functions of democratic control. To 
make his point, Prof. Price has to enter into a long 
historical discussion of the relations between science and 
government, particularly in the United States, but in- 
cluding much of the history of science in Britain with 
which he shows himself to be exceptionally well acquainted. 
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(Prof. Price, as might be expected, has been a Rhodes 
scholar at the University of Oxford.) 

Ostensibly, the control of science in the United States is 
not so much the concern of the President or of the execu- 
tive organs of state as of various congressional committees 
which are associated with different scientific programmes. 
The reference to congressional committees is assumed to 
guarantee control of scientific investigations and the 
policy arising from them, but that the control is really 
democratic cannot be uncritically accepted by anyone 
with more than superficial knowledge of how science is 
run in the United States; even an attentive reader of the 
book can see that the picture is unintentionally scarcely 
more than a ‘cover story’ for what actually goes on. 

The picture presented is, in fact, one of very extensive 
administrative chaos because major considerations are 
necessarily left out. The enormous sums of money spent 
on science in the United States, for example, easily more 
than in the whole of the rest of the world put together, 
are not distributed according to any rational system but 
are due to the interplay, less of democratic than of 
military and economic considerations. 

The underlying aim of the presentation here given of the 
scientific estate is to ensure that the scientist is ‘on tap’ 
but not ‘on top’. But the scientist is at the same time a 
man and is recognized to have motives and interests of his 
own: “If we understand that the scientist and the 
engineer cannot be guided in their political actions entirely 
by what science teaches them, and that even when they 
think they are doing so they may be deceiving themselves 
and others, we are led to a realization that the fruit of the 
tree of knowledge is not always peace” (p. 142). The 
fundamental difficulty which Prof. Price never resolves is 
to work out a way in which people essentially ignorant of 
the facts of science can direct policy which more and more 
involves science. This applies equally to the United States 
and British systems. 

- The book will make difficult reading for a British reader 
unless he knows the United States very well, but the 
realities are easier to understand than the official theory 
which covers them. In various places Prof. Price realistic- 
ally likens the administration of science to the feudal 
system where a number of rival barons are occupied in 
fighting against each other for the appropriations which 
would. enlarge their prestige. They are kept in control, 
with varying success, by powerful agents of the President. 
The enormous sums spent on the policies on which they 
are based really speak for themselves. The underlying 
theme is war, of an objective or mechanical nature, or its 
equivalent in popular prestige, which is really war in 
another form, as applied to the Kennedy objective of 
landing men on the Moon by 1970. This is the objective of 
the aerospace agencies, for which a great effort is under- 
taken, equivalent to more than all that is spent on funda- 
mental science in other fields, regardless of scientific 
opinion, but having the necessary public appeal and at the 
same time being extremely profitable to the firms involved, 
even to whole areas in which they operate for the time being. 

In Chapter 4, “The Established Dissenters”, Prof. 
Price shows how scientists themselves have used the 
prestige they have gained by their contributions to military 
success to attempt to influence policy directly, often in 
opposition to the policy laid down officially. Any logical 
plan for scientific expenditure can always be overridden 
in the military field because where victory or survival is at 
stake it is pointless to count the cost. Evidently this puts 
the direction of science as a by-product of the ‘military- 
industrial complex’ of President Eisenhower. But this is 
not developed in detail. His references to Oppenheimer are 
scanty and, among the established dissenters, the name of 
Linus Pauling does not appear in the index between 
‘Patronage’ and ‘Pearl Harbour’. 

The book contains a fascinating account of the origins 
of successive administrative scientific bodies which have 
been set up to organize science in the United States since 
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the time of Jefferson. How the United States ever came to 
be such a scientifically great power is not apparent. 
Evidently it was just as much an accident as the acquisi- 
tion of the British Empire—in a fit of absence of mind. 
This is, however, very far from the whole truth. The 
principal policy has been to relegate basic science to the 
universities—all definite project research is paid for by 
the government and outside the ordinary funds of the 
university—and to entrust development contracts to 
leading industrial firms. 

There have been from time to time various efforts at 
retrenchment but these have been quickly suppressed on 
account of the needs of recent wars, such as those of Korea 
and Vietnam. The basic principle is that universities can- 
not afford not to develop science to the utmost, but they 
do not wish to do this, mainly on the advice of the scientists 
themselves who are apt not to take the policies of their 
government as automatically perfect. In the process, the 
legislative forces are generally easily carried along on the 
basis of national security, containing communism, or 
showing that the United States has the biggest and most 
destructive weapons. 

Prof. Price has chosen as an example the great post-War 
development of oceanography research: “Oceanography, 
for example, was to each of more than a dozen agencies 
an important means towards its particular purpose. But 
each agency, if left to itself, would have planned its 
research and development work in the way that would 
contribute to its own purposes, regardless of the interests 
of others. To make the programme into an effective whole, 
the Office of Science and Technology had to work with the 
agencies concerned. If possible it had to persuade each 
of them to include the appropriate share of the total 
programme in its budget, even though this meant that 
each had to undertake some work not directly relevant 
to its own purposes as it saw them and consequently that, 
in order to stay within its budget, it would have to cut 
out something that it would prefer not to do” (p. 246). 
But the central raison d’être of the oceanographic pro- 
gramme, though admittedly furthering the activities of 
the Polaris submarines, is hardly touched on. 

The book is eminently readable but essentially of more 
interest to the administrator than to the scientist and 
carries valuable lessons for the comparatively cautious 
and unenterprising science in Britain, but, as can be seen 
from these comments, it leaves out as many important 
factors as it brings in. J. D. Bernat 


COMPENDIUM OF SPACE LORE 


Sourcebook on the Space Sciences 
By Samuel Glasstone. Pp. xvin+ 937. 
D. Van Nostrand Company, Inc.; 
Nostrand Company, Ltd., 1965.) 62s. 


HEN the United States Government founded the 
National Aeronautics and Space Administration 
(N.A.S-A.) in 1958, the new organization was instructed 
not only to explore space but also to ‘‘provide for the 
widest practicable and appropriate dissemination of in- 
formation concerning its activities’. N.A.S.A. has faith- 
fully performed this task by giving advance details of all 
projects and reporting the results of the experiments. To 
supplement these frequent Press releases and reports of 
current events, the Information Division of N.A.S.A. 
commissioned Dr. Samuel Glasstone to prepare a com- 
pendium of basic knowledge in the space sciences: this 1s 
the origin of the 937-page volume under review. N.A.S.A. 
holds the copyright, and the list of acknowledgments shows 
that no fewer than eighty-two individuals, most of them 
connected with N.A.S.A., gave thei opinions of par- 
ticular chapters in the book. Thus, although Dr. Glasstone 
is the author, Sourcebook on the Space Sciences must be 
regarded as bordering on an official N.A.S.A. publication: 
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the text and illustrations are both strongly orientated 
towards United States achievements. When we have 
made allowance for this bias, however, we are left with 
a book which it would be difficult to improve upon, except 
in minor details. The topics are well chosen, the treatment 
is accurate and assured, and the author is never guilty of 
introducing a needless fog of technical detail. The most 
pleasing features of the book are the clear and direct 
style of writing, the historical touches which so often 
illuminate descriptions of the present situation, and the 
author’s courtesy in pausing to elucidate the origins of 
technical terms which in most books are flung at the 
reader in a daunting barrage. 

The book begins with a historical review of astronautics 
and rocketry, from science fiction and twelfth-century 
Chinese rockets to the first actual launchings in 1957. 
Chapter 2 describes the basic properties of Earth-satellite 
orbits and space trajectories, while keeping clear of heavy 
mathematics. Chapter 3 is a thorough treatment of pro- 
pulsion and power supplies, including an outline of the 
main United States launch vehicles. In Chapter 4, on 
guidance, tracking and telemetry, the section on tracking 
is deficient because it describes only those facilities sup- 
ported by N.A.S.A. Chapter 5 is an account of the 
peaceful applications of satellites in meteorology, com- 
munications and navigation. 

Chapters 6-12, which make up nearly two-thirds of the 
book, bring a change of emphasis, and are concerned with 
pure space science and astronomy. In Chapters 6 and 7, 
entitled ““The Sun” and “The Solar System”, respectively, 
the author steers a judicious course among the various 
controversial rocks on which the narrative might have 
been wrecked (for example, the origin of tektites—or of 
the solar system). Chapter 8 is a long and well-balanced 
survey of the Earth and its environment. Chapter 9 is 
devoted to the Moon, and again the controversial topics, 
such as the surface, figure and origin of the Moon, are 
discussed with such willingness to see both sides of the 
question that criticism is quite disarmed. In Chapters 10 
and 11 we travel to the inner and outer planets, respec- 
tively, while Chapter 12 enjoys the comprehensive title 
“The Universe”, and ranges from the minutiae of the 
Hertzsprung—Russell diagram to the starry-eyed specu- 
lations of cosmological theory. After these philosophical 
flights, there is a touch of bathos about the final chapter, 
“Man in Space”, which might have had as its motto: 

The time has come, the Walrus said, 
To talk of many things, 
Of pressure suits and calcium loss, 
Of moons and Saturn’s rings, 
Of waste disposal up aloft 
And whether LEMs* have wings. 
This last chapter is certainly a useful reminder that 
although man may have his head among the stars, his 
feet are still in the gutter (if a misquotation from Oscar 
Wilde may be allowed to balance that from Lewis Carroll). 

Besides being well written, the book is up to date and 
excellently printed, with very few misprints or minor 
Mistakes. In a book of such length, however, some errors 
have inevitably crept in. For example, in the map of 
Minitrack stations on p. 218, Winkfield has been trans- 
lated from English soil to Dutch, and on p. 224 Canberra 
has slipped into Western Australia. The Sun seems to be 
rotating the wrong way on four diagrams (pp. 532-542), 
and, more serious, the derivation of the basic rocket 
equation on p. 171 is fallacious, even though it leads to 
the right answer. 

The book carries good indexes of subjects and names, 
but there are no references or bibliography: a full biblio- 
graphy would have been excessively lengthy, but at least 
there might have been a list of journals which normally 
publish papers on space science. Indeed, the title ‘Source- 
book’ is slightly misleading, since the book is not a 
collection of original papers. These are but minor flaws, 

* LEMs, Lunar Excursion Modules. 
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however, in a masterly book which every student of space 
science will wish to scquire. Reviewers cannot even voice 
their standard comrp:aint that the book is too expensive: 
for its price is less than a penny a page. 

D. G. Kine-HELEe 


NATO AND THE SOLAR SYSTEM 


Solar System Radio Astronomy 

Edited by Jules Aarons. (Lectures presented at the 
NATO Advanced Surdy Institute of the National Observa- 
tory of Athens, Cape Sounion, August 2—15, 1964.) Pp. 
xi+416. (New York: Plenum Press, 1965.) 17.50 dollars. 


J Boxe expensive book is a series of lectures given at a 
summer school an the radio- and radar-astronomy of 
the solar system. Forty-three such schools were sponsored 
by NATO during 1264 at a cost of 650,000 dollars. No 
restrictions are placei on the form or organization of these 
schools, except that they take place in a country of the 
alliance; participation and financial support are not, how- 
ever, limited to citizens of the NATO nations. In this case 
the country was Greace, and the Director of the Summer 
School was Prof. Michail Anastassiades of the University 
of Athens, who collaborated with Dr. Jules Aarons of the 
Air Force Cambridge Research Laboratories (U.S.A.) in 
organizing the programme. Their success is evident in 
Solar System Radio Astronomy: in many cases the lec- 
turer was the acknowledged international authority on 
his subject. The students at the school were young 
scientists at the beginning of their research careers, and 
much opportunity for informal discussion was provided. in 
the pleasant surroundings of Cape Sounion. 

More than half the book is devoted to the radio emission 
from the Sun, both quiet and disturbed, and forms a 
useful summary of this immensely complicated subject, 
mainly from the point of view of the observer. Then 
follows a discussion. by Hewish of the investigation of the 
far-out corona by the now-classical method of radio source 
occultation. This ecds with a mention of the important 
subject of interplanezary scintillations, by means of which 
Hewish has detected. many quasars. 

The investigation. of gaseous regions in the Solar System 
by radio and radar techniques, including sun redar, is 
discussed by von Eshleman. Since this chapter was 
written these methods have scored a major success in the 
measurement of the atmosphere and ionosphere of Mars 
by observing the oecultation of the probe Mariner 4. 
This work was planred by a Jet Propulsion Laboratory- ` 
Stanford group. =ropagation studies within the Solar 
System, either by cround-based radar or using probes 
as transmitters or transponders, will clearly con- 
tinue to make important contributions; this lecture also 
includes a discussion of the Stanford electron density 
measurements of the cis-lunar region by harmonically 
related multi-frequency radar. 

The rest of the book is devoted to the rapidly growing 
field of the radio- and radar-astronomy of the Moon and 
planets. Confronted with the volume and complication of 
the information now available, it is hard to recall that the 
first Venus echoes were observed as recently as 1961, and 
that the effective study of the planets by passive radio- 
astronomy is scarcely an older subject. A measure of the 
speed of advance in these fields is provided by the dis- 
coveries made since the summer of 1964 when the lectures 
were given, for example, the non-synchronous rotation of 
Mercury as detecten by radar. 

This is altogethes an exciting book, reflecting the | 
renewal of interess in the solar system, stimulated in 
part by the space-age, but probably more by the new 
techniques of radio and radar. It will date less than do 
most conference proceedings, being the lectures of a 
summer school designed to be tutorial as well as topical. - 

- J. H. THOMSON 
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MAST CELLS 


The Mast Cells 

By Dr. Hans Selye. Pp: xxix + 498. (Washington, D.C.: 
Butterworth, Inc.; London: Butterworth and Co. (Pub 
lishers), Ltd., 1965. ) 135s. 


TR ERNEST KENNAWAY once observed that 
“cancer research is |tending to become buried under 
its own literature”. Similar thoughts about the mast cell 
were evidently in the mind of Prof. Selye of Montreal 
when. he set out to review, in The Mast Cells, an expanding 
literature already comprising some 2,500 titles. The 
treatment is novel——‘a, book within a book’. Each chapter 
and major sub-division lopens in large type: collectively, 
these portions of the book form a running narrative, 
unencumbered by references, though legitimately coloured 
by the views and experience of the author. The remainder 
of the text, in smaller type, i is made up of brisk, telegraphic 
abstracts of the pertinent literature. A numbered code 
guides the reader thence to a full bibliography. The final 
index is printed on tinted paper. Every aspect of the mast 
cell is dealt with. The result i is superb. 

There are two types jof mast cell, both discovered by 
Paul Ehrlich early in his career. The first is the tissue 
mast cell which develops, dies and, as many believe, has 
its function, in the connective tissue. The second is the 
basophil (blood mast cell or mast leucocyte) the origin of 
which is in the bone marrow and the habitat of which is 
the peripheral blood. Both types of mast cell elaborate 
cytoplasmic granules which stain metachromatically with 
various basic dyes. They were named Masizellen in the 
belief that their granules form under conditions of hyper- 
nutrition (masten, to fatten). 

Sixty years after Ehrlich’s discovery, Scandinavian 
workers gave to the mast cell its first plausible function. 
They were seeking a cellular location for the powerful 
anticoagulant, heparin, and found it in the metachromatic 
granules of the tissue mast cell. Fifteen years later it was 
shown, by us, in Scotland, that the mast cell is as rich in 
histamine as it is in heparin. This stimulated intensive 
investigation. on. the mode of action of the newly dis- 
covered. histamine- liberators. There was more to come. 
American workers then demonstrated 5-hydroxyttypt- 
amine m the mast cells of mouse and rat. All these 
pharmacologically active agents are synthesized ' and 
stored within the mast cell. The mast granules are also 
curiously rich in protease and contain smaller amounts 
of other enzymes. Recent observations suggest that 
catecholamines may be present in certain types of mast 
cell. For long the mast'cell lacked a function. Now it has 
too many. This is a baffling situation for the investigator: 
the newcomer, especially, looks for guidance. 

Prof. Selye’s book supplies his needs. There have been 
reviews in the past, of jwhich, perhaps, Michels’s brilliant 
chapter in Downey’s Haematology (1938, and reprinted as 
part of a mast-cell symposium, Ann. N.Y. Acad. Sei., 
103, 491; 1963) remains outstanding. Specialized mono- 
graphs are available on heparin, histamine, hyaluronic 
acid, histochemistry, mast cells and lymphocytes, mast 
cells and anaphylaxis, the basophil—there are many 
excellent shorter surveys. Selye has out-reviewed us all. 
For the moment the mast cell has been brought within 
the compass of the individual. 

Armed with this lavish compendium the reader can 
see at a glance where knowledge is well advanced and 
where gaps remain. Short chapters on history, definition 
and terminology are |followed by a long chapter on 
histology, including histochemistry. Embryology, a mere 
two pages, could already be profitably expanded by the 
inclusion of recent work by Burton (Anat. Rec., 150, 265; 
1964) and Combs, Lagunoff and Benditt (J. Cell Biol. 25, 
577; 1965). Likewise; the next section on comparative 
anatomy could usefully draw on the comprehensive 
survey by Grünberg ahd Kaiser (Zbl. f. Veterinarm., 11, 
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729; 1964; 12, 18; 1965). The longest chapter, “Agents 
Affecting Mast Cells”, includes a detailed account of 
Prof. Selye’s own contribution to the mast-cell story: 
‘calciphylaxis’ implies the deposition of calcium, often 
massive, around mast cells or their products in hyper- 
calcaemic rats; ‘caleergy’ denotes a somewhat similar 
calcification in normal rats previously injected with 
certain metals. Calciphylaxis was itself the subject of a 
considerable monograph by Prof. Selye some three years 
ago. Excellent chapters then deal with the diseases of the 
mast-cell system, the mastocytoses and mast-cell derma- 
toses in man, and the mastocytomas in animals. The 
same thorough treatment leads through biochemistry and 
the blood basophil to theories. Here, though many 
points of view are considered, the reader will seek in 
vain for a hypothesis to cover all mast cells in all 
species. 

Heparin can certainly be extracted chemically from 
mast cells, yet there is little to suggest a physiological 
release of heparin into the blood: in some quarters the 
mucopolysaccharide is now regarded more as a structural 
component of the granule than a potential secretion. 
Histamine is undoubtedly synthesized and stored in mast 
cells, and is easily released. However, one would question 
the statement (p. 366) that “virtually the whole histidine- 
decarboxylase activity of the body is concentrated m 
mast cells”: even the specific enzyme (pH 6:5 and sole 
substrate, histidine) has a wider distribution. 5-hydroxy- 
tryptamine (serotonin) is restricted to the mast cells of 
mouse and rat. Calciphylaxis and calcergy have likewise 
as yet been demonstrated only in the rat: one has seen 
nothing like them in mice or men. 

In the end, Prof. Selye (‘“Overview’’, p. 403) is driven 
to conclude that “the mast cell is a pluripotent cell, a 
kind of ‘emergency kit’ which contains a number of 
compounds that tissues may need, especially in regions 
exposed to local stress”. This would certainly find more 
favour with me, as I have myself been advocating a local 
‘mast-cell cycle’, intermittent in action and motivated 
by trauma, for the past dozen years (Lancet, i, 841; 1954). 
Perhaps the real ‘emergency kit’ is the book itself. No 
future explorer on the mast-cell trail can afford to travel 
without it. Author and publisher alike are to be congratu- 
lated on a splendid achievement. JAMES F. RILEY 


BONE 


Proceedings of the Second European Symposium on 
Calcified Tissues 

Held at the Domaine Provincial de Wegimont, March 

31st—April 4th, 1964. Edited by L. J. Richelle and M. J. 

Dallemagne. Pp. xv+471. (Liège: Université de Liège, 

1965.) n.p. 


Eoas FIED Tissues contains forty-six contributions 
on cell differentiation, fluorine, bone remodelling, 
collagen and kinetics of bone metabolism. It opens with 
a paper by Prof. F. C. McLean, the recognized doyen of 
osteology, summarizing some of the progress made in 
recent years towards the understanding of the mechanism 
of internal bone remodelling. The picture, while a hopeful 
one, is far from being rosy, for, as the speaker recognizes, 
the resorption cavities originally described by Tomes 
and De Morgan more than a century ago are still not well 
understood to-day. 

Parathyroid hormone seems now to play little or no 
part in the remodelling of compact bone, contrary to the 
belief upheld until recently by most people. The concept 
of ‘calcifiability’ of the organic matrix is gaining support 
together with the belief that local acidity, probably 
caused by the metabolic activity of the osteocytes under 
the partial control of vitamin D and the parathyroid 
glands, is responsible for the solubilization of bone 
mineral. 
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It is beyond my powers to comment on most of the 
contributions but attention will be paid to a few of them; 
beginning with the work on cell differentiation by the use 
of tritiated thymidine and tritiated glycine by Maureen 
Owen, who found evidence in the periosteum of the femur 
of young rabbits of the negligible role that the fibroblasts 
take ın increasing cell population in the active bone- 
forming layer of the periosteum. The pre-osteoblasts, 
on the other hand, increase at a rate of about 33 per cent 
per day while the osteoblasts take an average of 3 days 
to lay down the matrix and become osteocytes. This 
work contributes substantial evidence that the specialized 
cells of bone are all different functional states of the same 
cell and that they can revert easily from one state to 
another. No conclusion is reached as to the origin of the 
progenitor cell but the suspicion is advanced that it 
may be a fibroblast, while no mention is made of the 
possibility that the source is the vascular endothelium 
which in perfused specimens is seen to occupy exactly the 
mid-position between the fibroblast layer and the pre- 
osteoblast. 

Vaes contributes with a good paper in support of the 
view that the production of acid hydrolase of bone is 
segregated within special particles surrounded by an 
impermeable membrane analogous to the lyosomes found 
in liver. 

Danis and Donizel in a paper on heterotopic ossification 
advance the view that the pre-osteoblast originates from 
migrating white blood cells. In this work they do not 
use vascular perfusion to determine the relative position 
of the vessel wall and the line of ossification. 

The field of osteoporosis is well covered by several 
papers; in one of them Pratt and McCance add further 
data on the atrophic changes induced in the pig by under- 
nourishment, contributing with the finding that bone in 
this condition was always hypercalcified, reaffirming the 
previous observation that bone from an undernourished 
animal was as heavy as a bone of the same length from a 
well-nourished animal. Chalmers brings data on the 
different survival rate of the growth and articular cartilages 
in grafted limb rudiments, and Rutishauser and Tschantz 
investigate the early effects of pressure on bone. These 
are the only contributors who refer to the vasculature of 
bone and conclude that remodelling in the cortex under 
compression depends on the proximity to or separation 
from the vessels. i 

A detailed and lengthy work on collagen by Tristram 
and the discussion of his paper by Horman make a section 
by themselves, complemented by two or three other 
works on the subject. 

The relation of bone matrix lipids to calcification is 
examined by Irving, while Ascenzi and Bonucci investi- 
gate the changes in the tensile strength of isolated osteons 
with advancing age and conclude that calcified and 
decalcified old osteons have tensile strengths of similar 
magnitude. This brings further evidence that the collagen 
fibres of the matrix mainly determine the mechanical 
properties of bone tissue. 

Foster and his collaborators present the result of their 
investigations on the origin of calcitonin or hypocaleaemic 
factor, favouring the view that the thyroid is the source 
of this hormone and not the parathyroids. Haas and 
collaborators add evidence that calcitonin, so far demon- 
strated to be present in the dog, is also likely to operate 
Im man. 

It is sad that an excellont paper on autoradiography 
in the study of phosphates in bone is the posthumous 
work of Prof. J. Vincent. 

Summarizing, this volume contains material by many 
of the experts on. calcified tissues and thus makes available 
works appearing in journals scattered around the world. 
To me, a limitation is still evident which may explain the 
lack of progress in some respects pointed out by McLean 
in his introductory remarks; this refers to the lack of 
interest in studying the part that the circulatory system, 
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both in its containe>—the vessels—as well as in its con- 
tents—the blood—p:ays in the regulation of the unending 
process of bone deposition and bone removal. Apart from 
a couple of paragrephs by Rutishauser and his group, 
no reference is made to this important factor in osteo- 
genesis. J. TRUETA 


A SUPERFICIAL VIEW OF MENTAL 


HEALTH 


Mental Health in a Changing World 

Edited by Kenneth Soddy and Robert H. Ahrenfeldt, 
with the assistance af Mary C. Kidson. (Vol. 1 of a Report 
of an International and Interprofessional Study Group 
convened by the World Federation for Mental Health.) 
Pp. xxiv +192. (Landon: Tavistock Publications, Ltd., 
1965.) 35s. net. 


HIS is a disappointing book. It is a report of the 

work of sixteen psychiatrists of various nationalities, 
two psychologists, two child psychologists, a biologist, an 
anthropologist, an educationahst, a scientific journalist, 
and a priest. 

They formed a study group, first convened in 1961. 
Unfortunately, the journalist died and another member 
had to leave for emergency surgery. The rest were in 
continuous consultation from June 12 until June 24, 
1961; but it is difficult to discover from the book how 
many times, if at all, they had further discussions. 

The material for discussion was arranged into eight 
sections, which were further sub-divided. They consisted 
of clinical, research, prophylaxis, professional training, 
public education in mental health, mental health impli- 
cations in other fields of science and professional practice, 
mental health implizations in social and community life, 
and mental health and cultural attitudes. 

One might have expected with such a distinguished 
study group, covering such a wealth of material, that 
something akin to the symposia of the Ciba Foundation 
Colloquia might have resulted. This has not occurred. 

Thirty pages, out of 120, are devoted to the introdue- 
tion, the background of the study group, and its work. 
The other 90 describe its conclusions. The rest of the 
book is composed of the bibliography. The conclusions 
are platitudinous ard banal: the style is dull, pompous 
and repetitive. No doubt this is partly due to the death 
of the scientific journalist, but it does not add interest to 
the book. 

Nothing fresh seems to have emerged, but some of the 
statements are dubious and do not bear examination. 
For example, it is stated that: “The very fact that some 
form of compulsion is necessary to get boys to fight in 
any national war is suggestive evidence against the 
assumption that war represents an outpouring of a 
national aggression which must inevitably find expression 
in that particular manner’. Such a statement is not 
true; some young men do not need compulsion, some 
even welcome a chance to fight. Only in those who need 
compulsion is there lack of aggression. Most of us have 
seen films of young Indians shouting to have a chance to 
fight Pakistan in the recent conflict. 

Again, surely every psychiatrist appreciates that people 
are often suspicious of him because they feel that psy- 
chiatry can be used harmfully as well as beneficially. To 
retail anecdotes of a military psychiatrist being greeted 
by a general at the start of official conversations with 
“Don’t try to psychoanalyse me” seems futile. 

These are but two examples of the sort of material 
described. The complaint which can be made against the 
book is that it is an attempt to cover too wide a field, 
with resulting superticiality. Indeed, if, as seems to have 
been the case, there was only one period of twelve days 
to discuss everything there was obviously not enough 
time to do so adequately. 


120 


The bibliography is a valuable one, so far as it goes. 
It is composed of books published on the subjects dis- 
cussed, between 1948 and 1962. There are 675 references 
with the addition of some 66 supplementary titles. It 
does not go beyond the summer of 1962 because, as the 
authors say: “We lacked facilities to ensure that the list 
of recent additions is complete”. No explanation for this 
is given. 

The index is adequate and the book is well printed and 
nicely bound in black cloth with gold lettering. 

Two further volumes are promised from the Inter- 
national Study Group, but it is to be hoped that they 
are more profound, and more useful than the present one. 

Cuirrorp ALLEN 


CHILD PSYCHIATRY 


Modern Perspectives in Child Psychiatry 
Edited by J. G. Howells. Pp. xvi+ 595. (Edinburgh and 
London: Oliver and Boyd, 1965.) 105s. 


HIS omnibus volume is a ‘double decker’. The lower 

deck is designed to provide the scientific basis of 
child psychiatry and the upper the clinical superstructure. 
Unfortunately, its designer has omitted to provide a con- 
necting stairway. By and large, there is very little contact 
between those who write about the development of normal 
children and the experts in child psychiatry. Nor, it 
would seem, is a great deal being done in child psychology 
at present that looks lke being relevant, in any direct 
way at least, to psychiatric issues. 

The lower deck is occupied almost exclusively by acade- 
mic psychologists, who write from a variety of points of 
view and with varying degrees of understanding of science 
and children. Indeed the most useful are probably those 
in which neither science nor children are particularly obtru- 
sive. Among the topics dealt with are research method- 
ology, genetical issues, the development of perception, 
thinking, remembering and imagining, and the application 
of learning theory to child psychiatry. There are also 
contributions written from the standpoint of ethology 
and (inevitably) that of Prof. Piaget. The child psy- 
chiatrist in search of a ‘scientific basis’ for his work must 
pay his money and take his choice—or, as is more probable, 
do neither. 

The psychiatrists upstairs provide a more coherent pic- 
ture, in so far as their work reflects thein vestigation of relat- 
ively well-circumscribed groups of disabilities, for example, 
speech disorders, mentalsubnormality, childhood psychoses 
and epilepsy. There are also chapters with a more dis- 
tinctively social slant, such as those on delinquency and 
on the psychiatric aspects of adoption. For the most part, 
these contributions are well organized, up to date and 
surprisingly free from jargon. Only in one or two cases 
do preoccupations of a somewhat fanciful character 
obtrude. 

Modern Perspectives in Child Psychiatry is neither 
sufficiently authoritative to be accepted as a handbook 
nor sufficiently original to be taken as a contribution to 
research. It does, however, bring together recent work 
relevant to a considerable number of important topics 
in its field, and the editor, Dr. J. G. Howells, merits warm 
commendation on the judgment he has displayed in his 
choice of contributors. Nearly all are good and there is 
surprisingly little overlap. His own review of the 
child psychiatric services in Britain is also extremely 
capable. 

While omnibuses have their uses, they are undeniably 
cumbrous, and in some circumstances pretentious. The 
way to establish a more adequate scientific basis for any 
part of psychiatry is simply to undertake more and better 
research, which may or may not involve the systematic 
investigation of normal behaviour. Whatis wanted, it might 
be suggested, is an amphibious vehicle, equally at home m 
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the disparate media of psychology and psychiatry, and 

able to carry out pilot raids on any part of the psychiatric 

coast line that might seem vulnerable to scientific attack. 
O. L. ZANGWILL 


BELIEF SYSTEM OF A 
CARGO CULT 


Road Belong Cargo 

A. Study of the Cargo Movement in the Southern Madang 
District, New Guinea. By Peter Lawrence. Pp. xvi+ 291 
+6 plates. (Manchester: The University Press, 1964.) 
358. net. 


INCE the late nineteenth century, many native-led 
movements, of varying intensity and duration, with 
the goal of quick acquisition of European goods, have 
appeared in Melanesia. Now Peter Lawrence’s book, 
Road Belong Cargo, can join a small group of anthropo- 
logical studies which describe and reconstruct particular 
cargo cults. 

Lawrence’s study is historically meticulous: he traces 
the impact of Europeans in the Madang District of New 
Guinea, from Miklouho-Maclay in 1871 to the time of his 
own field work between 1949 and 1958. His account 
includes the economic changes, influence of missions, and 
reactions to administration. He pays particular attention 
to the relations between the races at different times, and 
he presents a full investigation of the life of Yali, the 
principal post-War leader m the area. Perhaps his most 
important contribution to studies of cargo cults is his 
analysis of the traditional belief system and historical 
account of the interaction of traditional belief and myth 
with mission teaching in the actual doctrines of the 
cults. 

The five distinct cargo beliefs and other movements m 
the Madang area are described. They vary: pagan in the 
early days, Christian, syncretic, and later a pagan revival. 
In the course of these variations there were also shifts to 
anti-European hostility, and in the explanation of why 
the natives do not have the cargo they so greatly want. 
The bitter experiences with Europeans, and continued 
low economic status, brought, in later cults, militant 
nationalism. After the phase in which the natives realized 
that the Europeans are not deities, and believed that they 
forfeited rights to cargo because of their stupidity, 
there was in the 1930’s a conversion to a kind of material- 
istic and anthropocentric Christianity. But as race 
relations declined, the following cult believed that the 
missionaries were holding back information; native deities 
were identified with God and Christ. 

In the careful examination of the career of Yali as 
policeman, army recruit, leader of a rehabilitation scheme, 
and cult leader, we can see a combination of reality and 
fantasy which probably exists in many parts of New 
Guinea; it is clearly evident in some other accounts of 
native movements and their leaders—Tommy Kabu and 
Paliau. These movements are for local improvement: 
villages are rebuilt, clean living and herd work are urged 
for the common good, and some revision of custom is 
proposed. But periodically, under the influence of cult 
prophets, this road to cargo is abandoned in favour of 
ritual means. Lawrence gives us precise turning points: 
Yali’s humiliation and disappointment in Port Moresby 
in 1947, and his acceptance of a new cult prophet a few 
months later. 

Discussions of cargo cults often stress the abnormal 
thinking and hysterical behaviour of cultists, and present 
an explanation in terms of the suspension of the normal. 
From this investigation and a few others we begin to see 
that traditional beliefs in Melanesia are entirely compatible 
with the expectation of a divine gift of cargo. 

PAULA BROWN 
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The Theoretical Significance of Experimental Relativity 
By R. H. Dicke. (Documents on Modern Physics.) Pp. 
xii+153. (London and Glasgow: Blackie and Son, Ltd., 
1964.) Cloth 32s. 6d. net; Paperback 17s. 6d. net. 


HIS book is a reprint, without change, of the con- 

tribution by R. H. Dicke to the Les Houches Summer 
School in 1963, which originally appeared in the larger 
volume Relativity, Groups and Topology, published by 
Gordon and Breach (1964). Possibly because of a difference 
in paper, the overall appearance of the book is slightly 
less clear than in the original form. The author takes the 
position that the experimentalists should not be working 
on the complicated applications of general relativity but 
rather on its foundations. He begins by discussing null 
experiments like that of Eotvos, and then considers in 
some detail the three so-called ‘crucial’ tests. There are 
fairly complete references to experimental results, and 
the greater part of the book consists of appendixes— 
mostly on the author’s characteristic sheories of Mach’s 
principle. The contents of these is best summarized by 
their titles: “Experimental Tests of Mach’s Principle”; 
“Mach’s Principle and Invariance under Transformation 
of Units”; “Long-range Scalar Intaraction”; ‘Field 
Theories of Gravitation”; ‘“Cosmology. Mach’s Principle 
and Relativity”; “Significance of Spatial Isotropy’’; 
‘“‘Mach’s Principle and a Relativistic Theory of Gravita- 
tion”; “‘Lee~Yang Vector Field and Isotropy of the 
Universe”; ‘The Earth and Cosmology”; “Implications 
for Cosmology of Stellar and Galactic Evolution Rates”; 
“Dating the Galaxy by Uranium Decay’; ‘“‘Dirac’s 
Cosmology and the Dating of Meteorites’’. 

The book fulfils a useful purpose in collecting together 
published work on experimental checks of the theory, 
although from a rather idiosyncratic point of view. 

C. W. KILMISTER 


Quantum Electrodynamics 

By A. I. Akhiezer and V. B. Berestetskii. Translated 
from the Second Russian edition by G. M. Volkoff. 
(Interscience Monographs and Texts in Physics and 
Astronomy, Vol. 11.) Pp. xix+868. (New York and 
London: Interscience Publishers, a Division of John 
Wiley and Sons, 1965.) 170s. 


UANTUM Electrodynamics gives a detailed and 

systematic presentation of quartum electromag- 
netic theory. Like all good books cn the subject, it 
does not conceal the defects of the theory, and emphasizes 
that a complete removal of the unsatisfactory features of 
quantum theory will probably not be achieved without 
new and basic physical concepts. The authors have 
therefore given much care to expressing the existing 
theory in its most logical and consistent form; for 
example, in preparing this second edition of the book 
they have extensively revised the section on renormaliza- 
tion, so as to present the concept from a simple physical 
point of view, avoiding purely prescription-like methods 
of eliminating divergences. 

The book is divided into nine chepters. The first 
chapter, which starts from Maxwell’s equations and is 
devoted to deriving the quantum mechanics of the photon, 
is followed by a chapter on the relativistic quantum 
mechanics of the electron. In the next two chapters the 
Lagrangian, the method of second quantization, and the 
scattering matrix are introduced and explained in detail, 
leading to a chapter on the interaction of photons and 
electrons, and the retarded interaction between two 
charges. In Chapters 7 and 8 the investigation of the 
scattering matrix is extended to higher orders (radiation 
corrections). Finally, there is a chapter on particles of 
spin zero. 

The great range of the book, and the mathematical 
detail of the applications, will make it a valuable reference 
book for workers in the subject; but it will appeal equally 
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to non-specialist readers, since it assumes only a very 
elementary knowledge of quantum mechanics. Even 
when the mathematical development becomes very 
elaborate, the lucid accompanying text would enable the 
reader to obtain a clear idea of the procedure without 
following the mathematics in detail. P.M. Davipson 


Dictionary of w-Electron Calculations 

By Prof. Œ. A. Coulson and A. Streitwieser, jun. Pp. 
xxx +358. (London and New York: Pergamon Press, 
1965.) 100s. net. 


p: OTIONARY of n-Electron Calculations is a com- 
pilation of the results of simple molecular orbital 
calculations on planar conjugated hydrocarbons such as 
polyenes, polyacenes, various conjugated radicals and 
hydrocarbons and some heteromolecules. It will be very 
useful to people whc are interested in the electronic struc- 
tures of conjugated systems; I have already used it twice 
in connexion witlra series of lectures on electronic theory. 

The essential thing about a compilation of this sort 
is that it should be accurate. The risk of error has been 
minimized by photographing directly the printed output 
of the Mercury Computer at Oxford. This is about as 
fool-proof a method of ensuring accuracy as one could 
reasonably demand. 

The book also contains an introduction which outlines 
the essential features of the Hiickel method. The intro- 
duction is an excellent little monograph which could be 
recommended to people who want to find out the bare 
bones of the theory. There is also a section entitled “How 
to Use the Tables”, which will teach the reader something 
about elementary group theory. Altogether, a most 
business-like and =ttractively produced volume and one 
which should be on the shelves of every chemistry library. 

H. C. LONGUET-HIGGINS 


Technique of Incrganic Chemistry 

Vol. 4. Edited by Prof. Hans B. Jonassen and Arnold 
Weissberger. Pp. ix+401. (New York and London: 
Interscience Publishers, a Division of John Wiley and 
Sons, 1965.) 115s. 


ECHNIQUE af Inorganic Chemisiry is the fourth 
volume of a series which sets out to give an 
account of the techniques used in inorganic chemistry 
and contains, like its predecessors, a rather mixed selec- 
tion of topics, of which the chapters on ‘Magneto- 
chemistry” by B.. N. Figgis and J. Lewis and ‘Optical 
Rotatory Dispersion and Circular Dichroism” by F. 
Woldbye are of the most immediate interest and value; 
both of these are very comprehensive and pleasingly 
written, and the boak is well worth having for them alone. 
Of the remaining chapters, those on ‘The Growth of 
Oxide Single Crysta_s from the Fluxed Melt” by E. A. D. 
White and “High Temperature Technique” by R. G. 
Bautista and J. L. Margrave are of less general applica- 
tion, but are likewise extremely interesting, well-written 
and documented accounts, and may well suggest potential 
applications of the techniques to the reader who has 
hitherto had no occasion to use them; the chapter on 
‘“‘Ton-Exchange” by R. Kunin is, unfortunately, far too 
brief an account anc suffers, in comparison with the other 
chapters, because o7 its brevity and an extremely short 
bibliography, althorgh it does give a fair picture of the 
uses and techniques involved. 

This volume is as well produced as the earlier volumes, 
and there are very few errors of any kind; those observed 
were innocuous, sich as the extra metal d electron in 
Cs,CoCl, (Fig. 8, page 169), and actinides are not all 
transuranics and vice versa, as is implied on page 144. 
The value of the book, as of the rest of the series, lies in 
the good coverage of most of the topics and in the 
bibliographies; it i these which make it well worth 
having. K. W. BAGNALL 
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IMPORTANCE OF TECHNOLOGY 
By Pror. JAMES K. FEIBLEMAN 


Department of Philosophy, Tulane University, New Orleans 


~ 


URE science—basic research—has been, highly praised ; 
but this is chiefly due to the products of applied 
science, in which the average citizen is able to see at first 
hand the brilliant results of science itself. The poor 
reputation of technology stands in sharp contrast to these 
successes. Although technology is very much older than 
the sciences, it is stronger than ever to-day. Yet it has 
never enjoyed great prestige. Such neglect is undeserved, 
for in technology the highest of human values are involved. 
The term ‘technology’ comes from the Greek téchné, a 
word for art or skill, a regular method of making some- 
thing. But the meaning has shifted. Technology once 
meant very much what the Greeks meant by émpeiria: 
a rule of thumb applied without any theoretical under- 
standing of what is involved, to get something done which 
needs doing. To have a technology at one’s command was 
emperiros tinds échein, to know a thing by experience. 
It is the skill of the practical man long accustomed to the 
doing. In the modern meaning of technology, however, a 
material tool is usually part of a ‘short cut’ method of 
accomplishment. Science is theoretical and technology 
practical. Science satisfies the need to know and tech- 
nology the need to do. But since the seventeenth century 
we have learned that by doing it is also possible to satisfy 
knowing. We learn by doing but only if we have an 
adequate technology. | 

By technology now is'meant the knowledge and use of 
the techniques and devices by which man exploits his 
environment to meet his needs. A given stage of tech- 
nology is measured by its efficiency. The essential point 
seems to consist in getting a piece of matter or energy to 
move against another piece. An artefact—that is to say, a 
material object altered through human agency—is to be 
produced out of raw materials by tools in accordance 
with some process. This may mean one thing operating on 
or affecting another thing in some way or other. The 
operation is technological so long as it is physical and 
employs a physical instrument or technique. 

Whenever in a field of endeavour the material objects 
designed or the practices used become routinized or modi- 
fied as a result of experience, then we are in the area of 
technology. Every particular endeavour has its own 
technology, whether farming or inscribing cameos. 
Having a technology is a minimum requirement for any 
discipline. Technology is always at the physical level 
and always uses physical means, and this remains true 
whatever the end. Technology thus includes the large 
theoretical areas concerned with instrumentation. Getting 
things done with the kind of advanced technology rapidly 


becoming available does, not mean doing them; it means - 


designing instruments to do them. In this way applied 
science and technology are rapidly coalescing under the 
general heading of technology, with pure and applied 
science furnishing the theory, and technology the devices. 

Woe still tend to think of technology only as the effort 
to solve a practical problem by trial and error with tools. 
The technologist is known to be one who tries to discover 
& new method of meeting an urgent need by improvising 
wherever the work has taken him and by using whatever 
materials are ready to hand. This is one of the meanings 


subsumed under the definition we have adopted. But 
this is a highly significant one. Indeed we seldom compre- 
hend the sweeping implications of such a conception. 
For in this sense, all civilization has its origins in tech- 
nology. The first ape-like man who stood erect in order 
to have his hands free to throw a stone at an animal too 
swift to catch was also the first technologist, for his action 
fits the definition already given here. This happened 
according to the most recent findings some million and 
a quarter years ago. 

It is interesting that civilization can be dated from the 
beginnings of bipedalism, and that technology was 
responsible for bipedalism and not the reverse’. Men 
stood erect in order to throw stones, they did not throw 
stones because they were standing erect. Thus it is 
technology which is responsible for there being men at all. 
In technology we are turning the environment in a certain 
way against itself, getting it to take shapes by using parts 
of Nature against other parts in order to reach goals we 
could not otherwise reach. We have found that through 
the use of tools accomplishments can be on a grander 
scale. There are no records of human beings without 
tools. Even the most primitive people alive to-day, 
the Australian aborigines, the Bushmen of South-west 
Africa, and the Guaharibos of the Brazilian jungles, have 
tools of sorts: digging sticks, throwing spears and cooking 
pots. 

Of course, man-made tools are not the only ones. There 
are bird nests, beaver dams, beehives and anthuls, and 
many more. However, human toolmaking is advanced 
in several important respects over the others. There is 
a continuity to the human. effort made possible by social 
co-operation. Furthermore, human tool-making is 
extended into the production of quite another sort of 
tool: the sign. Signalling systems of a complex character 
which added to the range of the human capacity rely 
on technologies. Writing and printing, the manufacture 
of paper and books, are technologies which make possible 
the storing of information, and thus provide for a con- 
tinuity of effort. Since there were so far as we know no 
theories of communication antedating efforts at com- 
munication, it may be supposed that the earliest means of 
communication were products of technology. 

Tools are material objects which have been altered 
through human agency. But the tools that man makes 
are responsible for marked changes in his behaviour. 
Tools in fact force skills. With each new technological 
device, a skill must be developed in order to use it. 
Technicians who excel in the operation of instruments 
-have existed at all times. Some can throw a spear farther, 
others can write better, still others have a native capacity 
for designing and executing better utensils. More often 
than not the use of tools requires prolonged effort. Not 
everyone can bring a piano to its greatest proficiency, 
and evidently the same statement applies to the operation 
of spacecraft. 

Life of the human variety is mainly due to the device 
of an interchange between animal and tool. Man makes 
tools, but then he is affected by them, and this can be 
observed in many of his adjustments and ailments, from 
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habituation to occupational diseases. What man makes in 
@ certain sense also makes him, and as he continues to 
improve his tools he also continues to be altered by them. 
It is a rare thing now for anyone to encounter in his 
ordinary experience much of the environment that his 
fellows have not had a hand in re-making. The clothes 
he wears, the shelter under which he lives, the food he 
eats, the ground on which he walks, and almost the very 
air he breathes, ıs not what it would have been without 
the performance of some human operation. We have 
produced our own environment and we are continually 
being affected by it. Primitive man had a few very simple 
tools. Civilized man in a modern industrial society is 
surrounded by highly complex machines. The degrees of 
civilization between these extremes is determined to a 
large extent by the current stage of development in 
technology. 

From the point of view of human behaviour, it is neces- 
sary to remember that although technology is ordinarily 
considered a means and not an end, the situation is not 
actually that simple. For means often influence the ends 
they serve, while ends do not altogether determine the 
means which shall be employed. A technical device or 
skill is a preparatory response undertaken in view of 
operant behaviour. But if technology is always the 
means for getting things done it still has to be decided 
what has to be done, and this is a question of preferences. 
The first use of tools by primitive man was to reduce his 
hunger. The human needs do not change, but there are 
changes in the decision of which needs are to be emphas- 
ized. And in the making of such decisions the availability 
of technological tools is extremely influential. To-day we 
are devoted to transportation and communication on 
which we are committed to the spending of a dispropor- 
tionate amount of our income. But there have been 
cultures in which the individuals were far less concerned 
with such matters. Certainly the problems which occupied 
everyone in Tibet were quite different. The emphasis of 
the culture will determine what the problems are to be, 
and the technologists will then address themselves to 
solving them. The Chinese had steam engines millennia 
ago, but used them only to open temple doors. The 
Hellenistic Greeks understood and to some extent used 
mechanical devices, but they were not very interested 
in this approach. With them as with the ancient Chinese 
the technology of ceramics was pursued with far greater 
avidity. 

And what is science after all if not a more deliberate 
kind of technology ? It was by means of tools that man 
enabled himself to found institutions and advance to a 
higher stage of culture. We can see this if we examine the 
procedures a little more closely. Once man had gained a 
little headway in providing himself with the articles 
necessary for immediate survival, once he had stored a 
little food and clothing and taken measures to protect 
himself in advance against the encroachment of enemies, 
he found himself in possession of that rare commodity, 
leisure time. By utilizing it properly, which is to say, by 
thinking about the nature of things without regard to any 
particular need but only for the acquisition of abstract 
knowledge (which might conceivably have included the 
problem of the satisfaction of the needs in general), 
he could set about devising new and more efficient 
methods for achieving particular need-reductions in the 
future. 

One of his needs was, of course, to satisfy his innate and 
powerful curiosity, and for this purpose there were things 
he could do as well as things he could merely think about. 
Scientific method so far as it is the method of pure science 
is directed toward theoretical ends. But then almost 
by chance he found that such theoretical scientific dis- 
coveries could have immense practical consequences. 
Applied science, so beneficial to man in a practical way, 
was found to be the application to human problems and 
needs of knowledge obtained in quite another way. By 
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endeavouring to reduce his need to know, man has come 
on principles the application of which in practice was 
quite capable of helping to reduce his other needs: his 
hunger, for example, his need of accomplishment, his 
need for shelter and for medical attention. If these 
principles could only be implemented, the gain would be 
enormous. 

Thus the line between technology and applied science 
became thin. The only difference is that technology is 
closer to the practical problem. What I am referring 
to when discussing science, applied science and 
technology are three grades of increasingly particular 
concrete approaches to the concrete situation. Through 
pure science the principles are discovered, through applied 
science the method of application is found, and through 
technology the acsual practice is worked out. Usually 
three sets of men possessing three different sorts of temper- 
ament and having three different but related kinds of 
interest are involved. The first group consists In men 
of a theoretical ttm—mathematicians and mathematic- 
ally minded experimental scientists. Men of the second 
group uniquely cambine theory with practice, but not 
with an equivalens interest: they must be familiar with 
the theory but only because they wish to put it into 
practice. The third group contains the men on the 
scene, practical operators who must solve immediate 
problems with a minimum of equipment in order to get 
things done. 

Every use of an abstract scientific principle must always 
be an application to some particular concrete situation. 
The actual world is a rich one. It always contains more 
than is indicated by our limited schemes. Thus unex- 
pected developmerts are bound to occur in the course of 
any human endeavour. These often tend to upset or 
defeat the plans of the applied scientist. New calculations 
must be made or new adjustments devised: and so it 
becomes the task of the technologist to meet such 
challenges to successful practice. 

The development of technology has brought with it a 
whole host of attendant theoretical problems. The 
theory of general propositions required for scientific laws 
has proved difficult enough to formulate. From the 
classic Greek pericd to our own day, discussions on this 
topic have been conducted without reaching any satis- 
factory solution. This is not due to the peculiar character 
of the discussion but to the extreme complexity of the 
issues. But if a suitable theory of general propositions 
has proved difficuli to construct, this is as nothing com- 
pared with the problems presented by the theory of the 
concrete individuaL A material object or event is always 
involved in the labours of the technologist. Its analysis 
is @ prerequisite of the understanding of his work. Such 
an analysis has scarcely been begun. Its successful 
outcome would be of great interest to the theoretical 
explanation of technology. 

All abstract formulations are of necessity ideally and 
universally stated. The theoretical scientist is concerned 
with them. It is he who discovers a hypothesis but the 
experimental scientist who verifies or falsifies it in the 
laboratory, usually by testing the deductions from it. 
The speculative area of concern to the applied scientist 
is some particular sub-class under the indefinitely large 
class of the ideal formulation. It is the applied scientist 
who finds the special class of occasion, on which a law can 
be effectively appled in practice. But the area of the 
technologist is narrower; it is some individual and particu- 
lar occasion. The analysis of material is the work of the 
pure scientist. The way in which such materials could be 
combined or used in industry is the work of the applied 
scientist. But ths way in which materials could be 
brought to bear to solve a particular task is usually the 
work of the technologist. He is the one who learns when 
he actually applies the law to a particular occasion that 
its application can be improved. He is the man on the 
site who cannot avoid the fact that on insufficient number 
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of variables were taken into account in the original 
formulation when this particular job was being planned. 

In order to see how the technologist works, let us, for 
example, consider a problem in structural engineering. 
Suppose a river bridge is to be built. So far as this task 
18 concerned, the work of the theoretical scientist was done 
long ago when he discovered the engineering principles 
which will of necessity be involved. His field is mechanics, 
the mechanics of shears} and moments, of stresses and 
strains. The applied scientist is he who will make the 
calculations from mechanics which are necessary to solve 
the particular problems.: Once he knows the maximum 
weight the bridge will have to bear, the width and speed 
of the river at the site, the character of the soil on the 
banks, and other details! of this sort, he can design the 
structure and specify the materials. 

But there are other problems more particular still which 
cannot be worked out in advance. For no matter how 
thorough and precise the calculations, difficulties which 
had not been anticipated are bound to present themselves 
as the work progresses, and these require the presence of 
an engineer. For example, test borings at the site may 
have indicated granite—but not broken granite: and so 
now the engineer must decide what to do. Should he 
go down into the stone another ten feet to see what the 
conditions are, or should he support the structure on the 
broken stone by increasing the footings sufficiently to 
take care of it? Again, somehow in designing the bridge, 


signal lights on the abutments had been forgotten, and he _ 


will have to make last-minute arrangements to install the 
necessary conduits. Finally, the expected stone copings 
for the abutments were not delivered. Should he try to 
produce a mixture of fifty yards of exceptionally strong 
and durable concrete to replace the stone ? 

Science, then, is not the same as technology; but the 
relationship becomes increasingly clear. Science is 
technology looking to its own future. A good illustration 
is to be found in present-day developments of projects 
intended to further the exploration of outer space. In 
the design of propulsion systems, in the techniques of 
launch, separation, re-entry, and recovery of spacecraft, 
to say nothing of the design of the booster rockets them- 
selves, technology furnishes the means to applied science. 
The search for reliable knowledge by means of the scientific 
method is only a variant and a late development of the 
search for practical knowledge, and science itself a further 
stage of technology. i 

If technology and applied science are intimately related, 
so are technology and pure science. Pure science and 
technology are so inextricably interwoven that one has 
often led to the other. In the case of the steam engine the 
technology came first and the science afterwards. Carnot 
developed the physical science of thermodynamics after 
the investigations of the implications of the steam engine. 
In the case of atomic energy, the science of quantum 
mechanics came first and the technology second. Planck’s 
work and that of many.other theorists and laboratory 
experimentalists came before the atomic bomb and the 
plant in Shippingport, Pennsylvania. But in both cases, 
whichever came first, there is a technology and there is a 
science. ! 

Finally, there is a certain sense in which it can be said 
that the scientific method itself depends on technology. 
Observing by means of instruments, setting up a hypo- 
thesis to account for the observations (and others of a 
like class not at present observable), testing for verification 
or falsification by means} of experiments with still other 
instruments, and then making calculations from the 
established results, which we call the scientific method of 
discovery, is only after all a kind of advanced technology. 
It is a deliberate method built to replace the trial-and-error 
method, but one providing for surprises and containing 
the trial-and-error elements. It is, one might say, a 
planned technology rather than the classical sort of tech- 
nology conducted under the pressure of exigencies, a way 
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of anticipating the requirements rather than of meeting 
them at thelast hour. Technology was once the way to 
improvise a practice, then it became the way to get from 
science to practice, now it is the step which facilitates 
both pure and applied science by means of invention. 

For science would not be science without laboratory 
instruments, and applied science could not be applied 
without technical devices. In the former case, consider 
the enormous importance of the cyclotron, which has 
furthered nuclear research; and in the latter case, [consider 
the aeroplane. In the case of Leonardo da Vinci, who 
speculated on the possibilities of flying a heavier-than-air 
machine, not only was the theory inadequate but the 
requisite technology was also lacking. With the proper 
theory but without the proper technology he still would 
not have been able to fly. 

According to themeanings which have become established 
through usage, when an instrument is used to get a 
theoretical task done, we call it scientific; and when an 
instrument is used to get a practical task done we call it 
technological, even though the procedures used may be 
very much the same. Scientific advance depends on the 
development of laboratory instruments, and technological 
improvements make possible the progress of experimental 
science. Scientific advance rolls down in waves of con- 
centration, from observations aimed at discovering 
regularities and through them the formulations of abstract 
laws, to the invention of new techniques and devices 
necessary if the laws are to be applied. The centre of 
interest shifts from the problem of how to discover new 
principles to the problem of how to provide new equip- 
ment. 

Within the scientific method itself, in the step-by-step 
process by which it is conducted in the Jaboratory, one 
finds a host of particular technologies. In chemistry, 
for example, in selecting one at a time the techniques for 


analysing materials in order to discover their constituents 


and structure, one has at one’s command if one is a 
professionally trained biochemist a number of alternative 
approaches, such as freezing, crushing, drying, grinding, 
solubilizing, heating-in strong acid, suspending in fluids 
of various densities, centrifuging, evaporating, and 
many others. There is usually a ‘working hypothesis’ 
somewhere in the background, a proposition accepted as 
though it had been verified in order not to hold up the 
proceedings, and its consequences put to use when no 
experimental test that could result in verification has yet 
been devised. 

Pure science cannot be tested in advance for utility. 
Fortunately, this is the case, for there are too many 
discoveries which are the result of chance, which is to say, 
of accident or the trial-and-error method. Technology, 
however, is not entirely hit or miss. 
kind of procedure too, but relies also on the intuitions of 
the technologist, his ‘feeling for the job’, based on years 
of experience of living with the tools and operations. 
Rubber was a discovery made by chance and improved 
by science. Often the relations of pure science, applied 
science, and technology are turned around. The discovery 
of free radicals, for example, was made by chance in the 
course of 2, routine scientific procedure and later adapted 
by technology to many practical purposes. 

Science is certainly the best method which has thus far 
been devised for obtaining a certain kind of result. On 
the other hand, not everything is readily amenable to 
scientific treatment. The reliability of the method is all 
the more remarkable when we remember that it is not 
expected to yield certainty. For even the most accurate 
method known for deriving reliable knowledge is still 
only a way of probing in the dark. We do not know very 
much about what we shall find, and afterwards we can 
never understand altogether what we have found. The 
infinite abundance, the extent and complexity, of nature 
remain, however much we examine it, and always manage 
to escape our full comprehension. Hence the necessity 
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of having a last-ditch method of attack. Science will 
never accomplish so much that the more elementary 
approach to an unaided technology as a separate and 
independent becomes dispensable. 

Science has reinforced technology—not eliminated it. 
Behind the technologist there is the theoretical scientist 
and his applied brother. They are able to carry the solu- 
tion of the problem an immense distance—in fact, all the 
way to the frontier where work must at last be done. 
But at the frontier there always arise additional problems, 
and for these the skills of the technologist are necessary. 
The theorist was the one who estimated the amount of 
energy that would be released if the atom were split, 
and, the applied scientist suggested how to split the atom 
and even devised a method for doing it. But it was the 
technologist who had to make the decisions when. to pull 
the rods in order to slow down the reaction to a controllable 
rate. 

In what is to-day called ‘big science’, the science of the 
linear accelerator and the orbiting astronomical labora- 
tory, for example, exploration is a form of scientific 
experimentation and technology is the frontier. The 
bigger the science the more the problems solved on the spot 


- call out the knowledge and skill of the experimenter. 


At this point technology becomes not only indistinguish- 
able from applied science but also from basic research. 

We tend to think of technology as physical, and so 
relate it to the physical sciences, and in particular the 
science of mechanics. It is not so limited. Every science 
has its technology, and there are many areas where no 
science ever existed which have their technologies as well. 
Every variety of human activity of the disciplined and 
formal sort has its own technology, the material means 
for getting things done. We think of technology as the 
practical side of physics simply because in it the two 
material aspects coincide, a physical means for doing 
physical things. But there are physical means for doing 
biological things, psychological things, and even anthro- 
pological things. 

The technological frontier in the biological sciences is 
to be found in the adaptation of physical and chemical 
tools and techniques to the biological subject-maiter. 
The applied branches of the biological sciences lie, of 
course, chiefly in the practice of medicine, and medicine 
was until recently almost entirely given over to the experi- 
ence and intuitions of the family physician. The tech- 
niques used in the practice of medicine had arisen largely 
as a result of treating patients. Thanks to physics and 
chemistry, however, the scene has changed considerably. 
No one will deny that the progress made in medical 
practice in the past century equals that made in all the 
previous millennia. The rapid improvement can be 
attributed in large part to technology. The X-ray, the 
spectrometer, the electron microscope, did not emerge 
from practice but were introduced from the outside; and 
neither did the antihistamines, the antibiotics, the tran- 
quillizers and energizers, which have produced such 
enormous improvements in therapy: these were the work 
of the biochemists. Technology contributed its part by 
bridging the gap between. scientific discoveries and manu- 
factured products. The intuitive method, of course, has 
been reduced, but it still exists at the bedside. But 
technology has taken over in the laboratory where the 
applied biochemist has the problem of reducing his 
theoretical knowledge to utilizable form. . His instruments 
have to be continually invented or improved, and new 
techniques discovered or devised. 

The technological frontier in psychology lies in such 
activities as the designing of instruments such as the animal 


maze and the Skinner box, and-the devising of techniques | 


for conducting experiments, for example, the implanting 
of electrodes in the brains of animals in order to test 
reactions. 

Psychology is such a relatively new science that the 
pioneering of experimentalists often enables the tech- 
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nologist to take the lead. Consider, for example, the role 
of technology in Pavlov’s earliest conditioning experi- 
ments. The invention of the dog’s stand and special 
harness were necessary components, and made it possible 
for Pavlov to verify the existence of the conditioned 
reflex. In applied psychology, there is the professional 
use of the psychcanalyst’s couch, the administration of 
electroshock, the injection of sodium pentothal as part 
of the technique of narcosynthesis, and the specially 
equipped tubs emdloyed in hydrotherapy. 

The technological frontier in anthropology relies on 
such technological aids as the carbon-14 dating method 
and various solutions for cleaning and preserving archae- 
ological findings. Many trial-and-error methods of on-the- 
site reconstructions are resorted to by practical archae- 
ologists. We have come to recognize in the recovered 
artefacts of a dead culture part of the technology of that 
culture. 

Technology is far-ranging and cannot be confined to 
the sciences. The arts have their technologies as well. 
The equipment of the painter, for example, offers many 
opportunities for the practice of technology. New paints 
of a more durable sort have to be discovered, new surfaces 
adapted to the painter’s needs. In our own day many 
industrial produccs have been used for this purpose. 
Painting on prepered surfaces with plastic paints offers 
many advantages. In sculpture new material media are 
available such as aluminium and welding iron. In music 
new electronic instruments have been invented, 
instruments with a larger range of sounds and more 
easily modulated. The ‘technologist was always 
very much in ev-dence in music, which requires many 
precisely made instruments, such as the violin or the 
piano. 

In addition to the pure sciences and the fine arts, which 
have long been in the habit of considering technological 
assistance adjunctive, there are still a large number of 
areas where technclogy alone prevails. Cooking is neither 
an art nor a science, but only a technology. The same could 
be said for a great many other trades, such as tailoring, 
lumbering, or ever teaching. 

To-day we are witnessing the rapid speed of technology. 
But such a prevalence has its attendant ills, the danger, 
for example, of living for technology instead of by it. 
Usually what we do is conditioned by what we can do. 
Wars have often been fought because they had been 
prepared. The transmission of vast accumulations of data 
brings with it the temptation to transmit vast accumula- 
tions of data, even when such an opération serves no 
reasonable purposs. If men climb mountains because 
the mountains exist, it is also true that data are processed 
because of the rapid improvement in the technology of data 
processing. The threat to technology consists in not 
knowing how to use it properly, and misuse can consist 
as much in excess as in defect. In the direction of excess 
there lies waiting the danger of recessive tendencies, of 
populations weary of expensive toys and discouraged 
because the outlay of vast expenditures of capital and of 
energy has produced so little in the way of solid satisfac- 
tion: & gain in krowledge, perhaps, but not in human 
happiness. How much education will be required before 
a sufficient number of people can be made to understand 
that dedication to inquiry is the highest of human pur- 
poses? In this wey they might authorize the society to 
continue its suppcrt. If the significance of technology 
were to fail, the patience with its increasingly large de- 
mands might fail also. We would not want that to 
happen when we sre so near to the successful servicing 
of all human needs. .The role of technology. asthe mediator 
between science and the other cultural values has yet to be 
sufficiently recognized and acknowledged, and this involves 
a certain risk to the continued achievement of the values 
themselves. 


1Sphuler, J. N., in The Evolution of Man's Capacity for Culture (Wayne 
University Press, 1969). 
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THE 1964-65 BELGIAN TRANS-SAHARAN EXPEDITION 
By Fror, J. LEONARD 


Institut Royal des Sciences Naturell:s de Belgique, Belgium 


URING the winter of 1964-65, under the leadership 

i_/ of Mr. Petiniot, the Belgian Trans-Saharan Expedi- 

tion, sponsored jointly by the Minister for National 

Defence and the Minister for Foreign Affairs, accomplished 

the first crossing of the Sahara from the Atlantic seaboard 
to the Red Sea (Agadir to Safaga). 

It was composed of a team of twelve, mostly military 
personnel (navigators, radiotechnicians, mechanics, a 
doctor, a nurse and others), and 3 heavy Unimog Mercedes 
lorries. ' 

The most difficult travelling was between Faya-Largeau 
(north-east Chad) and the Red Sea, through some 1,500 
mules of desert regions, very difficult of access, rarely 
explored and virtually .unknown from the botanical 
point of view’. This fact and the impossibility for a 
scientist of visiting these:regions on his own, unaided by 
the many facilities afforded by modern science, prompted 
the Minister for National Education to appoint a botanist 
to benefit from the exceptional opportunities offered by 
the expedition. 


Route 


Fig. 1 shows the route followed by the expedition 
across the Sahara. After having stayed several weeks 
at the Chad Research Section of the Office de la Recherche 
Scientifique et Technique Outre-Mer, Fort Lamy (Chad), 
in the northern Cameroon and on Lake Chad, the botanist 
joined the expedition at Faya-Largeau (Chad) and 
crossed the desert with it as far as Suez. 


Collections 


The materials brought back are: i 
(1) 564 herbarium specimens (J. Léonard 3340-3903), 
collected in the Chad (387), in the Cameroon (67), in 
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Libya (40), in the Sudan (9) and in Egypt (53), among 
which 8 were algae collected by Dr. Onclin in Algeria (4), 
in Morocco (2), in the Rio de Oro (1) and the Niger (1). 
Many delicate flowers and fleshy fruits were preserved in 
liquids. All these collections have been deposited in the 
State Botanical Garden in Brussels, but duplicates will be 
shared with the Royal Botanic Gardens, Kew, and the 
Museum in Paris. The collections comprised 2 fungi, 
4 ferns, many algae and 522 phanerogams belonging to 
71 famulies, the most important being Gramineae, Cyper- 
aceae, Mimosaceae, Papilionaceae, Caesalpiniaceae, Cap- 
paridaceae and Euphorbiaceae. Special attention was 
paid to collecting algae and plankton. Throughout the 
whole route, plankton was collected m each water-hole; 
36 such samples and various algae have thus been. col- 
lected. They make up a unique collection which has been 
found by Mr. Compére of the Brussels Botanic Garden to 
be, on a cursory preliminary examination, extraordinarily 
rich and varied. 

(2) 195 pollen collections authenticated by herbarum 
specimens. They will be kept as a reference collection 
for the identification of fossil pollens when an effort is 
made to reconstitute the former vegetation which covered 
the Sahara. 

(3) Seed samples of 117 species, which, sown in the 
Botanic Garden in Brussels, have already produced 62 
seedlings and some specimens already in flower. 

(4) Samples of sand collected in various localities on the 
route. These sands, watered, have already produced 
seedlings after a few days in the hot-houses, thus disclos- 
ing that they contained disseminated viable seeds. The 
determination of the plants will roughly outline the 
ephemeéral vegetation that springs up after every heavy 
shower. 
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(5) Samples of various rocks. 

(6) Fossils, among which were silicified tree trunks, 
dating from the Cretaceous or the lowar Eocene and half 
a lower mandible of a mammal living some 2-3 million 
years ago. 

(7) Many prehistoric tools and mcre recent objects: 
carved stones dating back some 50,000 years, others 
10,000 years, Neolithic polished axes, arrows, daggers, 
rings, necklaces, bracelets, etc. These collections have 
been deposited in the Ethnographic and Prehistoric 
Sections of the Museum for Central Africa in Tervuren, 
Belgium. 

(8) A colour film illustrating the course of the expedi- 
tion and. several hundred colour slides illustrating land- 
scape and vegetational types. 


Botanical Researches carried out Prior to the 
Crossing of the Desert 


Attention was specially concentrated on the aquatic 
vegetation in the region of Fort Lamy (Chad and Camer- 
oon) as well as on the vegetation of the banks of the 
Rivers Chari and Logone: Utricularia and Nymphaea 
aquatic association, various aquatic grasslands (Oryza. 
Vossia cuspidata, Echinochloa pyramidalis, E. stagnina), 
riparian shrub vegetation periodically flooded (Sesbania, 
Phyllanthus, Mimosa and Salix). 

Thanks to the kind invitation to join a foray organized 
by the Chad Research Section of the Ofice de la Recherche 
Scientifique et Technique Outre-Mer on Lake Chad, its 
little-known island and riparian vegetasion were observed. 
The following plant communities were examined: aquatic 
vegetation (Pistia and Lemna; Utricularia and Nymphaea; 
Potamogeton and Vallisneria), semi-aquatic herbaceous 
vegetation (Cyperus mundi, Vossia cuspidata, Echino- 
chloa pyramidalis, Cyperus papyrus, Phragmites, Typha) 
and also the wooded steppic vegetation of the sandy 
islands (Acacia, Balanites and Leptadznia). 

The Cyperus laevigaius vegetation surrounding natron 
pools and ponds were examined in the course of a foray 
to the north of Lake Chad. 


Crossing of the Saharan and Libyan Deserts 
to the Red Sea 


The botanist joined the Trans-Saheran Expedition at 
Faya-Largeau (Chad), last important post at the edge of 
the desert. Ouniangea Kebir (Chad) was reached after 
having covered 150 miles in a day and e half and collecting 
26 plants. The expedition stayed thers for ten days close 
to a lake situated in a paradisiacal landscape. The corn- 
paratively rich vegetation was intensively explored. 

The oasis of Kufra, in southern Libyé, was reached after 
having crossed the stark desolation of 460 miles, in two 
and a half days, of a stone and sand desert through which 
the track of the famous General Leclere expedition of the 
Second World War was followed. On the last 400 miles, 
only five species of plants were seen end collected (Cap- 
paris decidua, Cornulaca monacantha and three different 
species of Aristida). 

After studying the vegetation of the natron pools of 
Kufra, the expedition headed towards Jebel Uweinat, 
an important mountainous mass reaching 6,000 ft. and 
marking the boundary between Libya, Egypt and the 
Sudan. The 170 miles of country traversed were virtually 
devoid of vegetation. Only two species of plants were seen 
(Cornulaca monacantha and Panicum turgidum). 

Many wadis radiate from the base of the Jebel. If they 
were dry st the passage of the expedition, they were 
nevertheless carpeted by a fairly dense end very interesting 
vegetation made up of about twenty-cive species, nearly 
all in flower. Jebel Uweinat itself is a mountainous region 
barely known (certainly not with regard to its flora), the 
exploration of which should be of the greatest interest 
deserving of specialist mvestigation. 
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After having to endure a sand-storm, some 500 miles of 
most barren desert were covered in three days. What 
vegetation existed. was strictly localized at the foot of the 
mountains lying on the route. Elsewhere, only rare tufts 
of Aristida zittelit were seen at long intervals. This 
region of very dificult access is most rarely visited 
although it reaches into the heart of Egypt close to the 
oasis of El Kharga. On reaching this place, the signature 
of the famous German botanist Schweinfurth was found 
engraved on the ruins of an old temple; he had visited 
this place a hundred years ago. 

Having crossed the Nile, the expedition drove on once 
more into barren lands until the Red Sea was reached and 
later the Gulf of Suez and Suez itself. Thanks to recent 
rains, abundant collections were possible in the wadis 
and the ephemeral vegetation was examined. 


Researches carried out during the Crossing of 
the Desert 


Although time was very limited and insufficient to carry 
out any elaborate investigations, the following plant 
communities were nevertheless examined: aquatic vegeta- 
tion of salt or natron waters with Chara and Ruppia; 
semi-aquatic herbaceous vegetation near freshwater 
springs with Cyperus mundi and Paspalidvwm; riparian 
herbaceous vegetation of the salt and natron lakes with 
Cyperus laevigatus and Juncus; herbaceous vegetation of 
the more or less moist sands with Sporobolus spicatus, 
Imperata cylindrica, Desmositachya bipinnata, Panicum and 
Aristida; vegetation of the sub-desert steppe with Acacia; 
vegetation of the grass steppes with Chrozophora, Fagoma, 
Aristida, Aerva and Cornulaca, and also the various vegeta- 
tions of the wadis with Aristida, Tribulus, Cleome, Aerva 
and Astragalus (Jebel Uweinat), with Aerva, Artemisia, 
Zilia and Zygophyllum (between the Nile and the Red 
Sea), with Halozylon and Zygophyllum (Red Sea) and with 
Haloxylon, Panicum and Retama (between Suez and 
Cairo). 

Observations were also made on the adaptation of 
grasses to the wind-blowing of sand and their influence 
on their fixation. The indigenous food plants were also 
investigated. 

Lastly, lists of vernacular names in the Gorane dialect 
and in Arabic with corresponding Latin names were 
drawn up for all plants encountered between Faya- 
Largeau and Jebel Uweinat. 


An Edible Alga 


In the market of Fort Lamy (Chad) one can purchase a 
greenish edible substance called Dihe which is sold as a 
flat cake. According to the information obtained in the 
market, it appears to be an alga collected on the bottoms 
of seasonally dried-up ponds and shallow waters in the 
north of Lake Chad and consumed by the local popula- 
tion. As the harvast period did not coincide with the 
visit of the botsmst the inquiry was not carried 
further. 

However, on arriving in the region of Ounianga Kebir, 
right in the middle of the Sahara, more than 750 miles 
to the north-east oz Fort Lamy, the botanist was struck 
by the abundance of a microscopic alga m some lakes 
where it forms a real mash, easy to collect with a plankton 
net. Although the local population appears to be unaware 
that it might have a food value, the botanist suspected 
that-it might be the same alga as that sold in cakes in 
the Fort Lamy market; he prepared some cakes according 
to the recipe obtaimed at the latter. 

Both cakes, those bought in the market and those pre- 
pared at Ounianga Xebir, were examined by Mr. Compère 
(State Botanical Garden, Brussels). They are almost 
exclusively composed of a Cyanophycea: Spirulina 
platensis. Further, according to chemical analysis carried 
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out at the Laboratoire Intercommunal de Chimie et de 
Bactériologie in Brussels, it appears that it is a food-plant 
very rich in proteins and therefore very useful for con- 
sumption by the protein-deficient desert nomads. 

Investigations are proceeding in this respect (chemical 
analysis, cultivation, ecology, ete.). 


The Expedition has proved that, in spite of the many 
difficulties set by the terrain and above all those of petrol 
and water supply, it is possible to cross the Sahara from 


NATURE 


January 8, 1966 VOL, 209 


west to east provided proper equipment, specialists and 
technicians are available. 

From the scientific point of view, the results of the 
expedition can be qualified as fruitful, not only from the 
abundance and quality of the material brought back, 
but also by the investigations which will result from it, 
and, perhaps later, the development of these regions, 
some perhaps barren, but others the wealth of which 
still is to be revealed. 


1 Léonard, J., and Brenan, J. P. M., Webbia, 19, 907 (1968). 


PATTERN FORMATION IN AGGREGATIONS OF ENTITIES OF VARIED SIZE 
AND SHAPES AS SEEN IN MOSAICS 


By RICHARD E. M. MOORE 
Anatomy Department, Guy's Hospital Medical School, London, S.E.! 


NCIENT floor-mosaics provide material for investi- 

gating the formation of geometric patterns from 

the packing of irregular cubes in one plane. In contrast, 

modern mosaic stones are normally either uniform in size 
and shape or cut to suit. 

More than 1,000 Roman and Greek mosaics were 
examined, largely from England, Italy, North Africa and 
the North East and East Mediterranean, and dating from 
c. 400 B.o. to about A.D. 530. As recently as 1955 the 
procedure of the mosaicist was regarded as unknown). 
Apart from contributions?-? to the solution of this problem, 
the investigation has lent support to the hypothesis? 
that the packing of particles whch vary randomly in 
sizes and shapes, within extremes, favours alignments of 
these particles at calculable intervals. This derived from 
investigations of bubble rafts, sand crusts, scums, the cells 
of leaves, and other particulate systems. It was also 
approached from a mathematical point of view (to be 
published elsewhere) considering random packing of cubes, 
irregular shapes and of spheres. Much attention has been 
directed to sphere packing‘, but the theory of cube packing 
has apparently not been investigated by others', 


Materials 


In. simplest form a mosaic pattern is an area of stones of 
colour different from the others. The area is often circular 
or rectangular (Fig. 1A). A frequent pattern is a ‘tracery’ 
of stones of different colour from those forming the 
‘background’ (Fig. 1B). A ‘tracery’ pattern often consists 
of several rows of stones, thus forming a thicker band 
(Fig. 1C). ‘“Tracery’ patterns may be complicated by the 
band being itself patterned (Fig. 1D), or by a decorative 
rim (Fig. LZ). 

Investigations of several thousand stones from floor- 
mosaics showed them to vary considerably in size and 
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shapes within extremes, in each mosaic, in a largely 
random fashion. Trial also shows that ‘random’ stones 
result from the methods (to be published elsewhere) 
probably used in antiquity for stone manufacture. 

In floor-mosaics, stones that disrupt patterns (but which 
would have been suitable for use elsewhere) were frequently 
found, indicating that they had not been carefully picked 
by the mosaicists, but used ‘as they came’. In contrast, 
stones of wall-mosaics were apparently often specially 
cut to fit. Some wall-mosaics are more akin to marquetry. 

That stones in floor-mosaics were not specially spaced 
out so as to conform more closely with the attempted 
patterns is apparent from the stones being tightly packed. 
Removal of the cement shows that even stones widely 
separated at the surface of the mosaic are often in contact 
deeper down. 

The difference between the ancient floor- and wall- 
mosaic crafts was sufficient for the workers to be known 
by different names (for example, tesselariz and musivarii, 
respectively’). Wall-mosaic workers were largely con- 
cerned with pictorial scenes, often using materials unsuit- 
able for flooring. Mosaic floors were normally ground 
smooth, whereas the stones in wall-mosaics were frequently 
of reflective materials. 

Some floor-mosaics have, at the centre, a small, finely 
constructed mosaic picture. Because these ‘centre- 
pieces’ are so different from the surrounding mosaic (and 
from floor-mosaics generally), but exhibit the peculiarities 
of wall-mosaics, it 1s likely that they were made by wall- 
mosaicists. This is further indicated by these centre- 
pieces being set in trays (still remaining in the floor) 
and thus at one time would have been portable mosaic 
panels. These are known as emblemaia. 

An examination showed that stones for floor-mosaics 
were normally formed by breaking, but some of the earliest 
Greek ones are natural pebbles. Measurement of about 
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30,000 stones shows a typical modal size of their top 
faces (per mosaic) to be very nearly 1 cm x lem. Some 
mosaics consist of stones about 0-2 em, whereas others 
have a modal value greater than 4 cm. A typical size 
ranges between —48 per cent and + 34 per cent of the 
modal value, but is often greater (> + 55 per cent). 
Ranges are normally smaller for small stones, and curi- 
ously for the larger stones also. The medium sizes 
exhibit the greatest ranges. 

The stones generally lie in rows. Their dimensions 
measured tranversely to the row are normally more 
constant than their dimensions longitudinal to the row. 
From observation and experiment, the size of a stone 
appears to depend partly on the material used. It is often 
said that the average size of stones depends on date of 
construction, but the small number of measurements relied 
on, and the uncertainty of dates, do not allow a definite 
conclusion. 

It is common to find two distinct sizes of stones in a 
floor. The bigger stones, of 3—4 times the side length of 
the others, exist solely as a peripheral region occupying 
the space between the perimeter of the true mosaic and 
the walls of the room. Mosaics are often set slightly askew 
with respect to the contemporary floor limits, and are 
sometimes considerably smaller than the area available. 
In England, these big stones are normally broken tiles. 


Observation : Mosaic Growth 


Stones which are unusual in size, shape or positioning 
with respect to their neighbours were found to give rise to 
distortion on one side only (Fig. 2). This implies that the 
stones in the distorted region were positioned progress- 
ively away from the ‘abnormal’ one. Inspection of many 
mosaics showed that these directions point away from the 
mosaic centre (away from one end in the rare repetitively 
patterned corridor mosaics). 

The relative severity of errors and irregularities in- 
creases with the distance from the mosaic centre, and this 
also indicates growth from the centre. Detailed investiga- 
tions of the relative positions of cause and effect dis- 
turbances indicates that the mosaicists proceeded fastest 
along the four axial directions of the mainly square 
mosaics. This is corroborated by irregularities being 
generally greatest in the diagonal regions. 

Some parts of patterns are slightly distorted by follow- 
ing the shape of a near-by motif. Because the motif lies 
on the side of the pattern that is nearer to the mosaic 
centre, ‘centrifugal’ growth is again indicated. The same 
thing is suggested by the locations of stones that are 
misaligned in the manner of the stone marked X in Fig. 5, 
for these follow the adjacent row of stones that lies 
nearest to the mosaic centre. 

Analysis of patterns that are not centred on the mosaic 
centre shows the evidence to be less simple, but also 
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points to growth by accretion away from the mosaic 
centre that proceeded fastest axially. 

The lack of alignment between the peripheries of 
mosaics and the perimeters of the floors, which contrasts 
with the frequent accuracy of position of the mosaic 
centre relative to the floor centre, also indicates centrifugal 
growth. 

Hinks suggests? that lack of relationship between 
mosaics and rooms is due to the mosaics being “casual 
ornaments”. Blake's explanation®, that the mosaic 
periphery was reconstructed during replastering of walls, 
is seldom applicable, and does not explain mosaics lying 
skew. Trial shows that using stones ‘as they come’ and 
starting from the centre often causes the mosaic perimeter 
to turn out skew with respect to the floor. To allow for 
this, it is best to make the mosaic smaller than the floor. 
That there existec a lack of concern that decorations 
should fit the room structure is apparent from the irregular- 
ity of geometric patterns painted on walls. Because 
the diserepancy between mosaic and floor limits is often 
filled by large stones, Blake’s reconstruction proposal in 
part gave rise to the idea that the size of the stones 
increases with date. 

Trial shows that the positioning of a mosaic stone is 
easy or difficult according to the number of stones bound- 
ing it. The difficulty also depends on both the positions of 
such bounding stones, and the sizes and shapes that they 
happen to be. It can be shown mathematically (to be 
published elsewhere) that the sequence of positioning 
stones that involves minimal difficulty is one of accretion; 
it can also be showa that this sequence should start at the 
mosaic centre (start at the mid-point of one end of 
‘corridor’ mosaics), and should be fastest in the axial 
directions because of the typical arrangements of the 
patterns. This would explain why mosaics were apparently 
constructed in this manner: the mosaicists had been using 
the simplest method, which they presumably learnt from 
experience. Volunteers, ignorant of the findings here 
described, proceeded—after a while—in a similar fashion. 

Comparison of tae gaps between stones where special 
spacing might be likely (to cause closer coincidence with 
the intended patterns, that is, immediately preceding a 
boundary), with gaps where special spacing was unlikely, 
further indicated that the stones were not specially spaced. 
A similar investigation of the sizes and shapes of the stones 
corroborated that they were normally neither specially 
selected nor specially shaped. Triangular stones are rare 
in floors, but mostly occur in positions where they are 
better than approximately square ones (Fig. 1D). How- 
ever, they are very variable in size and shape, and were 
apparently made by cracking a ‘square’ stone into two; 
trial shows this to be easy. 

An investigation of gaps, the ways in which errors and 
irregularities occur, and of vertical sections of a further 
83 mosaics, indicates that floor-mosaics were constructed 
in situ. This agrees with Toynbee’s conclusion’, which is 
based on signed mosaics, travelling mosaicists, figure 
compositions of local materials, variations in different 
mosaics reproducing the same scene, and finally decorative 
surrounds of fine workmanship which form units with the 
picture they enskrine. This contrasts with Ippel’s 
proposal”, prefabrication by sticking stones face down on 
to sheets, but he was more concerned with figure scenes. 

The imperfect alignment of mosaics and room margins, 
and the ways errcrs and irregularities are distributed, 
suggests that mosaic designs were not marked out before- 
hand. This is also indicated by the presence of mistakes 
of a type which, had they been made in a plan beforehand, 
would surely have been rectified. 

Trial shows that -he use of haphazardly variable stones, 
more or less ‘as they come’, makes it virtually impossible 
to match a design on the floor accurately. 

The use by the mesaicist of stones ‘as they came’ appears 
to result from the technique of not shaping them to suit. 
If unsuitable stones are rejected great wastage results, 
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which is unlikely, considering their probable source (to be 
published elsewhere). Trial shows that saving unsuitable 
stones for use later causes eventual acute difficulty. 

It is a common belief that the mosaicists worked from 
‘pattern books’ which showed the detailed positions for 
the stones. However, since ‘pattern books’ could not be 
matched by ‘random’ stones, it appears that, if they existed 
at all, they would simply be of a form useful to show to 
clients. Similar patterns exist on different mosaics, but 
consist of different stone arrangements. The existence of 
similar patterns is not itself evidence for ‘pattern books’, 
for the limited number of usable geometric patterns gives 
rise to a limited number of basically different results. 
This, and the fact that certain patterns were popular on 
other objects, would make it strange if many mosaics 
were not similar. 


Observation : Pattern Sizes 


In ancient floor-mosaics geometrie patterns were 
produced from packing stones which vary in size and 
shape in a haphazard fashion within certain extremes; 
it would seem that these stones were apparently generally 
used without special selection, special shaping, or special 
spacing. Thus, if the hypothesis outlined at the beginning 
were correct, the mosaicists might have found by experi- 
ence that the stones became more even at certain distances, 
and utilized this by basing their patterns on these particu- 
lar sizes. 

A pilot study showed that geometric patterns, taken 
_ from many different mosaics, nevertheless tend to fall 
into a few particular size groups. In some patterns 
only one dimension was needed for this purpose (for 
` example, length «f in Fig. 1A), in others two or more 
- (lengths «8, y and ef in Fig. 1). It was found that each 

in a ‘size group’ has one dimension of (virtually) 
equal length, despite great variations in pattern details 
for example, length a is constant throughout Fig. 1). 

The existence of the ‘size groups’ may be explained by 
assuming that the mosaicists fixed the sizes of the patterns 
by using only a few alternative lengths, and that they 
used the same length for each pattern of the same ‘size 
group’. 

Because these equal lengths of different patterns are 

frequently composed of different numbers of stones, it 
appears that these distances were fixed by measurements 
and not by counting the stones. Equal lengths in the 
same pattern often consist of different numbers of stones 
(for example, Fig. 1A). 
In a ‘tracery’ pattern of stones of slightly varying 
widths it might be expected that the rim of the pattern 
which was guided by measurements would be smoother 
than the other rim. In patterns which display one 
smoother rim, this is normally the one to which the 
measurement was made that was common to each pattern 
of the same ‘size group’. Since these were usually the 
inner rims, it appears that the mosaicists normally 
proceeded by making measurements to these parts of 
their patterns. This agrees with centrifugal growth of the 
mosaics. 

Some circular patterns tend to have a slightly square 
form (Fig. 3A). This effect could be correlated with the 
presence of an obvious stone located at the centre of the 
cireular pattern (‘obvious’ because of its colour). Radial 
measurements of the circular pattern from the edges 
(see Fig. 3A) of this central stone were found to be more 
constant than those taken from any other central feature, 
real or i inary. This suggests that the circular pattern 
was pl by measurements from the perimeter of the 
upper face of this stone, thus causing ‘square’ distortion. 
This is also indicated by the fact that this distance corre- 
sponds to the one that is common to each pattern of the 
same ‘size group’. 

‘Square’ distortion might be explained by mere packing 
of stones, apart from any measurements. However, 
examination of packing indicates otherwise. Moreover, a 
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few cases were found in which one corner of the upper 
face of the central stone was incomplete, but was com- 
plete beneath the mosaic’s surface. Thus the perimeter 
that could be used for measurements differs from the 
‘packing’ perimeter of the stone. In such cases, the part 
of the circular pattern nearest the incomplete corner of 
the central stone is flattened, which indicates that distor- 
tions of circle patterns are a result of measurement rather 
than of packing. 

This conclusion is supported by the observation that 
circular patterns around a real central point (for example, 
one formed by the meeting of four middle stones in a 
chequer pattern—F ig. 3B) are free from these distortions. 

Comparison of circular patterns with a central point 
with those with a central stone (within the same ‘size 
group’) shows the former to be slightly smaller than the 
latter (Fig. 3), and by an amount equivalent to the size 
of the central stone. The explanation of this is that 
mosaicists probably used the same unit of length in both 
situations, measuring from the central point where 
it occurs, but from the perimeter of the central stone if 
one exists. 

This suggests that the mosaicists preferred to measure 
from real features. Thus, where circular patterns lack 
both a central point and a central stone, and have instead 
a central motif devoid of suitable central feature, it is 
unlikely that the mosaicists used radial measurements. 
Diameters seem most likely, but the resulting ‘circle’ 
would tend to be an equi-diametric curve, as indicated in 
Fig. 4. This was, in fact, found to be the case. 

Such ‘equi-diametric’ distortions again suggest that the 
pattern was not marked out before construction, for 
radii would then have been likely, obviating distortions 
of this nature. This consideration, together with the 
probable presence of the central stone at the time of 
making the measurements for circles exhibiting ‘square’ 
distortion, indicates that constructional measurements 
were made during the laying of the stones, and not 
beforehand as part of a preceding design. 

Stones surrounding emblemata were found simply to 
follow the irregularities in the tray of the emblema, which 
indicates that the mosaic was constructed around it, as 
opposed to its being inserted into a hole left for its recep- 
tion, as has been assumed by others. 

Comparison of the eight radial measurements indicated 
in Fig. 3A on circles with a central stone was used to 
investigate ancient errors of measurement in these 
patterns. Similar observations were made on other 
patterns, and these in total show that the error was 
independent of the length of the measurement. This 
indicates that the mosaicists’ measuring tools did not 
give increasing error over greater length, which excludes 
string, calipers (hinged), and ‘spanning’ by hands and 
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fingers, but is strong evidence for rulers. The smallness 
of such ancient mensural errors also points to rulers, for 
those of the classical type that still exist (calibrated in 
still inadequately examined units) are mostly square in 
section with calibrations running around at least two 
faces, which reduces parallax error. That mosaicists 
used rulers 1s corroborated by the distortions evident in 
circular patterns already described here. 

In concentric patterns where a circular pattern encom- 
passes another, and no real central feature exists as a 
feature for measurements, ‘equi-diametric’ distortions 
will tend to occur in both patterns. If they were con- 
structed independently by diameters, distortion of the 
outer pattern would not necessarily echo that of the inner 
pattern. Alternatively, if measurements for the outer 
were made from the inner, the outer pattern would follow 
the shape of the inner pattern. Since the latter is con- 
sistently the observed condition, it appears that the 
measurements for the outer pattern were made from the 
inner. This seems only natural when the inner pattern 
covers a large area and the outer pattern is only narrowly 
separated from the inner. Trial also shows that it is 
best to keep each constructional measurement short in 
order to avoid referring so far back in the mosaic that 
newly laid stones have to be trampled on when checking 
the zero of the ruler. 

Pictorial mosaics of rectangular shape often exhibit 
opposite sides of unequal length anc out of parallel; 
yet their outer bordering patterns lie at a uniform distance 
from their inner bordering patterns. Again, this is 
presumably a result of making the outer pattern equi- 
distant from the inner. Because the innermost pattern is 
this shape (such that it could not have resulted from use 
of equal constructional lengths), 1t is unlikely that its 
form was itself guided by measurements. 

In the case of more than two concentric patterns, it 18 
likely that the constructional measurements for each 
pattern were made from the nearest preceding pattern. 
Again, measurements would probably be kept as short as 
possible. As with other patterns, evidence of the ‘smooth- 
est rim’ and ‘common’ dimension type indicates that each 
encompassing pattern was normally leid by monitoring 
its inner rim. To decide whence, in the preceding pattern, 
this measurement was most likely to have been made, one 
can look where the already described ‘common’ dimension 
occurs. It is then found that this normally applies to 
measurements from the inner rim of the preceding pattern 
when the latter is narrow (Fig. 54), bus to measurements 
from its outer rim when it is wide (Fig. 5B). 

The width of wide patterns was apparently similarly 
controlled by measurement (length ab in Fig. 5), being 
often identical to the ‘common’ dimension of patterns 
of one of the smaller ‘size-groups’ (for example, length 
«8 in Fig. 1). 

The probable location of the ancient constructional 
lengths has become clear in many other geometric patterns. 

If we accept that mosaic growth proceeded fastest in 
the four axial directions, then the first parts of each 
pattern to be reached in construction would have been 
those lying in these axial directions: consequently it 
would have been to these parts that constructional 
measurements would primarily have bean made. 
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Mosaic Units 


To determine tke probable values of ‘the distances 
marked on the rulers of the mosaicists, a large number of 
distances was measured coinciding, as closely as possible, 
with the probable original constructional measurements 
on the mosaics. The frequency of their occurrence is 
shown in Fig. 6. 

Measurement of more than 310,000 lengths produced 
the same distribution. The sample has since been increased. 
with the same result. The vast majority of observed 
lengths are of closely similar values, forming ten major 
peaks (labelled B-X in Fig. 6), as well as many more 
minor ones. The total number of peaks formed is 106, 
but many of them ere too small to appear in Fig. 6. 

Each peak presumably represents one of the units of 
the mosaicists, the modal value of each approximating 
to the true value of sach unit. The spread of each peak is 
a measure of the mosaicists’ accuracy; to a small extent 
each is affected by my observational errors. If the 
relative heights of the peaks can be taken as a measure 
of the frequency of use of the various units, it is possible 
to equate the ten major peaks with the basic units of the 
ancient mosaicists. 

Examination of ig. 6 shows that several of the minor 
peaks occur at lengshs which are multiples of the modal 
value of one or other-of the major peaks. (These identifica- 
tions are written sideways in Fig. 6.) These represent 
eases where pattezns were occasionally made using 
multiples of a basic unit. Multiples of some major peaks 
give the same value as multiples of other major peaks. 
For example, the modal value of the minor peak at 
36-0 cm is equally 3 D (modal value 6-0 em) and 10 C 
(modal value 3-6 cm). 

The modal values of the major peaks are: 24, 3-6, 6-0, 
9:6, 15-6, 21-6, 25-1, 40-7, 65-8 and 106-5 cm respectively. 
These are the mid-interval values (class interval 0-1 cm). 
The standard deviasion for each major peak is approxi- 
mately 0-13 em. 

I shall call these ten basic lengths ‘Mosaic Units’. 
1-2 cm (peak A in Fig. 6) can also be counted as a basic 
unit, for it is probably important to the series in which 
Mosaic Units appea> to lie. While in some mosaics this 
distance of 1-2 cm extends over several stones, it cannot 
exist in mosaics of ssones larger than 1-2 x 1-2 em. 

Only minor peaks have been found at distances greater 
than Mosaic Unit K (106-5 em), and this suggests that the 
rulers of the mosaicists were not normally longer than 
this. The most frequent lengths greater than 106-5 
em (peaks l-o) can be constructed with a ruler scaled in. 
the Mosaic Units up to 106-5 em. 


Discussion 


What little there is in ancient literature about the 
construction of masaics largely stems from Vitruvius 
(first century 3.c.). In the earliest extant version™ of 
his work, which is t=lieved!? to have been written in the 
eighth century A.D., but which is equivocal and contains 
errors, a passage occurs, which in translation comments 
“over the nucleus accurately by regula and libela let the 
pavements be conszuructed whether sectilia or tesseris’’. 
The nucleus is the third foundation layer. Regula has 
been taken to mean a straight edge by some workers, but 
normally to mean a ruler. IJzbella is usually taken to 
mean a level. Sectia probably refers to stones that were 
cut to shape, whereas tesseris almost certainly refers to 
the type of mosaic considered in this article. Perhaps 
it is to a Mosaic Un-t ruler that Vitruvius refers. 

Of the total sample of pattern dimensions observed, 
89 per cent represent one or other of the Mosaic Units. 
Another 9 per cent are multiples of one or other of the 
Mosaic Units.* A further 0-5 per cent are a fraction of a 
Mosaic Unit (usualy 4 Mosaic Unit). Some of the 
remaining 1:5 per cent lare identifiable as equivalent 
to ordinary units of measure current at the location 
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Fig. 6. Frequency distribution of 121, 265 distances measured on mosaics mainly from England, Italy, and North eel 


and period of the mosaics In which such pattern sizes 
occurred. n 

A. surprising result of these measurements is the general 
occurrence of the same absolute units, for at least a 
thousand years, and over a very large area. No likely 
relationship has been found between these Mosaic Units 
and known standard units of measure likely to be pertinent 
to the mosaic craft (its origins and development are un- 
certain). One might tentatively conclude that standard- 
ized tools—probably rulers—must have existed wherever 
classical floor-mosaics were made. Perhaps an original 
Mosaic Unit ruler will come to light. 

Floor areas were frequently** fixed in terms of multiples 
of standard units. Because Mosaic Units are different 
from standard units, the mosaics would often, on comple- 
tion, not have fitted the floor. This is another reason 
why they are smaller than the area available. The use of 
Mosaic Units over such a cultural and geographic extént, 
and for so long, suggests a practical reason for this rather 
than consistent subscription to a constant aesthetic. 
Some relation exists between the sizes of Mosaic Units 
and the most likely sizes for patterns, which would occur 
from the ways in which stones pack—that is, if one only 
considers common modal sizes. 

Close agreement exists between the values of Mosaic 
Units and the easiest sizes for patterns, calculated from 
the hypothesis mentioned at the beginning of this article. 
That this may be the reason for the phenomenon of the 
Mosaic Units is supported by observations of the stones in 
adjacent rows in unpatterned mosaics. Every so often, 
many stones lie in line transversely through several of 
the rows, and the distances between such alignments 
frequently agree with the intervals which the hypothesis 
predicts. This aspect is at present being examined in a 
fundamental way, for it is possible that the packing 


hypothesis is a special case of a concept suggested here, 
that random disorder does not exist in reality. 

If the mosaicists found, during the course of time, that 
their patterns tended to turn out most regular when made 
certain sizes, it is possible that, in order to take advantage 
of this, they made rulers with which to guide their con- 
struction. 

It is hoped that when this thesis 18 published in full it 
will be of use in the investigation of other systems com- 
posed of aggregated varied parts. The work was supported 
in part by a grant from the Worshipful Company of Gold- 
smiths, from John Perryn’s Charity, which enabled me to 
stay at the British School at Rome, and by two grants from 
University College, London. I thank Prof. R. Warwick 
(Guy’s Hospital Medical School), Dr. H. Kalmus (Univer- 
sity College, London), Prof. E. G. Turner and Prof. T. B. L. 
Webster (Institute of Classical Studies) for their help and 
encouragement. Construction of an automatic-studying 
machine for work on packing is being aided by gifts of 
machinery from I.B.M. and the British Broadcasting 
Corporation. 
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OBITUARIES 


Dr. J. B. Goodey 


PLANT and soil nematodes have attracted few zoologists 
and it is all the more remarkable that the Goodeys, father 
and son, who trained, the first partly and the second 
wholly, as botanists, should have becoms world authorities 
on one aspect of the subject, namely, identification and 
classification. Basil Goodey joined his father at Winches 
Farm, St. Albans, the field station of the London School of 
Hygiene and Tropical Medicine, about a year before the 
Department of Nematology moved to Rothamsted Experi- 
mental Station. Until his father’s death in 1953 he was 
mainly concerned with plant parasitic nematodes of the 
genus Ditylenchus, but afterwards he gradually assumed 
bis father’s role, published more than sixty scientific 
papers describing many new species and became increas- 
ingly interested in nematode taxonomy. He also under- 
took the revision of his father’s books. Laboratory 
Methods for Work with Plant and Soil Nematodes was 
revised and enlarged three times. A supplement to The 
Nematode. Parasites of Plants Catalogued under their Hosts 
was produced and then, with the help of Dr. Mary Frankhn 
and Mr.'D. J. Hooper, the whole was completely revised 
shortly before he died. His greatest contribution to 
nematology, however, was the complete revision in 1963 
of Soil and Freshwater Nematodes with descriptions and 
re-descriptions of many new genera and a new classification 
of major groups. 

John Basil Goodey was born at Dorridge, Warwickshire, 
on May 10, 1914. Like his father he was a Quaker. Dur- 
ing the early years of the Second World War he was engaged 
in Quaker relief work and for several years served as 
Clerk to the Society of Friends in Harpenden. He was 
educated at City of London School and University 
College, London, where he took his degree in 1937 and was 
Quain student in botany for the next two years. From 
1943 until 1947 he worked in the Oil Seeds and Weed 
Control Unit first in the Imperial College of Science and 
Technology and. later in the Department of Agriculture, 
Oxford. In 1961 he was awarded a D.Sc. degree of the 
University of London for work on plant nematodes and, 
in 1964, was elected a Fellow of the Institute of Biology. 
In 1962 he lectured at Cornell University, and in 1964 
assisted in a nematology course, the first of its kind in 
India, at the Indian Agricultural Research Institute, 
New Delhi, under the auspices of the Rockefeller Founda- 
tion. From 1959 he served on the editorial board of the 
international journal, Nematologica, doing much to raise 
the standards of taxonomic papers by publishing in that 
journal “Data to be Considered, Observed and, Where 
Possible, Reported upon when Presenting Descriptions 
of New Species”. His ulustrations of species were models 
of clarity and essentially diagrams without unnecessary 
artistic embellishment. Over the pası 2 years he had 
become interested in numerical taxonomy and had pre- 
pared, for the computer lists of characters of major groups. 
He was happiest advising, teaching or serving others 
and, because of him, many students as well as experienced 
nematologists came to Rothamsted to learn to identify 
plant nematodes, or to work on the collection there, and 
samples for diagnosis were received from all over the world. 
Visitors from abroad were also welcomed in his home 
where, with Mrs. Goodey, they would spend the evening 
in discussions ranging from politics to literature and 
art. 

While on his way to spend 18 months in New Zealand 
and Australia at the invitation of the New Zealand 
Department of Scientific and Industrial Research, he 
died of a heart attack on October 30, 1965, and was buried 


He leaves a widow, a daughter and two grand- 
F. G. W. JONES 


at sea. 
daughters. 
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Prof. Frank Allen 


Frank ALLEN, late emeritus professor of physics at the 
University of Manitoba, died on November 19 at Winni- 
peg, Canada, aged ninety-one. Born m New Brunswick 
of United Empire Loyalist stock, he was a fellow school- 
pupil of the late Lord Beaverbrook. Like Beaverbrook 
and many of his generation, he held fierce religious and 
political beliefs; thase were only tempered by time and 
by his love ‘for science. 

He graduated from the University of New Brunswick 
in 1895 with highest honours in physics and chemistry 
and a Gold Medal in Latin. He was appointed high 
school principal the same year at the astonishingly early 
age of twenty-one. In five years he had saved enough 
money to take him to Cornell, where he took his Ph.D. 
in. 1902 for work on physiological optics, a subject which 
absorbed bim for the rest of his life. It might well have 
been otherwise, for at Cornell he became interested in 
Oliver Lodge’s new-y discovered thermionic diode. He 
allowed himself to be dissuaded by Nichols, his professor, 
from mvestigating the effect of adding a third, or grid, 
electrode. A few years later Lee de Forest did add a 
third electrode and promptly patented the amplifying 
triode valve. The era of electronics was born and de 
Forest made a fortune. Thereafter, Allen frequently and 
ruefully warned his research students to be wary of 
taking the advice of any professor. 

In 1904 he accepted the founding chair of physics in 
the new University of Manitoba and remained there all 
his life, attaining Fellowship of the Royal Society of 
Canada in 1912 and nonorary doctorates of both Manitoba, 
and New Brunswick. 

With an annual research budget which would be spent 
by a modern physics department in an afternoon, he and 
his small group of enthusiastic students were forced to 
use themselves as research equipment. He wrote some 
sixty substantial papers, articles and books. mostly on 
the sensory reflex. He confirmed the Helmholtz tri- 
chromatic theory of colour vision, and accurately quan- 
tified the Fechner law of the intensity of visual stimulus. 
Then he turned to the other senses and showed, one after 
another, that they too followed the same logarithmic law. 
His methods were elegant and simple: the critical fre- 
quency of repeated stumulus, the least observable incre- 
ment to a given stimulus and the effect of fatigue. AI 
the senses, auditory, tactile, pain, pressure, heat, taste 
and muscular response, yielded to his persistence and 
ingenuity. Only the sense of smell defeated him; the 
olfactory reflex was too delicate and sensitive for the 
experimental techniques availabie to him. He never 
spared himself as subject; the senses of pain and taste, 
in particular, demanding considerable fortitude. He made 
much of his apparatus with his own hands, and brought 
a fine sense of craftsmanship to everythmg he did, 
whether it was making an instrument, carving a turkey 
or chopping wood, all three of which he much enjoyed. 

He constantly ‘preached the importance of science 
and the excitement of discovery, while for relaxation he 
delighted to write and converse in Latin, Greek and 
Hebrew. He outlived practically all his contemporaries 
and, indeed, many cf his research students. 

He is survived by his two sons and daughter. 

J. F. ALLEN 
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NEWS and VIEWS 


The Royal Society : Vice-Presidents ` 


Tss president of the Royal Society, Prof. P. M. 8. 
Blackett, has appointed the following vice-presidents for 
the year ending November 30, 1966: Lord Fleck, treasurer 
of the Royal Society, formerly chairman of Imperial 
Chemical Industries, Ltd.; Prof. A. A. Miles, biological 
secretary of the Royal Society, director of the Lister 
Institute and professor of experimental pathology in the 
University of London; Prof. M. J. Lighthill, physical 
secretary of the Royal Society and Royal Society research 
professor at the Imperial College of Science and Tech- 
nology in the University of London; Prof. H. W. Thomp- 
son, foreign secretary of the Royal Society and professor 
of chemistry in the Physical Chemistry Laboratory, 
University of Oxford. 


Chemistry in the University of Edinburgh : 
Prof. C. Kembail, F.R.S. 


Pror. C. KEMBALL, at present professor of physical 
chemistry at the Queen’s University of Belfast, has been 
appointed to the chair of chemistry in the University of 
Edinburgh in succession to Prof. T. L. Cottrell, who has 
been appointed first Principal of the University of Stirling. 
Prof. Kemball will take up his appointment on August 1, 
1966. He was educated at Edinburgh Academy and 
at Trinity College, Cambridge, where he graduated in 
1943 with first-class honours in the Natural Sciences 
Tripos. After war-time employment by the Ministry of 
Aircraft Production in the Department of Colloid Science 
in Cambridge, he was elected a Fellow of Trinity College in 
1946, holding, in addition, a demonstratorship in physical 
chemistry from 1951. In 1954 he was appointed to the 
chair of physical chemistry at the Queen’s University of 
Belfast, where he has also served as dean of the Faculty of 
Science and, from 1962 until 1965, as vice-president of the 
University. Prof. Kemball is distinguished for his work 
on the mechanism of heterogeneous catalytic reactions, 
leading to new knowledge of the nature and reactivity of 
absorbed radicals on metal film. He has been a pioneer 
in developing new techniques for the study of absorption 
phenomena and catalytic activity. His interest in these 
fields was aroused and stimulated by his association with 
Sir Eric Rideal at Cambridge and with Sir Hugh Taylor 
at Princeton, where he spent the academic year 1946—47 
as a Commonwealth Fund Fellow. Awarded in 1961 
the Meldola Medal of the Royal Institute of Chemistry 
as the most outstanding British chemist under the age of 
thirty, he won the Corday-Morgan Medal and Prize 
of the Chemical Society for 1958, and, in 1962, was the 
first non-American to receive the Ipatieff Prize of the 
American Chemical Society. He was elected a Fellow of 
the Royal Society in 1965. 


Headship of the Plant Pathology Division, Ministry of 
Agriculture, and the Chair of Mycology and Plant 
Pathology in the University of Belfast : 


Prof. R. K. McKee 


Dr. MoKer, principal scientific officer at the John 
Innes Institute, Hertford, has been appointed to the 
headship of the Plant Pathology Division, Ministry of 
Agriculture, and the chair of mycology and plant pathology 
in the University of Belfast. Ho takes up this joint post 
in January 1966. Robert K. McKee, a native of Northern 
Ireland, was educated at Campbell College, Belfast, and 
at Cambridge, where he was an exhibitioner of Emmanuel 
College. After gaining his B.A. in 1938, he went to Trini- 
dad to the Imperial College of Tropical Agriculture, where 


he carried out research on witches’ broom disease in 
cacao, and lectured in mycology until 1943. After serving 
3 years in the Royal Navy as a radar officer, he was 
appointed to the Agricultural Research Council potato 
storage station, Nottingham, to investigate the control 
of dry rot and common scab. Here, he discovered the 
toxicity of solanine to micro-organisms and the influence 
of solanine content on disease resistance in potato tubers. 
While at Nottingham, he was awarded a Ph.D. by the 
University and, in 1956, moved to the John Innes Insti- 
tute to become the pathologist in the Potato Genetics 
Department. He first studied the inheritance of resistance 
to potato virus Y and potato blight in wild Solanum 
species and then carried out selection experiments towards 
breeding new scab- and blight-resistant potato varieties. 
While surveying some recent collections of South Ameri- 
can potatoes, he discovered a new virus, Andean potato 
latent, which is unusual among potato viruses in having 
spherical particles. Dr. McKee has made valuable contri- 
butions to the methodology of his subject and has also 
been actively interested in the biochemical basis of disease 
resistance and the systematic distribution of steroidal 
alkaloids in Solanum. 


Ministry of Power : 
and Development 
THe Minister of Power, Mr. F. Lee, has appointed 

Dr. H. M. Finniston, managing director of the Interna- 

tional Research and Development Co., Ltd.. and technical 

director of C. A. Parsons and Co., Ltd., to be a member of 
his Advisory Council on Research and Development. Also 
appointed to this Council is Mr. P. A. Lingard, a full-time 

member of the Electricity Council since March 1965. 


Advisory Council on Research 


Production Engineering Advisory Service 


In a written answer in the House of Commons on 
December 14, 1965, the Minister of Technology, Mr. F. 
Cousins, stated that he had decided to set up a Production 
Engineering Advisory Service to help the engineering and 
allied industries to increase their productive efficiency. 
This service would cover all aspects of engineering, from 
the improvement of engineering design to new and 
improved management and production techniques, in- 
cluding automation. It would be available to all engineer- 
ing firms and would be operated on behalf of the Ministry 
by the Production Engineering Research Association in 
conjunction with the Ministry’s regional offices. Mobile 
demonstration and advisory units would be stationed in 
each region and teams would be available to visit 
engineering works and show designers, foremen and 
production staff how to use the most modern production 
engineering techniques. The service would begin as soon 
as the mobile units could be prepared and staffed, and 
Mr. Cousins hoped it would be in operation in all regions 
within 12 months. Initially it would run for 4 years at 
an estimated net cost to the Exchequer of about £1 
million. 


Careers in Engineering 


In a written answer in the House of Commons on 
December 13, the Secretary of State for Education and 
Science, Mr. A. Crosland, stated that he and the Minister 
of Technology were aware of the desirability of encourag- 
ing more young people to enter the engineering profession. 
An interdepartmental Publicity Working Party on 
Technology and Engineering had recommended a special 
publicity programme which included films for exhibition 
in schools, a. number of travelling exhibitions and a 
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publication on careers in technology. In 1966 the Council 
of Engineering Institutions -would carry out, with the 
support of the Ministry of Technology, a major survey 
of the distribution, deployment, remuneration and 
responsibilities of professional engineers, with the view 
of throwing light on the nature of the work which they 
perform. 


Ministry of Transport: Advisory Council on Road 
Research 


In a written answer in the House of Commons on 
December 13 the then Minister of Transport, Mr. T. Fraser, 
gave the terms of reference of the Advisory Council on 
Road Research as being to advise the Minister of Trans- 
port on the orientation and scope of research on roads 
and road traffic, including the design, construction and 
maintenance of the road system, traffic engineering, road 
safety and the interaction of the technical problems with 
economics, and to submit reports from time to time. 
The chairman is Dr. F. E. Jones and the deputy-chairman 
Prof. W. F. Cassie. The members melude Sir Edward 
Dodd, Prof. G. C. Drew, Col. S. M. Lovell, Drs. J. P. Bull 
and A. R. Collins, and Messrs. J. Armour, A. C. Durie, 
S. H. Grylis, W. G. Harris, M. Holmes, O. A. Kerensky, 
M. Law, D. J. Lyons, J. S. McNeil, A. A. Shenfield, 
E. C. Wiliams and L. H. Wilson. 


Ministry of Education and Science : Home and Inter- 
national Commitments 


In reply to questions in the House of Commons on 
December 16, the Secretary of State for Education and 
Science, Mr. A. Crosland, said that the Government had 
agreed to participate in the Intersecting Storage Rings 
Project at the Geneva Laboratory of the European 
Organization for Nuclear Research, which is aimed at 
increasing the effective power of the əxisting equipment, 
and had offered to the Organization for evaluation., 
though without commitment, a site in Norfolk for the 
construction of a 300-GeV accelerazor; it had joined 
the International Agency for Research on Cancer, and 
was now preparing to participate in the initial phase 
of the International Biological Programme. In 1965 
provision had been made for an expenditure of £53-6 
million for Research Councils and otner science votes. 


Fast Reactor Agreement between Japan and Britain 


AN agreement for an exchange of information and 
collaboration on fast reactor research and development 
has now been signed by Sir William Penney, chairman of 
the United Kingdom Atomic Energy Authority, and Mr. 
Kaneo Niwa, president of the Japan Atomic Energy 
Research Institute. Information to be exchanged con- 
cerns design and operating experience, basic physical and 
chemical properties of materials for use in fast reactors, 
reactor physics, and operating experience with certain 
fuels. The agreement will be effected by means of reports 
and visits; assistance in carrying out research and 
development will be given by procurement of materials 
and equipment and the use of facilities. There may be 
exchanges of staff from time to time. The progress of the 
agreement will be reviewed periocically at meetings 
between representatives of the Authority and the Insti- 
tute. 


United States-Yugoslavia Exchange Programme 


Tue US. National Academy of Sciences and the 
Council of the Academies of Yugoslavia have announced 
plans for a programme of exchange visits by scientists of 
the two countries. The agreement, which covers a 
3-year period, became effective from January 1 and 
provides for exchanges in all the disciplines in which 
the two Academies are mutually competent; natural 
sciences, includipg mathematics; engineering sciences; 
and behavioural sciences. The new programme is flexible 
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in its provisions far both short-term visits by individual 
scientists to lecture, to conduct seminars, to survey 
research, or to exchange professional views and, for 
longer stays of up to l year, to carry out laboratory 
research or investigations in the field. Visits in each, 
direction, totalling approximately 40 man-months per 
annum, are provided under the programme, with no 
necessary matching of either the number of exchanges or 
the scientific fields in which they occur. . In addition to 
its provisions for the exchange of individual scientists, 
the agreement provides for co-operation between the 
two Academies in the field of scientific publications and 
documentation, including the exchange of information on 
research institutions and programmes and mutual assis- 
tance and advice cn the exchange of books and scientific 
literature. 


Register of Research in the Human Sciences (1962-65) 


Tue third edition of the Register of Research in the 
Human Sciences ‘1962-65), compiled by the Warren 
Springs Laboratory of the Ministry of Technology, has 
recently been published (Pp. vi+ 353. London: H.M.S.0O., 
1965. £1 17s. 6d. net). This new edition is almost twice 
as large as its predecessor and contains more than four 
times as many entries as the first edition. The Register 
has been compilec on the basis of information received 
from more than 500 sources, covering research in the 
social sciences and in those fields of medicine, engineering, 
law, architecture, economics, history and geography which 
relate to the social sciences, and information is included 
for the first time on research in Northern Ireland. The 
layout of the Reyister is unchanged—each entry con- 
taining a brief description of the research project, research 
workers, approximate starting and completion dates of 
the project, interim and final results, parties concerned 
with the enquiry and other information. It is regrettable 
that a separate neme index has not been provided. 


Training the Creative Scientist 


Dr. G. T. SEABORG’s remarks on The Creative Scientist: 
His Training and dis Role (Pp. 9. Oak Ridge, Tennessee: 
U.S. Atomic Energy Commission, Division of Technical 
Information Extension, Educational Materials Section 
(Dept. SS-1), P.O. Box 62, 1963) were originally addressed 
to the fourteenth National Science Fair at Chicago, in 
May 1963, but tae pamphlet in which they are now 
published is still h-ghly pertinent to the present situation. 
Dr. Seaborg’s approach may be poles asunder from that 
of Prof. Kuhn, but his plea for greater care and interest 
in teaching sciente in its historical context in both 
schools and univecsities is fundamentally sound. Some- 
thing on the lines of his pamphlet, adapted to the con- 
ditions in Britain, could contribute materially towards 
filing the vacant places in university science departments 
and towards fostering the supply of scientists with a 
wider outlook and greater adaptability. 


Britain and the Scientific Industrial Revolution 


In his lecture, ‘““Britain’s Part in the New Scientific 
Industrial Revolusion” (Forty-third Earl Grey Memorial 
Lecture delivered at the University of Newcastle upon 
Tyne, May 17, 1964. Pp. 19. Newcastle upon Tyne: 
The University, 1965. 3s.), Prof. J. D. Bernal is con- 
cerned with the industrial and social changes arising out 
of the ideas which sprang from the scientific revolution 
that followed the discovery of X-rays in 1896. This 
industrial revolution is characterized by the removal of 
any limitation on the supply of power, and immense 
changes ın the speed and feasibility of communication. 
The utilization of the digital electronic computer, the 
applications of advances in genetics and molecular 
biology in medicine and agriculture, and what he terms 
the ‘research revo_ution’, have all played a part in making 
science the most rapidly growing human activity. This 
growth of science will transform the whole world, and Prof. 
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Bernal holds that neither Britain’s scientific effort nor her 
industry is adequate to face the change. Besides higher 
expenditure on scientific research, he urges both expan- 
sion and reform in education and a determined effort to 
avoid waste of tramed manpower. 


Overcrowding in Schools 


UNDER the title What Chance Has Your Child ? (A 
Study of the Effects of Overcrowded Classes in Our 
Schools. Pp. 15. London: National Union of Teachers, 
1965. 6d.), the National Union of Teachers has issued a 
pamphlet by Miss K. Gibberd, to which Sir Ronald Gould 
contributes an imtroduction, describing the effects of 
overcrowded classes in terms of the children and teachers 
involved. In England and Wales some 75:1 per. cent of 
all children in primary schools are being taught in classes 
of thirty or more, and 17-7 per cent in classes of forty or 
more, while in secondary schools 51-7 per cent are being 
taught in classes of thirty or more. Sir Ronald Gould 
believes that if anything there is greater need for smaller 
classes in the primary schools than elsewhere. Miss 
Gibberd does not indulge in facile generalizations and 
what she writes about the frustration of both teachers and 
children is the more impressive. She also notes a tendency, 
arising out of national parsimony, to calculate rigidly the 
needs of a school on the: basis of one teacher and one class- 
room to every forty children and no more of either until 
another forty children are added to the school roll. She 
emphasizes the key importance of a sufficient, number of 
competent teachers, and. her sensitive presentation of the 
human issues should promote the public understanding, 
which is the only firm foundation for directing national 
resources to the appropriate end. 


Tracking Hurricanes 


Brrrar is fortunately spared the terrible ravages of 
the giant tropical storms which may, and often do, sweep 
across the islands of the West Indies and the Gulf of 
Mexico, extending along the North American coast. 
The critical period of each year is from June to November, 
when these hurricanes, mostly born in mid-Atlantic, 
gather velocity and, following unpredictable, haphazard 
courses, roar across the Caribbean Islands and adjacent 
mainland, leaving death and destruction in their trail. 
In years past there was apparently little in the way of 
organized ‘scientific study of these hurricanes, particularly 
as a means.of forewarning people in those places likely 
to hean their path, in order that, given time, preparations 
could be made and safety measures taken accordingly. 
Often, tragically, there was no time, such is the speed 
and strength of these furious storms. To-day, tracking 
of hurricanes has evolved into a highly organized branch 
of meteorology; search planes, radar, television-equipped 
Taros satellites, and an international communications 
system are used to follow and report every whirling storm 
of wind and rain as it develops. Broadcast bulletins give 
advance warning to enable residents of threatened areas 
to take steps to protect lives, homes and property. 
Public education in the behaviour of hurricanes has proved 
to be the best means of reducing their toll. A brief 
account of this vital work is contained in a short article 
entitled “Tracking the Hurricanes” (The Lamp, Standard 
Oil Co. (New Jersey), New York, 47, No. 3, 1965). The 
Esso Standard Oil S.A., Ltd., the parent company’s 
marketing afflhate in the West Indies, the Bahamas, 
Bermuda, Central America and Panama, in 1964 decided 
to help promotion of hurricane safety in the many widely 
scattered islands and regions where it operates, by the 
preparation of a hurricane tracking map for free distribu- 
tion by Esso dealers. The object of this publication was 
to make it possible for customers to follow broadcast 
storm reports, mark a hurricane’s position by latitude and 
longitude, thus plotting its course from hour to hour. 
The article included information on the meaning of 
Weather Bureau returns, explanation of a storm’s be- 
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haviour, and suggested safety precautions. The circula- 
tion of this map exceeded 200,000; newspapers also 
reprinted it. The article includes a small-scale reproduc- 
tion, as a grim reminder, of the paths of some destructive 
hurricanes of the past (1938-64); this was included with 
the original map in question. It is noted that similar 
hurricane maps were made available in 1965 and pre- 
sumably the same facilities will operate in future years; 
this is a most praiseworthy and rewarding enterprise on 
the part of the oil company concerned. 


The Glaxo Volume 


The Glaxo Volume is the title of a most attractive 
publication which is described as ‘‘An occasional contribu- 
tion to the Science and Art of Medicine”, the twenty- 
ninth issue of which 1s now available (Glaxo Laboratories, 
Ltd., Greenford, Middlesex. Pp. 48. 29, 1965). At the 
outset it is pointed out that articles in The Glaxo Volume 
are contributed by medical and other scientists, including 
some of the technical staff of Glaxo Laboratories, Ltd. 
The authors remain anonymous for professional reasons. 
The first article is entitled “Fears for Food” and deals 
briefly with the necessity of discarding the concept of 
what is ‘natural’ about our foods and diets, and of consider- 
ing, in the light of modern medical and nutritional science, 
what is wholesome and what is safe. The question of the 
use of food additives is discussed ; this poses the problem 
of how much of the food additives or residues the citizen 
is likely to consume in the ordimary course of events 
and what is going to be the effect of three, or six, or even 
twenty times that amount. It 1s pointed out-that even 
with the present limited number of ‘permitted’ additives 
or residues, monitoring their presence or. effects in human 
or animal foods “‘is a pretty forbidding task”. The second 
article concerns ““The Blood-Clotting Mechanism”. This 
discusses what is known as the ‘classical’ theory (Morawitz, 
1905), the ‘augmented’ classical theory (Owren, 1947), 
some information from haemophilia, opposing theories, 
the ‘sequential’ theory, evolution of the clotting mechan- 
ism, and the ‘derivative’ theory. This article includes some 
excellent explanatory diagrams in'colour appropriate to 
the text. A third article ıs entitled ‘“Pregnancy and 
Plumpness’*. The belief that pregnancy predisposes to 
obesity is widespread but “‘... singularly little 1s known 
about the nature of the weight gamed during pregnancy 
or about the natural history of body weight during the 
childbearing years”. The problem is considered under 
the headings of weight gains during- pregnancy, physio- 
logical storage of fat, variations in the pattern and effect 
of age and parity on body-weight, and concludes with 
some practical considerations. In marked contrast is the 
article “Art in Bedlam”, a short account of one Richard 
Dadd (1817—86), a painter whose imagination developed 
unusually during a long period in ‘Bethlem Hospital 
(nicknamed ‘Bedlam’); a reproduction of one of his 
paintings ‘““The Fairy Feller’s Master Stroke” (in colour); is 
shown ‘The fifth article is ‘Genetics and Drug Response”, 
considered under the subheadings: blood groups, taste 
testing, haemoglobin “Zurich’ and sulphonamides, X- 
chromosome gene deficiencies and acetylation of isoniazid 
and other drugs. This article comes to the conclusion 
(inter alia) that “Unexpectedly wide variations can occur 
between responses of different people to the same dose of 
a drug. New drugs in particular should therefore be used 
with appropriate caution”. Finally, an amusing, if not 
satirical, article entitled “Men are Not Machines” brings 
to a close this excellent publication which one could wish 
was more than an occasional contribution to medical 
science. 


Solution to Waste-handling Problems 


THERE are many problems inherent to raw water 
clarification, conditioning of slimes and sludges, and other 
industrial and sanitary processes. ost cases, indeed, 
where suspended material has to be removed from aqueous 
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systems, demand time, research and trial for their effective 
resolution. A new polymeric flocculant known as “Prima- 
floc C-7’ is now available in commercial quantities for 
such purposes and a brief account of its constitution, 
merits, and properties is to be found in a short article 
entitled, “A Solution to Waste-handling Problems” 
(Rohm and Haas Reporter, Rohm and Haas Co., Phila- 
delphia (London, Lennig Chemicals, Ltd., 26-28, Bedford 
Row), 23, 5, September—October 1965). This new product 
is a water-soluble cationic polyelectrolyte, supplied as a 
free-flowing, slightly hygroscopic powder, one of the latest 
in, a series of such compounds to be offered by Rohm and 
Haas. It readily dissolves in water at a concentration 
of 2-6 per cent; before use, this solution is normally 
diluted to a working concentration of about 0-1 per cent. 
It is claimed that, in the clarification of turbid waters, 
‘Primafioc C-7’ can. be used as a prime coagulant; addition 
of inorganic coagulants such as alum or ferric sulphate is 
unnecessary. Furthermore, addition of 1-10 p.p.m. of this 
compound, together with a suitable clay, will rapidly 
and effectively remove suspended solids, an advantage 
where restrictions preclude the use of inorganic coagulants. 
If inorganic coagulants are used, ‘Primafloc C-7’ (Q-1- 
i p.p.m.) can greatly increase floc growth and settling 
rates, thus improving final water clarity. Since most 
naturally occurring suspended particles have a negative 
surface charge, causing them to repel one another and 
remain suspended, ‘Primafloc’ cationic polyeleczrolytes, 
containing as they do a larger number of positively 
charged sites, work on the principle of neutralizing these 
negative charges, causing particles to coagulate, and 
thus to settle. There are other ‘Primafioc’ polyelectro- 
lytes available for various purposes in waste-handling 
problems. 


Procter and Gamble, Ltd. 


THe internationally known Procter and Gamble 
organization comprises not only the parent and subsidiary 
companies in the United States, but also companies 
operating in Belgium, Canada, France, Great Britain, 
Italy, Mexico, Peru, Philippines, Switzerland, Venezuela, 
and West Germany. The principal products manufac- 
tured by this group are the familiar retail brands of 
synthetic detergents, edible shortenings and margarines 
for the bakery trade, industrial soaps, textile brands of 
soap in various forms, certain building trade specialities, 
and other products including refined and hardened edible 
oils, fatty acids, glycerine, fat additives for anımal feeds, 
etc. All these products are manufactured and sold in 
Great Britain by Procter and Gamble, Ltd., whose finan- 
cial statement for the year ended June 30, 1965, has been 
published (Procter and Gamble, Ltd., Financial Statement 
for the year ended 30th June 1965. Pp. 16. Newcastle 
upon Tyne: Procter and Gamble, Ltd., 1965). Apart 
from the commendably lucid statement of the financial 
aspects of this company’s affairs, which has previously 
been commented on in these columns (Nature, 204, 
1257; 1964), this report contains much of both technical 
and economic interest. The emphasis in this report is 
on the functions and activities of those members of the 
Company whose task it is to buy the raw materials, 
goods and services needed in the course of day-to-day 
operations. Under the heading “Buying Better Value 
for Consumers” are discussed new products and new 
processes, the buyer’s broad responsibilities, product 
improvement, transport and international operations. 
Transport is particularly emphasized in this brochure, 
which contains another series of most pleasing illustrations 
in colour of buying and shipping activities, the work of 
David Knight, who contributed so much to the artistic 
value of the 1964 statement. On the research side, a new 
extension of the Longbenton research laboratories has 
made it possible for all major research departments to be 
brought under one roof. The job of the Research Division 
is to ensure that every product is formulated to give 
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maximum performance and appeal in its own field. 
One instance of this may be quoted: in the past 16 years, 
the Division’s home laundry carried out the equivalent 
of 80,000, weekly washes, equal to 1,600 years of domestic 
washing experiencs for one household; its controlled 
test methods are based on present-day domestic washing 
habits as established by consumer research. It is noted 
that during the year under review, the Company has 
co-operated fully with the Monopolies Commission in their 
investigation of the household detergent industry. 


Soils and Foundetions 


Movement resulting from interactions between soils 
and foundations was the subject of a recent publication 
by the Building Research Station, a note of which appeared 
in Nature (208, 11€3; 1965). A further publication in the 
same series outlires the soil and other investigations 
necessary in assessing the suitability of sites for new 
buildings and is entitled Soils and Foundations : 2 (Building 
Research Station Digest (Second Series), No. 64. Pp. 6. 
London, H.M.S.Q., 1965. 4d.). The need for thorough 
site investigation. when any building work is envisaged 
which may be potentially vulnerable to conditions 
existing below ground-level is a prior charge on the 
project, and cannot be too strongly emphasized; this 
applies equally to alterations and extensions of existing 
work as to entirely new schemes. The comparative 
searcity of building sites available for large projects, 
especially in built-up industrialized areas, has led to the 
use of sites which may have been avoided in the past for 
one reason or another but have now come’ up for ‘serious 
reconsideration; in such circumstances early re-appraisal 
of the site is imparative, so that any special measures 
that may be required to deal with difficult conditions can 
be planned at the outset. This publication outlines the 
main stages to be undertaken in any investigation of site 
conditions; these. are, first, information available off site 
(appeal to the local authority, Ordnance Survey maps 
and records from_local sources for knowledge of soil and 
general conditions. for example, infilled ponds, ditches, 
streams.and disused pipes). Secondly, ıt is necessary to 
undertake site reconnaissance, which should include topo- 
graphy, possibility of flooding, groundwater-level and vege- 
tation as a clue to the nature of sub-soil. The third stage 
embraces site history, whether virgin land or a previously 
used site. The fourth covers soil investigations on site, 
which means those concerned with relatively simpic 
observations or tests, and, where necessary, full-scale 
soil mechanics to datermine the strengths and deformation 
characteristics of the soil under load and to identify 
conditions in which soils are otherwise susceptible to 
movement. Soile and Foundations: 2 contains a useful 
table of soil identification, a summary of the scope of site 
investigations bothin plan and im depth, details of informa- 
tion required from any one site, and notes on sampling 
(use of post-hole suger, etc.). An appendix on various 
sources of information about any particular area concludes 
what is undoubtedly a most valuable guide to an often 
complex problem of site investigation. 


Bibliography on Religion and Science 


A BIBLIOGRAPHY on religion and science, compiled by 
A. Maltby (The Library Association. Special Subject 
List No. 46: Religion and Science. Pp. 36. London: 
The Library Association, 1965. 10s.; L.A. members, 
78. 6d.) is arranged in three sections covering, respectively, 
the history of the conflict between religion and science 
prior to the ninetesnth century; the nineteenth century 
struggle; and the relation between religion and science in 
the twentieth cenzury. Nearly 200 of the 238 entries, 
some of which ars annotated, fall into the third section. 
There is an. index.of authors. Although the bibliography 
appears to be representative, the basis of selection is not 
stated and there is one startling omission: A. N. White- 
head. 
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Postgraduate Agricultural Studentships 


A LIMITED number of postgraduate studentships are to 
be awarded by the Ministry of Agriculture, Fisheries and 
Food and the Department of Agriculture and Fisheries 
for Scotland for the academic year begi nning October 1. 
The studentships are available in the various branches of 
husbandry, horticulture, farm management, agricultural 
or horticultural economics, agricultural or horticultural 
statistics, marketing, agricultural and dairy engineering 
(including farm mechanization and farm building), rural 
estate management and agricultural science. Applicants 
normally resident in England, Wales and Northern 
Ireland can obtain further information and forms of 
application from the Ministry of Agriculture, Fisheries 
and Food, Room 2314, Great Westminster House, Horse- 
ferry Road, London, 8.W.1. Applicants normally resident 
in Scotland should apply to the Department of Agriculture 
and Fisheries for Scotland, Room 53, St. Andrew’s House, 
Edinburgh, 1. The closing date for receipt of completed 
application forms is February 28. Awards are also 
available to: postgraduate and post-doctoral students of 
agricultural science under the NATO Science Studentship 
and Fellowship Programme, which is intended to stimulate 
the exchange of students between member countries. 
The scheme is administered for United Kingdom students 
by the Science Research Council, State House, High 
Holborn, London, W.C. L, to which application should be 
made by March 1. 


Medical Research Council: Industrial 


Research Unit 


Tae Industrial Psychology Research Unit of the 
Medical Research Council, which was formerly housed at 
University College, London, has now moved to the 
headquarters of the National Institute of Industrial 
Psychology, 14 Welbeck Street, London, W.1. Dr. C. B. 
Frisby, director of the Institute, will take over the 
honorary direction of the Unit from Prof. G. C. Drew. 
Aspects of the work of the Unit, which has been con- 
cerned with investigations of shift work, incentives, 
absenteeism, labour turnover and industrial accidents, 
will continue to appear in Occupational Psychology. 


Psychology 


University News: | Birmingham 

Tue following appointments have been made: Dr. 
M. J. Chamberlain (lecturer in the Department of Experi- 
mental Pathology); Dr. G. Harris (Senior Research Fellow 
in the Department of Experimental Pathology); Dr. R. 
Jefferis (Research Fellow in the Department of Experi- 
mental Pathology). 


Edinburgh 
THe following pineon have been made: Senior 
Lectureships, A. M. M. Wilson (bacteriology); Dr. A. D. 8. 


Barr (mechanical engineering); Lectureships, R. A. Jones 
(animal health); Dr. J. Godfrey (zoology). 


London 

Dr. Lewis Woirrrt, reader in zoology at King’s 

College, has been appointed_to the chair of Biology as 

applied to Medicine tenable at Middlesex Hospital Medical 

School. The title of professor of experimental pharma- 

cology has been conferred on Dr. J. R. Vane in respect of 
his post at the Institute of Basic Medical Sciences. 


Newcastle upon Tyne 


` T. M. Frosr has been appointed lecturer in the Depart- 
ment of Mechanical Engineering as from January 1. 


Sheffield 


Dr. R. J. Morrerr has been appointed lecturer in 
applied mathematics. 
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Announcements 


Mr. J. P. M. Brenan has been appointed deputy 
director of the Royal Botanice Gardens, Kew, and keeper 
of the herbarium and library, as from December 1, on the 
retirement of Dr. C. E. Hubbard. 


THe Council of the Institute of Metals has made the 
following awards: Institute of Metals (Platinum) Medal 
for 1966, to Prof. F. A. Forward, Privy Council Office, 
Ottawa, for his services to the non-ferrous metal indus- 
tries; Rosenhain Medal for 1966, to Mr. A. Cibula, British 
Non-ferrous Metals Research Association, for his con- 
tributions in the field of physical metallurgy. 


APPLICATIONS are invited from members of the Plastics 
Institute for the award of the Novadel Prize for 1965-66. 
The Prize, awarded annually by the Plastics Institute and 
worth 100 guineas, will be given for the best essay or 
report received before September 30, 1966, on some 
aspect of the reinforced plastics industry. Further informa- 
tion can be obtained from the Secretary, the Plastics 
Institute, 6 Mandeville Place, London, W.1. 


A seminar on “Planning and Organization of Science 
Research in Developing Countries’, arranged by the 
Science of Science Foundation, will be held at the Ciba 
Foundation on March 14. Further information can be 
obtained, from the Science of Science Foundation, c/o the 
Ciba, Foundation, 41 Portland Place, London, W.1. 


A. symposrom on “‘Non-elastic Processes in the Mantle”, 
arranged by the Upper Mantle Committee of the Inter- 
national Union of Geodesy and Geophysics, will be held 
in the University of Newcastle upon Tyne, during 
February 21-25. Further information can be obtained 
from Dr. D. C. Tozer, School of Physics, University of 
Newcastle upon Tyne. 


THE annual general meeting of the North of England 
Section of the Society for Analytical Chemistry will be 
held in Manchester on January 29. The meeting will be 
followed, by the presentation and discussion of a paper 
entitled “Thermal Analysis with reference to Inorganic 
Hydrates”. Further information can be obtained from 
the Society for Analytical Chemistry, 14 Belgrave Square, 
London, §.W.1. 


A SHORT course on “Recent Developments in Polymer 
Technology” will be held at the Bradford Institute of 
Technology during February 25-26. Lectures will mclude 
aspects of newer polymers; die design; polymer reinforce- 
ment; testing for end-use performance; developments in 
epoxide and polyurethane polymers. Further information 
and forms of application can be obtained from the 
Registrar, Bradford Institute of Technology, Bradford 7. 


A CONFERENCE on “‘Recent Progress in Physical Opties” 
will be held in Paris during May 2-7, in association with 
the seventh general assembly of the International Com- 
mission for Optics. Further information can be obtained 
from the Secrétariat du Congrés CIO 7, Institut d’Optique, 
3 Boulevard Pasteur, Paris 15. Funds have been made 
available for travel grants for: (a) “young scientists’; and 
(6) other scientific workers, to attend the conference. 
Applications for such grants should be made, before 
January 20, to the Chairman of the National Sub-com- 
mittee for Optics, the Royal Society, Burlington House, 
London, W.1. 


ADDENDUM. In the article entitled “Stimulation of the 
Uptake of Water and Ions by Indolyl-3-acetic Acid: its 
Dependence on Nucleic Acid and Protein Synthesis”, by 
R. Mitra and 8. P. Sen, which appeared on p. 861 of the 
August 21, 1965, issue of Nature, the explanations of the 
symbols used in the figures were omitted and are as 
follows: 

Fig.1. @, IAA; O, actinomycin D. 
Fig. 2. O, TAA: A, porphyromycin: @, actinomycin D, 
Fig. 3. ©, IAA, ©, actinomycin D. 
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THE USE OF 


NCE more the annual conference of the Institute of 
Personnel Management has been concerned with an 
issue of vital importance to the national well-being. 
Held at Harrogate during October 7—9, the conference was 
attended by more than 1,000 members and visitors from 
all parts of the world and considered how Britain should 
make the best use of manpower. 

In an opening address, the Minister of Labour suggested 
ways in which productivity could be improved to achieve 
the 25 per cent increase required in the National Plan, 
without the 400,000 extra workers who would appear to 
be required and who will not be forthcoming. First, he 
suggested increased investment in labour-saving plant 
and machinery. Innovations, such as numerically con- 
trolled machine-tools, automatic welding techniques and 
automatic lathes, are all helping the engineering industry 
to produce more goods with proportionately fewer workers. 
Automation is being introduced to the coal mines, where 
considerable increases in productivity are being achieved 
through the use of remotely controlled faces. Computers 
are being used for many routine office jobs and an increas- 
ing number of firms appreciate that computers can also 
be used for advanced design work and for production 
control. 

Secondly, if we are to take full advantage of technologi- 
cal progress, it is inevitable that some industries will 
decline, and release workers. Other industries will expand 
and will need these workers. There should be no obstacles 
to this movement. Firms which keep workers they do not 
need help neither themselves nor the country, nor—in the 
long run—the workers themselves. 

Thirdly, the deployment and use of our available man- 
power resources should be critically examined. This is 
equally important at all levels—-on an industry basis 
and in the individual firm, as well as over the economy 
asa whole. A number of industries have already estimated 
possible increases in output per‘head if various obstacles 
to the efficient use of labour can be overcome. Inanumber 
of other industries, management organizations and unions 
are together examining the measures which must be under- 
taken to ensure a more effective use of manpower. It is 
at the level of each factory and office that the problem 
must finally be tackled. 

What are the obstacles to achieving greater efficiency 
in the use of labour? A great deal is heard about restric- 
tive practices such as unnecessarily high manning scales, 
restrictions on the introduction of new machinery or work- 
ing methods, on the entry of trainees, and insistence on 
outmoded demarecations. They cannot be tolerated in the 
battle for economic objectives. They must be vigorously 
tackled by both management and unions. Jn recent 
months there has been a significant increase in the number 
of agreements between management and the unions 
allowing for a greater flexibility of working and the 
removal of practices which impede efficiency. 

Deliberate restrictive practices are, however, only a 
part of the problem. A much greater problem is the 
ready acceptance of traditional ways of doing things. 
Industry must be prepared to reappraise objectives and 
the means of achieving them. The initiative for this rests 
primarily with management although joint productivity 
committees also have a most important part to play. A 
well-developed system of joint consultation is essential 
to the orderly development of progressive. ideas. 

There is also need not only for rigorous scrutiny of the 
deployment of manpower at present, but for a forward 
look. The report on the metal industries published 
recently by the Manpower Research Unit of the Ministry 
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MANPOWER 


of Labour showed tkat fewer than one in four of the firms 
approached made manpower forecasts for more than two 
years ahead. Half cae firms appeared to do no forecasting 
at all. A firm that wants to develop a systematic training 
programme—any ñ-m that is planning to expand its 
production or introctuce major technical changes—cannot 
afford to neglect the vital element of manpower in its 
forward planning. 

The Government itself recognizes that a firm cannot 
plan ahead ıf it feels at the mercy of outside forces, not 
knowing what the Government and the firms which are 
its customers and svppliers intend to do. This is one of 
the reasons why the National Plan has been published. 

The Government also recognizes that it has an obliga- 
tion to help men to adapt their skills or to learn new 
skills. During the past two years, the number of places in 
Government Training Centres has been more than doubled 
and the number of centres has been increased from 13 
to 30, providing, by the end of 1965, 6,000 training places. 
A farther expansion, bringing the number of centres to 
38 and places to €900, has been announced. When all 
the expansion plans have been completed, the centres 
will be capable of producing some 15,000 trained men a 
year. 

But this is only a small contribution to the training 
that is needed, and industry must still play by far the 
greatest part in this. The Industrial Training Act was 
passed to encourage employers to accept this responsibility. 
Nine boards are now established and by early 1966 the 
boards will cover some 8 million employees—one-third 
of British industry. The Government must also do 
everything possibleto minimize hardship caused by neces- 
sary changes of employment. 

A further obstacla to growth is the present regional 
imbalance in the economy. While firms in the South 
and Midlands are plagued by shortages of labour, unem- 
ployment in areas like Scotland, Wales and the North is 
still well above the national average. Financial assistance 
is being given to firms which build or expand factories in 
Development Districts and control is being exercised over 
the issue of Industrial Development Certificates in areas 
where the demand for labour is high. 

Mr. Gunter was followed by D. A. C. Dewdney, vice- 
chairman of the National Board for Prices, Incomes and 
Productivity, who stated that responsibility for employ- 
ment in British industry has been much too fragmentary. 
One part of an orgenization decides that it needs so many 
people of such-and-such grades to do a particular kind of 
work. Then another part of the organization does the 
hiring, looks after the workpeople when they have been 
employed, and prabably carries out the negotiations 
with the unions. The processes of employing are thus 
divorced from those of deciding what the employed person 
is actually supposed to do, and management all too rarely 
asks itself the really fundamental question—why am I 
employing this man at all? It is extraordinary that this 
attitude should have persisted into the post-war years, 
when the problems have not been those of shortages of 
work but shortages of labour. This is reflected in the 
replies of a number of industries to the Government 
while it was preparing the National Plan, when many 
industries admitted to having under-employed labour 
resources. Such a situation will have to be radically 
changed if national ambitions for economic growth are to 
be fulfilled. Productivity is at the heart of the policy of 
which the National Board for Prices, Incomes and Pro- 
ductivity is the inssrument. Productivity is one of the 
three complementary and inseparable themes of the policy, 
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all three components of which have been steadily neglected 
in the past. This neglect represents an idleness of habit 
which it is the purpose of the policy, and the Board, to 
change. 

Productivity cannot be separated from the problems of 
prices and incomes and, in the short run, our present 
position requires that demands for increases in incomes 
be moderated. If they are not moderated through the 
exercise of self-discipline, other factors will take over 
and moderation will be imposed. The usual alternative 
to self-restraint has been found to be a rise in unemploy- 
ment. The only other method of restoring equilibrium 
is strict physical control. 

It has become increasingly clear that the problems 
with which we are faced are both economic and social. 
The diagnosis is a matter of economics, but the solution 
is much ‘more social and educational. 

The main role of the Board should be as a part of the 
educational process. Its reports should not merely be 
admonitory but constructive. A second requirement 
for the reports is that they should be of as wide a general 
significance as possible. 

Mr. Dewdney also made it clear that in order to imple- 
ment the prices and incomes policy with institutions as 
they now stand, management must take the Initiative in 
trying to balance the expectation of the people of Britain 
for better things against our ability to earn them. Such 
initiative will be welcomed by the Trade Unions. 

Sir John Hunter, chairman of the Central Training 
Council, discussed the role of training in a technological 
age. He indicated that the most important steps in the 
approach by management to training policy are: 

(1) Training is an integral and essential part of manage- 
ment function. Top management must therefore be 
closely involved in development of training policy; and 
basic responsibility for implementation of policy 1s a 
matter for line management—not to be devolved on train- 
ing staff, and conveniently forgotten. 

(2) A survey of training requirements should be under- 
taken. This involves analysing the responsibility, skill 
and knowledge of different jobs, and an examination of the 
extent to which staff discharge them inadequately. Are 
such problems as high turnover, production bottle-necks 
and lack of promotable staff due to lack of training ? 

(3) Management needs to be able to call on expert 
advice and assistance in analysing job and training 
requirements, and implementing training programmes. 

(4) Is training effective? There should be a regular 
check on training programmes to ensure that staff get 
what help they need to carry out their responsibilities 
satisfactorily. 

Among the many problems to be faced is that of manage- 
mont development. It is generally recognized that far 
too many firms adopt a haphazard approach to manage- 
ment recruitment, development and succession. This is 
not merely a matter of prestige courses: there must be a 
planned programme which starts with selection of poten- 
tial managers, and includes relevant and challenging 
experience on the job, regular reviews of progress and 
development of specific required skills and knowledge 
through carefully chosen courses (internal and external). 

A second key problem is the need for training officers. 
The Boards will have to make a big effort to train consider- 
able numbers of training advisers and traming officers 
capable of providing firms with expert support in the 
development and implementation of training policy. 
This effort will involve introductory courses for post- 
graduate students and for people with suitable industrial 
experience, arrangements to enable relatively new or 
inexperienced training officers to gain experience in firms 
under the supervision of a senior training officer, specialist 
courses in technique and particular subjects for those who 
are already training officers, and advanced courses to 
enable experienced training officers to study new methods 
and undertake research. 
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The role of the universities in & technological age was 
outlined by Sir John Cockcroft, Master of Churchill 
College, Cambridge, who, after indicating the country’s 
great lack of and need for technologists, suggested that 
there are different varieties of technologists, a broad 
spectrum requiring different training. There are, first 
of all, the technologists whose major role is to force the 
pace of technological change. Their work is predomin- 
antly intellectual and requires a deep knowledge of 
science. They require a strong scientific base in their 
undergraduate training and good postgraduate training. 
The second broad group of technologists are those who 
design and build engineering systems and make them work. 
Good design engineers are the most scarce of all categories 
and, the role of the university in helping to produce them 


-has been the subject of a recent enquiry, on behalf of the 


Department of Scientific and Industrial Research, 
chaired by G. B. R. Fielden. In the evidence given 
to the Committee, there was no consensus of opinion 
about how, or to what stage, design should be taught in 
the education and training of an engineer, and a large 
number of approaches to the problems are being tried in 
universities and colleges. 

The Committee came to the conclusion that the ‘sand- 
wich’ course is the most suitable preparation for a career 
as a professional design engineer. This was the type of 
course first adopted by the Colleges of Advanced Tech- 
nology. The Committee, however, felt that it was essen- 
tial that the period spent in industry by these students 
should be tested on what they learned during their 
industrial training. An alternative to the ‘sandwich’ 
course is for an engineering student entering a university 
to spend a year in industry before his entry, and to 
spend part of one long vacation in a works. In this way 
he will obtain a better three-dimensional feeling for the 
equipment he will be hearing about in the more analytical 
lectures. The Fielden Committee also supported experi- 
ments in teaching design at postgraduate levels, which 
are under way in the University of Cambridge and 
Imperial College. Manchester College of Science and 
Technology is also carrying out advanced training in 
machine tool design, and the College of Aeronautics is 
giving training in design of aircraft and aero-engine 
industries. 

In order to teach design, it is essential that the teachers 
have had some personal experience of design work in 
industry, and since the best designers obtain salaries in 
industry far higher than the universities can offer, ib is 
important that universities should obtain the services of 
industrial designers on. a part-time basis by appointing 


‘them as extraordinary or visiting professors, readers or 


lecturers. 

Sir John also examined the way in which the universi- 
ties link up with industry to carry out research projects 
and to provide suitable courses in management education. 
The latter was discussed more fully in a sectional meeting 
when A, F. Earle, director of the London Business School, 
described the philosophy on which the School is being 
founded and the types of courses which it is planned, to 
commence in the coming year. There will be a twelve- 
week course for men aged 28-35 in middle management 
positions, one of six weeks’ duration for men of 35 years 
upwards in more senior management work, and a post- 
graduate course of two years’ duration leading to a masters’ 
degree designed for university graduates within one or 
two years of having completed their first degrees in any 
subject. The post-experience courses will be strenuous 
and will be aimed at the cultivation of analytical powers 
and widening the acquaintance of the students with 
business problems beyond their range of experience. 
The postgraduate course will not produce a ready-made 
manager—that requires extensive on-the-job experience 
and maturing personal qualities—but it should ensure 
a man with broad analytical powers and business know- 
ledge which should enable him to travel up the manage- 
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ment ladder more quickly and to a greater height than 
would otherwise be the case. 

In another sectional meeting R. Lahnhager, director 
of the Swedish Council for Personnel Administration, 
provided information about the way Sweden encourages 
mobility of labour. Much emphasis is placed on the re- 
location of industry itself and the use of investment 
funds to stimulate this. 

In a provocative paper on the role of the personnel 
manager in technical change, Prof. Lupton of the Univer- 
sity of Leeds indicated that, in the attempt simultaneously 
to maximize welfare and technical and economie efficiency, 
certain administrative techniques have been developed 
and are widely used in large organizations with well- 
developed personnel functions. He suggests that this 
is to put the cart before the horse. Management should 
decide whether there are any alternatives which might, 
while offering high technical advantages, also minimize 
the adverse social and psychological consequences. Or 
it might well be advantageous, if there 18 time to work 
out the possible social and psychological consequences of 
a number of alternative ways of introducing change, to 
discuss these with the people who are going to be involved, 
and their representatives. 

All this ımplies the presence, when decisions are being 
made about technical change, of someone with expert 
knowledge of the organization as a social system, and who 
is aware of the complexities and subtleties of the ralation- 
ship between technology and organization structure. 
Such a person will be able to predict more accurately 
than others the effects of projected changes in technique. 
The final course of action will then be based not only on 
economic and engineering data and methods of analysis, 
but on social and psychological data and their analysis, and 
will be a choice which satisfies all three criteria. To 
perform this additional function adequately demands an 
expertise to be learned in addition to the skills already 
demanded from the personnel manager. 

H. Clegg of Nuffield College, Oxford, discussed the 
significance of wage drift ın relation to an incomes policy. 
Wage drift can undermine an incomes policy in two ways. 
Incomes policies invariably attempt to control wages and 
salaries through the settlement of wage rates and salary 
rates. But rates are not incomes. Earnings are incomes: 
and if earnings rise faster than rates through a process of 
‘drift’, to that extent incomes policy is ineffective. Drift 
is also uneven in its incidence. To some workers it can 
build up a pressure of resentment among the less-fortunate 
who demand compensating adjustments of rates. To 
meet these demands means further departures from the 
policy; to refuse them may lead to an explosion which 
could destroy it. 

But can the drift be controlled? There is talk now of 
putting statutory authority behind an incomes policy. 
but an examination of the elements which go into drift is 
enough to show that this would not be easy. Quite apart 
from the question of sanctions, the controls would have to 
apply to overtime, to the various systems of payment by 
results, to job evaluation schemes, to promotion and 
up-grading and so on. 

To foresee whether wage drift will become a serious 
obstacle to the suecess of incomes policy in Britain, we 
would have to know whether the policy is going to estab- 
lish its grip on rates of salaries and wages. As yet, it 
has not got this far, but some of the cases which have 
come before the Prices and Incomes Board have directed 
their attention to the problem of drift, and these give 
some indication of the way they may try to deal with 
drift if that stage is reached. If the Prices and Incomes 
Board were to encourage a view that drift is permissible 
wherever it is accompanied by an equivalent rate of in- 
crease in productivity, it could lead an incomes policy 
sadly astray. 

A more discriminating approach to the problem of 
mobility of labour was suggested by Dr. Hilda R. Kahn, 
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senior lecturer in the Department of Social Administra- 
tion, University of Hull. Some immobility is an entirely 
natural phenomencn in an affluent society. When the 
alternative was near-starvation, people could be expected 
to be almost infinitely mobile. But when a country has 
reached an advanced stage of socio-economic development 
—providing reasonable living standards, as well as a 
welfare state, for most—a certain reluctance to uproot 
oneself is a natural consequence. And it is perfectly 
legitimate for a society to opt for some immobility in 
preference to faster economic growth, provided it does not 
simultaneously insist on paying itself the higher income 
which faster growth would have made possible, but which 
its preference for immobility has not. 

Nor is the British population nearly as immobile as 
has often been assumed. Thus, major changes have 
occurred during the post-war period ın the size of impor- 
tant industries such as agriculture, mining, textiles and 
distribution; there are between two and three million 
job-changes each year in manufacturing industry alone; 
and @ considerable amount of inter-regional migration has 
likewise taken place in recent years. Much of the two-way 
traffic between regions, however, has merely the effect of 
cancelling itself out, while some of 1t is actually harmful 
in that it has produced excessive congestion m certain 
parts of the country—costly in both social and economic 
terms. Similarly, an uncritical emphasis on mobility may 
accelerate mere labour turnover, and the crucial problem 
remains of reconcilng the twin desiderata of good work- 
place relations and mobility. All this suggests that it is 
‘purposive mobility’, rather than mobility as such, 
which policy must seek to encourage. 

The aim of a mobility policy should be to seek to achieve 
the optimum distribution of the country’s manpower 
through the guidance of school-leavers and the voluntary 
mobility of adults to the greatest possible extent. Apart 
from the many measures in kind which this entails—in 
the sphere of housing and re-training, for example—it 
may pay us to evolve, in addition, a system of substantial 
cash bonuses, to accrue to workers prepared to move 
where they are wanted. In view of the insistence on the 
maintenance of traditional relativities which has become 
so prominent a feature of post-war collective bargaining, 
it is doubtful whether we shall ever get a wage structure 
sufficiently flexible to further the cause of ‘purposive 
mobility’. The proposed payments would therefore have 
to be operated by the Ministry of Labour via a drastic 
extension of its present Resettlement Transfer and 
analogous schemes Such ‘mobility bonuses’ might be 
used to aid all forms of desirable re-deployment, and 
would be alike more acceptable, more effective and quite 
possibly also less ccstly than redundancy. Such a system 
could also claim to be wholly fair, since it would specifically 
accrue to those serving the national interest. 

Finally, Prof. T. Malm, of the Schools of Business 
Administration, University of California, showed very 
clearly the need for a new type of personnel administra- 
tion to serve the needs of rapidly changing industry. In 
Britain and the United States as well as elsewhere, enter- 
prises have been affected by varying degrees and forms of 
mechanization, automation and computerization. While 
most are still far fom ‘full automation’, executives and 
workers at all levels have been seriously affected—for 
better or worse—by new products and processes, and by 
reorganization. of the enterprise, the work group, or the 
individual job, resulting from technological change. Ali 
too often, the personnel officer has not participated fully 
in planning for the implementation of automation or 
electronic data processing, only to be called on later to 
‘put out fires’ when human and organizational stresses 
and, strains make clear the need for improved manpower 
programmes and policies. While personnel and industrial 
relations specialists have been leaders in ‘human relations’, 
in general they have lagged in their appreciation and 
application of operations research and management 
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science. Much needs to be done to improve the analysis 
of personnel policies and practices; the personnel officer 
needs fuller understanding of and participation in opera- 
tional research and management studies to solve his own 
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problems more effectively, and to contribute more posi- 
tively to planning and decision-making, to administration 
and management in the enterprise as a whole. 

T. H. HAWKINS 


PREPARATION AND STANDARDIZATION OF ISOTOPIC TARGETS 


AND 


Ga and radioactive isotopic films and foils of 
precise composition and dimensions are needed as 
targets for a variety of particle accelerators for nuclear 
data, measurements; accurately defined films of «-active 
actinides are also needed as fission standards for reactors. 
Such standard targets are made in a number of labora- 
tories in different countries and there was a clear need for 
closer co-ordination with the users in order to relate the 
limits of chemical purity and dimensional tolerance desir- 
able to those practically attainable. To meet this need 
and also to promote an interchange of ideas and techniques 
a seminar was held at Harwell, Didcot, during October 
20-21, 1965. The hosts were the Electromagnetic Separa- 
tion Group of the Atomic Energy Research Establishment 
(A.E.R.E.) and the Special Techniques Section of the 
Nuclear Physics Division of the Atomic Weapons Research 
Establishment (A.W.R.E.). 

The seminar, of about seventy scientists, was strongly 
supported by the Central Bureau of Nuclear Measurements 
of Euratom, Geel, Belgium, and the isotopic Target 
Preparation Centre of Oak Ridge National Laboratory 
(O.R.N.L.), Tennessee. Participants from laboratories in 
eight other countries also contributed to the 30 papers and 
the discussions. 

Isotopic targets, which may be required on backings or 
self-supported, generally range in thickness from a few 
ug/em? to several mg/em?. A wide variety of chemical 
techniques such as vacuum evaporation, electrodeposition 
and electrospraying, and metallurgical methods are used, 
but problems arise owing to the small amounts of expensive 
isotopic material available, the risks of isotopic contamina- 
tion and the need for high chemical purity and exactly 
known thicknesses. Chemical conversions and purifica- 
tions on the sub-gram scale may have to precede the 
target-making process. : 

During the first day the meeting considered the problems 
involved in these methods, means of improving process 
efficiencies and the effects of impurities. G. H. Debus of 
the Geel Laboratory emphasized the difficulties involved in 
obtaining exact and realistic specifications from users, in 
preparing and transporting samples, and obtaining from 
users adequate comments on the behaviour of the targets 
which would help future preparations. Other contribu- 
tions from the Geel Laboratory discussed non-uniformity 
of deposits and isotopic fractionation during evaporation. 
G. T. Arnison of A.W.R.E. analysed the experience 
gained using electron bombardment techniques instead of 
resistance heating for vacuum evaporation. The descrip- 
tion by W. Parker of the Chalmers University of Tech- 
nology, Gothenburg, of the novel method of ‘molecular 
~ plating’ from organic solutions, which appears especially 
useful for making actinide targets, excited much interest. 
Experience with established methods for making «-active 
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sources was reviewed by Mrs. Glover of A.E.R.E. and 
J. Champion of the French Atomic Energy Commis- 
sion. 

For many applications unbacked targets are desired, 
and several laboratories use metallurgical techniques to 
make isotopic metallic foils of thickness down to below 
1 mg/eom*. The end-product of electromagnetic isotope 
separation is normally the oxide, and methods of officiently 
converting small quantities of the valuable isotopes to 
the metal were described. A range of foils of the isotopes 
of the rare earth metals, reactive alkaline earth metals 
and some of the actinides has been prepared by simultane- 
ous reduction-distillation followed by rolling or evapora- 
tion at O.R.N.L. Some of these were shown by E. H. 
Kobisk, who also considered the merits of ultra-high 
vacuum techniques as a means of obtaining high purities. 
The techniques used at the Argonne National Laboratory 
for rolling films down to thicknesses of a few microns 
and at Geel for high-frequency levitation melting and 
evaporation were described. This latter method avoids 
contamination by crucible material and can be used for 
metallic samples of 3-100 mg. J.B. Reynolds of A.E.R.E. 
listed the thin stable isotope metallic foils now made at 
Harwell by rolling techniques and showed how the 
deformities and thickness contours in a rolled foil had 
been measured. by attenuation of 5-MeV «-particles. -The 
problems of preparing targets by very small-scale electro- 
plating were discussed by several speakers. 

The second half of the meeting was concerned with 
measurement and standardization. F. A. Howe, A.W.R.E., 
introduced the topic with a critical survey of the non- 
destructive methods for determination of film thickness 
which were applicable to nuclear targets. Methods used 
at Geel for precise standardization of the chemical and 
physical properties of targets were reviewed by H. Moret 
and K. F. Lauer and some specific procedures were de- 
scribed by other speakers. This aspect of thin-film 
preparation will undoubtedly receive increased attention 
in the future, and the first seminar on the subject was 
particularly useful in making the participants aware of 
the many causes of errors which can exist in the determina- 
tion of purity, uniformity and thickness of isotopic 
targets. Both makers and users will undoubtedly be more 
cautious in the future and will understand each other’s 
problems better. More efforts will be made to introduce 
monitors to follow the continuous build-up of targets and 
to control and measure the chemical and physical charac- 
teristics of the films and foils. 

Copies of the seminar programme and abstracts and, 
later, the record of the proceedings can be obtained from 
the following address: Electromagnetic Separation Group, 
Atomic Energy Research Establishment, Harwell, Didcot, 
Berkshire. M. L. SMTH 


THE NATIONAL INSTITUTE OF OCEANOGRAPHY 


HE National Oceanographic Council met for the last 
time on October 20, 1965, and decided to petition the 
Queen to withdraw the Royal Charter granted in 1950. This 
was the final stage of the change-over of the responsibility 
for the National Institute of Oceanography from the 


ae 


National Oceanographic Council to the recently formed 
Natural Environment Research Council. Mr. J. P. W. 
Mallalieu, Parliamentary Under-Secretary of State for the 
Royal Navy and chairman of the National Oceanographic 
Council, while thanking the Council for their work over 
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the past 15 years in promoting the study of oceanography 
in Britain, referred to the growing public recognition of the 
importance of oceanography. 

During the Second World War, very much as a conse- 
quence of the remarkable work on waves carried out by 
Dr. Deacon’s group at the Admiralty Research Laboratory 
at Teddington, it was felt by many people that there 
should be a more concerted attack in Britain on research 
into the physics of the sea, and eventually, in 1949, after 
discussion between the Advisory Council on Scientific 
Policy and various Government departments the National 
Institute of Oceanography came into being with Dr. 
G. E. R. Deacon as director—the Royal Charter being 
granted to the National Oceanographic Council in the 
following year. The whole scheme provided for: (1) A 
Royal Charter incorporating a National Oceanographic 
Council with the object of advancing the science of 
oceanography in all its aspects, under the chairmanship 
of the Civil Lord of the Admiralty, and consissing of 
representatives of Government departments, the learned 
societies, the universities and those Governments of the 
Commonwealth that might be expected to give financial 
support. (2) An executive commuttee to implement the 
policy of the Council. (3) A National Institute of Oceano- 
graphy to carry out the work of the Council. 

Over the past 16 years the money has been provided 
more or less in equal proportion by the Development 
Commission and by the Admiralty, and there have been 
welcome but relatively small contributions from various 
Commonwealth countries. The income in 1949-50 was 
just over £100,000, in 1963-64 some £400,000. The 
nucleus for the investigation of the physics of the sea 
was Dr. Deacon’s wave group; the nucleus of the biology 
department was the long-existing Discovery Investigations. 

The National Oceanographic Council held its final 
meeting at the National Institute of Oceanography in 
Wormley, Surrey, and the occasion was marked by a 
display of exhibits illustratmg the work. A press con- 
ference was held, chaired by Mr. R. E. Prentice, Minister 
of State for Education and Science, assisted by Dr. 
Deacon and by Prof. M. J. Lighthill, the chairman of the 
Oceanography and Fisheries Committee of the Natural 
Environment Research Council. Awareness on the part 
of the public was reflected in the emphasis whick many 
of the exhibits placed on the user, particularly one 
showing over 120 enquiries from civil engineers, port 
authorities, etc., who have consulted the Institute in 
recent years for help about wave conditions and who 
need advice, data or instruments. Such knowledge of 
waves 18 essential to those who build and operate ships, 
design hovercraft, drill for oil, build ports and other 
coastal installations, and also to those who attempt to 
control coastal erosion. This display particularly illus- 
trated the statement of the director, Dr. Deacon, that 
“The Institute’s main purpose is to improve understanding 
of the basic physical, chemical and biological processes 
that govern all events in the ocean, and, while taking 
every opportunity to increase knowledge, to help as 
much as possible in applying it’. For many years the 
wave group at the National Institute of Oceanography 
has been recognized as second to none in the world both 
in the study of the theory and statistics of waves and in 
the design of instruments for collecting measurements. 
The practical value of such academic research has become 
increasingly apparent to those who consult the National 
Institute of Oceanography. One major wave project in 
recent years has been the design of a series of buoys to 
measure the direction in which waves are travelling, the 
most recent design being a cloverleaf buoy which measures 
the pitch and roll of three floats held at the corners of an 
equilateral triangle. The direction of alignment of the 
buoy and the vertical acceleration at the centre of the 
triangle are also measured. The buoy and the ship are 
linked by a 26-core cable for carrying electrical power to 
the buoy and for bringing back reference Signals and 
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outputs to a multichannel recorder and data logger. 
From these records the directional spectrum of the sea 
waves can be computed. These results are of importance 
both to wave theoreticians and to the British Ship 
Research Association for ship motion studies. That pure 
research can result in wave forecasting which may save 
a ship time in crossing the Atlantic, or otherwise improve 
its efficiency, is a vindication of the purpose of the Insti- 
tute in studying fundamental problems of the ocean. 

Another basic prcblem is the study of deep circulation 
of the ocean, with its concomitant idea of the transfer 
of energy from one part of the ocean to another. Since 
their development at this Institute ten years ago, 
neutrally buoyant floats have been used to measure 
currents at great dapths in the sea and have radically 
changed our ideas about the movement of the deep water. 
The deep currents have been found to be faster and more 
variable than had been supposed—fast enough to have 
practical implications for problems of waste disposal in 
the deep sea and for the design of deep moorings. These 
variable currents may play an important part in the 
general circulation of the ocean, similar to that of depres- 
sions and waves m the atmospheric circulation. One 
display representing examples of the deep current observa- 
tions in the North Atlantic Ocean showed a fast south- 
flowing current close to the continental slope off North 
America. In mid-bcean, average speeds of 10 cm/sec at 
great depths were found and there was evidence of eddies 
some 100 km across. A narrow streak of water was 
discovered travelling at nearly 1 knot at 4,000 m. It 
also appeared thas the currents at such a depth were 
faster than those as mid-depth (2,000 m) and moved m 
a more nearly mendional direction. 

Much of the information about deep-water masses and 
their movements is obtained by the classical and still 
essential method of making observations at hydrographic 
stations, samples of water bemg collected at various 
depths with simultaneous temperature recordings, and 
this was part of the required international survey of the 
physical oceanography of the Indian Ocean. A part of 
the hydrographic work of the third cruise of the R.R.S. 
Discovery in 1964 during the International Indian Ocean 
Expedition was shown by a display of sections of salinity, 
oxygen and tempersture at different seasons along 58° E. 
Besides the usual weter-sampling and net hauls on stations 
in the Indian Ocean, relative currents were measured 
using propeller-type current meters in the near-surface 
water. Two of the most striking features were the 
equatorial undercurrent and the Somali current, which 
were both particularly well developed at the time they 
were investigated. 

Another phenomenon associated with the Somali 
current, recorded e= flowing north-east at nearly 7 knots, 
was the exceptionally cold coastal water. The association 
of recently dead fish with this upwelling was remarked 
on in the display of the Institute’s biological section as 
was the upwelling from a different cause off the Arabian 
coast, investigated-particularly in its association with the 
return of nutrients from the deep water to the surface. 
This was one aspect of a prominent part of the biological 
research, the investigation of the fertility of the oceans. 
Aspects of the organic cycle investigated at the Institute 
include photosynthesis, the growth of phytoplankton and 
its dependence on nutrients and chlorophyll, and the 
taxonomy and distribution of zooplankton, which has 
been investigated mainly by sampling and recently by 
echo-sounding. The R.R.S. Discovery, the main tool of 
the Institute, is at present at sea in the North Atlantic 
on @ biological crus, co-operating with visiting scientists 
from the United States, in an attempt to use underwater 
sound as a method to study the distribution of marme 
animals. At all times from the period of the Discovery 
Investigations to the present some members of the 
biological group have investigated certain animals in 
detail, most notably the common food of Antarctic 
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whales, Huphausia superba, which was the work of the 
late J. W. S. Marr. One of the most active investigations 
to-day is that of the squid, known as the diet of sperm 
whales, but also one of the most numerous and widely 
distributed animal groups in the sea. The Whale Research 
Unit showed exhibits representing its work with the 
biology of the larger species of whale of commercial 
importance, the blue, fin, sei and humpback whales and 
the sperm whale; as in the days of the Discovery Investiga- 
tions the immediate purpose is to provide scientific 
information to help in the regulation of the whaling 
industry, but in the long run to aid the conservation of 
whales. Most of the work of the Whale Research Unit is 
therefore concerned with the distribution and migration, 
breeding cycles, feeding and population structures of 
these large species of whales. 

Associated with the hydrographical and biological 
work is the work of the chemists (the 306 hydrographic 
stations on the third cruise of the R.R.S. Discovery 
resulted in about 8,000 water samples on which some 
27,000 analyses were made while at sea). On show at 
the Institute were two particular projects in chemical 
oceanography, one concerned with a study of the major 
constituents and nutrients in sea-water, and the other 
concerned with certain related physical properties, such 
as electrical conductivity and density. 

The three-dimensional and time-varying complexity 
of the ocean might make investigation of the sea-floor 
seem comparatively straightforward, but time variations 
can occur there as well. One exhibit showed that skilled 
interpretation of sonar records can indicate the transport 
path of sediments on the continental shelf in waters 
around the British Isles. Another exhibit of a detailed 
investigation of a part of the deep sea-floor showed how 
a turbidity current, formed from land-derived material 
accumulating on the edge of the continental shelf and 
precipitated by some catastrophe down the continental 
slope, may have levelled out an abyssal plain by deposition 
of sediments in the Bay of Biscay and then eroded a 
connecting channel to a lower abyssal plain west of 
Portugal. Such dynamic sea-floor studies are unusual, 
the greater part of the work being on relatively stationary 
features now known from the painstaking accumulation 
of echo-sounding records {involving the design at this 
Institute of a deep sea ‘precision’ echo-sounder with an 
accuracy of 1 fathom in 3,000 fathoms) together with 
photographs of the deep sea-floor made with a National 
Institute of Oceanography underwater camera. These 
show such various phenomena as long ripples formed by 
bottom currents, boulders covered by a coating rich in 
manganese, steep slopes in channels and on sea mounts 
and possible basaltic lavas from the Mid-Atlantic ridge. 


Cores are obtained from both the deep and shallow ses- - 


floors, and further geological information on faults, 
folding and possible hthological structure of the sea-bed 
in. shallow waters is obtained from the interpretation of 
sonar records. (It is evident that this shallow-water 
geology is of interest to exploratory oil companies.) 
One of the projects recently started at this Institute is the 
development of a geological long-range sonar for use in 
deep water. 

The National Institute of Oceanography took an active 
part in the sea-floor studies of the International Indian 
Ocean Expedition. On all three cruises a continuous 
echo-sounding record was obtained; the second. cruise was 
particularly concerned with the geophysics of the sea-floor 
and has helped to answer questions about the formation of 
mid-ocean ridges and their relation to continental drift. 
One exhibit showed the possible development of the Gulf 
of Aden as a result of the splitting away of the Arabian 
Peninsula from the African continent some 20 million 
years ago. In a sense, the Indian Ocean work was a 
profitable digression from the work in the Atlantic. A 
contoured bathymetric chart of the north-east Atlantic 
compiled from soundings collected in the Hydrographic 
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Department of the Navy (many of them taken by the 
R.R.S. Discovery FI and the R.R.S. Discovery) showed. 
clearly the structure of the Mid-Atlantic ridge and its 
median valley, the complexity of the continental shelf, 
and the recently explored deeps in a line with, and some 
four hundred miles west of, the north coast of Spain. 
This chart also amply demonstrates how 1t might profitably 
be used for navigation in conjunction with a precision 
echo-sounder. In itself, as it now stands, it could be of 
considerable use, imvolving possibly large financial 
savings, to those who lay cables across the sea-floor. 

Much of the work at the National Institute of Oceano- 
graphy is unique, particularly the electronic analogue 
model of the North Sea, which takes into account such 
variables as the topography of the sea-floor and the wind 
pattern, and which can predict storm surges with a reliabil- 
ity depending on the accuracy of the weather forecast. 
This is but one more instance of what was very evident 
in most of the exhibits, the application to-day of 
work which some years ago was of academic interest 
only. 

Many of the exhibits showed that, as yet, many projects 
are necessarily incomplete; much of the work is as yet 
unpublished; the gear is constantly being improved; the 
data obtained, despite the use of computers, prove all but 
intractable in quantity to the very few scientists who wish 
to use them, and who are yet aware that these very 
observations are pitifully few in relation to the size of the 
ocean. The most urgent need is for more people to tackle 
the present problems, let alone those problems which will 
become apparent as more gradually becomes known 
about the ocean. Necessarily, most of the exhibits showed 
the work of the past 16 years, but some included indica- 
tions of that planned or hoped for in the future, such as 
the thermistor chain, an instrument which should be 
particularly useful for measuring internal waves from 
ships underway at speeds up to 12 knots, and depths up 
to 2,000 ft. The temperature-sensing units will be towed 
at 60 ft. or 100 ft. intervals on a single-core double- 
armoured cable. It is hoped also to do more work on the 
results of the two seismograph stations, one at Wormley 
and one at Haslemere, and by analysing the six outputs 
from these stations, to obtain the two-dimensional 
spectrum of microseisms at any instant of time; this will 
give information as to the direction of arrival of the 
microseisms. Their relationship to sea-waves generated 
in storm centres has already been clearly demonstrated. 
More information, too, can be obtained from the pressure 
telemeter designed, for use on the edge of the continental 
shelf, this instrument having been planned to measure 
the very small pressure fluctuations on the ocean floor 
caused by the passage of surface waves overhead. 

Other exhibits, more complete in themselves and distinct 
in their applications, ranged from the simple devices (such 
as jelly bottles for measuring currents, especially at the 
bottom, which are of particular interest to fishermen and 
civil engineers) to the sophistication of ‘vorticity waves’. 
It is suggested by theory that if a mass of fluid such as the 
sea or atmosphere is rotating nearly uniformly an unusual 
type of wave motion can be projected through the fluid. 
A model was demonstrated showing such vorticity waves 
set up in water in & rotating cylindrical vessel. 

When the Royal Charter was granted in 1950 there were 
thirteen listed objects for which the Council was estab- 
lished and incorporated ; the first, and necessarily foremost, 
of these was “to advance the science of oceanography in 
all its aspects”, and the engineering section of the Insti- 
tute, in addition to designing and making the prototypes 
of almost all the instruments used at the Institute, both in 
the laboratory and at sea, has provided instruments and 
equipment to other laboratories throughout the world. 
Much of the gear is required in too small numbers to be 
produced commercially and in addition there is already 
in the Institute an accumulated knowledge of the difficul- 
ties caused by high pressure at great depths in the ocean 
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and by tho corrosive properties of sea-water. About forty 
projects were displayed as exhibits by the engineering 
section both as instruments and by working drawings, 
out of some 120 designed in the past sixteen years. Some 
of the more recent instruments have been briefly referred 
to here. The stabilized narrow-beam transducer is at 
present being used in the R.R.S. Discovery; this is part of 
a 36-ke/s underwater acoustic echo-ranger used for work 
on fish-detection problems and marine geological investiga- 
tions. The axis of the acoustic beam 1s perpendicular 
to the fore-and-aft line of the ship and may be rotated 
from the horizontal to the downward vertical. Gyro 
stabilization is provided against the roll of tha ship; 
beam width and side lobe patterns are adyustable. The 
range is about 800 yd. and scanning is achieved by steering 
the ship past the features to be investigated. A more 
recent project is the towed vehicle, which houses a trans- 
ducer array for the long-range geological slanting sonar 
briefly mentioned here as being intended for use in deep 
water, which will work at a much lower frequency and will 
necessarily be larger than the sonar used in shallow water. 
It 1s intended that the vehicle will be towed at a depth 
of about 400 ft. and, in order to obtin adequate signal 
levels for the sound scattered back by the sea-floor, each 
of the 144 transducer elements will transmit 400 W of 
acoustic power. In connexion with the thermistor chain 
a helical traversing capstan is being developed as the 
traction member of a deep-sea hoist for handling faired 
electric cables. The capstan is so constructed that the 
cable advances across its surface with a purely rolling 
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action, free of slipping or sideplay; there are no un- 
balanced forces to cause the path to be altered. 

Yet another stated object of the Royal Charter was 
to collect and maintain an oceanographic library and, 
starting in 1953 with the welcome nuclei of earlier collec- 
tions, the National Institute of Oceanography Library has 
now grown to be ons of the major oceanographic libraries, 
containing about 3,500 text-books, 25,000 reprints and 
7,000 unpublished reports all cross-indexed for easy refer- 
ence, together with an annual intake of about 400 periodi- 
cals. There is a specialized collection of charts and atlases 
and a fine collection of scientific reports of oceanographic 
expeditions. The publications of the Institute, the 
Collected Reprints and Discovery Reports, are distributed 
on a world-wide basis, preferably with an exchange 
arrangement In a year the library lends some 3,000 
publications, about 2,500 to scientists at the Institute 
and the others to many outside libraries. 

The work of the Institute over the past 16 years was 
represented by these exhibits; the general line for the 
future was discussad at the press conference. It was 
reassuring to hear from Mr. Prentice that both the growth 
and continuity of the present work of the Institute would 
be maintained under the Natural Environment Research 
Council and encouraging to hear Prof. Lighthill comment 
on the fact that, although little money had been spent on 
the National Institute of Oceanography, yet the return 
had been good value; the amount of money spent on 
research ıs not necessarily in direct proportion to the 
results. Mary SWALLOW 


INSECT BEHAVIOUR 


HE Royal Entomological Society of London continued 

its series of biennial symposia by organizing a meeting 
on “Insect Behaviour” which was held at the Imperial 
College of Science and Technology, London, during 
September 23—24, 1965. The meeting was opened by Mr. 
E. O. Pearson, the president of the Society, who pointed 
out that the objective of this series of symposia was to 
provide authoritative surveys of recent work in the chosen 
field for the information of entomologists generally, and 
the very high attendance at this meeting emphasized 
that these symposia fulfil a real need. 

Prof. Birukow (Gottingen) spoke on orientation Dehavi- 
our and factors which influence it. This particular aspect 
of insect behaviour is engaging the attention of several 
German entomologists, and Prof. Birukow was able to 
indicate the way in which past attempts at the system- 
atization of the subject contrasted with more recent 
approaches such as those of Jander. He described the 
capacities and physiological mechan'sms of lower levels 
of orientation behaviour (the so-called beso-taxes) and 
pointed out that higher orientation behaviour may have 
evolved from these. The variability noted m orientation 
behaviour results principally from adaptive variability 
which ensures that an animal can never become ‘a slave 
to its own orientation mechanisms’. Insect orientation 
behaviour can be adjusted by the interaction of innate and 
learned patterns, but in complex behaviour it is rarely 
possible to discriminate between these two sources. Prof. 
Birukow gave details of his interesting work on light 
orientation in Calandra granaria, which is affected by 
biological rhythms and meteorological factors. 

Dr. P. 8. Corbet (Ottawa) gave an account of the role of 
rhythms in insect behaviour, and from this wide field took 
as his main theme the factors which influence field periodi- 
cities. Particularly valuable were his clear definitions of 
the terms used to deseribe periodic behaviour and his 
elucidation of the relationships between them. He 
pointed out that the causal analysis of field periodicities 


in terms of their endogenous and exogenous components 
had been neglected because integration of field and 
laboratory work on periodic behaviour had seldom been 
attempted. He underlined the need for investigations 
of the periodicity of single processes in the laboratory 
under controlled conditions and also in Nature, preferably 
in several situations. He particularly emphasized the 
need. for entomologists to recognize the pervasiveness of 
rhythmicity as an sxperimental variable. He instanced 
the response to sex pheromones, the amount of body 
protein and the inteasity of virus transmission as processes 
under control of eirecadian rhythms which, therefore, 
show different values at different times of day and night. 
He suggested that a description of any such process should 
properly include an account of its periodicity, particularly 
when this affects its measurement or detection. 

Dr. P. T. Haskeli (London) discussed flight behaviour, 
first mentioning faztors inhibiting or limiting to insect 
flight, particularly the effect of wind on height of flight 
and orientation. He went on to outline the general aspects 
of flight behaviour in respect of food-seeking, homing and 
territorial flight, defence and predator avoidance, court- 
ship and mating, oviposition and migration and dispersal. 
He pointed out that there seem to be certain basic patterns 
which are utilized in different types of behaviour such as, 
for example, food-seeking and oviposition, which pose the 
same fundamental problem to the insect, that of homing 
on a target. He described recent work on mechanisms 
involved in anemotactic behaviour released by olfactory 
stimuli, which are important in relation to mating, food 
and oviposition behaviour, and queried theoretical 
deductions which supposedly rule out tropotactic orienta- 
tion to an odour source. 

Prof. V. G. Dethier (Pennsylvania) dealt with feeding 
behaviour and pointed. out that in the past decades the 
emphasis in this field of investigation had altered from 
description to an investigation of mechanisms. He 
examined the present-day controversies as to whether 
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insect relationship to food plants is dictated by token or 
nutrient stimuli, whether oligophagy is based on attrac- 
tion or repulsion and whether taste or smell ıs more 
important. Behavioural, and particularly physiological, 
experiments seem to indicate that all these factors are 
involved. The inflow of data to the central nervous system 
relating to stimulation by food plant substances is com- 
plex, and hence neither the mechanism of discrimination 
nor the basis of preference can be a simple one. Prof. 
Dethier pointed out that the regulation of the initiation, 
termination and frequency of feeding had received less 
attention than the problem of selection. In some insects, 
for example the fly, the process is driven by sensory input 
and is terminated by sensory adaptation, while the 
frequency of feeding 1s controlled by an as yet unknown 
mechanism; on the other hand, in other insects such as 
the locust, endogenous central activity appears to influence 
the initiation of feeding. 

Dr. A. Manning (Edinburgh) described sexual behaviour 
and defined ıt as “specialized behaviour patterns which 
form the normal preliminaries to mating”. He pointed 
out that elaborate sexual behaviour occurs in some 
insects but not in others and raised the problem of ‘female 
coyness’. He considered three possible functions of court- 
ship: appeasement and synchronization, physiological 
maturation, and sexual isolation, and concluded that 
various combinations of the foregoing functions must 
have been involved in the evolution of ‘female coyness’. 
He felt that a direct origin of the movements used in 
courtship from modified pre-copulation movements was 
often plausible, and pointed out that the ritualism of 
insect sexual behaviour had followed a course very 
sunilar to that found in vertebrates. As to the organiza- 
tion of sexual behaviour, he emphasized that the data were 
so meagre that little generalization could be made, but 
that sexual behaviour seems to depend more on the sex 
of the brain than on that of the lower centres. 

Dr. J. D. Carthy (London) spoke on insect communica- 
tion, which could be said to occur whenever & sensory 
signal caused a change in the behaviour of an animal. 
He pointed out that in most cases the receiver is informed 
of the physiological state, the sex, the species and often 
the position of the sender, that the language is often 
private to the species and that dialects may occur which are 
specific to a group of individuals in a neighbourhood. He 
examined the range and type of visual, acoustic, tactile 
and chemical communication and brought forward 
examples showing how these may be combined to increase 
the total sum of information passed. 

Prof. E. O. Wilson (Harvard), in dealing with the 
behaviour of social insects, deliberately minimized the 
functional aspects of this behaviour in order to pay 
close attention to theoretical considerations of its evolu- 
tion. In examuning its origin, he supported the view of 
Hamilton that true sociality, mostly limited to the 
Hymenoptera, had arisen because of the haplo-diploidy 
prevalent in that order, which, since it resulted in greater 
genetic similarity between siblings than between parents 
and offspring, favoured the development of altruistic 
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behaviour. Sociality in the termites, he felt, was associ- 
ated with obligatory protozoan symbiosis, thus taking 
the view that true sociality was made possible through 
pre-adaptations which themselves had nothing to do with 
sociality. Prof. Wilson went on to examine fitness in 
insect societies and indicated, for example, that worker 
inefficiency, including mass behaviour that is the opposite 
of social facilitation, ıs widespread in the social insects 
and yet makes a positive contribution to colony fitness. 
On balance, however, he concluded that the question of 
altruism above the individual level remains open. 

The final paper was given by Dr. J. 8. Kennedy (Cam- 
bridge) and the arrangements for this were of an experi- 
mental nature in that Dr. Kennedy was asked to talk on 
“Some Outstanding Questions in Insect Behaviour”, 
drawing largely on points raised by the preceding speakers 
and thus promoting wide-ranging general discussion to 
end the symposium. Dr. Kennedy treated four main 
topics: the origin of social behaviour, communication and 
‘female coyness’, orientation behaviour, and the control 
of responsiveness. As regards the origins of social behaviour 
Dr. Kennedy disagreed with Prof. Wilson and suggested 
that the long-standing theory of parental care as the basis 
of social behaviour was still adequate. The ensuing 
lively discussion touched on the value of parental care, 
the influence of food-sharing, the significance of symbiosis 
and the evolution of altruistic and selfish behaviour. 
On balance, while it was conceded that the phenomena of 
haplo-diploidy and symbiosis may have played some part, 
parental care won the day as being hkely to afford a 
sufficient basis for the evolution of sociality. 

As regards ‘female coyness’, Dr. Kennedy asked if this 
was widespread and enquired whether ‘male coyness’ was 
also involved, and whether in any case the term was not 
a misinterpretation of the delaying function of the behav1- 
our which may be necessary so that both males and females 
can complete internal processes essential to mating. The 
discussion emphasized the paucity of data on the subject, 
although the interesting suggestion was made that there 
was selective value to the behaviour if it was considered 
as an extension to normal pre-copulatory communication 
which establishes specific recognition. 

On orientation, Dr. Kennedy asked whether the system 
of Jander did in fact correspond to the ‘natural structure’ of 
the behaviour; the discussion did not elucidate this point 
and served to emphasizethe continuing lackof any adequate 
structure for the classification of insect behaviour. 

The final problem discussed by Dr. Kennedy was the 
control of responsiveness in insects in various behavioural 
situations, and raised the important issue of the separation. 
of endogenous activity, or ‘drive’, from reflex activity— 
the stimulus-response system. The general tenor of the 
discussion was that the past approach to this problem, 
based on an ‘either—or’ choice of these two concepts, had 
been misleading; the actual system probably involved 
characteristics of both. 

All the papers and the ensuing discussions are to be 
published shortly in a fully bound volume by the Royal 
Entomological Society. P. T. HASKELL — 


FOREST NURSERIES 


OREST nurseries became important in British forest 
practice with the introduction of exotic conifers in 

the latter part of the eighteenth century for large-scale 
reforestation work on private estates. But they assumed 
even, greater importance after the creation of the Forestry 
Commission in 1919 with its declared policy of afforesta- 
tion. At the present time the plant requirements of the 
State forest service and of private estates and commercial 
enterprises are enormous and nursery practice has become 
a scientific matter. This has developed greatly in the past 


twenty years. Before that, nurseries were mainly the 
agricultural type where fertility was maintained by farm- 
yard manure in some cases but mainly by ploughing-in 
green crops and the use of fallows and rotational practice. 
However, 1t was found that the best conditions were not 
being obtained for growing coniferous seedlings. These 
were required in greater quantities than ever and in less 
time than the usual 3—4 years to produce a plant suitable 
for afforestation purposes. Some experimental work had 
been done by the Forestry Commission, but in 1944 it 
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was decided to set up a “Sub-Committee on Nutritional 
Problems in Tree Nurseries” the terms of reference of 
which were “bo assess the problems underlying the 
nutrition of forest trees in nurseries and to suggest any 
desirable extensions already in progress”. 

The account of the work carried out between 1945 and 
1962 by a joint research effort between staff of the Rotham- 
sted Experimental Station and the Research Branch of 
the Forestry Commission is embodied in Forestry Com- 
mission Bulletin No. 37*. 

Volume 1 comprises the text and the main tables and 
Volume 2 contains detailed supporting tables, but this 
second volume is not needed for reading the first. The 
initial volume contains three main parts. First, there is 
a historical account of nursery practice in Britain since 
the 1920’s. The objects and scope of the investigation 
are defined and notes are provided on sites and experi- 
mental methods. The second part, and by far the largest, 


* Forestry Commission. Bulletin No. 37. Eaperiments on Nutrition 
Problems in Forest Nurseries. By Blanche Benzian. Vol. 1. . X1 +251 +25 
plates. 50s. net. Vol.2. Pp. v+2865, 20s. net. (London: H.M.S.0., 1965.) 
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is concerned with seed-bed experiments and these are well 
described and supported by adequate tables. The third 
part deals with experimental work on transplants and this 
required extension experiments. 

Histories of individual nursery sites and notes on sylvi- 
cultural techniques are included in the appendix and 
there are useful supplementary papers on microfauna and 
microflora. There are eight pages of coloured plates and 
they can only be described as superb. They bring out in & 
most certain way what each plate is meant to show. 
Indeed, the whole publication maintains that high 
standard associated with Forestry Commission 
bulletins. 

Volume 2 will have a limited demand, but Volume 1 is 
a valuable contribution to the understanding of forest 
nursery problems and to the improvement of techniques 
in raising young trees for afforestation and re-forestation 
purposes. As planting is likely to be the means most 
used for many years to come in regenerating Britain’s 
forests, it is obvioas that good forest nursery practice is 
of the greatest importance. C. J. TAYLOR 


PERUGIA UNIVERSITY MEDICAL SCHOOL 
NEW LECTURE HALL OF PATHOLOGY 
By Pror. LUCIO SEVERI 


Director, Institute of Morbid Anatomy 


N June 27, 1965, Lord Florey, president of the Royal 
Society of London and Provost of Queen’s College, 
Oxford, opened the new Lecture Hall of Pathology in 
Perugia, Monteluce. At the same time he delivered the 
first Cesare Massari lecture entitled “The Anatomy and 
Physiology of Small Blood Vessels”. 

The ceremony was attended by the Magnifico Rettore 
of Perugia University, members of the Perugia University 
Medical School, participants in the third Perugia quad- 
rennial international conference on cancer (“Lung Tumours 
in Animals”), and other distinguished guests from many 
Italian universities. 


Science in Perugia 


It Italy, as elsewhere, there is an ever-growing and 
deeply felt concern about the training of scientists and 
technologists. In Perugia, scientists and technologists 
are graduating in large numbers, certainly in greater 
numbers than at any other time. These numbers, however, 
are not satisfactory, since scientists and technologists 
comprise only about one-third of the student population— 
the lowest point of a progressive percentage decrease over 
the past 26 years. The numbers of students in pharmacy, 
agriculture and veterinary medicine are not increasing, 
although these faculties are traditional in the University 
of Perugia; however, the Faculty of Science, founded 
during the academie year 1951-52, is steadily developing. 
It is difficult to give figures, as classification is, to some 
extent, subjective, especially in a university where every- 
one has his own ideas on how disciplines should be grouped 
together. Nevertheless, Table 1 gives some figures. 

Of the figures given in Table 1, scientists represent the 
proportions shown in Table 2 


Medicine in Perugia 


The Perugia University Medical School is fortunate: 
although it is situated within the city boundaries, it 
hes on Monteluce hill (1,500 ft. above sea-level) facing 
east; it dominates the valley of the Tiber and looks on to 
Assisi and the Appenines (snow-capped for the greater 
part of the year). The development of medical studies 
has followed a normal pattern, as can be seen from 
Table 3. 


The Medical Sckool has steadily expanded its facilities 
since the end of the Second World War. New buildings 
have been provided for those departments dealing with 
general pathology and morbid anatomy, orthopaedics, 
paediatrics (with a Poliomyelitis Department), surgery 
and dentistry. A large six-storeyed block has been built 
for the Institutes of Biology, Physiology, Anatomy, 
Pharmacology, Forensic Medicine and Hygiene. Small 
lecture rooms have been set aside for seminars and tutorials 
in each Institute and there is a large common lecture hall 
sufficient for 300 students. Probably the most interesting 
development in the-field of research in the Perugia Medical 
School has been the growth of the Division of Cancer 


Table 1. Toran STUDENTS (ALL SUBJECTS) * 


Undergraduate Postgraduate Total 
1988-39 615 ~ 615 
1949-50 2,558 _ 2,558 
1954-55 2,808 86 2,692 
1959-60 », 906 289 4,195 
1964-65 6,130 248 6,878 


* The student enrolment figures quoted in the text were taken from the 
University of Perugia Year Books for the academic years 1938-39, 1949-50, 
1954-55, 1059-60 and 1964-65. 
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Table 2 
I mI TII 


Total scientists 

Total Total expressed as a 
scientists students percentage of 
total students 


1938-39 — 263 201 464 615 754 
1949-50 — 1,242 464 1,706 2,558 66-7 
1954-55 142 1,319 348 1,507 2,692 56 0 
1959-60 273 1,090 337 1,700 4,195 40°5 
1964-65 496 1,356 815 2,167 6,378 $40 
Group I. Students ir mathematical, physical and biological sciences, 


with degrees in biological sciences, natural sciences and chemis 

Group II. Students in medical sciences (including medicine, “pharmacy 
and veterinary medicine). 

Group HI. Students in agriculture. 


Tabia 3. STUDENTS IN MEDICINE 


Undergraduate Postgraduate Total 

1938—39 177 — 177 
1949-50 579 meene 579 
1954-55 617 ag 703 
1959-80 607 289 896 
~ 1964-65 842 248 1,090 
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Research! which is housed at Monteluce, although its 
personnel are involved only in a tenuous way with the 
University. 

Medical teaching requires both large and small lecture 
theatres, but this need has not yet been met at Perugia. 


The New Lecture Hall of Pathology 


In Itahan medical schools, the teaching of pathology is 
divided into two parts: general pathology for students in 
their second and third years, and morbid anatomy (or 
pathological anatomy, including pathological histology) 
for students in their fourth and fifth years. 

In Perugia, the two teaching programmes have always 
had a common lecture hall, and during the period from 
1927-28 until 1949-50, this was in the old Institute of 
Morbid Anatomy and seated only about 40; then, when 
the two Institutes transferred in 1950-51 to a new building 
where they have so far been located, they used a lecture 
hall which accommodated about 135, but this was demol- 
ished in the spring of 1964. 

The Lecture Hall of Pathology has now been rebuilt 
between a retaining wall (about 15 metres high) and the 
back wall of the Institutes of General Pathology and Morbid 
Anatomy. Its ground plan is in the form of a trapezium 
with its shorter parallel side abutting on to the Institutes. 
The floor level of the new Hall corresponds to that of the 
old one, and to the ground-floor level of the Institute of 
Morbid Anatomy. 

The building has three storeys including a basement, 
and between. the ground and first floors 1s the lecture hall 
itself. This opens off the main entrance of the Institutes, 
from which run two lateral corridors. These lead to the 
hall and, below the hall, to the dressing-rooms and toilets. 
The right-hand corridor also leads to the outside on the 
east; the one on the left ends in a stairway which leads 
into the garden on the west side and basement. 

At the back of the area below the hall are two starr- 
ways, which ascend to the first floor where the hall can 
be entered from two sides. From a stairway on the left a 
narrow corridor gives access to the large central projection 
room and four small cabins, two on either side; these can 
be used for simultaneous translation. The hall is 20-4 m 
long, and the dais area projects into the old building for 


NATURE 


January 8, 1966 vou. zoe 


3-6 m. The 340 seats are placed in 12 ascending rows, 
with one row at floor level, and rise steeply in three large 
bloecks—-the two side blocks being at a slight angle to the 
central one. Two stairways divide the side and centre 
blocks. The top (13th) row is 4-6 m from floor level. 
Lighting within the hall is both artificial and natural; 
daylight comes in from six windows in the eastern wall 


- and from four in the western; on the first floor, the two 


windows at the entrance to the hall give a panoramic 
view of the city of Perugia. Total or partial darkening is 
controlled electrically from the dais or from the projection 
room. Enclosed in the wall near the dais there is hot and 
cold water. Behind the table is a large blackboard with 
indirect lighting. Microphone and loud-speaker equipment, 
as well as simultaneous translation equipment, have been 
installed, and the hall is centrally heated. The screen is 
lowered electrically from the ceiling just ın front of the 
dais area (a solution which is not entirely satisfactory, 
but is dictated by considerations of projection). Good 
acoustics are assured by a ceiling consisting of differently 
inclined planes, lined with sound-absorbing material. 

The lecture hall is not used for dissection, which 1s 
undertaken in special rooms and in another small tutorial 
room. Corpses are brought from all departments to the 
central drea of the basement by means of an underground 
passage. In the western part is the post-mortem section. 

The building is a concrete-cased steel-framed structure, 
faced with grey-coloured plaster. However, the two lateral 
corridors are built of vertical metal frames so as to permit 
a continuous series of windows. The roof is umbrella- 
shaped, with beams converging towards the retaining 
wall; particular care was required in its construction 
because of the thrust of the beams from above on the 
opposite wall of the building. 

The foundations were laid on piles because the soil 
on the site consists of light clay with an admixture of sand. 
The total surface covered by the building is about 550 m’. 

This new Lecture Hall of Pathology is the largest, the 
most modern and the best-equipped of its kind in Italy. 
The building was designed by Prof. G. Nicolosi, Rome, 
and the construction was carried out by Fioroni Brothers, 
Perugia, under the direction of Dr. G. Tosti, Perugia. 


1 Severi, L., Nature, 192, 217 (1961) 


INSTABILITY OF SOME OF THE PRODUCTS FORMED BY THE ACTION OF 
N-METHYL-N-NITROSOURETHANE ON CYSTEINE IN VITRO. 
ROLE OF NEIGHBOURING GROUPS IN ENZYMATIC 
AND CARCINOGENIC ACTION 


By Dr. R. SCHOENTAL 


Toxicology Research Unit, Medical Research Council Laboratories, Woodmansterne Road, Carshalton, Surrey 


T has been suspected for more than a quarter of a 

century that sulphydryl-groups play a part in the 
carcinogenic process. Though much work has been devoted 
to their estimation ın conjunction with the treatment 
with carcinogenic agents, and to other aspects of this 
problem, no clear picture emerged in this connexion. 
Recently, however, new developments in the field of 
carcinogenesis once more focused attention on the role 
of sulphydryls, mainly the fact that certain newly dis- 
covered carcinogens interact n vitro with free thiol 
groups without the need of enzymes. This is the case of 
4-nitroquinoline-N-oxide!, 6-propiolactone*, N-hydroxy- 
urethane’? and N-alkyl-N-nitrosourethanes?. 

Free sulphydryl-groups are known to be very reactive; 
their competition factor has been reported to be 1,000 
times higher than that of terminal amino- or hydroxy- 


groups’, They can interact with carbonyl-groups, the 
more readily when these are activated, for example, 
by the presence of WN-alkyl-N-nitroso-groups, as 1s 
the case with N-alkyl-N-nitrosourethanes and related 
carcinogens. 

Detailed investigations of the reaction between cysteine 
and N-methyl-N-nitrosourethane (MNU): disclosed that 
the reaction proceeds readily at room temperature with 
evolution of nitrogen and complicating mixtures of pro- 
ducts are formed. The reaction appears to proceed accord- 
ing to Scheme 1. At pH 6:5 the main products were S- 
ethoxycarbonyleysteine and its methylester and S- 
methyleysteine and its methylester. The esters are un- 
stable and hydrolyse on standing even at neutral pH. 
S-ethoxycarbonyleysteine itself is very sensitive to 
alkali. Dilute ammonia or phosphate buffer pH 8-0 at 
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room temperature transforms it rapidly mto N-ethoxy- 
carbonyleysteine, with the restoration of a free sulphydryl 
group. The latter is then capable of interaction either 
with a second molecule of MNU (to form S,N-diethoxy- 
carbonyleysteine), or with the ‘active methylene’ released 
on the disruption of the MNU molecule (to form N- 
ethoxycarbonyl-S-methyl-cysteine) or with any other 
sulphydryl reagents, such as ethylmaleimide. The 
isomerization of the S-ethoxycarbonylcysteine to the 
N-derivative proceeds even ın almost neutral, aqueous 
solutions (pH. 7:2) when these are left at room temperature 
for a few days. 

In cysteine, the sulphydryl- and the amino-groups are 
in close proximity and the isomerization is probably 
facilitated by a hydrogen-bonded cyclic intermediate. 

Isomerization by alkali of S-substituted cysteines to 
their N-isomers have been observed in the case of the 
S-(2,4-dinitrophenyl)-derivative’ and of the S-carbo- 
benzoxy-derivative®. However, S-ethoxycarbonylcysteine 
isomerizes even more readily, even at the physiological 
range of pH, and its behaviour may serve to illustrate 
the action of sulphydryl enzymes. 

Several thiol groups are usually present, as cysteine 
residues, in almost any molecule of a protein and enzyme. 
Sulphydryl groups exert several roles in cellular functions; 
they regulate the oxido-reduction potential, determine 
the folding and the tertiary configuration of proteins and 
only very few are actually involved in the catalytic 
activity of enzymes. For the latter role, the presence of 
appropriate neighbouring groups appears to be essential, 
such that would enable them to form cyclic intermediates 
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Sulphydryl groups, owing to their great reactivity, will 
interact more readily than other groups with certain 
substrates, but in order to be able to do so repeatedly, 
as is required for catalytic action, they must be able to 
hand over the substrate to other neighbouring groups and 
be restored for further action. S-ethoxycarbonylcysteine 
can be considered a prototype of such behaviour; its 
ethoxycarbonyl group migrates readily from the sulphur 
to the adjacent amino group with which it could not have 
reacted directly. It ıs possible that this isomerization 
proceeds by way of a hydrogen-bonded ecyelic intermediate 
such as shown in Scheme 1.` The restored thiol is then 
free for further action. 

Among the products of the reaction between MNU and 
cysteine in vitro S-ethoxycarbonyleysteime methyl ester 
and S-methyleysteine methyl ester were present®, As 
mentioned already, these esters were unstable and hydro- 
lysed readily even st neutral pH and at room temperature, 
probably due to she intra-molecular proximity of the 
amino- to the ester-group. Neighbouring groups are known 
sometimes to exer; striking effects on the rate of hydro- 
lysis of esters; for example, the @-benzyl ester of N- 
carbobenzyloxy-L-aspartyl-L-serylamide has been shown 
to hydrolyse 107 -imes faster than benzyl-propionate?. 
The authors suggested that this might be due to the ease 
of formation of a cyclic imide intermediate in the former. 
Other neighbouring groups, such as hydroxy- or 
carbony1-1%, increase also the rate of hydrolysis of esters. 
In some esterases and certain hydrolytic enzymes the 
‘active site’ is known to be associated with the hydroxyl 
of serine residues, possibly in conjunction with histidyl- 





with the substrate. imidazoles#®. Among the enzymes, in which the amino- 
O CH, H....0 CH, 
CH,—SH Tan z omb als bt x0 CH,— S— a OC.H, CH,—SCH, 
cere, 7? bout, H—NH, OC,H, I 
door doon H— NH- Å a CH_NH, + H,O +N, 
as = boor boor 
pH <7 pH >7 
0H 8—0 00H, OH, SH 
l 
H—NH, CH—NH—COOC,H, 
door door i 
Scheme 1 SEA 


In the case of the sulphydryl enzyme, creatine phos- 
phokinase, Rabin and Watts? observed that the rate of 
the reaction of iodoacetate or iodoacetamide with the 
‘active sulphydryl’ was independent of pH in the range 
6-0-10:0. They suggested that this might be due to hydro- 
gen bonding between the thiol and a basic group in its 
proximity, possibly the imidazole of a histidme residue. 
The reaction rate of these alkylating agents with thiol 
groups of several other enzymes, namely, of phospho- 
glucomutase”, arginine kinase" and yeast alcohol dehydro- 
genase!*-'4, has since then been reported to be independent 
of pH changes in a wide range. 

In yeast alcohol dehydrogenase a histidine residue is 
actually adjacent to the cysteine bearing the ‘active 
thiol’ (according to Harris—quoted by Thomson et al.+5), 
but in some of the other — SH enzymes this is not the case. 
As pointed out by Rabin, the basic group does not neces- 
sarily need to be present on the amino-acid bound by a 
peptide bond to the cysteine residue; it could be brought 
into close proximity in the tri-dimensional structure of 
the enzyme by appropriate folding of the protein. 


acid sequence of the ‘action site’ has been established, a 
histidine-residue kas been found to be adjacent to the 
‘active’ serine-res:due on the same peptide chain in 
phosphoglucomutase*®; but in others, for example 
chymotrypsin or trypsin®)**, histidine-residues are present 
only in remote parts of the peptide chain, yet by appro- 
priate folding of tne protein they might be brought into 
close proximity to the sermyl-hydroxyl. On denaturation, 
when the peptide chains unfold, the reactivity of the 
‘active’ serinyl-hydroxyl is usually lost}. 

During physiological activity the attachment of a 
substrate to, and the release of the product from, the 
active sites of enzyme proceed continuously, but when a 
foreign chemical is mistaken for a norma] substrate it 
might remain irreversibly attached to the active or its 
neighbouring group and inactivate the enzyme. 

The typical sulphydryl reagents, such as ethylmaleimide, 
block probably ail accessible thiols—hence their high 
toxicity and lethal effects on cells. Chemical carcinogens, 
however, appear cepable of inducing more specific changes 
in the cell, such as are compatible with its survival, and 
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lead to progressively more pronounced changes until a 
tumour erupts months or years later. 

Many of the known chemical carcinogens have the 
following characteristics: (a) they can interact with 
sulphydryls without the need of enzymes, and (b) they 
are, or become, through metabolic transformation, bi- 
(or multi-) functional agents. 

This is par excellence the case of N-methyl-N-nitroso- 
urethane, one of the most effective carcinogens and 
capable of inducing cancer even with a single dose. This 
efficacy may be related to its acting as a multi-functional 
agent. When it reacts with sulphydryls it yields both an 
ethoxycarbonyl-group and an ‘active methylene’; hence it 
is capable-of concurrent substitution of several reactive 
groups. This is of obvious importance in cellular reactions, 
which mainly take place on surfaces. The probability of 
concerted multi-point substitution by mono-functional 
agents is obviously much smaller. 

Lhe sulphydryls which react with MNU and form S- 
ethoxy-carbonyl-derivatives will not necessarily remain 
substituted; as mentioned already, the ethoxycarbony)- 
group can be shifted readily to a vicinal amino-group 
when the pH changes only slightly and a free thiol is 
restored. However, when the ‘active alkylene’, released 
in statu nascendt from the decomposing MNU, reacts with 
thiols to form thioethers or alkylene bridges, such deriva- 
tives will be more stable. If such derivatives were formed 
in vivo, especially on the structural proteins or enzymes, 
they could profoundly alter their tertiary conformations 
and the oxido-reductive or catalytic activity The part 
which such alkylations may play in the carcinogenic 
process is still not clear. 

Many alkylating agents show no, or only marginal, 
carcinogenic activity, notably the alkyl halides and 
dialkylsulphates (Dr. P. N. Magee, personal communica- 
tion). Physiological methylations whether of C-, N-, O-, 
or S- are essential biochemical processes in the cell. The 
difference between the various ‘alkylating’ agents may 
depend on the ‘site’ which is alkylated. Bulky ‘active 
methionine’ (S-adenosyl-methionine) or alkylating agents 
requiring enzymes will alkylate easily accessible reactive 
groups, while small ‘active alkylenes’, hke those derived 
from the carcinogenic N-alkyl-N-nitrosourethanes or 
diazoalkanes, may be able to reach some of the more 
sterically hindered or ‘buried’ sulphydryls and other 
reactive groups. Indeed, the size of the ‘active alkylene’ 
may be related to the efficacy of the parent compound. 
It has been reported that MNU is more toxic and more 
mutagenic than ENU for the fungus, Colletotrichum 
coccodes**, In rats, given single doses of these two homo- 
logues by stomach tube, MNU proved to be about six 
times more acutely toxic than ENU (Schoental, unpub- 
lished results). Both compounds induced stomach tumours, 
but it is too early to evaluate their relative efficacy in 
this respect. However, an additional factor must also be 
considered: ENU reacts with thiol compounds more 
sluggishly than MNU, and the rate of evolution of the 
‘active ethylene’ would be slower. 

It could be argued that the role of S-ethoxycarbonyl- 
substitution should not be disregarded in the carcinogenic 
action of alkylnitrosourethanes in view of the carcinogenic 
activity shown by urethane itself. However, even in the 
case of urethane it has been reported? that S-ethyl- 
cysteine, as well as S-ethoxycarbonylcysteine, was present 
among the products of hydrolysis of a mercapturic acid- 
fraction obtained from the urine of rats dosed with this 


CH yS H CHS R 
H--NH, + CH.N, > CH-—-NH, + N, + Other cysteine 
derivatives 
OOH OOR 
R = H, CH, 
Scheme 2 
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compound. This suggests that ethyl-groups may be re- 
leased from urethane. In experiments in vitro using 
cysteine (or glutathione), S-methyl-derivatives and their 
methyl esters, were the common products formed with 
both carcinogens, diazomethane (Scheme 2) and N- 
methyl-N-nitrosourethane (Scheme 1), and this would 
suggest that attention should be focused on products 
formed by the action of ‘active alkylenes’ with cell 
constituents, when considering the mechanism of carcino- 
genesis. 

It is conceivable that in the intact cell some of the 
guanine-imidazoles of nucleic acids are in close proximity 
to certain thiols of structural proteins. It may be signifi- 
cant that isolated nucleie acids persistently retain small 
amounts of proteinaceous material, and that in certain 
cases it would appear that sulphur is involved in the links 
between the nucleic acids and the residual. proteins*‘, 
Thus, it has been reported™*: ‘‘The requirement of the 
reducing agent (6-mercaptoethanol) used for the isolation 
of DNA from mammalian sperm suggests the presence 
of a special sulphur-containing linkage between DNA (or a 
component attached thereto) in the sperm nucleus and 
the protein coat, cleavage of which is necessary before 
the nucleic acid can be released”. It is also known that 
it is exceedingly difficult to free ribonucleic acids isolated 
from various viruses from residual proteinaceous 
materials**. In the case of the infective RNA isolated 
from *58-labelled tobacco-mogaic virus (TMV), the RNA 
retained *5§-radioactivity, connected presumably with the 
residual protein, which resisted various attempts at its 
removal?’?. Eventually, treatment of the TMV-RNA 
with bentonite reduced the protein content to trace 
quantities**. The difficulties of obtaining nucleic acids 
free from small amounts of proteins (or peptides) would 
indicate the existence of, perhaps co-valent, bonds between 
proteins and nucleic acids. In this connexion, the fact 
that the majority of co-enzymes are either nucleotides 
or have structures analogous to nucleotides is of particular 
interest. Whether the sites where a protein-thiol is linked 
or close to a nucleic acid-imidazole represent the ‘sensitive 
centres’ involved in the carcinogenic action of alkyl- 
nitrosourethanes and of some other chemical carcinogens 
requires further investigation. 

The carcinogenic. N-methyl-N-nitrosourethane reacts 
in vuro, at room temperature, with thiol groups, with 
the evolution of nitrogen, and effects multi-point sub- 
stitutions. With cysteine, at pH 6-0-7-0, S-ethoxy- 
carbonylcysteine and S-methylcysteine and theirrespective 
methyl esters represent the main reaction products. At 
pH higher than 7:0, S-ethoxycarbonyleysteine isomerizes 
readily to N-ethoxycarbonylcysteine, and a free thiol is 
restored; the methyl esters also hydrolyse rapidly. This 
instability of the primary reaction products to slight 
shifts of pH is probably due to neighbouring groups. In 
cysteine, the thio-, the amino-, and the carboxy-groups 
are in close proximity. If the reaction én vitro occurs in 
the presence in the solution of nucleie acids, the latter 
become methylated mainly at the position 7 of guanine. 

As the reaction between MNU and thio-compounds 
does not require enzymes and proceeds at the physiological 
range of pH, it is suggested that similar events could 
occur în vivo. Concurrent substitution of several reactive 
groups could occur, possibly in some structural elements 
which are brought into close proximity to a thiol-group, 
in the tri-dimensional framework of the cell. The thiol 
itself may not retain the substituent; estimation of free 
sulphydryls would then not detect the fact that these 
groups were primarily involved in the reaction: ` 

The irreversible consequences and cancer which can 
follow a single dose of MNU” may be related to its ability 
to interact with specific ‘sensitive centres’ in the cell, 
possibly such as the sulphur links, which appear to exist 
between nucleic acids and some residual proteinaceous 
material. The well-known difficulties of removal of the 
residual small amount of proteinaceous materials from 


es 5019 | January 8, 1966 


asolated nucleic acids, whether from mammalian tissues 
or viruses, might indicate a specific biological role of these 
- .g1tes. 
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PHOTOSENSITIZATION AND LYSOSOMAL DAMAGE 

















NNE type of photosensitization results from the 
‘accumulation in the blood and tissues of substances 


= Substances which provokes the characteristic 
ction of the skin to light. In several such instances 
‘with livestock the major factor in the photosensitization 
as been demonstrated to be the cklorophyll degradation 
product, phylloerythrin!:?, 
many such photosensitizers which have been experi- 
nentally shown to lead to abnormal reactions of the skin 
to light following their parenteral administration (for 
reviews see Clare’, Blum‘). For example, see the early 
work of J odlbauer and Busck® with fluorescein dyes, and 
the experiments of Hausmann? and of Solomon’ using 
aematoporphyrin. The latter experiments are of interest 
in relation to the well-known photosensitization associated 
certain types of porphyria. Many photosensitizers 
re coloured substances and can exhibit their deleterious 
ion. in conjunction with light ef the visible region. 
isa useful, though not infallible, feature distinguish- 
ing porphyria from sunburn, which is commonly taken 
Bee to be dependent on ultra-violet radiation for its develop- 
ment, 
we The absorption of light energy by a photosensitizer can 
be taken to result in the formation of an excited state. 
In some instances the full development of the photo- 
sensitization reactions has been shown to require oxygen? 
and to be essentially independent of temperature”. These 
findings suggest that an essential pert of the process (at 
-. least in the particular instances investigated) is the 
< = formation of oxygen-containing free radicals of the peroxy- 
type. Such radicals are readily formed by the interaction 
of molecular oxygen and many other free radical 
systems’, If this view is correct, such an event would 
- be harmful to the cells in which the reaction occurred 
(for example, epidermal cells). Lipid peroxidation, a 
process involving such radicals, is known to have a power 
ully damaging action on lipid rich structures, for example 
e many types of membrane system present in the cells, 
e intracellular formation of significant quantities of 
destructively reactive radicals would result in 
g0- to mitochondria, the endoplasmic reticulum, 
9s, and the external cell wail itself. The actual 
nd intracellular localization of the damage would 
i many factors. For example: (a) the site or 
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ormally eliminated in the bile; it is the aceumulation of 


This perphyrin is but one of 





sites of productien of the radical; free radicals are Ii mt 
to have an effective sphere of influence in biological e 
material of about 30 A; (b) the concentration and nature 
of the radicals produced; and {c} the intracellular localiza- 
tion of free radieal chain terminators (for example, vitamin 
E). Tappel and colleagues have clearly shown™ that freo 
radicals induced by a variety of methods (ultra-violet 
irradiation; cotalt-60 irradiation; hydrogen peroxide 
decomposition) caused rupture of a purified preparatic 
of rat liver lysosomes. Swelling of mitochondria was also 
demonstrated ix similar experiments, although 
concentrations of radicals were required for both 
purposes. l 
The possibility therefore arises that the action ¢ O 
sensitizers can bə placed on a biochemical basis b 
sidering that they function as initiators of free 
(chain) reactions, the free radicals thus produced. then 
causing disruption of intracellular membrane sys 
consequent dammge to, and eventually even the « = 
the cells concerned. In this communication we present. 
evidence for the validity of this argument, based on 
studies of one type of membrane-limited intracellular oy 
particle—the lysosome. ce 
For experimen:s involving the use of liver homogenates, — 
adult female albino rats were used. They were killed by _ 
cervical dislocatien and the liver quickly removed, weighed 
and homogenizec in 9 volumes ice-cold 0-25 M sucrose, — 
The homogenate was centrifuged for 10 min at 600g. to 
remove nuclei, red cells and debris; the supernatant was 
then centrifuged for 15 min at 15,000g to sediment a large 
ae fraction. This was re-suspended im. ice-cold 
0-70 M or 0:25 M sucrose. 
Acid phosphatase in this fraction was estimated by the 
method of Berthet and de Duvet, incubation time 10 min 
at 37° C, pH &0. §8-Glucurcnidase was estimated. as 
described by Gianetto and de Duvet, Acid sulphatase 
was measured by the method of Roy!. Free and total 
activities of each enzyme were determined in the absence- 
or presence of ‘Triton X-100’ réspectively*. oe 
The effect of phylloerythrin and/or irradiation on the 
latency! of these acid hydrolases was determined in the 
following manner. A sample of untreated suspension and 
another containmg phylloerythrin were irradiated in a 
cold-room at 2° © using an ordinary household electric 
lamp (60 W, distance 15 in.) for 30 min-l h; stirring was 
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achieved using a magnetic stirrer. A pair of identical 
samples was also placed on top of the magnetic stirrer 
but was completely protected from light by enclosure in 
a thick cardboard box. In other experiments, irradiation 
was performed using a mercury vapour lamp under similar 
conditions. 

For experiments involving skin sections, adult female 
albino rats were killed and the tail skin dissected off and 
frozen in carboxy-methyl cellulose at — 20° C. Cryostat 
sections 7u thick were cut and fixed for 10 min in ice-cold 
buffered formol—calcium (pH 7-2) washed in distilled water 
and treated for 10 min at room temperature with the fol- 
lowing reagents: barbitone/HCl buffer (pH 7-2), buffered 
phylloerythrin solutions of differing dilution, buffered 
hydrocortisone sodium succinate, and buffered d-«-toco- 
pheryl polyethylene glycol 1,000 succinate. The sections 
were irradiated in fluid-filled watch-glasses with light from 
a mercury vapour lamp (H.B.O, 200) for periods between 
10 see and 30 min, and subsequently washed in distilled 
water and incubated to demonstrate acid phosphatase 
activity. This was determined by a variant of Gomori’s 
method; sections were incubated for 1 h at 37° C. 

Liver experiments. In this communication only the 
results found for acid phosphatase activity will be dis- 
cussed in any detail. Irradiation alone (either visible or 
ultra-violet) produced a small decrease in the bound/free 
activity ratio for acid phosphatase (Table 1). This ratio 
is a measure of the intactness of the lysosomal membrane. 
Phylloerythrin alone produced a small rise in the bound/ 
free activity ratio; the total activity was not significantly 
altered. However, the application of irradiation (either 
ultra-violet or visible) to the suspension containing 
phylloerythrin produced a considerable decrease in the 
bound/free activity ratio and in this case the total activity 
was also sometimes decreased. Thus, so far as acid phos- 
phatase is concerned, phylloerythrin stimulated an irradia- 
tion-induced rupture of the large particles. 


Table 1 
Phyllo- 
Treatment erythrin Total activity Bound 4 otiyity 
concn. (% control) “Free . 
(uM) 
Protect 0 + ee | 
oerythrin 10 11 2-25 | 
loerythrin + 100 130 1-42 | 
irradiation 
= — 100 1:72 
Hoerythrin 60 94 2-50 
ylloerythrin + 60 77 1-44 
on 
(e a — 100 3-97 
oerythrin 7 On 4-80 
Phylloerythrin + 70 84 3-10, 
irradiation 


Effect of phylloerythrin and of irradiation (60 min at +2° C) on rat liver 
acid phosphatase activity in large-particle suspensions prepared by differential 
cen of sucrose homogenates, T typical experiments are shown 
involving (a) and (b), ultra-violet irradiation of particles suspended in 07 M 
sucrose; (c) visible light irradiation of particles suspended in 0-25 M sucrose. 

enzyme activity was measured after bursting lysosomes with 0-1 per 
cent “Triton-X-100° and values are expressed as a percentage of the control 
value. The bound/free activity ratio reflects the integrity of the lysosomal 
membrane at the end of the treatment period. Other details are in the text. 


This pattern was not constant with the other enzymes 
studied. For example, irradiation of phylloerythrin- 
containing samples did not decrease the total 6-glucuroni- 
dase activity and similar treatment did not cause signifi- 
eant alteration in the bound/free activity ratio of acid 
sulphatase. 

Skin experiments. Bufivr-treated sections showed no 
significant loss of punctate acid phosphatase activity 
until they had been irradiated for between 20 and 30 
min (Fig. 1). Unirradiated sections treated with phyl- 
loerythrin showed marked punctate staining in the 
epidermis, indistinguishable from controls. Punctate 
staining was completely abolished in sections treated with 
phylloerythrin (final concentration 78-390 uM) and 
subsequently irradiated in buffer for 10 sec. A clear 
reduction in punctate staining was obtained in sections 
treated with very high dilutions of phylloerythrin (final 


NATURE 


January 8, 1966 vou. 209 


concentration 7-8 muM) and irradiated for 10 sec as com- 
pared with buffer-treated controls. Seetions pre-incubated 
in phylloerythrin (390 uM) and placed in hydrocortisone 
before irradiation (10 sec) retained this punctate staining. 
Sections pre-incubated in phylloerythrin (78 pM) and 
placed in d-«-tocopheryl polyethylene glycol 1,000 
succinate before 10-sec irradiation retained some particu- 
late activity which was greatest in those treated with a 
dilute solution of the protector (0-005 mg/ml.) rather 
than a strong solution (0:5 mg/ml.). 

The results outlined here show that phylloerythrin 
greatly potentiates the irradiation-induced rupture of 
particles rich in acid phosphatase activity in rat liver and 
rat tail epidermis. In this respect phylloerythrin is 
effective at a low final concentration and can utilize light 
energy of the visible region. 

It is clear, however, that the effect of phylloerythrin on 
liver lysosomes is less marked than that on acid phos- 
phatase-containing particles in rat tail epidermis. Liver 
lysosomes seem in this relative sense to be comparatively 
stable, a finding consistent with earlier results that high 
doses of free radicals were necessary for their rupture’. 
Liver lysosomes are also little affected during the early 
stages of acute liver injury*! whereas they are rapidly 
affected by ischaemic anoxia**. 

It is our experience in using histochemical methods to 
demonstrate lysosomal particles that widely differing 





a b 

m d 

i f 
Fig. 1. Lysosomal acid phosphatase activity In rat tail epidermis, (a) 


p 
Section treated with phylloerythrin (78 uM) but not ated prior to 
incubation. (b) Untreated control. (c) Section treated with phylloery- 
thrin (78 uM) and i ted for 10 sec prior to incubation. (d) Section 
treated with phylloerythrin (7:8 myM) and irradiated for 10 sec prior 
to incubation. (4) Section treated with phylleerythrin (390 #M) and 
protected by hydrocortisone (1 per cent) during irradiation sec). 
if) Section treated with phylloerythrin (78 #M) and protected by toco- 
pherol (0:0005 per cent) during irradiation (10 sec) 
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és : of _ these. organelles « ‘occur im different tissues 
1and appropriate adaptations in technique. 
ferent fragilities may represent variations in 
ion to the adverse conditions present during incuba- 
on as well as possible differences in the lysosomal 
_ Structures themselves. Species differences also exist; 
for example, in human and in mouse tail epidermis in 
< which lysosomal acid phosphatase aetivity has been 
demonstrated, the incubation times giving optimum 
punctate staining are 40 min and 75 min respectively. 
Rat tail epidermis gives good results after 60 min incuba- 
tion, and by virtue of the relative simplicity of the teeh- 
-migque and the ease with which effects on lysosomal 
staining can be produced, and observed, this material 
= > would appear advantageous as a useful tissue for an in 
-titro screening test for potential photosensitizers and 
protectors. 
We have little direct evidence as te the detailed mechan- 
oS ism by which phylloerythrin induces lysosomal rupture 
A on irradiation. However, the demonstration by Magnus, 
< Porter and Rimington* that the action spectrum for the 
_ oedematous component in the photosensitization produced 
by porphyrins coincided closely with the positions of their 
Soret bands leaves little doubt that it is an excited form of 
6 photosensitizer which is effective in this respect (that 
is, the Grotthuss—Draper law applies to these systems), 
-Tt is possible that a free radical form of the photosensitizer 
-is a consequence of this excitation stage. Mauzerall and 
Feher™ have demonstrated the existence of porphyrin 
‘radicals; a further example for this suggestion is 
elated pentaphenyl-pyrrolium jon radical which is 
5. (A short discussion on the occurrence of triplet 
sin porphyrin molecules followmg excitation is given 
id**.) Of more direct relevance, Norins?” has shown 
surable increase in free radicals in skin following 
jolet irradiation. The formation of significant 
lular quantities of extraneous freo radicals can be 
ted to be injurious to the eells concerned. In 
cular, in the presence of oxygen, radicals of the 
oxy type can be expected to be produced. In the 
presence of lipid-rich membranes such a production of 
- peroxy-radicals would lead to the formation of lipid 
peroxides with consequent disorganization of the specific 
_ structural features of these membrane systems. Lipid 
peroxidation has been implicated in previous reports 
aling with various types of cell damage™. 
The dependence of photosensitization on the level of 
gen! and the virtual independence of the disturbance to 
rature variation’ suggests a similarity to numerous 
a of photodynamic action previously reported. 
ter events, the reactive species appears to be a 
triplet. state (that is, a free radical structure)** of the sensi- 
tizer molecule which subsequently interacts with oxygen. 
ve Itis interesting to note that powerful photodynamie 
-oo effects in a series of dyes have been correlated with their 
fluorescence®*, and that an approximate correlation 
cou between photodynamic action and earcinogenicity has 
been reported by Alexander’. 
In view of the foregoing speculative remarks concerning 
= the role of free radicals in phylloerythrin-induced photo- 
sensitization, we tested two substances which can function 
< as chain terminators: vitamin E (as the soluble succinate 
salt) and hydrocortisone. Vitamin E is a well-known 
= antioxidant and also inhibits reactions proceeding by way 
ofa radical step**. Hydrocortisone has been shown to 
stabilize lysosomal preparations in vitro against various 
ypes of damage including irradiation®. Both vitamin E 
id hydrocortisone protected skin lysoscmes against the 
mbined influence of phylloerythrin and irradiation. 
nese findings are consistent with the hypothesis suggested 







































































ver, despite the demonstration that low concen- 
fF phylloerythrin can enhance lysosomal lysis 
radiation, this certainly cannot be taken to 
such a reaction is the sole and/or major cause 
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of epidermal ceil injury.in cases of photosensitization, 
induced by phylloerythrin. Other types of intrace z 
ai tor pi a mitochondria and. ee 





‘ell MEAFAR itaelf vould atten damage i in the course of 
such reactions. If the energy system maintaining the 
sodium pump*! were affected, then an increased) water 
content of the colls would follow. A further intracellular 
organelle likely to suffer damage by lipid peroxidation 
and/or free radical interaction is the mast cell granulo”, i 
This could be of relevance to the erythematous: compon- a 
ent of the photøsensitization. On the other hand, lyso- __ 
somes possess preperties which make them unique candi- 
dates for increasmg the range and extent of cell damage 
resulting from sbsorbed radiation. By such a. free. 
radical mechanism it is possible to conceive how irradiation 
of a small area of cytoplasm can cause a wide area of 
damage throughout the cell. In this connexion. the 
speculations raised here come very close to the conelusions 
of Bacq and Alexander”? on the mechanism of cell necrosis 
following irradiation. These authors proposed that the 
primary lesion was an alteration in membrane permeability 
resulting in the release of catabolic enzymes. - oa 

The mechanisra proposed here for lysosomal rupture E 
based on a free radical reaction does not necessa; 
uptake of the photosensitizer by the lysosome. F 
of significant numbers of radicals in the immedia 
bourhood of lysesornes should be quite sufficien 
production of ‘lysis. However, adsorption of tl 
species (for example, phylloerythrin) in the ly 
membrane prior to excitation would presumabl 
more effective. The uptake of dyes and fluc 
materials by lyscsomes from various tissues (for © 
liver, kidney, HeLa cells) has been studied by 
investigators**. Ib is possible that this uptake is pi 
a reflexion of the pinocytotic activities of the + 
cerned. If so, then considerable variations ` 
expected from tissue to tissue in this respect. 
instance, autofluerescence of epidermal lysoson 
never been observed by us even in sections from 
ligated bile ducts, dosed systemically 24 h pr 
with phylloerythrin. | 

Finally, we thiak it worth speculating on the. i 
tions of such an uptake in terms of a physiologica 
somal function. Lipofuchsin accumulation is thou 
represent an end product of one form of lysosomal de 
ation® ; the pigment is believed to arise from perox 
of various types of intracellular lipid engulfed: | 
original lysosome**. If true, this process would be ‘an 
example of a naturally occurring lipid peroxidation 
taking place withm the lysosome. It is possible that the 
sequestration of texic fluorescent material by lysosomes?” 
in several tissues represents a defence mechanism rather 
than primarily an injurious event. That is, an attempt to 
remove potential chain initiators from the oxygen-rich 
cytoplasm, wheres peroxidation of sensitive lHpoprotein 
membranes would seriously endanger the cell, into 
the lysosomes where peroxidation could be diverted into 
a process akin to lipofuchsin formation. Failure of 
such an uptake, leading to the initiation of cytoplasmic 
peroxidative chain reactions and wholesale rupture of 
lysosomes as shown here, could account for the isolated 
necrosis observed with such fluorescent materials, as has 
been pointed out recently”. 

A physiological process which, perhaps, provides an 
example of the speculation raised here is the enveloping 
of milani ea by pk ee da buries! Th 
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METABOLISM OF AFLATOXIN IN SHEEP: EXCRETION OF THE 
‘MILK TOXIN’ 


By Dr. R. ALLCROFT, O.B.E., H. ROGERS and G. LEWIS 
Central Veterinary Laboratory, Weybridge, Surrey 
AND 


Dr. J. NABNEY and P. E. BEST 
Tropical Products Institute, 56-62 Gray’s Inn Road, London, W.C.I 


WS fed groundnut meal containing aflatoxin B, 

excrete in their milk a toxic factor which causes 
liver changes in ducklings indistinguishable from those 
produced by aflatoxin’. de Iongh et al.* showed that the 
toxicity of this milk was determined by the presence of a 
blue-violet (BV) fluorescent component, called the ‘milk 
toxin’, which had an Rp value well below that of pure 
aflatoxin B,. They also demonstrated that the lactating 
rat was able to convert aflatoxin B, into this ‘milk toxin’. 
Butler and Clifford? have shown the presence of this com- 
ponent as well as aflatoxin B, in the livers of rats given 
pure aflatoxin B, either orally or intraperitoneally, indi- 
cating that at least some aflatoxin B, is converted in the 
liver to the ‘milk toxin’. 

Sheep appear to be resistant to aflatoxin‘. This is a 
peculiarity not shared by other species so far tested. In 
view of this resistance, the occurrence of aflatoxin or its 
metabolites in tissues and urine of sheep given a single 
dose was investigated. 

Three yearling sheep were each given a dose (1 mg/kg) 
of mixed aflatoxins (B, 36 per cent; G, 52 per cent; By, 
3 per cent; G, 2 per cent) dissolved in 2 ml. dimethyl- 
formamide, two by stomach tube and one by intra- 
peritoneal injection. All were killed 2 h later; liver and 
kidney were removed and portions extracted for exam- 
ination by thin-layer chromatography by the method 
described by de Iongh et al., using 2 per cent methanol 
in chloroform as developing solvent. Urine samples were 
taken before dosing, 1 h after, and at death; a 60 per 
cent methanol—urine mixture was repeatedly extracted 
with chloroform and these extracts were concentrated and 

tted on to chromatoplates similar to those used for the 
tissue extracts. 

Fig. 1 shows the fluorescent spots seen when viewed in 
ultra-violet light. The liver extracts of all sheep showed 





the BV and blue-green (BG) spots at Rr values corre- 
sponding to the standard mixed aflatoxins B, and G, and 
also a slow running BV spot at Rpr 0-2, the ‘milk toxin’ 
spot (M). This was less intense than the B, and G, spots. 
The kidney extracts showed fluorescent spots similar to 
those seen in the liver extracts, but the intensity of the 
‘milk toxin’ spot at Rr 0-2 was much greater, whereas 
the B, and G, spots were less intense. 


SOLVENT FRONT 


§ 8 


(o) o © © ° © 


s 6 § o 


STANDARD LIVER KIDNEY URINE URINE TOXIC 
B, +G, Imt. Imi PRE-DOSE IHOURB COW'S 
2259 £259 Imi. æ Omi. AT DEATH MILK 
ImLE lOmi 


Fig. 1 
and Gy; 


Thin-layer chromatography of extracts of mixed aflatoxins B, 
liver and kidney of sheep dosed with aflatoxins et Mer and mt urine 
from sheep before and after dosing; toxic cows 






no Guorossent, owe except: a eOr.: one at 
-I (U3) which appears to be present in extracts of all 
tissues. The urine samples taken 1 h after dosing and 
- from the bladder at death showed very intense BV ‘milk 
toxin’ spots (M), faint B, spots and somewhat stronger 
G, spots. 

The Rr of the ‘milk toxin’ spot varied with the polari ity 
of the solvent and the activity of the plate, so that a 
reference spot of authentic ‘milk toxin’ should be run on 
the plate if possible. 

Although the findings reported by Butler and Clifford’ 
= Indicated that the toxic component in milk was compar- 
able to the slow-running BV spot obtained in extracts of 
rat liver and blood, it seemed desirable to investigate the 

_ identity of these compounds more rigorously. Since the 
- amount of this component present in the urine of sheep 
dosed with aflatoxin was greater and more easily extracted 
than that present in the liver, it was decided to purify 
and compare the milk and urine components. 

-= Several 500-g portions of dried texie cows’ milk were 

xtracted for 6 h with light petroleum (40-60° C) in a 
oxhlet extractor, air dried and re-extracted with methanol 
‘6h. (Further extraction with methanol or chloroform 
ielded no more milk toxin.) The toxic fracticn of this 
extract was concentrated as described by de Iongh et al.*. 
- The combined residues from several extractions were 
then fractionated on a column of silica gel (20 g per 500 g 
of dried milk). The column was observed in ultra-violet 
ght, a weak blue fluorescent band was eluted by chloro- 
c (M,), and a nee BV fluorescent band by 
Igroform containing 2 per cent methanol (Ma the milk 






























ea a eau lagen spree ene on * Kieselgel G 

matoplates (thickness 750), portions of solutions of 
column fractions being applied in a line across the 
om of the plate and using chloroform contaming 3 per 
“methanol as developing solvent. The fluorescent 
ds observed when the plate was viewed in ultra-violet 
ght were similar in pattern to the spots described by 
‘de Tongh?. In each case the sili¢a gel containing the blue 
fluorescent band was scraped from the chromatoplate, 
nd eluted with cold methanol. The residue from the 
vaporation of the methanol filtrate was rechromato- 
phed; this process was repeated until the material 
wa single, well-defined spot on thin-layer chromato- 


PAY. 
The chloroform extract of urine from one of the sheep 
hich had been dosed with mixed aflatoxins was also 
tbjected to similar treatment. The plates showed three 
gain fluorescent bands, BG (Ui) BV (U) and yellow 
(0) at Re 0-45, 0-4 and 0-35, respectively. Purification 
caii by thin-layer chromatography was carried out as already 
described here. 
These purified materials were then investigatec. chrom- 
atographically and spectroscopically. 
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The very smaJj amount of M, had the same 
aflatoxin B,, and thin-layer chromatography of a1 
of these two, using chloroform containing 2- an 
methanol for development, yielded only a single. spot. I 
would appear provable that M, is aflatoxin B,. Similar 
a mixture of U, and aflatoxin G, showed only a si 
spot and it is likely that these two compounds are. a 
identical. He ke 

Both M, and ©, showed a long wave-length absorption 
maximum at 354 mu in the ultra-violet, and the fluor- 
escence spectra of both showed an emission peak. at 
425 mu when excited at the maximum of 355 mp. Aj. 
mixture of M, > and U, was subjected to Thi ayer ee 
chromatography as shown in Table 1. 





Table 1 

Develosing solvent Rp 
Trichloroethylene, chlezoform, methanol (8 : 1: 1) 2 
Chloroform, methanol 497 : 3) Or4 
Ethyl acetate, methane! (9: 1) 5 
Trichloroethytene, aceteme (1 : 9) G3 


No. ofapots. = 


hk jat pat 









It would appear very probable that M, and; pi 5 are 
identical. The dose resemblance of the spectral data 
this substance te that of the aflatoxins? would make 
appear possible that the main chromophoric system p. 
similar. E a 

If it is assumed that the extinction coefficient of th 
peak at 356 my. in the ‘milk toxin’ is similar to that 
363 mu. in B, ane that the molecular weights of the 

compounds are also similar, then the amount of to: 
present can be estimated spectrophotometricall; 
described previously for aflatoxin B, (ref. 7). (The e value | 
of the 363 mu peak of the four aflatoxins are all about. 
20,000 (ref. 6).) On this basis the dried toxic cows’ milk 
investigated averaged 10 pe toxin/kg. . i 

Samples of urme can usually be obtained oasi 
since extraction cf up to 120 mi. of urme can E 
pleted in about € h and the concentrate, with: 
treatment, can be spotted and run on a 
chromatoplate, the presence of aflatoxin or mill 
spots on this may provide a useful field test for ¢ 
the ingestion by man or animals of aflatoxin-cc 
foods in those countries where A. flavus is ubiqu 

Since the compeund now referred to as the ‘mill 
appears to be present in the liver, kidney and. t 
well as in the milk of animals ingesting aflatoxin, 1 
seem no longer wseful to retain the name ‘milk toxin X 
and we suggest giving this compound the trivial name 
‘aflatoxin M’, whieh indicates the original der ivation from 
milk but is of more goneral applicability. 


’ Alicroft, R., and Carmezhan, R. B, A., Vet. Rec., 75, 259 (1983) 

* de Iongh, H., Vies, R. D., and van Pelt, J. G., Nature, 202, 466 (1964), 
? Butler, W. H., and Clifford, J.1., Nature, 206, 1045 (1965). 
t Lewis, G., Markson, L. M. and Alleroft, R. (unpublished results). 
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t Hartley, R. D., Nesbitt. B. F., and O'Kelly. J., Nature, 198, 1056 (1963). 
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MOLECULAR WEIGHTS OF PROLACTINS AND PITUITARY GROWTH 
HORMONES ESTIMATED BY GEL FILTRATION 


By Dr. P. ANDREWS 








RESENT knowledge of the molecular weights of 
‘prolactins and growth hormones is based largely on 
ltracentrifuge data, but reversible and irreversible aggre- 

of the hormones has sometimes rendered measure- 
icult!. The fact that most of the reported 
ar weights of growth hormones?-? were determined 
pH 2-3 or pH 10 also raises some doubt as to 


National Institute for Research in Dairying, Shinfield, Reacing, Berkshire 





their molecular weights at physiological pH. re pre- 
liminary gel filtration experiments? indicated that. “the. 
molecular weights of ox, pig and sheep growth hormones 
at pH 7-5 are considerably less than the presently accepted 
values, the subject has been investigated further. As a 
background to the use of gel filtration in this connexion, 
Andrews®!° has shown that the gel filtration method 








(Forsyth, Isabel A., and Andrews, P., unpublished. work) 
was also used. 

‘Sephadex G-100° gel filtration columns (50 em x 
2-4. em diam.) were used for molecular weight estimation 
as deseribed by Andrews’. The columns were equilibrated 
“with 0-05 M H,PO, containing 0-1 M KCI and sufficient 
» bring the pH to 1-9, 2-5, 3-2, 4-0, 5-0 or 6-2, 
M tris-HCl (pH 7-5) plus 0-1 M KCI, or with 
BO, containing 0-1 M KCI and sufficient NaOH 

. pH to 8-5, 9-5, 9-9 or 10:3. Although the 
tion solutions had little or no buffering action at 
's, no deviation from the required pH during 
s was detected. All experiments were per- 
25°C. 
olumns were calibrated for molecular weight 
at pH 7-5 and higher pH’s with cytochrome c, 
ase, -lactalbumin, myoglobin, soya bean trypsin 
itor, ovalbumin and bovine serum albumin {see 
*), Calibration at pH’s below 7:5 was based on 
vase, a-lactalbumin, ovalbumin and bovine serum 
which showed similar behaviour relative to each 
er the whole pH-range investigated. 

s were generally dissolved in 2 ml. of the equi- 
solution for application to the columns, but at 
i's dissolution of the hormones was difficult. 
ases they were first dissolved in 0-2 ml. of 0-02 N 

6 ml. of equilibration solution was added, and 
was adjusted with 0-02 N HCl. Serum albumin, 
-or cytochrome ¢ was included in each column 
andard, the choice depending on the gel filtration 
cof the hormone. Column effluents were col- 
mail. fractions, and protein concentration in the 
-was determined by extinction at 210, 215, 230, 










































"protein: involved 
Sheep and ox prolactins. Elution diagrams (cf. ref. 14) 

indieated the presence of monomer (72 per cent and 82 per 

cont of the total protein, based on extinction measure- 
ments, in NIH-P-S3 and -P-S4, respectively) and aggre- 
gated material in both sheep prolactin preparations. 

istimations on 3 mg of either preparation indicated a 

monomer molecular weight of 23,500-24,000 at pH 7-5, 

but experiments with smaller amounts showed a concen- 

tration-dependent association of the monomer (Fig. la). 

Extrapolation to infinite dilution gave 20,000 as the 

monomer molecular weight. Greater aggregation of the 

monomer occurred in the range of pH 2-5 (Fig. 1b), but 
the very low solubility of the hormone in this region 
precluded further investigation. 

Molecular weight estimates of 20,900 and 22,400 on 
0-3 mg and 1-3 mg samples, respectively, of ox prolactin 
at pH. 75 indicated a monomer molecular weight at 
infinite dilution of 20,500. An estimation at pH 2-5 
($1,200) showed aggregation at low pH similar to that of 
sheep prolactin. 

Human growth hormone, Elution diagrams indicated 
that the human growth hormone samples prepared by 
th ben method contained only ~ 60 per cent mono- 
mer compared with 80 per cent in the NIH preparation 











410 my, depending on the nature and quantity of 
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pH 7-5. 
Ox, pig and sheep growth hormones. All the preparations 


contained 75 per cent or more of monomer. Molecular 
weights estimated on 1-0-1-2 mg samples at pH 7-5 
were in the range 27,000-30,000, but allowance for con- 
centration-dependent association (Fig. leg) indicated 
monomer molecular weights of 26,000, 22,500 and 24,000. . 
for the ox, pig and sheep hormones, respectively. Aggre- 
gation of the ox hormone increased markedly at low pH, 


reaching a maximum at about pH 2-3 with a molecular | 
weight indicative of dimer formation, but increased € ooo 
aggregation in alkaline solution was not observed (Fig. If o 
Experiments with 8 mg and 23 mg samples of ox growth ~~ 


hormone showed some concentration-dependence in its 
gel filtration behaviour at pH 10-3. Aggregation of the | 


pig and sheep hormones also increased at low pH, since... oe 


their molecular weights estimated at pH 25 (1 m 
samples) were 36,700 and 39,000, respectively, but values 
at pH 9-5 and 10-3 were similar to those at pH 7:5. | 


Effect of storage on hormones in solution. All the forè- 


going molecular weight estimations were performed on 
freshly prepared solutions. To check for hormone de- 


gradation? during the time required for column runs ` 


(6-12 h), measurements at pH 7-5 were repeated on hor- . 
mone solutions which had been stored at these pH’'s for... 
at least 24 h in the cold. The estimated molecular weight ` 
of one ox growth hormone preparation (NIH-GH-B2) 
decreased by 20 per cent after storage for 24 h, but 
thereafter it remained constant. Otherwise no significant 
changes were detected. 

The good agreement between molecular weights de- 
termined in the ultracentrifuge for sheep prolactin’? 


25 
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Fig. 1. Molecular weights of pituitary hormones estimated by gel 
filtration. a, Concentration-dependence, and 6,¢H-dependence (i-mg 


samples), for sheep prolactin NIH-P-S3 (O) and NIH-P-S4 (@). e, 
Concentration-dependence, and d, pH-dependence (0-5-mg samples), for 
human growth hormone NIH-GH-H S269. e, Coneentration-dependencee , 
and f, pH-dependence (1-2-mg samples), for ox: growth hormone 
NIH-GH-B4. y, Concentration-dependence for “pig growth hormone 
NIH-GH-P476C (QO) and sheep growth hormone NTH-GH-S646.4 (@) 





















t the gel filtratio ‘method is ‘applicable to 
f protein. Aggregation of sheep prolactin in 
solution is evident both in the ultracentrifuge! and 
rom its gel filtration behaviour (Fig. 1b). Sheep and ox 
_prolactins appear to have about the same molecu ar weight 
and for ox prolactin the value is somewhat lower than the 
| ee one Ori iginally proposed’, 
The gel filtration results clearly favour 21,500 (ref. 3) 
See rather than 29,000 (ref. 1) as the molecular weight of 
- human growth hormone, and they indicate that human 
= and monkey growth hormones are very similar in size. 
ee On this aċcount, a revision of the value of 25,400 for the 
monkey hormonet may be required. The higher literature 
value! for the molecular weight of human growth hormone 
presumably resulted from the presence of dimer and 
other aggregated material in the sample used for measure- 
ment, since the lower value? was determined on the purified 
w monomer. The same reason may in part account for 
=- the differences between molecular weights determined in 
_ the ultracentrifuge at pH 9-9 for ox® (45,000), pig? (41,600) 
_and sheep’ (47,400) growth hormones and those estimated 
_ by gel filtration, for the latter method reveals no marked 
‘egation of these hormones at high pH. On zhe other 
nd, aggregation of ox growth hormone equivalent 
approximately to dimer formation at pH 2-3 is indicated 
by gel filtration, so that at this pH the ultracentrifuge’ 
d gel filtration results are in agreement. Pig and sheep 
th hormones also appear to aggregate at low pH. 
ver, the molecular weight of 25,009 for pig growth 
one given by Wilhelmi®* does accord with its gel 
ation behaviour at physiological pH. 
cept i in one case, storage of the hormones in solution 
ed in no change in their gel filtration behaviour, 
iting that the low molecular weights estimated by 
ation are not a result of hormone degradation- -17 
y the experiments. The exceptional case was the 
growth hormone preparation for which earlier gel 






























Cancer; 


FT HE propensity of dissociated cells from a variety of 

-Å embryonic avian and mammalian tissues to ager egate 

<- — and to form organized multicellular ‘aggregens’ has been 

= recently described}. 

This article reports the fact that definite d:fferences 

have been observed in aggregation patterns between 

oo malignant and non-malignant cells, Emphasis is placed 

on the fact that the comparison was carried out on cells 

derived from the same primitive strains and cultured 
sander identical conditions‘. 

Pwo different strains of cells have so far been examined 
| im this respect: (1) The cell line isolated by Rothschild 
and Febvre’ from a Wistar rat embryo and cultured since 
1963. These cells are devoid of malignancy when re- 
inoculated into the rat; they are designated here as the 
ER, line. However, when cultured in certain conditions‘, 
in the presence of Rous sarcoma virus (Bryan strain), 
these cells acquire highly malignant potentialities for the 
omologous animal species. The high cancer cell line is 
erred to here as CT, (2) The cell strains isclated by 
d et al. from a C, H mouse embryc in 1954. Three 
-clones originating from the primitive line have 
pared from the point of view of their aggregation 
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DIFFERENCES IN PATTERNS OF AGGREGATION OF MALIGNANT A 
NON-MALIGNANT MAMMALIAN CELLS 


By Pror. B. HALPERN, B. PEJSACHOWICZ, H. L. FEBVRE and G. BARSKI 
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filtration exper iments* t gave a molecular woight of 
Whatever its significa: his el 


and the present (26 000). estimations of ox grow! 
molecular weight. In the circumstances, the lat 
is the preferred ane. ae 
The gel filtration results suggest that the pituitary . 
growth hormones of various species are much more alike. 
in molecular weight than is at present believed*, and 
moreover that they are similar to the prolactins in mole- 
cular weight. One consequence of the indicated uniformity 
in growth hormeae size is that the tentative structure of __ 
ox growth hormone proposed by Li™ needs revision. The : 
similarity between the growth hormones and prolactins — 
is of particular mterest in view of the possibility that _ 
human growth hormone and human prolactin aro i 
identical*!, ve 
I thank Prof. $ 
their advice. 
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The clone N, is Jevoid of malignant scientist. None 
of the 35 C,H mice inoculated with 2 million cells developed- 
tumours. The modal chromosome number of this line of © 
cells is 62 (ref. 7). The clone N,, another permanent 
clone derived fram the primitive strain, became spon- 
taneously highly malignant. All animals inoculated. 
with 1 million ceils died in less than 50 days, and autopsy 
showed rapidly growing tumours. The modal chromo- 
some number is 55-56, all being telocentric. (In a recent 
communication, Sealetta and Ephrussi® give for the same 
strain a modal chromosome number of 49 and a variation 
range of 46-51.) 

Clone M, results from hybridation of the two preceding 
strains. It has been shown that the modal chromosome — 
number of the krbrid cells is of 100-115, and that the 
clone contains the karyotypes of both ‘parental’. cells. 
All lines of the hybrid cells were highly malignant when 
inoculated into C,4 mice. Fig. 1 shows the morph eal 
aspect of the three cell clones. 

The various cell lines were grown in Petri dis! 
taining Eagle’s medium enriched with amino-ac 
vitamins, to which had been added tryptose. ph 
(10 parts per 109) and horse decomplemented s 
(10 parts per 100). Before use, the cells were troated for 
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3-5 min with a solution of trypsin ‘Difco’ (0-05 parts per 
100) in Moscona’s buffer? and centrifuged. They were 


then placed into Erlenmeyer vials containing 3 mil. of 


culture medium, the pH of which was adjusted to 7-4 in an 
atmosphere of 95 parts per 100 of oxygen + 5 parts per 
100 of carbon dioxide. The stoppered vials were placed 
on the platform of a stirrer model G 76-10-25 (New 
Brunswick Scientific Co., New Brunswick, New Jersey, 
U.S.A.) rotating at 60-70 revs./min. The results observed 
were similar to those for the two strains of cells used here. 

The cells originating either from the ER, or from the 
N, clones formed minute clumps of a few cells in the 
culture; these were readily disrupted by tapping (Fig. 2). 
Moreover, only a small percentage of the cells tended to 
agglutinate, and the majority of them remained isolated 


and dispersed in the culture medium for the duration ot 


the culture. 





(B) Cells of clone Na 


(A) Cells of clone N, highly malignant. 
(C) Hybrid cells of the two preceding clones, Ma, highly 
malignant. { 


Fig. 1. 
non-malignant. 
< ¢. 320) 





Fig. 2. Clumps of cells formed by the non-malignant Ne clone cells after 
6 days of culture. The majority of the cells are dispersed and isolated 
(=x « 140) 
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Fig. 3. Aggregates formed by the malignant N, clone cells cultured in 
identical conditions. The size of the in eivro tormed tumours varies 
from 2 mm to 3 mm and more he smaller aggregates tend to asso- 
ciate and to develop bigger structures. Fourth day of culture. 


/ a 





Fig. 4 Aggregates formed by the malignant hybrid M, clone cells 
Spherold aggregates of about 0-25 mim diameter, 48 h of culturi No 
isolated cells in the culture medium {x a, 16) 


The behaviour of the malignant cells was quite different. 
They readily stuck to each other, forming dense aggregates 
which rapidly increased in size by cell multiplication, and 
a850 by the adhering of smaller aggregates to their surface. 

In the case of the N, clone, the aggregates formed 
roughly spherical or ovoid structures of 0-5-3 mm dia- 
meter within 3-5 days (Fig. 3). Practically no isolated 
cells were present in the medium. ‘The aggregates were 
compact, cohesive and showed no ti ndency to dissociate 
even when vigorously tapped. 

Although the same general patterns ol aggregation were 
observed with all the malignant clones investigated, there 
differences in the form and the size 
of the ‘aggregens , depending on the cell strains and the 
age of the culture. The cells derived from clone CT, 
and from the hybrid M, clone formed smaller and roughly 
spherical aggregates of 0-2-0-4 mm diameter (Fig. 4). 

Differences were also observed in the patterns of the 
migration of the cells from the culture-formed aggregates 


seemed to be shght 
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Fig. 5. Stationary culture obtained from the clumps of N, cells. The 


cells tend to spread as a monocellular layer. (* e. 80) 


Fig. 6. Stationary cultures obtained from an aggregate of N, clone cells: 
the central part remains compact. The migrating cells teni to form 
satellite aggregates. (x c. 80) 


when they were later grown in stationary cultures. The 
non-malignant cells rapidly spread over the medium and 
tended to form a regular monocellular layer, reproducing 
the aspect of the original culture (Fig. 5). 

In contrast, the aggregates formed by malignant cells 
remained compact; the cells migrating from the periphery 
formed an irregular rim composed mainly of clumped 
cells which tended to develop satellite aggregates (Fig. 6). 

The data reported here provide evidence that a definite 
difference exists in the aggregation behaviour between 
malignant and non-malignant cells. The discrepancies 
were observed with two different strains of cells, and the 
question arises whether the phenomenon is of a general 
nature. The non-malignant cells showed no tendency to 
aggregate when grown in agitated culture. In contrast, 
the cancerous cells rapidly developed voluminous multi- 
cellular tumours. ‘The tumours were formed of cells which 
had developed an ability to adhere to one another, and 
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which continued to multiply at least as long as the cells 
could receive nourishment. The cellular cohesion of these 
tumoral aggregates was strong. Their dimension and their- 
shape depended on the type of cells and on the age of the 
culture. 

In our experimental conditions, the highly malignant N} -~ 
clone cells formed aggregates which were fairly large 
compared with those formed by the cells originating 
from M, hybrid clones, although the malignancy of both- — 
is of the same order. Rat cells rendered malignant by ` 
the Rous sarcema virus behaved like the Mẹ clone cells. 

The main interest of our observation is in the fact that 
in both groups of experiments, the comparison was made ~ 
between malignaat and non-malignant cells originating 
from the same stem strain. The age and the rhythm k 
of multiplication of the malignant and non-malignant 
clones were as identical as possible. Such a comparative 
investigation has not, to our knowledge, been carried 
out before. N 


In the Sanforc strain the malignant clone appeared 


: 
= OS 






spontaneously and no explanation is yet available for t 
mutation, although the possibility of an accidental 
contamination by viruses cannot be excluded. ie 

In the rat straim obtained from Rothschild and Febvre* _ 
the malignancy was induced by infecting the culture with ~- 
Rous sarcome viras. How far is it possible on the basis of — a 
the reported data to assert that there exists a definite — 
correlation between the potential of malignancy and the  ~ 
ability of the cels to form aggregates’ In the present "d 
state of our knowledge, such a hypothesis can only be ~- 
conjectural. The aggregation phenomenon is likely to be» 
conditioned by membrane changes which may be of a ~ 
chemical and/or of a physical nature. The investiga-~ 
tion at preseat in progress, using electron microscopy, 
indicates some puzzling differences in the membrane _ 
structures, 

Whatever the real mechanism is, the observations re- — 
ported here indicete that the malignancy of certain strains 
of cells whether spontaneous or induced result in an 
alteration of a biclogical genetically transmitted property, 
particularized by the aptitude of the cell to form aggre- 
gates. If this phenomenon proves to be a general one, its 
importance dbes not need emphasis. The research at — 


present under wey aims to provide additional data for 
the significance and the mechanism of the observed — 
phenomenon. 
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PRESENCE IN COLIC GLANDULAR CELLS OF VARIOUS MAMMALIAN SPECIES 
OF AN ANTIGEN CROSS-REACTING WITH HUMAN 
BLOOD GROUP A SUBSTANCE 


By A. ZWEIBAUM, P. OUDEA, Pror. B. HALPERN and C. VEYRE 


Centre de Recherches Allergiques et Immunologiques de l'Inserm et de l'Association Claude Bernard, Hôpital Broussais, Paris 14 


T has been known for a long time that antigens similar 
to human blood group A, and sometimes B substances, 
exist in the upper gastro-intestinal tract of horse, hog and 
cow'-*, and more recently of dog* and monkey'®. This 
type of antigen seems to be absent in erythrocytes. The 
presence or absence of these tissue antigens may be 
important in establishing different groups within the 
same animal species’. 


Very little, if anything, is known about the presence of 
this type of antigen in the distal part of the bowel. Such 
information ss much needed, considering the recent 
extension of investigations on the auto-immune origin 
of ulcerative colitis in man by means of the immuno- 
fluorescent methed. 

The data reported here indicate that an antigen 
identical or close'y similar to the human blood group A 
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agglutinogen is present in colic glands of several mam- 
malian species. They also suggest that this antigen is of 
tissue origin and not a bacterial contaminant. 

An indirect immunofiuorescent technique (Coons’s 
‘sandwich’ technique”) was used in all the investigations. 
250 normal human sera were tested on alcohol-fixed 
cryostat sections of fresh, rapidly frozen animal colon 
and rectum. The following animals were investigated : 
32 mongrel dogs, 16 rats (Wistar, Fischer and germ-free 
rats), 6 Macacus rhesus monkeys. Fluorescent rabbit 
anti-human y-globulins were prepared by the method of 
Goldstein et al.', 

The results obtained with rat colons are shown in 
Table 1. A bright homogeneous fluorescence restricted to 
the goblet cells, which indicates a positive reaction, was 
observed with 81 sera. With all other sera no staining 
was observed except for a very inconstant and moderate 
staining of the connective tissue and outer rim of glandular 
cells. Such a pattern could sometimes be obtained with 
the fluorescent reagent alone and was not considered to 
be indicative of a positive reaction. All 16 rats and 6 
monkeys reacted in the same way with all positive sera. The 
picture was different in the dogs, and 13 dog colons only, 
out of the 32 tested, reacted with the same sera as rats 
and monkeys (‘positive dogs’) (Figs. 1 and 2). The other 
19 dogs were negative with all sera (‘negative dogs’). 
Table 1. EVIDENCE FOR THE PRESENCE IN THE RAT COLIC GLANDULAR 


ORLLS OF AN ANTIGEN RELATED TO HUMAN BLOOD Group SUBSTANCE 
BY USING THE INDIRECT IMMUNOFLUORESCENT TECHNIQUE 


No. of human No. of positive 


Blood group tested sera sera 
A 59 0 
B 38 15 
AB 20 0) 
0 133 66 
Table 2. CORRELATION BETWEEN THE ANTI-A AGGLUTININ TITRE IN 


VARIOUS HUMAN SERA AND THE POSITIVITY OF IMMUNOFLUORESCENT 
STAINING OF RAT GLANDULAR CELLS 


Blood group A erythrocytes No. of tested 
agglutination titre of blood sera (by Positive Negative 
group O and B tested sera immunofluorescence) staining staining 
1/16 13 5 8 
1/32 14 9 5 
1/64 17 13 4 
1/128 11 10 l 
1/256 7 7 0 


The positive staining of colic mucosa glandular cells of 
all three species was abolished by previous absorption of 


sera with a dry tissue powder prepared from ‘positive dog’ 
colic mucosa. Staining was not affected by absorption 
with a similar powder prepared from ‘negative dog’ colic 
mucosa. These results seemed to indicate a specific 
immunological reaction. 

The fact that positive staining was also observed with 
colons from pre-born and germ-free rats rules out the 
possible implication of a bacterial antigen. 

The close immunological similarity of this tissue colic 
antigen to human blood group A substance is suggested 
by the restriction of positive results to sera from O and 
B groups. The incidence of negative staining with some 
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Fig. 1. Dog colic a, transversal section. Positive staining with a 
lood group O serum (x e. 300) 
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Fig. 2. Same dog as Fig. 1, longitudinal section, Positive staining with 


same serum (x e. 300) 
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Same serum after absorption on human 
Negative staining. (x &. 300) 


Fig. 3. Same dog as Fig. 1. 
blood group A erythrocytes. 


of these sera could be explained by a low titre of anti-A 
agglutinins, as all O and B sera with a high titre of anti-A 
agglutinins were constantly positive (Table 2). This 
similarity was confirmed by absorption investigations. 
The staining of animal colic glandular cells could always 
be abolished by previous absorption with human blood 
group A erythrocytes (Fig. 3), while it remained un- 
altered after absorption on B and O erythrocytes. On 
the other hand, absorption of O sera with colic tissue 
powder from ‘positive dogs’ prevented the agglutination 
of blood group A erythrocytes, but did not affect the 
agglutination of blood group B erythrocytes. Absorption 
with such powder from ‘negative dogs’ had no effect. 
Persistence of positive staining after absorption of sera 
on guinea-pig kidney powder excludes the similarity with 
Forssman antigen. 

The antigen seems to be absent from dog erythrocytes 
since the absorption of sera with erythrocytes from 
‘positive dogs’ did not prevent staining of colic glands nor 
agglutination of human blood group A erythrocytes. It 
appeared to be absent from gastric mucosa of all but one 
of the 13 dogs, and of all the rats and monkeys investi- 
gated. It could not be found in the salivary glands, 
kidney, spleen, liver or lungs of the rat. 

This antigen probably belongs to the insoluble mucus 
fraction. Fluoreseent staining coincides with periodic 
acid—Schiff staining of the next serial section. The 
antigen is left in the insoluble residue after prolonged 
extraction with solutions of increasing ionic strength 
including ClNa, CaTO (ref. 13) and C12Ca, aS 
shown by absorption investigations. The antigen could 
not be found in supernatant, using the technique of 
haemagglutination with tanned red cells'*, Similar treat- 
ment of unfixed sections for 18 h did not prevent the 
fluorescent positive staining. i , 

The data reported here indicate thə presence, in colic 
glandular cells of rat, dog and monkey, of an antigen 


à 


h 


No. 5019 January 8, 1966 


cross-reacting with human blood group A substance. It 
is likely to exist in other animal species which were not 
investigated. Furthermore, our results demonstrate the 
absence of this antigen in the salivary glands and in all 
but one of the stomachs of the same animals. The fact 
that this antigen was found in pre-born and germ-free 
rats confirms the assumption that the substance is 
secreted by the colic glandular cells and 1s not a bacterial 
contaminant. Since blood group substances are oxtract- 
able with phenol water solvents 45, the presence of this 
A-like tissue antigen should be taken into consideration 
in any attempt to detect specific antibodies in the sera of 
patients with ulcerative colitis and in any interpretation 
of positive results obtained with animal tissues?’. 
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BEND PROPAGATION ALONG FLAGELLA 
By Pror. C. J. BROKAW 


Division of Biology, California Institute of Technoiogy, Pasadena 


HE planar undulatory waves which are the most 

famihar type of flagellar movement are composed of 
curved regions forming circular arcs, separated by shorter 
unbent regions'*, These waves can be generated by the 
propagation along the flagellum of rather abrupt trans- 
itions between straight and bent states of the flagellum. 
This article is concerned with the mechanism for propa- 
gating such transitions, rather than with their generation. 

The most thoroughly developed model for wave propa- 
gation along flagella is that proposed by Machin®+*, which 
depends on the passive wave propagating properties of the 
flagellum. According to this model, active bending in one 
region of a flagellum will cause passive bending of a more 
distal region of the flagellum in the opposite direction. 
The passive bending will be caused by viscous bending 
moments generated as the flagellum moves against the 
resistance of its surrounding medium, and will be resisted 
by the stiffness, or elastic bending resistance, of the 
flagellum. Machin suggests that the active bending 
elements of the flagellum can be turned on by passive 
bending, so that the passively propagated bend is ampli- 
fied to the value characteristic of the active wave, and 
can. then stimulate the next region in the same way. The 
necessary mathematical relationships between passive and 
active bending have been formulated in some detail, but 
only for small-amplitude sinusoidal waves. 

It seems difficult to apply Machin’s model to the non- 
sinusoidal waves actually found on flagella, which show 
no obvious passive bending in inactive regions. A more 
serious objection is the difficulty of applying this model 
to the propagation of unilateral bending waves, which 
involve bending in only one direction. Unilateral bending 
is found on flagella under some abnormal conditions? and 
appears to be the typical form of propagated bending 
found on cilia‘. 

The activation of bending locally by passively induced 
bending is a most attractive feature of Machin’s model, 
because of its simplicity. I wish to propose a new propa- 
gation mechanism which preserves this featurs, while 
avoiding the objections raised in the preceding paragraph. 
It is based on the local passive propagation of bending 
just ahead of a transition point, and is therefore much 
more closely comparable with other examples of wave 
propagation in non-linear systems, such as tke nerve 
axon and explosive chemical reactions. 

To illustrate this proposal a rather simple and naive 
model for generating flagellar bends will be adopted. It 
consists of a pair of longitudinal fibrils with regular cross- 
connexions (Fig. la). The longitudinal fibrils can contract 


when activated, and can resist extension and compression 
equally in both the contracted and elongated states. The 
assumption that bending results from contraction of 
longitudinal fibrils is popular? but unproved. Recent 
work has suggested that the conspicuous peripheral fila- 
ments seen in electron micrographs of flagella and cilia 
do not change their lengths during movement?.’?, but a 
reasonable alternative has not yet been developed. The 
principles involved in the proposed propagation mech- 
anism can be generalized to other bending models, but 
exposition is easier with reference to a concrete model for 
bending. 

The presence ofthe type of passive propagation required. 
for this mechanism can be demonstrated roughly by the 
following argumenzs. Consider the result of activation of 
fibrillar contraction on one side of the segment identified 
by the arrow in Fig. la. If the cross-connexions are 
completely rigid, kending will occur as shown in Fig. 1b. 
If the cross-cannexions are flexible, instead of bending 
there will be sheer displacement within the flagellum, as 
shown in Fig. le. The shear resistance of the cross- 
connexions must actually be intermediate between these 
two extremes. Simce the force causing shear results from 








Fig 1. A simplecmoitisl for flagellar bending, with one end immobilized 


~ 
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the difference between the longitudinal forces on either 
side of a cross-connexion, the force causing shear will be 
greatest, and therefore the greatest shear will occur, near 
the transition between active and inactive segments. An 
extreme case of such a gradient of shear is illustrated in 
Fig. ld, where the lowermost ecross-connexion is allowed 
to shear, while the other cross-connexions do not. With 
these conditions, the first two segments will bend as a 
unit, as shown. in Fig. Id, even though active contraction 
only occurs in the first segment. In general, then, unless 
the cross-connexions are completely rigid, shear will oceur 
near the transition region, and bending will spread ahead 
of the region of active contraction.. If bending the 
fibrillar segment identified by the arrow in Fig. ld 


activates its contraction, the transition will be self- 
. propagating. 


In the following more rigorous development, the effects 
of the elastic forces within the flagellum will be developed 
first, and the viscous forces acting on the flagellum will 
be considered later. In a region of the flagellum which is 
bent to a radius of curvature, p, by contraction of the 
‘inside’ longitudinal contractile fibril, there will be an elastic 
bending moment, M., equal to 2a,/ p, where «, represents the 
stiffness (bending resistance) of each half of the flagellum, 
or one of the longitudinal fibrils. Meis equivalent to rl’, 
where F represents a force tending to compress the 
‘outside’ longitudinal fibril and extend the ‘inside’ longi- 
tudinal fibril and r corresponds to the distance between 
the two longitudinal fibrils. 

The shear stress on a cross-connexion results from the 
difference between, the values of F in adjacent segments 
along the flagellum and is therefore equal to (d/ds) As, 
where s represents a measure of length along the flagellum 
and As is the distance between cross-connexions. The 
shear strain, S, at a cross-connexion is then given by: 


S=2-~—=— — (1) 


where «, represents the stiffness (shear resistance) per 
unit length along the flagellum, thereby eliminating the 
need to include As explicitly. 

The curvature of a segment of length As depends on 
the amount of active contraction, AZ, of the inside 
longitudinal fibril in that segment; the difference, AS, 
between the shear strains at each end of the segment; 
and the relative compression and extension, 2AC, of the 
longitudinal fibrils by the force F: 


1 1(AL + AS — 24C) 9 
oT As (2) 
Assuming that the cross-connexions are closely spaced, so 


that a treatment in terms of continuous functions is 
justified, this becomes: 
1 1 AL 


pe r As 


l dS rE 


r ds Oy 


(3) 


._.where «, represents the stiffness (bending resistance) of 


the whole flagellum, resulting from the resistance of the 
longitudinal fibrils to extension and compression. Then, 
from equation (1): 


which, after rearrangement, becomes: 


1 at) 


1 1 
2 at at de® 5) 
where: 


- (6) 
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and 
l 2o 


53> = 
rèa 1 -f 


l/Po is the curvature which will result from contraction, 
in the absence of shear. Bending will be inefficient unless 
2d,/a, 18 small compared with 1. The boundary con- 
ditions required for equation (5) are 1/p, = 1/9, fors < 0 
and 1/e, = 0 for s > 0, and 1/o approaches 1/p, for very 
large positive and negative values of s. A solution is: 


l ] 
= (1 - 5 ea), fors < 0 
1 


Ja, (7) 


hy 


il 


(8) 

= = 6728, 
25 

1/x represents a length constant for the exponential 

change of bending with distance from the point of activa- 

tion at s = 0. This solution is illustrated in Fig. 2. 


for s > 0 
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Fig. 2. Variation in curvature, 1/ọ (dashed line) along the flagellum 
near a transition point when contraction is abrupt (solid line) 


The basic conclusion, that bending will spread ahead of 
a point of activation, does not depend on the simplifica- 
tion introduced by using continuous functions, as long as 
l/æ is large compared with As. The bend will þe self- 
propagatıng if contraction can be activated by bending 
less than 1/2ọ,. Sınce contraction at any point also tends 
to increase bending at that point, the system may have 
positive feed-back properties which increase the abrupt- 
ness of the transition between unbent and bent states. 
However, contraction cannot be instantaneous, so the 
actual course of bending along the flagellum will not 
necessarily resemble the curve in Fig. 2. 

Unbending might be activated in a similar manner if 
the bent elements adapt to the bent state and become 
sensitive to the passive unbending which will locally 
precede the transitions which reverse contraction. How- 
ever, speculation about unbending is premature, since it 
is not yet known whether it is an active process similar 
to bending or a partially passive process which makes use 
of energy stored in elastic bending of part of the flagellum. 

It remains to show that the bending resulting from 
shear, which will precede the point of activation, is sig- 
nificantly greater than the bending induced by viscous 
bending moments. The viscous bending moment, Mv, 
will enter by adding to the force F, so that: 


rF = Me + Me (9) 

Two additional terms must then be added to equation (4): 
1 d'Mo Mb» 
T? d8? = ay 


Since Mv varies almost sinusoidally along the length of 
the flagellum’, with the periodicity given by the length 
L, its second derivative can be approximated by: 


9 a 
- (F) w 
Using equation (7), the contribution from M» then 
becomes: 


4, 


no soi9 January 8, 1966 


G + <a) 

z5 we (3 ) 1 My 
Darto L + Cy 

For sea-urchin spermatozoa, L is approximately 9v u 

(ref. 2), and the length constant, 1/a, is lz or less. With 

these values, the contribution from Me becomes: 





Since a, represents the stiffness of half the flagellum and 
%, represents the stiffness of the whole flagellum, their 
relative values depend on the relationships of structures 
_in the cross-section of the flagellum. If the distribution 
of stiffness in a flagellum resembled that of a homogeneous 
cylindrical rod, «,/a, would be about 7. Other distribu- 
tions could increase this ratio, but 1t is unlikely to exceed 
20. The contribution from My» will therefora be no 


M ; 
— and will be closer to Movu, if the 
l 


length constant, 1/a, is small. 

As pointed out previously®®, the constancy of circular 
curvature in the bent regions of a flagellum and the very 
slight amount of noticeable passive bending in the straight 
regions of a cilium or flagellum indicate that Mey/æ, is 
small compared to 1/p,. The passive bending induced by 
viscous forces will therefore be significantly smaller than 
that resulting from shear strain near the transition regions. 
It may not, however, be completely negligible, in which 
case the properties of Machm’s model might also be 
involved in controlling wave propagation. 

One of the main arguments offered in support of 
Machin’s model is the occurrence of synchronization 
between flagella which come into close proximity’. How- 
ever, this implies no more than that wave propagation is 


greater than : 
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sensitive to the rasistance to movement offered by the 
environment, which is also shown under conditions such 
as increased viscasity?»*. This sensitivity can he either in 
the passive disturbance which 1s responsible for activation 
or in the time-course of contraction following activation, 
since both will te involved in determining the propa- 
gation velocity. Since the mechanism proposed here still 
allows environmertal factors to fluence the time-course 
of contraction folowing activation, and therefore the 
propagation velocity, it can be adapted to fit observations 
of synchrony and she effects of increased viscosity. 

In addition to the points raised at the beginning of this 
paper, there are several possible experiments which may 
discriminate between Machin’s model and a model in- 
volving local spreed of bending such as the one proposed 
here. Some of these are under way ın our laboratory. It 
will be more difficult to distinguish experimentally 
between the model proposed here and models involving 
other types of locally spreading signals. However, the 
preservation of wave propegation in ATP-reactivated, 
glycerinated flagella which have lost their normal mem- 
brane properties!*41 and the sensitivity of propagation 
velocity to viscosisy and other mechanical factors, argues 
in favour of a very simple type of locally spreading signal, 
such as the one proposed in this article. 

This work was supported in part by a grant from the 
U.S. Public Healtn Service (RG—6965). 
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IMMUNOLOGICAL TOLERANCE OF NEONATALLY INFECTED 
MICE TO THE MOLONEY LEUKAEMIA VIRUS 


By EVA KLEIN and GEORGE KLEIN 


Department of Tumour Biology, Karolinska Institutet Medical School, Stockholm, Sweden 


ISSUE preparations containing the Moloney virus 
are capable of inducing a state of specific host 
resistance against the transplantation of small Moloney 
lymphoma isografts!»?. Concomitantly, serum antibodies 
appear which react specifically with Moloney lymphoma 
target cells in the cytotoxic and the fluorescent antibody 
tests and can also neutralize the leukaemogenic and im- 
munogenic properties of the virus?:*, Transplantation 
resistance and serum antibodies can be readily induced 
even by highly diluted preparations of virus-containing 
material and, once attained, high antibody titres persist 
throughout the lifetime of the recipient. Mainly for this 
reason, we have postulated’ that multiphcation of the 
inoculated virus 1s mostly responsible for host immuniza- 
tion. It could not be decided, however, whether the 
rejection response and the concomitantly developing 
anti-target-cell antibodies are due to the antiviral response 
as such, or are mediated via new ‘cellular’ antigens, 
induced by the virus but different in specificity from the 
antigens of the mature virion, as in the polyoma and the 
Rous systems! *. This distinction could only be made if 
lymphoma lines could be isolated which do not release 
any infectious virus. 
With one notable exception, inoculation of leukaemia 
virus containing materials to adult mice has led to trans- 
plantation resistance and antibody formation regularly 


in al] virus-host-tumour systems examimed. The excep- 
tion is represented by the high-leukaemia strain AKR, 
known to transmit the Gross virus vertically from parent 
to offspring. Lymphomas developing in this strain carry 
the same specific antigen(s) as Gross virus induced lympho- 
mas of other strains, but neither AKR nor AKR x 
C3H F, mice respond to active immunization, and they 
fail to develop humoral (cytotoxic) antibodies or trans- 
plantation resistance after attempts at active Immuniza- 
tion®-§ ‘This suggests that they are tolerant to the agent, 
and, ifitis a different entity, also to the ‘cellular’ antigen(s) 
induced by it. This interpretation is confirmed experi- 
mentally by the fmding that C3H mice infected with the 
Gross virus neonazally could not be made resistant against 
the isotransplantation of Gross lymphoma cells, even if 
re-infected at an adult age, in contrast to C3H mice 
infected as adults. Closely similar findings have been 
obtained with the Moloney agent. Adult mice infected 
with this virus regularly attain a state of specific trans- 
plantation. resistance which is much stronger’, as a rule 
(that is, protects from a large number of grafted neoplastic 
cells), than what can be obtained in analogous experiments 
with the Gross system®. Humoral antibodies are also 
regularly present -n higher titres and can be demonstrated 
not only by the cytotoxic but also by the fluorescent anti- 
body method. In contrast, mice inoculated as new-born 
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either entirely fail to react or show a deficient or delayed 
antibody response?®, 

The work recorded here represents a further attempt to 
understand this tolerant state. It was tested whether 
neonatally infected mice which lack demonstrable anti- 
bodies can respond immunologically to a second virus 
challenge as adults and whether their non-responsiveness 
against cellular targets as revealed by the fluorescence 
test is paralleled by a similar deficiency in virus neutreliz- 
ing ability. In addition, whether they were capable of 


rejecting small isografts from established Moloney’ 


lymphomas, known to be susceptible to the rejection 
reaction of virus inoculated adult mice, was investigated. 

Antibodies directed against cellular targets were de- 
tected by the immunofluorescence test as applied to living 
cells?*. The YLD lymphoma, induced by the Moloney 
agent in a C57Leaden mouse, was used as the standard 
target cell. The sera were tested for virus neutralizing 
activity by adapting the mouse antibody production 
(MAP) assay for the virus’. 0-1 ml. 1:100 diluted 
standard virus preparation was inoculated into 2A x 
CBA F,or ABY x CBA F, mice after incubation with 
0-05 ml. undiluted test or control serum for 4 h at room 
temperature. The sera of the recipient mice were tested 
for antibodies by the immunofluorescence test against 
YLD at appropriate intervals. 

Fig. 1 illustrates the results of one experment. Eight 
new-born, (less than 24 h old) A mice, derived from two 
litters, were inoculated with 0-05 ml. of a 1: 10 diluted 
virus preparation. Three adult A mice were inoculated 
simultaneously. The mico were bled individually and their 
sera were tested against Y LD target cells in the immuno- 
fluorescence test. While sera of all mice injected as adults 
were highly positive 30 days later, none of the neonatally 
infected animals had significant antibody levels. Six 
in the latter group developed leukaemia 103, 103, 117, 
158, 165, and 178 days after inoculation. The four neo- 
natally infected mice that were negative on day 160 
were re-infected with 0-05 ml. 1: 10 diluted virus prepara- 
tion on that day. Five previously untreated A mice of the 
same age were infected at the same time. Two of the four 
mice of the former category died with leukaemia before 
their serum could be collected for test. The other two 
could be tested, and were found to remain negative during 
the entire observation period, that is, 205-270 days after 
the first and 45-90 days after the second virus dose. One 
died with leukaemia at the age of 220 days. The control 
mice which were infected as adults produced antibodies 
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Fig.1. Antibody response of A mice after infection with Moloney virus. 
@, Two A mice (1¢ and 29) infected neonatally and re-infected on day 
160: x, three Ag mice (3, 4 and 5) infected as adults on day 160; O, five 
A9 mice (including 6, 7 and 8) infected as adults on day 180. Antibodies 
were measured against YLD target cells by the immunoffuorescence 
test and were expressed by the fluorescence index (+); and (—) de- 
notes the results of virus neutralization tests 
serum (cp. Table 2) 
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performed with the same 


and maintained them in @ high titre during the entire 
observation period of several months. 

In order to test the responsiveness of the neonatally 
infected animals against an unrelated antigen, 0-1 ml. of 
a 25 per cent suspension of sheep red cells was injected 
at day 210 to the two non-reacting mice. Four days later 
the serum haemolysin titres were 1:320 and 1: 640. 
Simultaneously injected controls gave 1: 640; 1: 1,280; 
1:640 and 1:160, respectively. Thus the two non- 
responsive animals were capable of reacting against an 
unrelated antigen. 

Table 1 shows further experiments of a similar design, 
performed with A, C57Leaden and C3H mice. Among 
the mice infected neonatally with the virus, all 5 C3, all 
15 A and 6 of 10 C57Leaden showed a deficient antibody 
response after 110-120 days. As in our previous work, 
the fluorescence index (FI) = 0:30 was taken as the 
threshold for a significantly positive reaction. Fourteen 
non-reactive mice were chosen for the experiments sum- 
marized in Table 1. When re-infected with a second virus 
dose at adult age, between 120 and 160 days, none of them 
responded with detectable antibody formation. 


Table 1. ANTIBODY RESPONSE OF MICE INOCULATED NHEONATALLY WITH MOLONEY VIRUS AND RE-INFECTED AS ADULTS 
(Neonatally infected mice shown in italics) 


Virus 
inocula- 
tion on 


Antibody-level on 


Litter day 110-150 


Antibody-level 


Day 140 Day Day 160-190 Notes 


yi 


a 


day 
120-160} FI VN 
0°13 Neg 
0-00 
6-00 Neg 
0-00 
0 06 
Q'il 
018 


VNS§ 


Killed, no leukaemia, day 210 
Leukaemia, day 180 
Killed, no leukaemia, day 195 
Killed, no leukaemia, day 105 
Killed, no leukaemia, day 195 


Leukaemia, day 245 
Killed, no leukaemia, day 210 
Killed, no leukaemia, day 380 
Killed, no leukaemia, day 196 
Leukaemia, day 196 


Leukaemia, day 210 


Leukaemia, day 243 
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ba -1:6 diluted virus. 
1 mi. 1: 80 diluted virus. 
FI, fluorescence index of serum, tested against Y LD target cells. 
VN, virus neutralizing activity (for details see Table 3). 
ü dt l me onan Ned other neonatally Injected A mice In the same experlment, bled at 120 days. 0 27, 6 30, 0-25, 0, 0-17, 6, 0-16, 0, 0, 0. 150 days. 0 14, 
I of the serum of other neonatally injected C57L mice in the same experiment bled at 120 days’ 0 33, 0-25, 0 27, 0-32, 0-50, 0 40. 
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Table 2. EFFEOT OF MOUSE SERA OBTAINED FROM INDIVIDUAL ANIMALS 
ON THE ANPIBODY-INDUCING CAPACITY OF A STANDARD VIRUS PREPARATION 


` (Neonatally infected mice shown In italtes) 
Ezp, A 


_ Antibody-level of recipients 
Source of admixed serum inoculated with virus-serum 
Donor mouse Collected mixture on day 
(designated as on day of FI 25 33 38 45 
in Table 1) experiment FI FI FI FI 
1 A.SWẸ 120 0:73 0-04 014 0 05 0-18 
2ASW g 120 0-30 0 65 068 O74 
3 A.S g 120 0-82 O23 0°34 0°37 
10.A¢ 120 O-00 a-86 0-95 
Ii AG 120 0-00 O-42 0 54 0-50 0:78 
3960 standard 
Moloney antiserum pool 0-90 0 23 0 34 0:37 
Control serum 0 65 
—_— 081 
Day 
Exp. B 35 42 
10 A? 192 0:00 0-86 
11 AY? 192 0:21 0 94 
15 Ad 182 0-76 0 00 0-00 
2 A 90 0-00 0°89 
2 AQ 205 0-10 0-86 
1 Ad 90 0-16 0-67 
i A? 2068 0-06 g 9I 
6 AQ 205 1:00 0-20 
7 AQ 205 1-00 O24 
Pool of 38.44 (3,4,5) 90 0:90 0-10 
1 C3H8 10 0-13 0:67 0:79 
1 C3H8 160 016 0-89 
3 C3H8 160 0-00 0-89 
4 C3H2 110 0-24 0-77 
4 O8H¢3 160 0-00 0 96 0-98 
7 C3H8 160 0-84 0 0 00 0-17 
5813 standard Moloney anti- F 
gerum pool 9-90 090 
Controi serum 0°73 
Day 
Exp. C 22 30 
2 AQ 190 012 6-81 
l Ad 190 0 04 87 
8 AQ 0 0 69 000 0:39 
1 C3H?S 140 0-18 0-68 
3 03H 140 0-00 079 
Control serum 0°24 0 87 
rae 018 0 82 


* 0-1 ml. 1:100 dil. standard virus preparation was inoculated to each 
mouse after incubation with 0-05 ml. undiluted test serum during 4 h at 
room temperature. Prior to inoculation 0-1 ml. balanced salt solution was 
added. Two adult A x CBA F; mice served as recipients in Exp. 4, two 
ABY x CBA F, mice in Exp. B, and two ABY x CBA Fin Exp. C. 


Some of the sera were also tested for virus neutralizing 
activity. On the basis of our previous experience’, this 
was appraised by testing their ability to neutralize or 
reduce the antibody-inducing capacity of standard virus- 
containing homogenates. The results are given in Table 2. 
Three separate experiments were performed. They 
include two standard post-infectious sera of adult mice, 
collected 7-8 months after inoculation and with a positive 
known FI value. These served as positive controls for 
virus neutralization while normal mouse serum was used 
as a negative control. It appears that both standard 
Moloney antisera (pools 5313 and 3960) showed a clear 
neutralizing activity. The same was true for the sera of 
5 mice infected as adults and for the sera of two neonatally 
infected A.SW mice that had high FI values. All 18 sera 
collected from 10 neonatally infected mice which gave a 
negative FI when tested directly against lymphoma. target 
cells were also negative when assayed for virus neutralizing 
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ability. Taken together, all tests thus show a clear inverse 
relationship between the FI of the serum admixed to the 
virus containing Lomogenate and the antibody level of the 
mice inoculated with the mixture and tested 33-45 days 
after moculation. 

Table 3 shows the results of the tests carried out to 
compare the ability of neonatally infected mice to reject 
small Moloney lymphoma isografts with animals infected 
as adults and untreated controls. The YLD lymphoma, 
previously found highly susceptible to the rejection 
response of syngeneic hosts infected as adults, was used 
for these tests as well. It appears that while all mice 
infected as adulta rejected the grafts which grew regularly 
in untreated controls, mice infected as new-born were 
susceptible in 18 of 21 cases. Among the three resistant 
mice, two had rositive antibody titres at the time of 
tumour cell challenge while all 18 susceptible animals were 
negative at the same time. 


Table 8 TRANSPLAS"ATION OF SMALL YD LYMPHOMA ISOGRAFTS TO 
SYNGENEIO MIOE INOCULATED WITH MOLONEY VIRUS AS ADULTS OR AS 
NEW-BORN 

Taxes in syngeneic FI of neonatally infected 
No of recipienta 8 nights after mice at time of tumour 
ae _ cells virus Inoculation cell challenge 
QO 1nocu- 


Tnjected with Neb Susceptible to Resistant 


lated Un- Neo- tumour to tumour 


8.C. treated natally adults inoculation inoculation 
1 190% 5/5 0/4 0,6,6,0,0 — 
2 10 4}4 3/3 Of/4 0, 0-14, 0-20 — 
3 19% 3/3 5/6 0/4 G 21, 0°18, — 
0-21, 6, 0 
4 104 5/6 5/8 0/5 6, hee 0,0, 087,0°28, 0°04 


In conclusion, the non-responsiveness of neonatally 
infected mice aiter re-infection at adult age fulfils the 
operational criteria of immunological tolerance. The 
parallel presence or lack of the virus neutralizing and the 
anticellular activity of the various sera may be due to the 
identical specificity of the antibodies involved. This is 
particularly suggestive in view of the strictly parallel 
individual variation in the response of different neonatally 
infected mice in relation to the different test systems. 
Since tolerance may have been induced to more than. one 
antigen at the same time, however, this evidence is 
merely suggestive but not conclusive. 

This work has been supported by research grants from 
the Swedish Cancsr Society, the Damon Runyon Memorial 
Fund (DRG-598), grant CA 04747 from the National 
Cancer Institute, U.S. National Institutes of Health, 
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Research. 


‘Sachs, L , J. Nat. Cancer Inst., 29, 759 (1962). 

* Klein, B., and Klein G., J. Nat. Cancer Inst., 32, 547 (1964). 

* Klein, E., and Klein, G., Nature, 204, 339 (1964), 

‘Sjégren, H. O., Progr, Hap. Tumor Res., 6, 289 (1965). 

* Jonsson, N., and Sjizren, H. O., J. Exp. Med. (in the press). 

£ Axelrad, A. A., Nature, 199, 80 (1963) 

7 Axelrad, A. A , Progr. Exp. Tumour Res., 8 (in the press). 

> art oT J., Adameova, B., and Koldovsky, P., Folia Biologica, 4, 293 
* Klein, G., Sjdgren, E. O., and Klein, E., Cancer Res.,22, 955 (1982). 
10 Klein, E., and Kiem, G , Cancer Res. (in the press). 

Moller, Q., J. Hap. Med., 114, 415 (1961). 


MAGNESIUM NUTRITION CF COTTON AS INFLUENCED BY SODIUM 
By MERVYN W. THENABADU* 


Department of Agriculture, Peradeniya, Ceyfon 


HE beneficial effects of sodium fertilization on the 

growth and yield of cotton have been reported by 
many investigators!-§, Several concluded that the best 
returns from sodium were obtained on soils deficient in 
potassium, and only in a few cases have physiological and 
nutritional reasons been advanced to explain the results. 
Mathews‘ attributed the yield increase in cotton to the 


* Present address: Department of Soils and Plant Nutrition, University of 
California, Davis. 


effect of the sodium ion in partially substituting the potas- 
sium ion in some of its metabolic functions. Appling and 
Giddens’ found tàat the contents of sodium and potassium 
in the various pacts of the plant were directly proportional 
to the amounts of these elements applied as fertilizers, 
and that sodium accumulated in the upper leaves. They 
concluded that the preferential shift of potassium to the 
active meristematic regions indicated that sodium prob- 
ably performed some of the functions of potassium in the 
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Table 1. Dky WEIGHTS (g) OF 85-DAY-OLD COTTON PLANT FRACTIONS 
AS INFLUENCED BY MAGNESIUM AND SODIUM 
` Young Old Young Old 
Treatments leaves leaves stems stems Roots Squares Bolls 

1. +Mg+Na 18:17a* 29'54a 6-10a 6'19a 11 96a 822a 0-76 
2. +Mg -Na 11°82a 31 94a 6-08a 989a 1120a 837a 

3. -Mg +Na 317b 15°70a 091b 8°38b 3:30 0 09b 

4. -Mg -Na 365b 12 74a 0°75b 7-345 2 90b 0-12b 


* Duncan’s multiple range test for the 5 per cent level of sigmficance. 


more mature tissue. Joham” established the ability of 


~ sodium to partially substitute for both potassium and cal- 


r 


"4 


cium in their general cationic functions in the cotton plant. 
Sodium had a significant influence on 90-day-old cotton 
plants growing in nutrient solutions deficient in either 
calcium or potassium during the latter half of their growth. 

While sodium was found to influence fruiting activity 
when either calcium or potassium was withheld, it also 
prevented wilting in plants grown ın low calcium solutions. 
It was suggested that sodium probably mobilized stored. 
calcium from the older tissue, but it had no influence on 
the movement of potassium. The results of further 
investigations suggested a role of sodium in maintaining 
a favourable protein status in plants deficient in potas- 
sium®. The level of leaf protein was related to the level 
of substrate potassium and sodium. Plants deficient in 
both cations had the lowest concentration of protein, 
while no significant differences were seen in those receiving 
either sodium or potassium. 

The investigation recorded here was undertaken in the 
autumn and winter of 1962-63 as a logical extension of the 
problem of sodium substitution for the macronutrient 
cations in cotton nutrition. 

Cotton seeds, variety ‘Deltapine 15’, were germinated in 
flats of steri:ized perlite. Six days after emergence three 
uniform seedlings were washed free of perlite and trans- 
planted into each of twenty plastic 6-litre pots contain- 
ing the following nutrient solution: Ca(NO,),..4H.0, 
5mM; KNO,, 3 mM; (NH,).S0,, 2 mM; K,HPO,, 11 mM; 
MgCl,.6H,0, 2 mM. The micronutrient elements supple- 
mented to each pot consisted of 2 p.p.m. ferric iron, 


.. 0-5 ppm. each of manganese and boron, 0-05 p.p.m. 


zinc, 0:04 p.p.m. molybdenum and 0:03 p.p.m. copper. 
The solutions were aerated from a central source and the 
pH of the solutions was checked daily and adjusted if 
necessary by the addition of dilute nitric acid or am- 
monium hydroxide to maintain the range pH 5-0-6-0. 
Four treatments were started thirty days after trans- 
planting: (a) plus magnesium—plus sodium (+Mg +Na); 
(b) plus magnesium—minus sodium (+Mg — Na); (c) minus 
magnesium—plus sodium (—Mg +WNa); (d) minus mag- 
nesium—minus sodium (—Mg—Na). MgCl, was elimin- 
ated from the — Mg series and NaCl (10 mM/1.) was added 
tothe +Naseries. The experimental design was a random- 
ized block with five replications on the greenhouse bench. 
Harvests were made 60 and 85 days after transplanting. 
At the 85-day harvest the leaves and stems were separated 
into old and new growth tissue, the latter being the growth 
made between 60 and 85 days. The tried, ground plant 
samples were ashed in a muffle furnace at 500° C and then 
dissolved in 5 per cent hydrochloric acid. Magnesium, 
sodium, potassium and calcium were determined using a 
Beckman DU spectrophotometer with a flame attachment. 
Incipient magnesium deficiency symptoms were ob- 
served 12 days after the treatments were effected. Plants 
not receiving magnesium exhibited an interveinal chlorosis 
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on the recently matured leaves. The interveinal areas 
gradually turned reddish brown in colour during the 
next 20-30 days, and the areas spread and coalesced. 
Stunted growth and shedding of flower buds were charac- 
teristic of the magnesium deficient plants 

The addition of sodium to plus and minus magnesium 
solutions had little or no effect on the growth of cotton as 
indicated by dry weights (Table 1). However, in this 
experiment, sodium had a beneficial effect on the develop- 
ment of plants supplied with magnesium. Plants of the 
+Mg+Na treatment flowered earlier and produced more 
flowers than those of the +Mg -— Na treatment. 

It is apparent that substrate sodium had a marked 
influence on the distribution of magnesium in the cotton 
plant. Comparison of deta in the +Mg+Na and +Mg 
— Na series at the 60-day harvest (Table 2) shows a decrease 
in magnesium content in the roots and stems with a 
corresponding increase in the leaves due to sodium. By 
the 85-day harvest sodium had little or no effect on stem 
and leaf magnesium in the +Mg plants although the 
trend observed in root magnesium at 60 days was still 
evident. In the —Mg series at the 60-day harvest differ- 
ences in magnesium content in the tissue due to substrate 
sodium were not significant. However, there were signifi- 
cant magnesium-sodium interactions in all cases. By 
85 days all the above-ground organs of the —Mg+Na 
plants contained higher tissue magnesium than corre- 
sponding parts of the —Mg—Na plants. 

Thus it appears that sodium in the substrate may 
serve some function in the maintenance of magnesium. 
This was apparent in the + Mg plants at the early harvest 
and in the —Mg plants at the final harvest. An inverse 
relation was noted between root magnesium and substrate 
sodium at both harvests. 

Marked diurnal variations of the megnesium content 
in the leaves of the cotton plant have been reported®, 
and the mobilization of magnesium to the active growing 
points has been shown with other plants'®14. In this 
investigation the indications are that sodium in the 
substrate .enhances this phenomenon, releasing the 
magnesium from the older tissue, thus enabling it to be 
re-utilized in the younger more active areas. If this is 
the case the possibility exists for the partial substitution 
of sodium for magnesium in the nutrition of the cotton 
plant. In this investigation the deficiency of magnesium 
was very severe and it may be that beneficial effects of 
sodium in the —Mg series were not evident at that level 
of magnesium nutrition. Support for this concept was 
evidenced in the flowering response of the +Mg plants 
to the additions of sodium. It may be that earlier flower- 
ing of the +Mg + Na plants was due to the greater move- 
ment of magnesium. to the active growing tissues. 

In stems and roots, tissue sodium was inversely related 
to substrate magnesium at the 60-day harvest. At 85 
days substrate magnesium tended to decrease tissue 
sodium in roots and stems and increase sodium in the 
leaves (Table 3). 

In the 60-day-old plants the distribution of potassium 
in the roots and stems was effected by significant mag- 
nesium—sodium interactions. In the —Mg series the +Na 
plants contained a significantly higher amount of potas- 
sium in the leaves than those of the —Na treatment 
(Table 4). The same trends were evident in the young 
leaf and young and old stem of the 85-day-old plants of 


Table 2. EFFECT OF TREATMENTS ON THE MAGNESIUM CONTENT OF 60- AND 85-DAY-OLD COTTON PLANTS 
(M.equiv./100 g dry wt ) 












60 Days 


Leaves Stems Roots 
1. +Na 117°49a* 15°37b 
2. +Mg -Na 66-585 83-744 
3. -Mg +Na 41°41e 11-140 
4. —Mg —Na 15°66c 8-38b 





* Duncan’s multiple range test for the 5 per cent level of significance. 





85 Days 
Old stems 


‘Young leaves Old leaves} Young stems Roots 
84 91a 55 88a 22-95a 
82 33a 58:34a 43-276 
25-74b 37 05b 30-824 
16 56b 23°94b 38:°07b 
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* Dunean’s multiple range test for the 5 per cent level of significance. 
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Fable 3, EFFECT OF TREATMENTS ON THE SopiuM CONTENT OF 60- AND 8S5-DAY-OLD COTTON PLANTS. 
(M.eqaiv./100 g dry wt.) 
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| Treatment i Leaves Stems | Foots 
| 1. +Mg +Na 12-55a* = 1204b |  1228b 
| 2, +Mg -Na T7 2b ; sake ! a Ove 
f 3. -Mg +Na 11-334 , 18-224 33 2ga 
; 4, ~Mg -Na 0126 | p R2e = lie 


EFFECT OF TREATMENTS ON THE POTASSIUM CONTENT OF 60- AND S5-DAY-OLD COTTON PLANTS 
(M.equiv./100 g dry wt.) 
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ie Age 66 Days 85 Days 
Tre atment Leaves Stems | Roots / Young leaves Old les ‘ees | Young stems | Old stems 
OEE AAE IS E PNE, NIIE AASS EOTS ent AAEE AA E EAEE AET E SEEE EEE A RO es E aE ia nee ia EA } s 
1. +Mg + Na 90: 25a* | TL2 | 158-520 RG Ste T ga 177-434 53-63¢ | GTER 
2. +Mg ~ Na 8G- GGD . RPP ola | 190-760 58: 56d O88 | 172-82a i 9-646 | ERGOE 
3. — Mg + Na gogga o BAIR 131-73a 124-600 126-220) | 182-650 Ri ila | Ba 48a poos 
4. -~Mg -Na 85:64 | URE B06 | 93-46a 99-74b 113-380 | 2-1 8b 56- 92e i Cy a BEN 
H i į 
i , j 




















i. +Me ra i 75 10a S9 Dab 

2. + Mg -Na : 74-0048 22-3hd i 55e 
3. —Mg + Na i 80-600 t $1450 | 10-80a. 
4, -Mg —Na ! 80-300 ; 47 05a, 28-58 
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= Mg series. These results imdicate that plants 
growing in a nutrient medium deficient in magnesium 
orbed more potassium in the presence of sodium, thus 
ggesting another beneficial effect of sodium under 
ditions of nutrient unpoverishment. 

In general, plants growing under conditions of magne- 

um. deficiency contained more calcium in their tissue 
han those with an adequate magnesium supply (Table 5). 

‘This is in agreement with the concept of the cation 
equivalency in plants’?:8. The distribution cf calcium 
in some tissues was also subject to significant magnosium— 
sodium interactions. In the stems of the 60-day-old 
nts, the presence of sodium in the substrate increased 
calcium content when magnesium was supplied, 

e the opposite effect was observed in the absence of 
trate magnesium. In the roots of the 60-day-old 
ants substrate sodium was associated with an increase 
ssue calcium regardless of magnesium treatment. 

‘the —Mg treatments of the 85-day-old plants, sub- 

strate Scare depressed the caleium content in all tissue 
except the roots and old stems. The calcium contents 
in the old and young leaves of the — Mg — Na treatment 
were significantly less than those of the —Mg-— Na 
treatment. In the presence of magnesium, however, 
` sodium increased the calcium content in all tissue. While 
these findings are in agreement with those of Joham”)? 
GE they are contrary to those of Cooper et al.*. 
















By KARL E. FICHTELIUS 


.FTER the addition of a cell-free liver extract to 
suspensions of thymus or lymph node cells in Karl's 
on. the number of cells per mm? was more than 
cent of the number of cells per mm? after the 
on of Earl’s solution?. pee effect with the liver 





Table 5. EEFECT OF TREATMENTS ON THE CALCIUM CONTENT OF 60- AXP B5-DAY-OLD COTTON PLANTS 
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Thus it was foand that under certain condition 
increased the magnesium, potassium and caleium 
in the cotton plent. In some cases the effeet o 
was even more pronounced under conditions of mag 
deficiency. In addition significant magnesium-—sodiu 
interactions wers found to govern the uptake and 
lation of deen ai cations. oe results sugg 




























hanced the ealalion of magnesium from the 

to the more actively growing tissues. ees 
This investigation was carried out at Texas A Sod M 

University. I thank Prof. H. E. Joham for his advice. ~ 
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-CELL DISPERSING LIVER EXTRACT INFLUENCING BLOOD CLOTTING 


and BIRGITTA KULLGREN 


Dep-rtment of Histology, University of Uppsala, sweden 


extract occurred immediately.) Experiments with pipettes 
of different diaraeters support the view that the liver 
factor contributes to the dissolution of cell aggregates in 
the suspension. It has been concluded that the addition 
of liver extract nay be a useful method by which the 
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correct cell number in suspensions of lymphoid cells can 
be obtained, and the degree of aggregation in such sus- 
pensions can be estimated. 

This communication reports experiments using similar 
liver extracts. Our first question was: Is liver extract 
more effective than extracts of other organs in preventing 
the formation of aggregates of thymus cells ? 

Homogenates of liver, spleen, kidneys, small intestines, 
lungs, muscles and testes (one part of the organ to two 
parts of Earl’s solution) were prepared from guinea-pigs 
weighing approximately 200 g. The homogenates were 
centrifuged for 20 min at 2,500g; the supernatant fluids 
were the extracts used. They were kept at 4° C and used 
+ within 72 h of preparation. Serum was diluted with two 
parts of Earl's solution, stored and used in the same way 
as the extracts. 

Thymus suspension was prepared as follows: the 
thymus from a guinea-pig was roughly freed from con- 
nective tissue, washed in Earl’s solution, and stored in a 
moist chamber at 4° C for 4 h. The surface was then 
carefully freed from remaining connective tissue and the 
thymus washed once more. The organ was then cut up 
finely in 3 c.e. of Earl’s solution, and the pieces stirred 
with a pair of forceps and pressed against tho sides of the 
glass vessel. Another 3 c.c. of Earl’s solution was added 
and the tissue mixture was then sieved through ordinary 
muslin. 0-025 c.c. portions of Earl’s solution, of organ 
extract, and of diluted serum were placed in test-tubes. 
As soon as the cell suspension was prepared, 0-5 c.c. was 
quickly added to each tube with a 5 c.c. pipette. The 
mixtures were gently rocked for 1 h at room temperature, 
and the number of cells per mm? counted. The cell counts 
were converted to relative numbers (the highest count 
per mm? = 100). Five tests were performed. 

The highest cell count was found in the mixture with 
liver extract in all experiments, and the lowest cell count 
was found in the mixture with Earl’s solution (Table 1). 
This indicates that the liver extract was the most effective 
in preventing aggregate formation and that the aggregate- 
venting factor or factors were present in all extracts 
and the serum, 


Table 1. RELATIVE No. OF CELLS PER MM?’ IN DIFFERENT MIXTURES 


| 1 2 3 4 5 Mean 
Susp. + Earl's 48:9 36-0 51-3 46°6 22-0 41-1 
Susp. + serum 54-7 86-9 45-1 60-2 00:5 67-5 
Susp. + liyer 100 100 100 100 100 100 
Susp. +spleen 77-4 62:0 64-8 850 66-8 69-2 
Susp. + kidneys 780 912 683 759 767 780 
Susp. + 82-0 87:3 85-9 76-4 54-0 83-1 
Susp.+lungs  - 51-9 50°0 49-5 76°1 39-2 53-3 
Susp. + muscles 67-2 57-0 71:3 67-1 4&1 62-1 
Susp. + testes 571 83-5 35-5 69-2 749 64-0 
Susp. + Earl's 46-9 47°7 32-0 548 282 41-9 
The earlier findings! and the results obtained as 


described here suggested that a factor is normally formed 
or stored in the liver which is necessary for the natural 
suspension of blood cells. Some preliminary experiments 
on thrombocytes in peripheral blood are reported here. 

Homogenates of liver were prepared as already de- 
scribed, but from human liver. The supernatant after the 
first centrifugation was centrifuged for 1 h at 100,000g. 
After discarding the floating material the new supernatant 
was the extract. This was kept at 4° C, and used within 
5 days following the first centrifugation. 

The number of thrombocytes per mm? were counted 
from: (a) heparinized blood 10 min after sampling; (b) the 
liver extract used; (c) a mixture of 0-5 c.c. heparinized 
blood and 0-5 c.c. liver extract after rocking for 1 h in 
room temperature; (d) a similar mixture of 0-5 c.c. 


sas er sy blood and Earl’s solution. 

t is evident from Table 2 that the liver extract used 
was not free from particles, probably bacteria. With the 
method used, these would have been counted as thrombo- 
cytes. The dilution solution used for counting and the 
Earl’s solution did not contain such particles. However, 
it is quite easy to make a correction for the presence of 
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Table 2, No, OF THROMBOCYTES PER MM* IN DIFFERENT MIXTURES 


H Liver Blood + Blood + 

noian yag lood extract liver extract Earl's solution 
a) 244,000 31,600 214,600 63,600 
2 254, 31,600 84,000 ,800 
(3 210,200 1,600 153,200 67,200 
ie 182, 31,600 180,800 400 
5)* 253,600 71,200 205,600 40,400 
(7)t 206,000 9,600 400 21,600 
(8) 220, 9,600 98,400 5,200 
(9)t 193,600 9,600 58,400 52,000 
(10) 196, 2,800 118,000 28,800 
(11) 223,200 2,800 12,000 32,800 


* The liver extract was stored at +4° C for 5 days. 
t The liver was stored at + 4° C for 2 days before the extract was prepared. 


Table 3. CORRECTED NO. OF THROMBOCYTES IN DIFFERENT MIXTURES 
a 2 aaa Blood + liver Blood + Earl's 

lood extract solution 

(1) 244,000 396,000 127,200 
(2) 254, 288,000 189,600 
(3) 201,200 274,400 134,400 
(4) 182,000 329,600 72,800 
5)* 253,600 2 80,800 
6)* 258,800 600 ,000 
(7)t 206.000 87,200 43,200 
(8)t 220,000 187,200 70,400 
(9)+ 193,600 107,200 104,000 
(10) 96,000 233,2 97,600 
(11) 223,200 221,200 65,600 


* The liver extract was stored at +4° C for 5 days. 
t The liver was stored at + 4° C for 2 days before the extract was prepared. 


such foreign particles. Corrections were made, at the 
same time, for the dilution 1:2 in ¢ and d: these are 
given in Table 3. 

The correction formulae are: Corrected figure for the 
blood-—liver extract mixture = 


for li t 
g (8 aiia (figure for — extract) 


Corrected figure for the blood—Earl’s solution mixture = 
2 x figure obtained 


The blood—Earl’s solution mixture shows lower figures 
than the blood alone, which indicates the presence of 
aggregates, or loss of cells on the glass walls in this 
mixture. The blood-liver extract mixture shows higher 
figures than the blood alone. This indicates that there is 
a certain degree of aggregate formation or loss of cells on 
the glass walls already in the heparinized blood. 

The ability of the liver extract to influence the sus- 
pension stability or the adhesiveness of thrombocytes 
suggested that it might be involved in the formation of 
blood clots. The following experiments were designed in 
order to test this possibility. 

Whole blood of various species was mixed with equal 
parts of Earl’s solution or with liver extract from different 
species. The liver extract was prepared as in the first 
experiment. The mixtures were gently rocked for 1 h at 
room temperature. Smears were prepared from the 
mixtures and examined histologically for the degree of 





4 


.1. Blood from guinea-pig. To the left, clot formed b with 
pis Ak e iver extents. To the right, clot formed by rocking with Earl's 
solution 
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In three of the combinations tested (1, 2 
and 4) there was a clear-cut difference 
between the clots: the clot in the mixture 
with Earl’s solution was an ordinary clot 
containing numerous red cells, but in the 
mixture with liver extract the clot was small 
and pale, containing relatively few red cells 
(Fig. 1). Histological examination revealed 
that the pale small clot obtained with liver 


resembling the clot at defibrination (Fig. 2). 

The smears from these combinations (l, 2 

and 4) did not reveal differences in the s 

of red cell aggregates in the mixtures with 

liver extract or those with Earl's solution. — 
In other combinations performed (3, 5 and. 


. Blood from National Institutes of Health New Zealand albino rabbit (x 140). 6) there were no similar differences between 


Fig. 2 
(a) Clot formed on ae with ee ppg liver extract. (b) Clot formed on rocking wit 


Karl's solution. (c) Clot formed on 


erythrocyte aggregation. After rocking, the clots were 
observed and a few were embedded and sectioned for 
routine histological examination. The sections were 
stained according to Weigert (Romeis 1948, § 1424). In 
one case a blood—Earl’s solution mixture was shaken 
vigorously in a relatively large vessel for defibrination. 

The following combinations of blood and liver extract 
were tested: (1) blood from National Institutes of Health 
New Zealand albino rabbits with guinea-pig liver (5 tests); 
(2) blood and liver from guinea-pigs (7 tests); (3) blood 
from Swedish farmer’s rabbits with guinea-pig liver (2 
tests); (4) blood from National Institutes of Health New 
Zealand albino rabbits with human liver (1 test); (5) 
human blood with human liver (4 tests); (6) blood and 
liver from Swedish farmer's rabbits (2 tests). 


ng with Earl's solution (defibrination) 


the clots. 

It is of limited value to discuss at this 
early stage the liver factor or liver 
factors. It will suffice to say that there may be 
something of great biological interest hidden here. 
The factor preventing the thrombocyte aggregation 
may also be of clinical interest. Without doubt, addition 
of liver extract can be recommended as a method for 
obtaining a correct cell number in artificially prepared 
suspensions. The liver extract has been shown to prevent 
the formation o7 aggregates in suspensions of bone marrow 
cells’. 
aggregates of sarcoma cells’. 


extract in combination (1) was a fibrin clot. 


Furthermore, serum has been shown to split — 


This work was supported by the Swedish Medical — 


Research Couneil. 


 Fichtelius, K. E., 4eta Path. Microbiol. Scand., 62, 47 (1964). 
* Mäkitalo, U. (to be published). 
* Lundin, P. (to be published). 
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CONTROL OF SELF-IRRADIATION DECOMPOSITION OF TRITIUM-LABELLED 
COMPOUNDS AT HIGH SPECIFIC ACTIVITY 


By Dr. E. ANTHONY EVANS 


The Radiochemical Centre, Amersham, Buckinghamshire 


HE increasing use of tritium compounds as tracers at 

very high specific activity (some examples, refs. 1-3) 
has presented growing problems to both supplier and user 
in minimizing the rates of decomposition of these com- 
pounds on storage. 

Since publicationt of the first extensive examination 
of the decomposition of tritium compounds, several 
investigators have published their observations of the 
self-decomposition of groups of tritium compounds such 
as amino-acids*-*, steroids’ and fatty acid esters’, or of 
specific tritium compounds such as thymidine®*, chimy! 
alcohol", cyclohexane’? and n-propanol’. Methods 
adopted to control decomposition rates have included, 
for example, storage in various solvents*-*"*, dispersal on 
paper®* and on various solids'*, such as charcoal, benz- 
anthracene, silica gel, cellulose and ferric oxides, low- 
temperature storage (—196° C)", the use of radical 
scavengers®?® for compounds stored in. aqueous solution, 
and the inclusion of tritium compounds as clathrates*’. 
It is doubtful whether decomposition can be eliminated 
completely by any method. One answer to the problem 
is, of course, to use the compound immediately after 
purification, but this is not always practicable or econ- 
omical, and better methods for reducing the rates of 
decomposition to a tolerable level are still needed. 

This article presents preliminary results of the investi- 
gation of two important aspects of the control of the 
decomposition of tritiated organic compounds from self- 


irradiation on storage. These are: (1) use of radical 
scavengers for compounds stored in aqueous solution; 
(2) storage at very low temperatures (— 196° C). Both 
these methods have been found to reduce substantially 
the rate of decemposition as illustrated by the examples 
given in Tables 2 and 3. 


Use of Radical Scavengers 


The protective action of benzyl alcohol’ or eysteamine™® 
against radiatien decomposition for compounds in aqueous 
solution has previously been mentioned. To be effective 
in reducing the rate of self-decomposition of tritium 
compounds stored in aqueous solution, additives must 
effectively anc efficiently ‘scavenge’ hydrogen and 
hydroxyl radicals, which arise by radiolysis of the water’. 

Three compounds were selected for detailed investi- 
gation: 

(a) Benzyl cicohol, which has also the advantage of 
being a bacteriestat. It is not easily removed, however, 
and furthermore it can give rise to aldehydes, phenols 
and acids by interaction with H and OH radicals’. 
Although these radiolysis products should not be radio- 
active (assuming there is no hydrogen—tritium exchange 
and no interaction with labelled species), their presence 
may be undesirable for some investigations. 

(b) Ethyl alcohol, which is easily removed and, at the 
low concentrations normally required (less than 5 per 
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cent); is. unlikely to produce’ ‘MAb ettedes’ in i tesearch: ini 
vestigations. Disadvantages include the formation of 
aldehydes and glycols by reaction with free radicals', and 
the presence of alcohol may actually accelerate the rate 
of decomposition of the solute’*?, Under some storage 
conditions esterification of the solute can oecur®§, 

(c) Sodium formate ( or formic acid). The effects of radia- 
tion on aqueous solutions of formic acid are among the 
reactions of this type that have been subjected to most 
intensive investigation’. The main products from the 
interaction of formate with H or OH radicals are carbon 
dioxide and water: 





H + HCOOH —- H, + COOH 
OH + HCOOH -> H,O + -COOH 
2. COOH -> HCOOH + CO, 


so rmm ee unomenrrmmmenienserantene Ato tent tet 


Net reaction 


HCOOH -> H,O + CO, 


Thus, during the course of its protective action, the 
formate concentration is likely to decrease giving water 
and carbon dioxide. There would seem no obvious dis- 
advantages in the use of formate as a radical scavenger, 
except, of course, when the tritiated compound is to be 
used in a system which must be free of formate. For 
many classes of labelled compound it could be removed 
fairly easily. 


Scavenging Efficiencies 


To compare the scavenging efficiencies of benzyl 
alcohol, ethyl alcohol and formate, solutions of thymidine- 
2-8 (specific activity 18-3 me./mmole) at 10 uwe./ml. con- 
“taining the scavengers in concentrations ranging from 
0- 001 par ent to } g cent were B tae with eye 
as oa tied: eS i amount of thymidine-2 uÈ surviving 
(determined chromatographically})’, is shown in Table 1. 


Table 1. THE EFFECT OF y-IRRADIATION* ON SOLUTIONS OF THYMIDINE-2- 
HO CONTAINING FREE RADICAL SCAVENGERS 
Seavenger Concentration Degree of protection 
(per cent) 
Sone (controls) i Nil 
Benzyl alcohol 1 90-95 per cent 
Benzyl alcohol 0-001 Approximately 56 per cent 
Ethyl alcohol 0-001~1 Nil 
Sodium formate 0-001—1 Nil 


* For these irradiations I thank the Irradiation Service, U.K. Atomic 
Energy Authority, Harwell, Berkshire. 


These results indicate that neither ethyl alcohol nor 
sodium formate was effective in protecting the thymidine- 
2-4C and only benzyl alcohol at 1 per cent concentration 
afforded a high degree of protection. The results are 
interpreted to suggest that both ethyl alcohol and formate 
react rapidly?*.2! with the free radicals produced by the 
y-rays and that these compounds did not survive long 
enough to protect the thymidine. Benzyl alcohol, on the 
other hand, containing the aromatic nucleus is much 
more resistant to destruction and afforded a better 
protection for the thymidine-2-"C. Provided sufficient: 
ethyl aleohol or formate were present in solutions of 
tritiated compounds, these two scavengers, which readily 
interact with the free radicals, should provide a high 
degree of protection and substantially reduce the rate of 
decomposition of the tritiated compound. 

dn Table 2 are shown results obtained on keeping 
selected tritiated nucleosides and amino-acids of high 
specific activity in solutions containing benzyl alcohol, 
ethyl alcohol or scdium formate as radical scavengers. 
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“The poaulea show that all Tne sav vengers are effective 
in reducing the rate of self-irradiation decomposition of 
the tritium compounds, but the efficiency of formate, even 
at concentrations of 0-01 per cent, is particularly inter- 
esting. Compared with the controls the rate of decom- 
position is reduced almost by an order of magnitude; 
thus the G(— M) value for tyrosine, labelled in the 3 and 
5 positions of the benzene nucleus at a specific activity 
of 48 c./mmole, is reduced from 0:27 in the controls to 
0-03 when stored in 0-1 per cent sodium formate solution. 
For the nucleoside uridine labelled specifically in the 
5-position of the pyrimidine moiety, the G(— 2} value in. 
the controls (0:67) is reduced to 0-17 in solutions con- 
taining 0-01 per cent sodium formate. In the examples 
investigated, ethyl alcohol appears only slightly more 
effective than benzyl alcohol. 

It should be remembered that these additives are 
chemical impurities. The value of additives as radical 
scavengers for retarding the rate of self-irradiation decom- 
position for tritium compounds in solution should he 
balanced against their possible effects in any investiga- 
tion. Although the scavengers are present in low chemical 
concentrations, this will often exceed the concentration 
of the tritiated compounds, especially for those compounds 
at very high specific activity. 

The use of additives (free radical scavengers) to control 
decomposition promises to be a most useful, practical and 
convenient method for minimizing the decomposition of 
tritium compounds stored in aqueous solution at high 
specific activity. 

It is interesting to note also that 1L-tyrosine-3,5-T 
racemizes on storage in solution, even in the presence of 
formate as radical scavenger. This effect, which has been 
observed also with aqueous solutions of other tritiated 
amino-acids (L-leucine-4,5-T; L-phenylalanine-4-T; and 
L-methionine-T(G@)), is under further investigation, but: 
preliminary results suggest that this phenomenon may 
be induced by §-radiation. 
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Storage of Tritium Compounds at —196° C 


Storage of aqueous solutions of tritiated thymidine at 
— 196° C was first examined by Apelgot et al’. Their 
results indicated that the rate of decomposition was sub- 
stantially reduced at this very low temperature. The 
rates of decomposition of a number of tritiated com- 
pounds stored at — 196° C have now been examined and 
the results are shown in Table 3. 

Storage of freeze-dried tritium compounds tends to 
give rather erratic results, the rate of decomposition 
depending on how the material is spread on the surface 
of the glass tube. Note, for example, the difference 
between a 0-25 me. (containing 18:5 ug) and a lame. 
(containing 74 ug) ampoule of folie acid-3’,5’-T. Although 
the rate of decomposition of tritium compounds stored in 
the sohd state is reduced at — 196° C, it is still, never- 
theless, substantial and in general the use of a protecting 
solvent is necessary*. 

The rate of decomposition of tritium compounds in 
aqueous solution increases as the dose per unit time is 
increased, that is, as the activity concentration per rol. 
is increased (at constant specific activity). It is inter- 
esting to note, however, that at — 196° C the decomposition. 
rate for tetrasoclium 2-methyl-1,4-naphthaquino!l-6-T di- 
phosphate in solution at 27 ¢./mmole is remarkably con- 
stant over quite a wide range of activity concentrations 
(see Table 3). 

At — 196° C the proportion of free radicals which have 
sufficient energy for interaction with the solute is expected 
to be quite smal? and it is, in fact, observed (Table 3) 
that the presence of benzyl alcohol as a free radical 
scavenger has a much less pronounced useful effect at 
this temperature. This suggests that secondary radiation 
effects‘, that is, the interaction of the tritiated compound 
with reactive species (such as free radicals), are almost 
eliminated at — 196° C. 
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: Specific | Activity | ; Storage | | BGG 
Compound | activity | conem, | Seavenger Age. temp. | Dos A-M) si 
g B immolò | (me./ml.) | | (months CO trads} W: 
| Cytidine-T(G) i 2-5 } | None Š 2° 2x |l 03 g 
| Cytidine-T(G) ; 23 L2 1% benzyl alcohol l 9 2° i OKI — 12 
-| Cytidine-5-T ! 9-4 1 | None | 105 2° | OB 108 0-24 
| Cytidine-5-T 14:6 | 12 | 1% benavl alcohol 5 a : Sx 104 (P03 
L L-Histidine-2,5-T 6-5 i 1 . None | 3 pes oi 2-7 x Ti 1:3 
| E-Histidine-2,5- T 65 | 4 | 1°, benzyl aleohol j 4 2° asd oe 205 0-4 
os. De Deucine-45-T 10-9 | 1 | None | 8 oa) Aas 0-38 
-| Di-Leucine- -4,5-T hydrochloride 10-9 64 | None | 12 2? | 70x10 0-14 
opi- Leucint-4, T hydrochloride 10-9 l 6-4 ' 1% benayl aleohol i 42 2° i FO x 10° OL 
‘Leucine-4,5-T hydrochloride 109 l 1 : 80% ethyl alcohol ie ae) val ii» 10° 0-02 
eneine-4,5-T hydrochloride | 10-9 i 1] | 80% ethyl alechol / 18 Soo 1-6 x 104 0-02 
‘Di-Leucine-4, 5-'T hydrochloride | 10-09 1 : 1% benzyl alcohol S ae 3e bei» 105 (O02 
“de Leucine-4,5-T i he i ' None 9 2 | lxi | OS 
el TeLeneine-4, 5T 8-2 2 : 1% benzyl alcohol 21 2° BB &w 108 | 007 
iIe Tyrosine-3,5-T 480 | l | None r 20 o 27x0 0 02T 
<| L-Tyrosine-3,5-T sO j J | None 4 2 | ixi 025 
ie Tyrosine-3,5-T 48-0 1 : 1% benzyl alcohol 3 22 | 27x 0-08 
“Tyrosine-3,5-'T A8-() | i | OL, ethyl alcohol | a 23 | 2-7 » 104 | 0-07 
po E-Tyrosine-3, 5T 48-0 1 01% sodium formate 3 ge. a 27» 108 | 603 
«JeTyrosine-3,5-T 48-0 1 1%, sodium formate 4h go | 41*10° | 0-02 
` Uridine-5-T 222 1 | None | 468 ee | pjs 0-56 
‘Uridine-5-T 23-2 41 | None ! 4-5 AE ete 108 0-67 
idine-5-T 222 4-1 | 1% ethyl alcohol i 45 ue 1-7» 105 033 
idine-5-T i BR i 4°] | Oo Qi pA sodium formate j 45 2° 17 J 17 
idine-5-T OBA | BL None | 9 2° +9x10 | 03 
ae ST J ! &]l 1% benzyl alcohol ! 2 PA Tis 1# 0-3 
E | 2 | None i x 2° 1-4» 105 20 
>a 2 | 1% benzyl alcohol 8 2° fef TOP 03 
2 i None 13 20° 2-3 « 108 1-2 
5d : 1% benzyl aleohol 13 20° 2-3» 10° 0-3 
6-9 | None 13 20° Sl» 104 13 
6-9 / 1% benzyl alcohol 13 20° Red» 105 6 
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TADE 3. DECOMPOSITION OF TRITIUM COMPOUNDS aT —496° C* 
| Specific / Activity | ; l 
Compound | aetivity Solvent | conen. : Age | renip | Dose | HM) 
: (me./mmole) = (mejmi)} — (months) | O i (rads) i ie 
ET penicillin (potassium salt) i [32 None ! n , 9 ; -40 | å ; 32 
T penicillin (potassium salt) 128 - None ; — i 17 © m1866 OT ! 17 
FT penicillin (potassium salt) | 128 ' Water i 2 6 — 196" 3} Lea 9 
lie acid-3",5'-T (potassium salt) : 5420 | None ! — 2 —40° | 24 0o 1 
acid-3'.5'- T (potassium salt) i 5,420 None 1 (25 me. 5 — 198° | Sx 7 ] f4 
; l : | ampoule} L o- a a ] 
acid-3’, 5-F (potasshim salt) : 5,4209 0 None ; 1 me, ; 5 : -19897 | 55x | Os 
Š Í ; ampoule) i : 
Histidine-2,5-T i 1,000 -o None Seis ; 7 : -4P | 830x108 | 16 
istidine-2,5-T | Yoeo = None o o ā = 2-5 -198° | I4xi® | 09 
eucine-4,5-T 7,100 Water | 1 6 | + 2° | pixi | 0-5 
Leucine-4,5-T 7.100 > Water | i 6 ~ 198° 54x 108 | Ol 
aeueine-4, 5T 7,609 | Water : 4-8 55 | = 196? 4 x 108 0-2 
c Methotrexate- 3',d'-'T 9,179 - None | a 2 -407 = 3-46 108 O-4 
: “Methotrexate-3',5°-T $470 None : — 4 —~196° = F-Ox« 105 O15 
| Tetrasodium 2-methy!l-1,4-naphtha- 27 dH) Water 390 10 | $2? | Bax 10? 0-3 
bo. . quinol-6-T diphosphate 27,000 Water 240 6 ~106° |} 13x 167 0-06 
= 27,000 Water 2 & 198° | LL x 105 0-06 
wymidine-methyl-T 4,209 | Water Od 22 +2° 7-0 x 10 05 , 
‘hymidine-methy!-T 4,200 Water 1-3 7 fF 186° | 82x 104 Of 
ridine-5-T 11,100 Water ! 6] 9 ! +23 | 49x10 Q 
Uridine-5-T 13,000 Water | 5 6 i 196° | 27xi@ | COT | 
“ridine-T(G) 2.440 None : — ri Qo? 72x1 2 
| Uridine-TiG@) 2,480 None -~ 8 -408% | ixi | Od i 
Uridine-T(G) 24) Water : 2 rad + 2° | 14x 10" 2 I 
_.| Uridine- T(G) 2,480 Water 2 9 ~196" i 16x10 TES 
Co Uridine- tiG) 2,440 Water? ; 2 9 -198° | 16% 10" 0-26 
| Uridine-T(@) 2,440 Water 6-9 9 -196° | 6 =x 105 Q4 
2,449 Water t 6-4) 9 ~ 196° 5-6 « 108 26 i 






sree 3 ; 


ieg aia wher temperatiires are inchiuded for comparison, 
Yontaining 1 per cent benzyl alcohol. 

 egiials generally labelled in non-labile positions (ref. 19). 
compound destroyed per 100 eV of absorbed energr. 












Gonic Tt appears, therefore, that many tritium compounds, 
ee preferably dispersed in a solvent, have a much reduced 
rate of decomposition when stored at —196° C. It is 
perhaps only inconvenience which prevents a wider use 
storage at — 196° C. 
There is obviously much more information to be 
tained concerning even the two aspects of tritium 
ompound decomposition briefly described in this article. 
. Experiments are continuing at the Radiochemical Centre. 
os. | thank Dr. J. R. Cateh for his interest, and other 
=o -golleagues for their assistance. 
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O AN ALTERNATIVE MULTI-TARGET EQUATION USEFUL FOR FITTING - 


SURVIVAL CURVES OF X-RAY IRRADIATED PROTOZOA 


By Dr. JOHN CALKINS 


Division of Radiobiology, Department of Radiology, University of Kentucky College of Medicine, Lexington, Kentucky 


\YSTEMATIC attempts to explain the behaviour of 
-AJ irradiated biological materials have been collected 
ee Gate a group of concepts generally termed ‘target theory’. 
“Target theory has undergone constant modification, 
especially in its objectives; and oven though there are 
objections to the implications of this approach it still 
provides a logical method and useful vocabulary for a 
“systematic and quantitative investigation of radiation 
effects. Target theory has been most extensively developed 
biological materials which show an exponential decay 
vity with dose; this response has been called ‘single 
implies that some sort of an all-or-nothing event 
red which either inactivates the material or 
: ompletely unharmed. Many biological materials 
do not show the ‘single hit’ type of inactivation, but show 
| of dose versus activity which have shoulders 
in licating some damage must accumulate before the full 
inactivation is expressed; such a response curve is called 
sigmoidal, | 
~The equation : 









S = 1 aa (1 kaa e-KayN l 


Sis the surviving fraction, æ is the X-ray dose, and 
N are experimentally determined parameters, 
y called the multi-target equation of target 

, has been used as the mathematical model for the 

dal type of inactivation of micro- organisms and 

ist, This equation can be derived from two 

ions: (1) the inactivation of the targets is a 

it type event; (2) there are N targets each of 

aust be inactivated to kill the organism. The 
er K is related to the sensitivity of the individual 

being the reciprocal of the mean lethal dose (37 

urvival dose) for the targets considered individu- 


















3 “of the observed surviving fraction of various 
radiated unicellular biological materials against X-ray 
dose have almost invariably produced dose-response 
(survival curves) of the sigmoidal type. In the case of 
single mammalian cells the observed survival seems to 
fail to fit the multi-target equation for several reasons. 
There appears to be a substantial part of the cell popula- 
tion inactivated by the ‘single hit’ mechanism, that is, N 
equals 1 for part but not all the population’. The ‘single 
hit’ component causes the survival at low doses to deviate 
from values of N and K determined at high doses, and the 
survival line shows a finite slope as it approaches zero 
dose instead of the zero slope predicted by the multi- 
target equation. 
The growth phase of cells has also been shown to affect 
the response of irradiated cells in the cases where it has 
Deen investigated*-+. It has been shown that a non-homo- 
“geneous population could produce quite complex survival 
. curves, depending on the composition of the population 
: she manner in which the dose-response curve varied 
a the various subcomponents of the population. When a 

: ition of mammalian cells, synchronized with respect 
se in the growth-cycle, was investigated for radiation 
nse, it was found that the response at lower doses 
sigmoidal with a slope depending on phase in the 
cycle, but at higher doses a steeper decline of 
might occur. _ 













Survival curves of Protozoa do not show the same 
deviations from the simple multi-target behaviour that 
mammalian celis show’. If there is a component of the 
population which is inactivated by ‘single hit’ kinetics, 
which would cause the survival curve to approach zero” 
dose with a finite slope rather than zero slope, it must be 
an exceedingly small fraction. In the case of Protozoa 
the surviving fraction is 1-0 until quite large doses have 
been delivered, then a small increase in dose produces a 
large drop in survival. 


The problems originating in the variation in sensitivity _ SG 


during the growth-cycle also seem to be minimal in Pro- 
tozoa. The sharpness of the threshold would be impossible 


if there were large differences in the radiation response. ._ 


during the growth-cycle. In the case of Paramecium 
aurelia it has been shown, using animals synchronized : 
by selection in the process of division, that the variations — 
in radiation sensitivity during the growth-cycle are much. 
less than the corresponding variations in mammalian 
cells, and the data are compatible with the hypothesis 





that there is no variation in radiation sensitivity during a 


the growth-cycle®. 


Table 1 

Eq. No. Exp. No. LED,, NX A x? DF 
1 26 8-43 275 0-93 783 4 
2 26 § 56 9-12 0-68 4-83 4 
1 27 7-66 255 O77 6-35 4 
2 27 T7 27-9 0-06 396 4 
1 28 6-97 1,544 bl 2°98 4 
2 28 V1 pë 0-09 1-62 4 
1 29 Computer progamme failed to converge 
2 29 8-65 126 0-59 1-59 3 
1 30 6°34 10-7 0-44 1-01 4 
2 30 6°65 1-83 03 0-88 4 
1 Bi 6-79 565 0-99 1:88 4 
2 81 6-87 15-9 0-07 1-62 4 
t 32 6-19 2,085 1-29 1-31 3 
2 32 6-26 67-02 0-12 1-14 3 

Survival curve parameters as determined by the two equations. The dose 


units for the LDDs, and parameter K are expressed in minutes at 45 krads/min. 


Fig. 1 (dotted curve) and Table 1 present exper imental 
data from a number of X-ray survival experiments on 
Paramecium aurelia and illustrate the ability of equation 
(1) to serve as a model for the inactivation of this proto- 
zoan, The data have been fitted using an electronic com- 
puter, IBM type 7040; the programme is an iterative type. 
kindly prepared by Dr. Alan Ross and Mr. Stuart Riley of 
this institution. The values of y? in the separate cases 
suggest that, within the limitations of the experimental 
data, equation (1) closely approximates the functional 
dose-response relation. 

There are, however, reasons fer seeking a different 
mathematical model to describe the dose-response relation 
for X-ray irradiated Paramecium aurelia. There is no 
easy technique for determining the survival of Paramecium 


at extremely low levels as there are for bacteria or tissue œo 


culture cells, so survival curves are seldom extended to 
surviving fractions below 10-*. However, theoretical 
curves, computed from equation (1), best fitting the data 
at higher levels of survival, consistently overestimate the 
survival at the highest dose points instead of a random 
distribution about observed points at the higher dose- 
levels. Another reason for further consideration of the 
model equation is the extremely high values of N. It 
is difficult to imagine a cellular structure duplicated 































imes, which, if only 
ed, wival ofthe animal. 
cal curves could b made to fit the points of 
rvival better by increasing the parameter N, but 
foregoing objection would be intensified. 
Neither objection can be regarded as sufficient reason 
discard a model which fits the experimental data to the 
gree indicated by the y? values; however, a slight modi- 
tion of equation (1) produces an improved fit of the 
xpermmental data and considerably mitigates the two 
objections already cited. 
Equation (1) has been modified in such a manner that 
coe the nose appears raised to the second power: 


S = l — (1 — -EmN (2) 






























The ERT have the same meaning as before. 
Table 1 illustrates the fact that equation (2) gives an 
‘improved fit to the data points and Fig. 1 shows that, 
although there is still a tendency to overestimate the 
irvival at higher doses, equation (2) is close to the ob- 
erved values. Table 1 also shows that the parameter N, 
ugh still a substantial number, is much less than the 
iè found using equation (1). Paramecium, it should 
ted, has a complex nuclear organization and a particu- 
r bit of genetic information might be duplicated up to 
0 times. 
Calkins has already reported’ and Figs. 2 and 3 show 
other X-ray response of Paramecium aurelia in which 
unctional relation between. exposure and response is 
ch a nature that it is the square of the dose which is 
ant. Fig. 2 shows the average growth of Parame- 
llowing irradiation ; since non-surviving animals die 
t division, the growth is determined entirely by 
ws of the various doses. It is evident that there is a 
sive depression of the resumption of growth by 
é asing radiation doses. An electronic computer 
mme has been used to determine the delay of growth 
isolated irradiated individuals. Fig. 3 shows the 
ge delay of growth of animals given various irradia- 
loses and the standard error of this delay plotted as a 
i dependence: shown in Fi ig. 3 has aa repeated in many 
-other experiments. 
, The dependence ofan effect on the equare of the absorbed 


-oducing such a functional relation could be an 
ition seach two P ipilasioed events which 


Dose in min at 45 krads/min 


Computer fit of observed survival of X-ray irradiated Paramecium 
ited lines indicate fit by usual multitarget equation (equation 
inta by the multitarget equation with 
inng arrows indicate no 

: produced a surviving 

if ons nimal ght 
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Fig. 2. A ploteof tke average post-irradiation growth © 
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Fig. 3. The average delay of resumption of growth (di 
surviving X-ray irradiated Paramecium aurelia plotted g 
X-ray dose squared. Bars indicate the standard error 6 

delay pomis; lines are fitted to data points by comp 


30,060 


tion is well known in certain types of chromose ne 
rations and seems logically explained by the intera 
effects which show. a linear dependence on dose”. 

If the correct “unctional relations between dc 
response can be established for this animal then t 
undoubtedly suggest further avenues of investigatio: 
the effort to understand the complex and often 
manner in which irradiated organisms. behave. 

This~work was supported by National Inst 
Health, U.S*Pablic Health Service grant G 
I thank Dr. Alan Ross for the extensive de 
computer programmes required-fer. the 
data, and his assistant Mr. Stuart Rile: 
Yvonne Gover for her assistance. : 
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NEAR ULTRA-VIOLET SPECTRUM OF WHITE POTATO MITOCHONDRIA 


By Dr. MATTHEW A. HARMEY, Dr. HIROSHI IKUMA and Pror. WALTER D. BONNER 


Johnson Research Foundation, University of Pennsylvania, Philadelphia 


NHANCE et al? and Holton’? observed a broad 
absorption peak at 315-320 my in the difference 
spectrum of animal mitochondria. This peak has been 
attributed to bound pyridine nucleotide’? or to a modified 
form of ubiquinone’. During investigations of plant 
mitochondria, the presence of a similar peak has been 
detected in mitochondria isolated from white potato 
tuber, Jerusalem artichoke tuber and mung bean hypo- 
cotyls.. This article concerns the characterization of this 
absorption peak in white potato mitochondria. 

Mitochondria were prepared as described‘ and tested 
in a reaction medium consisting of 0-3 M mannitol, 10 mM 
phosphate buffer (pH 7-2), 10 mM potassium chloride 
and 5 mM magnesium chloride. All experiments described 
herein were performed with succinate as substrate. 

Ina difference spectrum of these mitochondria, anaerobic 
minus aerobic steady states (Fig. 1), an absorption peak 
is found at 315 mu, and a shoulder at 340 mu. The shoulder 
can be attributed to intramitochondrial pyridine nucleo- 
tide; extraction of these mitochondria showed a total 
pyridine nucleotide content (NAD + NADH) of 50 
myumoles/mg mitochondrial nitrogen. In agreement with 
published reports’ neither NADP nor NADPH was 
present in detectable amounts. 

Fig. 2 shows a series of experiments carried out to 
examine the participation of the 315 my compound in 
idative phosphorylation. Fig. 24 shows the pattern of 

nm. uptake detected polarographically. The respira- 
et s stimulated by ADP (state 3) and the rate decreased 

on exhaustion of added ADP (state 4), showing that the 
mitochondria have respiratory control’. Fig. 2B is a 
fluorescence trace obtained with an Eppendorf fluoro- 
meter’, Fluorescence is low during state 3. It increases 
in state 4 and decreases at anaerobiosis (state 5), suggest- 
ing that some quenching occurs as soon as anaerobiosis 
sets in. Figs. 2C-E illustrate typical traces obtained 
with an ultra-violet double-beam spectrophotometer® 
using 305, 320 and 350 my as measuring beams with 375 
as reference wave-length. In later experiments 300 was 
used in preference to 305 as a measuring beam. The 
absorption changes at 350 are typical of energy-Imked 
pyridine nucleotide reduction®", while at 305 my the 
absorption gradually increases on addition of ADP, and 
on exhaustion of added ADP a first-order decrease of 
absorption oecurs. Tt should be noted that no steady state 
was observed during state 3 or 4 or this wave-length. On 
anaerobiosis, however, the absorption increases to a 
steady level. The optical changes at 320 my are clearly 
intermediate between those at 305 and 350 mu. 

The results with the double-beam spectrophotometer 
suggested that it was possible to separate and define more 
clearly the two components suggested in Fig. 1. Measure- 
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Fig. 1. Difference spectra, anaerobic steady state minus aerobic 


steady state 


ments were therefore made over the 290-360 my range of 
wave-length. The degrees of optical changes after ADP 
addition were determined with reference to the time of 
ADP addition. At shorter wave-lengths this was deter- 
mined by extrapolation. Fig. 3 shows the results where the 
rate of absorption increase immediately after ADP addi- 
tion is also plotted. The spectrum for anaerobiosis is 
essentially the same as that shown in Fig. 1. While the 
340 my. absorbing compound is distinguished in the spec- 
trum for state 4 (curve B), the 300 my species is clearly 
separated both in the spectrum for the rate of absorption 
increase and in the plot for the time of ADP exhaustion 
(curve A). These results demonstrate that the 315 mp 
peak and the 340 my shoulder observed in Fig. 1 are 
resolved into 300 and 340 my absorbing components. The 
selection of 300 and 350 mu in Fig. 2 was made to minimize 
overlap of the two components. In view of the evidence 
presented, the 315 my peak in Fig. 1 can be attributed to 
the simultaneous absorption of 300 and 340 myu components 
at anaerobiosis. 

In view of the fact that ADP increases absorption of the 
300 mu component and that the absorption decreases on 
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Fig. 2. Correlation of oxygen utilization (platinum electrode), fluores- 
cence, and ultraviolet absorbing species in oxidative phosphorylation 





o No. 5019 January 8, 1966 











































A bsorption 


Rate of absorption change (4 O.D.jmin}) 


300 320 340 360 380 
Wave-length (mys) 


fe Fig. 3. Difference spectra showing difference in absorption _ between 

ate ae immediately after ADP addition and (A,~-O-—) at the end of state 3, 

ER) at the end of first-order change, or Ch) at anaerobiosis. 

(De -F -), the rate of absorption change after ADP addition. Timing 
< and addition sequence were the same as in Fig. 2 for all the runs 








DP exhaustion, two questions arise: (a) Does the ATP 
med during state 3 mhibit the inerease in absorption 
300 mu? (h) Does the presence of ADP inhibit the 
‘first-order decrease of absorption? Fig. 4 shows the 
results of an experiment designed to answer these ques- 
tions. Treatment of the mitochondria with ATP brings 
about the first-order decrease of absorption after succinate 
ition, and the kinetics of increase and subsequent 
rease of absorption on ADP addition is essentially the 
me in the presence of ATP as in the absence of added 
P. A further examination of the questions was made by 
ig excess ADP to bring state 5 directly from state 3. 
presence of excess ADP, the first-order decrease 
es not occur while the increase in absorption is not 

eted. One may conclude, therefore, that the ATP 
ermed in state 3 does not interfere with the appearance 
the 300-ran component and both the exhaustion of ADP 
d the presence of ATP are the necessary conditions to 
‘bring about the first-order change of absorption. Fig. 
4C points out, furthermore, that the ATP-dependent 
decrease of absor ption is indeed an oxygen-dependent 
‘process. This latter point is confirmed by the observation 
at addition of ATP in state 5 did not cause any first- 
der change. 





ae gee 


SHOCK front is a thin layer which separates two 
regions of different density m the propagating 
medium. Light incident on such a region will be partially 
—--yeflected in accordance with Fresnel theory: the percen- 
tage reflected is related to the change in density and to 
the thickness of the transition region. The reflectivity of 
shock fronts has been studied theoretically by Cowan 
-cand Hornig!, who also made experimental measurements 
which substantiated the theory. The theory predicts 
reflectivities of the order of 10 with shock waves of 
mach 5 or greater propagating in gases at normal tem- 
‘perature and pressure. For lower mach numbers the 
thickness of shock front becomes of the order of the 
ical wave-length and the reflexion coefficient falls 
ponentially. The reflexion is specular. 
uring laser ranging experiments at our laboratory, 
flexions have been observed from locally turbulent 
msin the atmosphere. It has been shown that 
el refiexions are not large enough to explain such 
ons*®. Since it was very unlikely that the density 
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Fig. 4. Effect of APP and ATP on the absorption changes of 
compound, Measurements taken with ultra-violet double-heam 
photomerer, O.D. increase, downward deflexion 


In conelusion, the 300 component behaves in a mat 
similar to a respiratory pigment; the response to ADP. 
oxygen suggest that it is involved in oxidative phos 
lation. The kinetics of oxidation and reduction of t N 
mu component distinguish it from pyridine nucleotide ar 
ubiquinone. The exact nature of this component a 
present not known. : 
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REFLECTIVITY OF ATMOSPHERIC SHOCK WAVES 
By WILLIAM R. MALLORY 


Electronics Laboratory, General Electric Compa ry, Syracuse, New York 


variations in the turbulence observed were either as 
abrupt or as large as those which would be found at a 
shock front, it waa felt that the reflectivity of atmospheric 
shock fronts might be higher than predicted by the 
theory. Therefore, tests on a shock wave propagating °° 
in the atmosphere were made. The tests yielded sur- -` 
prisingly high values of reflectivity, of the order of 
5x 10-3, from the region of the shock front. 


Experimental Determination of the Reflectivity: of 
a Shock Front 


The method used in the experiment was to measure 
with a laser range-finder’? the range first to an explosive ; 
charge and second to a shock front propagating from the — 
charge, while simultaneously monitoring both the trans- 
mitted energy and the reflected energy on a wide-band- 
width dual-beam oscilloscope. In the second measure- 
ment, the firing of the laser range-finder was delayed 
until after the detonation in order to allow the shock front 
time to propagats ahead of the fireball produced by the 


176 


explosion. High-speed shadowgraphie cine- 
photographs‘ were taken of the explosion to 
confirm that the reflexions measured were 
from the shock front region, and not from 
the fireball or extraneous matter present. 

A photograph of the laser range-finder is 
shown in Fig. 1. The transmitter is a Q- 
switched ruby laser with an output wave- 
length of 6943 A, a peak power of about 
5 x 10° W, an output beam divergence angle 
of about 0-5 milliradian, and a pulse length 
of 30 nsec. The ranging accuracy is +1 ft. 
To discriminate against the noise from the 
fireball and/or shock wave, a tuned multiple 
dielectric filter having a full-width-at-half- 
power of 5 A and a peak transmission of 
0-4 was used in the receiving optics. The 
receiver was gated by an 8.T.C. circuit so 
that the receiver did not saturate from the 
optical noise power transmitted through the 
filter. 

The explosive was suspended at a height 
of 10-15 ft. above ground. The detonator 
cap and all lines and cables were placed in 
such a position that none of them was 
blown forward by the explosion. The 
charge was l-10 pounds of composition C, 
which yielded shock waves in the range of 
mach 1-25 to mach 1-6. The separation of 
the laser range-finder and the suspended 
about 470 ft. 

The experimental procedure begins with the start of 
the drive mechanism of the ‘Fastax’ camera. After the 
camera drive attains the proper speed, the charge is 
detonated and, after a delay of 1-4 msec, the laser range- 
finder is fired. Timing signals are recorded on one channel 
of the oscilloscope at the time the charge detonates and 
also when the laser fires. The detonation signals are 
obtained by means of a piezoelectric barium titanate 
disk buried in the charge. The laser transmitter emits a 
single pulse toward the approaching shock wave. A 
fixed fraction of the energy in the transmitted pulse is 
coupled directly into the receiver. This pulse starts the 
range counter and the second oscilloscope trace. When a 
reflected signal is received the counter is stopped. In 
addition, the output from the receiver is displayed on 
the second trace of the oscilloscope. The oscilloscope 
display generated prior to detonation is generated in 
exactly the same manner, except that the detonator is 
disconnected and the reflexion occurs from the suspended 
charge. 

The range counter on the laser range-finder was used 
to determine differences in the range—this counter having 
a resolution of 1 ft. The scope traces were used to 
estimate the reflectivity of the shock front. The reflec- 
tivity values were estimated by comparing the signal 
reflected by the shock front with that reflected from the 
suspended charge prior to detonating. To make certain 
that variation in output power of the laser did not affect 
the results, both reflected signals were normalized by 
sampling the transmitted beam. It was necessary to 
estimate in some cases what portion of the laser beam 
was intercepted by the charge. This estimate was rather 
rough (within a factor of 2 or 3), so the values of reflec- 
tivity should only be treated as correct in order of 
magnitude. 

Fig. 2 shows a portion of a typical film from the 
‘Fastax’ camera. The frame rate was 3,750 frames per 
sec. Tho flash in the second frame indicates initiation 
of the explosion (the figure is a negative, so the flash 
appears as a darkening). The oscilloscope data give the 
delay times between detonation and ranging with the 
laser range-finder. It can, therefore, be determined which 
frame of the film (+ 1 frame) in Fig. 2 shows the positions 
of the shock front and fireball at the time of ranging. 


charge was 
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Fig. 1. Laser ranger 

In Fig. 2, the lower series of frames is a continuation of 
the upper with time increasing from left to right in both 
cases. The dark rectangular area is a ‘Scotchlight’ screen* 
mounted opposite the camera. The shock wave appears 
in Fig. 2 as a thin bright band travelling across the screen. 
In the frame at the left end in the lower series, the shock 
front is a horizontal line at the centre of the screen in 
line with the longest marker (a white strip also). In the 
following frame the shock front has moved upward a 
short distance. (The upward direction in Fig. 2 corre- 
sponds to the direction toward the laser range-finder.) 
The fireball appears in Fig. 2 as a dark mass at the 
bottom of each frame. The separation (along the laser 
line-of-sight) of suspended charge, shock front, and the 
foremost edge of the fireball could be determined by 
projecting distances scaled from Fig. 2 on to the laser 
line of sight. 

Complementary data from the range counter, the 
oscilloscope record, and the high-speed film are available 
from four shots. These data are shown in Table 1. It 
should be noted that the separation between the shock 
front and the fireball was between 2-5 ft. and 5-5 ft. 
These distances are sufficient to ensure that the ranges 
obtained were actually occurring from the shock front 
and not from the fireball or from solid matter. 

Assuming the explosive to have a (diffuse) reflectivity 
of 0-1, values of (diffuse) reflectivity for the shock front 
were calculated. The values obtained varied between 
0-003 and 0-01 with a mean of 0-0065. 

On one shot the laser was aimed below the charge 
during the explosion so that the laser beam was incident 
at an angle of about 0-3 radians—much greater than 
the transmitter beam divergence of about 0-5 milli- 
radians. Within the limited accuracy of the reflectivity 
estimates, there is no reduction in reflectivity for this 
shot. Thus, the reflecting mechanism is not specular. 

The experiment demonstrates that optical reflexions 
from shock fronts produced by explosions in the atmo- 


Table 1 


Range counter Film and scope data 
Shot No. difference: charge Charge to fireball Charge to shock 
to shock front (ft.) edge (ft.) front (ft.) 
1 7 3 55 
2 8 4 95 
3 9 55 107 
4 9 75 10°5 
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Fig. 2. Film strip from ‘Fastax’ photographs of the explosion 
I 


sphere can occur which are much larger than would be 
expected on the basis of Fresnel reflexions. The reflexions 
also appear to be non-specular. 

The most likely explanation for the anomalously high 
reflectivity observed is that water droplets are condensed. 
This is suggested by the fact that previous results with 
(presumably) dry gases in shock tubes were adequately 
explained as Fresnel reflexions. The mechanism for any 
such condensation is not obvious. Other possibilities are: 
(1) that particles are swept along with the shock front, 
(2) that reflexions occur from an ionized plasma. The 
fact that the light source used in the experiment is much 


more coherent than those used in previous work may also 
need to be consicered. 

Investigations are being carried out to decide which, 
if any, of these explanations is the correct one. 
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BORON CONTENT IN RELATION TO ORGANIC CARBON AND TO 
PALAEOSALINITY IN CERTAIN BRITISH UPPER 
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N sedimentary rocks the presence of fossil species of 

groups of life now characteristic of exclusive_y marine 
environments, such as brachiopods, cephalopods and 
certain families of lamellibranchs, indicate past marine 
conditions. Furthermore we have good reason, at least by 
Carboniferous times, to postulate that salinities were no 
different from those of seas to-day'. In the Upper Car- 
boniferous, members of some other fossil groups, on the 
evidence of their association and relative position in 
short sequences of changing facies, appear to have ranged 
from marine to brackish water. Yet others, by the same 
kind of criteria, evidently characterized brack:sh water 
environments and may have ranged into fresn water’. 
The latter include the ‘mussels’ of the Coal Measures, 
lamellibranchs of the extinct Family Anthracosiidae and 
some members of the Myalinidae. These lamellibranchs, 
which have left prolific accumulations of shells at many 
horizons, have been cautiously described as non-marine. 
We can be sure only of the fact that palaeosalinities were 
in general lower in Carboniferous times during the 
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prevalence of nom-marine conditions, as is evidenced by 
life assemblages ef ‘mussels’, than during the deposition 
of bands with marine fossils. 

In attempts to find other independent criteria to differ- 
entiate marine sediments of all ages from those of lower 
salinity, including fresh water, much recent work has been 
directed towards the quantitative determination of minor 
elements, especially boron’. The use of total boron content 
and boron in iltet as indicators of palaeosalinity in 
British Upper Carboniferous rocks has been questioned 
independently by both of us*-*. For example, from an 
investigation of a sequence of fine-grained shales and shaly 
mudstones with non-marine faunas in the Lower Coal 
Measures of Worsborough, Yorkshire, Eagar coneluded 
that evidence frem total boron contents of 21 samples 
was at variance with all other evidence regarding palaeo- 
salinity. In this mvestigation, however, the most striking 
relationship appeared to be an antipathetic one between 
total boron and organic carbon, the latter representing 
original organic matter in the sediments. The relation- 
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ship, it was concluded, might be direct or indirect. The 
possibility of there being a direct relationship between 
these elements was later noted by Curtis*:* from work on 
a slightly higher horizon in Yorkshire. Curtis directed 
attention to Bader’s demonstration’? that certain clay 
minerals, including illite, will quickly and strongly absorb 
up to 350 per cent of their own mass of soluble organic 
matter from solution; he pointed out that this same 
mechanism could inhibit boron sorption in the natural 
environment. 

The purpose of this article is to supplement published 
data from the Worsborough section with checks on total 
boron contents and with determinations of the potassium 
contents of the samples, work carried out by Spears. These 
results are presented in order to investigate the nature of the 
carbon—boron relationship and its bearing on boron as a 
supposed index of palaeosalinity, not only at Worsborough 
but also in certain other Carboniferous successions. 

Boron contents of the samples in the Worsborough 
section were originally determined by a microchemical 
technique in the laboratories of the North Rhine—-West- 
phalian Geological Survey of Krefeld'®, Ernst later 
pointed out that these figures were too high as a result of 
_ an error in standardization later discovered", but that the 
arbon-boron relationship was not affected by the 
revised figures'*. A plot of the spectrographic results 
gives essentially the same graph as that produced by 
Eagar* from microchemical results. There is one dif- 
ference, however, in that all organic carbon peaks now 
correspond precisely with boron troughs (Table 1), whereas 
in the first plot, when microchemical determinations were 
used, it was noted that in the case of three organic carbon 
peaks out of six the fall in boron slightly preceded the rise 
`- in organic carbon. 

Tn the earlier work on Worsborough no potassium figures 

were available. The new analytical data have been 
“Sample on Fig. 1, from which it will be seen that although 


samples with a high content of organic carbon have low 
, values, potassium figures are also much lowered. 
The correlation between boron and potassium is good 
(r= + 0-93). The best fitted line, however, is the quadratic 
urve y=12-7la—5-652*—2-56, where æ represents 
joron in p.p.m. and y is the percentage of potassium 
ide. The expression approximates to a straight lino 
-for the greater part of the recorded data but gives pro- 
_ portionately higher boron values when potassium oxide 
_is very low and very high. There is some scatter of 
points about the lines on Fig. 1, which must be regarded 
as inevitable, but it is more convenient to discuss its 
possible causes later in the article when Fig. 3 is deseribed. 










Table 1 
my = above 
h coal Organic Sulphur Free K,0 Bin B/K,0 
P . ft. in. carbon SiO; p.p.m, * x 10° 

, 61 6 10°45 0-02 38:55 1-93 46 2:38 
At 37 0 0-62 Ood 18:69 +58 120 2:62 
' 36 6 12:42 0-79 13:13 2-65 59 2-23 
36 0 1-65 010 16°45 4-16 RI 1:95 
31 9 0-69 0:03 11-03 2-70 8&6 3-18 
30 0 5°32 O-44 17-20 2-93 02 2:11 
2 6 1:01 04 17:78 4°53 92 2-03 
28 3 1-31 004 16-72 4-69 113 2-41 
26 0 1-85 O14 20-00 4°30 93 2-16 
(4) 25 6 21°32 0-95 6-20 1:36 34 2-50 
24 3 110 0-09 17-28 4-73 105 2°22 
(3) 23 9 3:37 0-40 16-80 +531 aS 2-04 
23 6 1-49 0-45 18:10 4°54 115 2:53 
21 9 O71 Nil 16-47 4-75 108 2:17 
(2) 21 0 +60 0-60 15:89 2-90 54 1:83 
20 3 094 012 20-08 4-46 94 211 
18 9 078 0:13 24-10 3:99 90 2-24 
10 0 119 Nil 18:73 H48 07 218 
5 0 0:75 0-03 19-03 4-1 98 2-08 
4 3 0-64 0-01 19-73 440 83 1-88 
3 2 S44 0-22 10-56 2:30 4 1-79 
(1) 29 43-37 1-00 1-30 0:16 24 15-00 
> ae | 41-26 1-08 0-72 O18 24 13-33 


Samples from the measures above the Flockton Thin Coal at Cold Bath 
Opencast, Worsborough, near Barnsley, Yorkshire. Determinations of 
o carbon, sulphur and free silica by A. Parr-Burman and G. Y, 
Gillespie, United Analysts, Ltd., East Boldon; K,O and boron by D. A. 
Spears. The samples at 61 ft. 6 in. and 3 ft. 2 in. above the coal are additional 
to those used by Eagar (ref. 5), Fig. 1. Dark organic-rich bands are num- 


* Boron content average of triplicate determinations. Average coefficient 
of variation is 6-5 per cent, 
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samples of shales shaly mudstones from the succession above the 
Flockton Thin Coal at Coal Bath Opencast, Worsborough, near 
Barnsley. Figures for o c carbon are inserted when they reach 
more than 1-5 per cent. Boron and potash determinations by D. A. 
; organic carbon by A. Parr-Burman, United Analysts, Ltd., 

t Boldon. The curve which provides the best line for the data has 
been computed by S. M. Ali of the Statistical Laboratory, University of 

anchester, A, B on K0; B, K0 on B 


We consider first the approximately linear relationship. 
If most of the boron and potassium is contained in the 
clay mineral illite'®, as seems reasonable from the evidence 
of numerous analogous investigations*, then the sympa- 
thetic behaviour of these two elements appears to reflect 
merely abundance of illite. Samples with a relatively low 
content of both boron and potassium heve high contents 
of organic materials. For these Worsborough sediments 
the organic material, which at a first approximation may 
be considered to contain negligible quantities of both 
boron and potassium, has simply acted as a diluent 
together with associated carbonates. 

Boron and potassium are, however, both essential to 
biological growth and are known to be concentrated in 
many plants and animals. Therefore, it becomes of 
importance, in testing this hypothesis, to assess evidence 
bearing on the relative magnitudes of contributions to 
these elements made by clay minerals on one hand and 
organic matter on the other. Whenever cellular structure 
has permitted identification, organie carbon in British 
Coal Measures has proved to be almost exclusively derived 
from coal-forming land plants. By analogy with the 
conclusions of Breger and Brownt, who investigated 
richly carbonaceous shales of late Devonian age in the 
eastern United States, and of Tourtelot™®, who worked on 
late Cretaceous sediments of the same country, the total 
organic fraction of both marine and non-marine sediments 
is also likely to be predominantly of the remains of land 
plants. This conclusion applies especially to samples with 
very high organic contents, Potassium may reach more 
than 3 per cent of the dry weight of fresh material from 
living land plants'*, but reductions in the content of 
potash have been found in vegetable litter’? and a further 
decrease is apparent in humus. In raised bog peat, for 
example, proportions of potassium in dry matter are of 
the order of 0-05 per cent or less and concentration of this 
element in peat waters is correspondingly increased". 
It is clear, therefore, that in carbonaceous shales the con- 
tribution of potassium from plant matter can probably be 
neglected, but that beds of swamp peat, the original 
material of Carboniferous and many other coals, might 
initially hold appreciable quantities'®. Many living land 
plants, however, have boron concentrated in their leaves 
and whole-plant analyses range from 10 to more than 90 
p-p.m. in different species*®. These figures are of magni- 
tudes comparable with those of vitrains in Tertiary®? and 








liferous coa 


Carboniferc is, including British seams. Six British 
vitrains, analysed 15-16 years ago™, varied in their boron 
contents mainly between 2-5 and 8 p.p.m., but ranged up 
to 70 p.p.m. More recently Roga*, working on Polish 
coals, after removing extrinsic boron compounds by 
density separation, found the remainder to be strongly 
associated with the vitrain in amounts ranging from 66 
p.p.m. in lignites, through 19 to 1-6 p.p.m. in bituminous 
coals, ultimately to 1 p.p.m., in anthracites. It therefore 
appears that except in the richly carbonaceous shales of 

<: Worsborough (organic carbon more than 15 per cont) the 
“contribution of boron from organic matter can be neglec- 
ted—~a conclusion in agreement with that of Tourtelot??. 
-. We must, therefore, conclude that for most of the range of 
the samples at Worsborough the antipathetic relationship 
- noted between total boron and organie carbon contents 
results primarily from organic carbon acting as è diluent. 
a From the same survey, however, it is clear that boron 
> o o in organie matter of plant origin might be expected to 
“~ make a small but fairly rapidly increasing contribution to 
total boron as organic carbon increases to more than 15 
‘per cent and as, at the same time, through a diluent effect. 
e clay mineral content of the sample decreases. An 
organic source of boron might, therefore, be a contributory 
cause of the very high ratios of B/K,O observable in the 
samples at the base of the section at Worsboroug., almost 
immediately overlying the Flockton Thin Coal (Table 1). 
On the other hand, the low potassium contents of these 
specimens could be due to the presence of an illite which 
has become highly degraded, the increased boron/potas- 
sium ratio being the result of the greater stability of boron 
the illite lattice. It might also be argued that in these 
mstances appreciable boron might be contributed by 
als other than illite. However, such minerals have 
been detected. Moreover, an unsuccessful search for 
aline was made by Spears® m comparable Coal 
sure sediments, a result in support of the conclusions 
Kneuper®®. On this basis we consider the presence of 
significant amounts of tourmaline in the Worsborough 
‘sediments most unlikely. Both Walker and Price** and 
Spears? have noted a tendency for the boron/potassium 
ratio to increase as the potassium decreases in other 

= gediments in the Carboniferous. The same phenomenon 
o. may possibly be connected with the very high B/K,O 
ratios of the basal sediments at Worsborough, but if the 
“remaining samples are plotted with these no significant or 
‘suggestive relationship between total boron and boron/ 
‘potassium ratios is revealed. The final possibilty, that 
these high ratios indicate greatly increased sorption of 
ron by illite, is better discussed after consideration of the 
nificance of the curvature of the fitted line in Fig. 1 and 
che data in Fig. 2, in which the increase in B/K,O ratios 
at high levels of organie carbon is more clearly seen. 
. There is a suggestion of a continuous series of points 
between medium-rich to extremely rich carbonaceous 
shales. Those samples with an organic carbon content of 
more than 40 per cent consist of cannelly shales little 
removed from high-ash low-carbon cannel and bitum- 
inous coals. If the inerease in the beron/potassium ratio 
aa this direction is due to an increasing contribution of 
boron from organic material of plant origin, or perhaps 

-e ore strictly to an increasing B/K,O ratio for the organic 
<- eonstituents of the sediments, then we might expect to 
“find a series of points which continue into the realm of 
coals. Data from British coals appear to be lacking, but 
~~. from the very detailed work of Headlee and cthers on 
¿= sections within West Virginian coals!® it seems clear that 
=> B/K,O ratios for coal seams may reach 70 or more in the 
< eentres of seams, but that in general they decline towards 
-the margins, so that values of 18-4 oecur at the extreme 
yps of seams and in the richly carbonaceous roof shales. 
values are entirely of the right order of magnitude 
upport our very tentative suggestion of continuity in 
potassium ratios between carbonaceous sediments 
als. The view is further supported by a considera- 
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tion of the theoretical curve drawn in Fig. 2 and discussed 
in the following paragraphs. Nevertheless, we must stress 
that regional variations in the boron contents of coals of- 
similar ranks are by now becoming apparent. Moreover, 
the small amount of evidence at present available from 
coal surveys suggests that such factors as seam thickness 
and conditions cf accumulation and burial may greatly 
influence the final boron content of the coal?’. 

The statistically significant curvature of the fitted line 
in Fig. 1 is also of nterest where organic carbon figures are. 
lower; it suggests that the diluent effect alone is in-. 
sufficient to explain the considerable decreases in the 
total boron conteats of the dark shale bands. This fact. = 
may be simply cested in examples with 10-4 per cent __ 
organic carbon by comparing percentage decreases of total — 
boron with those of illite as measured by potash determina- 
tions. The slightly larger percentage decreases of the total 
boron contents seems to imply that less boron was sorbed 
by the illite under conditions where organic matter was 
abundant. The £/K.O ratios of samples having less than 
10 per cent orgesnie carbon, in fact, show an inverse 
correlation with carbon (Fig. 2, where r= — 0-45, a figure. 
which is marginally significant at the 95 per cent level). 
Since we have ccucluded that the total boron conter 
these samples is aot appreciably more than that 
clay minerals (essentially the illite content) and s 
total potash content (reflecting illite) does not $ 
significant relationship with the B/K,O ratio {bo 
illite), then it seems likely that boron in illite 
direct relationshir with organic carbon in this rang 
Worsborough sediments. If the increase in B/K,O ra 
with decreasing organic carbon reflects a small inerea: 
in the sorption of boron by illite, as we might reasonably 
suppose, then the relationship with organic carbon might 
perhaps have arisen through the inhibiting action of the 
original fraction ef soluble organie matter in the water, 
a mechanism to which we have already made reference. 

The configuration of the plotted points in Fig. 2 may 1 
considered in the light of a model based on our prese 
knowledge of the sources of boron and organic carbon: 
sediments and on certain assumptions which we can. mai 
about conditions of deposition during the formation o: 
the Worsborough beds. Organice carbon (C, below) ca 
be considered as exmposed originally of a detrital fractio: 
the debris of lanc. plants and a soluble fraction, organic 
molecules in solution. Where organic carbon is high the 
detrital fraction will obviously predominate, whereas when 
the total organic carbon content is low the soluble fraction 
may well have teen appreciable. The ultimate boron 
content of the illite must consist of the sum of the inherited 
boron (B,, below} and the boron extracted from solution 
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B/K,0 x 10* 
Percentages af organdie carbon plotted against boron/potasshim 
ratios for 23 samples from Worsborough. The curve (see the text, 
equation (31) has been computed by R. M. C. Eagar. 1, Region of 
small amount of bomn sorption by illite; 2, total boron content mainly 
‘inherited’ in the ‘ite; 3, total boron content mainly ‘inherited’ 
in the illite, but with an increasing proportion of boron contributed by 
carbonaceous matter (land plants) as the total organic content of the 
samples increases 
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We have then: 





B (total boron) =B, + B, + B, (1) 
where B,=a KO, 
b K,O 
23 ™= © 
B; a ¢ C 
and a, b and ¢ are constants. 
Substituting in equation (1) we have 
b K.O 
B=a K,0+—Gyp— +e C (2) 


‘We have noted, however, that K,O is roughly inversely 


“proportional to C through a dilution effect, so that K,O = 


d/C (as may be demonstrated by plotting). 
Dividing equation (2) by K,O and then substituting for 


- K,O in the third term we have 


B b ESU 
KO = Ost pore ce (3) 


when the constant e =5 

The curve of equation (3) has been plotted in Fig. 2 with 
the values of the constants determined by trial and error 
as a@=1-75, b=0-547 and e=0-0045. It will be seen that 


the plotted path provides a good fit for the available 


z potash are greatly reduced through diluency. 
¿further account for the broad minimum of these values in 


data. The equation will account for the very high B/K,O 


ratios when organic carbon contents of the samples 
approach those of low-grade coals and as the contents of 
It will 


~-medium-rich carbonaceous shales, and finally for the small 


.. apparent increase in B/K,O ratios which occurs at low 


levels of organic carbon and which may indicate appre- 


- eiable sorption of boron from brackish water by illite 


under these conditions. We may, therefore, adduce a 


little more contributory evidence in support of our 


tentative hypothesis set out in Fig. 2. On the other hand, 
we do not know whether the presumably slower rates of 
sedimentation which prevailed during the deposition of 


most of the darker shale bands (but excluding the band 
61 ft. 6 in. above the coal, Table 1) may have introduced 


other variable factors such as low Er values which might 


have affected the result. (G. D. Nicholls has pointed out 


“to us that when organic contents of the sediments were 


high, low En values might have affected the stability of 


the associated. clays. In these conditions the formation of 
authigenic illite could have been hindered by the pro- 
duction of Fe++-bearing clays, for example, chamositic 


minerals. Failure or reduction of authigenic illite would 


have slightly reduced the uptake of boron.) We point 
out merely that the data of Fig. 2 will at present bear the 
interpretation that a small amount of boron sorption 
could have occurred in conditions where soluble organic 
matter in the palaeo-environment was presumably low 
and that at medium and high levels of organic carbon, 
sorption has evidently been less or inappreciable. 
Our new data from Worsborough considerably affect 
the of boron analyses in the investigation of palaeo- 
i 1 these and similarly constituted sediments. 
assumption that no appreciable boron or 
v is contributed by sources other than the illite, 
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boron/potassium ratios may be multiplied by a constant 
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is actually lower but insignificantly different from the 
mean. for the grey mudstones, 2-27, although faunal con- 
siderations carry the suggestion that the former were 
laid down under higher palaeosalinities than the latter’. 
The exceptional very high ratios for the two samples from 
the basal richly carbonaceous band or cannelly shale, 
overlying the coal, have already been discussed. Although 
the fauna of all seven dark shale bands are essentially 
similar, fish scales are more abundant at the lowest 
horizon, 2 ft. 2 in. above the coal, than elsewhere in the 
succession. Furthermore, it might possibly be inferred, 
mainly on geological considerations involved in the cyclic 
deposition of the Coal Measures, that palaecosalinities 
could have reached a maximum during the time immed- 
iately sueceeding the submergence of a coal forest, that is, 
the peat of the Flockton Thin Coal, and therefore at the 
time when these beds were being laid down. Nevertheless, 
we have already produced suggestions and some evidence 
for two possible contributory causes to these high ratios— 


degradation of the illite and the presence of appreciable = 
quantities of boron from the debris of land plants when = 027 


illite contents were extremely low. We should, therefore, — 
be very wary of accepting a third factor—much increased 
uptake of boron by illite in increased palacosalinities 
when we have already noted geochemical data which could 
be interpreted as suggestive of a decrease in boron uptake 
with increasing organic matter; and when, furthermore, . 





we have obtained these results from bands of shale nearly 


all closely comparable in fauna with the critical bed under | 

discussion. Finally, we note that the increases in boron 
sorption which must be postulated to account for the 
observed high ratios are wholly at variance with the model 
we have developed and seemingly irreconcilable with the 
available amount of illite as measured by potash analyses. 


The balance of the evidence is, therefore, most unfavour- 
able to the use both of total boron and, boron in, or sup- 
posedly in, illite as indicators of palaeosalinity in the — 


Worsborough succession. In so far, however, as changes 
in palaeosalinity in the Worsborough succession may 
well have been small, it could be argued that the case is 
not conclusive. (M. A. Calver, at a meeting of the York- 
shire Geological Society in Leeds (January 18, 1964), 
when describing the palaeontology of recent cores obtained 
from the Clay Cross Marine Band in the eastern Pennine 
Coalfields, about 200 ft. above the Flockton Thin Coal, 
pointed to several areas in which stunted shells of Anthra- 
cosia, àa non-marine lamellibranch, had been found within 
the strata of the Marine Band. Shells of this genus on this 
horizon may lie on the same bedding planes as unquestion- 
able marine fossils. 
inference may be tentatively drawn that faunas of Anthra- 
cosia, the shells of which occur in the carbon-poor sedi- 
ments of Worsborough, where they are also rather small 
or stunted, could tolerate an appreciable degree of salinity.) 

Further evidence bearing on the issue may fortunately 
be obtained by comparing the Worsborough analyses with 
others already published from the Yorkshire Coalfield, 
where there is evidence of unquestionable marine faunas. 
In the work of Curtis’ two sections of the Mansfield Marine 
Band were investigated. The majority of his 39 samples 
are characterized by marine fossils, but three come from 
strata containing non-marine lamellibranchs. Another 
six results for shales and shaly mudstones yielding non- 
marine lamellibranchs may be found in the work of Walker 
and Price®’, so that with the present results from Wors- 
borough the number of analyses for non-marine shales 
approaches that for marine ones. Since all these samples 
are located in the same general area of Yorkshire and its 















From these recent observations the 















ay be compared, with some | nintification (Fig. 3). 
e seen at once that the correlation between boron 
a otassium for both marine and non-marine shales is 
again evident, although there is some scatter about the 
lines. The scatter is to some extent inevitable for several 
reasons such as experimental error, which is greater for 
boron than for potassium. Furthermore, illite is thought 
-iato be merely the major host for boron and potassium, and, 
<o therefore, it is possible that small quantities of these 
_. elements do occur independently of one another. The 
-o tatio of boron to potassium in illite presumably changes 
<o to some extent, because there is no reason to believe that 
the controls determining the amount of potassium of 
detrital origin to that of non-detrital origin will be 
exactly the same for boron. Small amounts of sorbed 
boron, which we admit may have been proportionately 
slightly greater in marine than in non-marine conditions, 
would also add to the dispersion. From a re-examination 
of Fig. 3 it will be seen that there is no apparent separa- 
_ tion of samples into marine and non-marine categories. 
A though the range of potash contents is greater in the 
marine than in the marine samples and the range of 
anic carbon very considerably greater, with the result 
t the regression lines diverge more in the marine 
:mples, the scatter is virtually the same for both. When 
he fitted lines are calculated by the method of the 
reduced major axis’* there proves to be no significant 
ifference in the slopes of the lines, nor is there significant 
acement, towards the boron axis, of the marine 
“The means of the boron and potassium contents 
eater for the marine than the mon-marine samples 
pared with 78 p.p.m. and #96 compared with 
r cent respectively), but the mean B/K.0 ratios, 
marine and 3-11 for non-marme samples, are not 
y different. The latter results clearly indicate 
lifferences arise through the presence in the 
es of constituents other than illite and by dilution 
ts, ‘primarily through organic carbon. Statistically 
arine and non-marine samples are indistinguishable 
th respect to their boron and potassium contents. 
Boron/potassium ratios do not statistically reflect differ- 
ences in palaeosalinity in these 66 samples from the 
orkshire Coal Measures. 
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k BOA comparison of 66 samples from marine and non-marine sedi- 
nts of. the Coal Measures in the areas around Doncaster, Barnsley and 
kefield, Differences in the slopes and displacements of the regression 
are not statistically significant. The reduced major axes, which 
ately bisect the angles formed by the regression lines, have 
litted: to preserve clarity in the figure. o, Marine „Shales: 
ne Band, Little Smeaton and Bilby boreholes. , Non- 
Wo rsborough (ref, 23), Wakefield Westgate Brickworks 
m, and Little Smeaton borehole (ref. 3). A, K,O on B 
Ko on B (non-marine); C; Bon KC (non-marine): DB, Bon 
ae K,0 (marine) sii 
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We therefore cenclude that changes in palaeos 
in the measures with which we are concerned are in 
neither by changes in total boron contents nor in 
potassium ratios, and that this generalization ap] 
both within single sections and also when avera 
taken throughout she samples investigated. We cor 
that a limited ameunt of sorption of boron by illite = 
have occurred both in marine and non-marine conditions, 
where the water was often brackish, but stress that our =- 
evidence indicates that any fraction of boron taken. up : 
from solution must have been relatively small. Much the © __ 
greater part of the boron was evidently carried into the 
sedimentary area in suspension, as the detrital or inherited 
fraction in illite, & conclusion which is in agreement with 
those of N icholls?, Hirst*! and others, including Spears. = 

The antipathetic-relationship previously noted by Eagar 3 
between total organic carbon and boron contents at 
Worsborough has. “proved to be indirect, in so far as it 
arises from diluticn of the samples by other constituents, 
primarily organic carbon; but we have also found some < 
evidence to suggest a direct inverse relationship between 
carbon and boron/potassium ratios. This relationship is. 
apparent at levels-ef organic carbon below 16 per ce i 
may be connected with a process such as. 
suggested in which boron sorption can be it 
soluble organic molecules. When the orga: 
contents of the samples are very high (15 | 
more) we have noted the possibility that an. 
quantity of boron may be contributed by debris 
plants and boron/potassium ratios of the sample - 
raised by this mesas. B/K,0 ratios may, in fact 
continuous series imcreasing in value in sample 
from carbonaceous shales to low-ash bitumino 
but this tentative suggestion requires further 
gation. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Structure of the Crater Alphonsus 


THE photographs of the Crater Alphonsus obtained by 
Ranger IX show several features which may have struc- 
tural significance from the point of view of the history 
of the lunar crust. 

An examination of the northern side of Alphonsus 
(Fig. 1) indieates a horizontal offset along the central 
spine. The southern side, being irregular in outline, is 


more difficult to interpret. The general impression of the 
overall outline is, however, that the eastern (astronautical) 
side is displaced toward the south with respect to the 
western side. 





Fig. 1. Ranger LX photograph No, 0537 and schematic line drawing. The central spine 
The dextral strike-sli 
indicated by the offset of the northern ‘shore’ and by the orientation of the folds and 
The central spine and central peak are probably volcanic 


area separates the western area from the eastern area. 


lineaments, 


The presence of strike-slip faults on the Moon has been 
a matter of controversy for some time. Fielder'* has 
described several of them on the basis of outlines, while 
MacDonald’ and Baldwin‘ believe that there are no large- 
scale strike-slip faults. The presence of a strike-slip 
fault on the floor of Alphonsus is suggested not only by 
the offset of the northern ‘shore’, but also by the analysis 
of the lineament, as will be shown here. 

Three areas can be defined on the floor of Alphonsus; the 
area west of the central spine, the area of the central spine 
with the central peak, and the area east of the central 
spine. The movement seems to have occurred on the 
border between the central spine and the western area, 
aligned with a lineament that goes from one of the sides 
of Ptolomaeus to Arzachel. 

Three sets of lineaments are present on the floor of the 
crater: set A with azimuth approximately north-east— 
south-west, set B with azimuth approximately north- 
west—south-east, and set C approximately north-south. 
Few other lineaments of different azimuths are present, 
and they may be explained by distortions produced by the 
crater rim. The regularity of some of the lineaments along 
their extent, especially the rilles, is an indication of an 
extreme areal homogeneity in the material which consti- 
tutes the floor of the crater. Some of the lineaments in 
the western area, with azimuth of approximately north- 
west-south-east, appear under careful examination to be 
folds rather than depressions. Folds have not previously 
been noticed on the lunar surface. 


Although the horizontal displacement could be apparent, 
rather than real, due to vertical motion of the inclined 
sides of the crater, the lack of a difference in elevation 
between the east and west rims and the character of the 
lineament is more consistent with an offset due to a dextral 
strike-slip fault. In particular, the fractures and folds 
oblique to the fault are characteristic of the dragging 
produced by strike-slip faults on overlying formations®:*, 
This can be easily verified by applying a couple with one’s 
hands to a sheet of paper. The folds, oriented approxi- 
mately north-west-south-east, match the proposed 
dextral movement of the strike-slip fault. 

Rather than one single fault, it seems likely that a fault 
zone is present, extending the whole width of the central 
spine of Alphonsus. 

It is possible that the central spine was 
formed by igneous eruptions which were 
localized by, and occurred along, the 
fault zone; and that the central peak could 
be similar to the famous aiguille of Pelée 
Mountain in Martinique, that is, a peak 
caused by the slow extrusion of a very 
viscous magma. The similarity between 
photographs of Pelée Mountain’? and the 
central spine of Alphonsus is striking. 
The rest of the crater floor could be covered 
by ignimbritic material, which often accom- 
panies Peléan volcanism. The lineaments 
, on the central spine area indicate that 
the movement continued during and after 
the eruptions. 

Regardless of the origin of the material 
forming the central spine and floor of the 
crater, it would seem from both the general 
outline of the crater and the presence of the 
folds that Alphonsus is a crater deformed 
by a strike-slip fault of dextral type. 

I thank the National Aeronautics and 
Space Administration and the Jet Propulsion Laboratory 
for providing the Ranger photograph, and Dr. J. W. 
Salisbury for his advice. 
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GEOPHYSICS 


Explosive Phase Transitions in the 
Earth’s Mantle 


THe Earth’s crust and mantle deform viscoelastically. 
There has, therefore, been some question as to whether 
stress relaxation rates in the upper mantle and lower 
crust might not exceed any realistic rates of stress accumu- 
lation. If this is so, earthquakes could not be generated 
by rebound of elastic strain; that is, by either the type I 
or type II source of Honda’. It might, therefore, be worth- 
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while to explore the possibility of an earthquake mecha- 
nism in which stress is suddenly applied rather than 
suddenly released. One such mechanism ıs a phase transi- 
tion, quasi-instantaneous over & finite volume and 
involving lattice condensation. Recent experiences with 
underground nuclear explosions? have shown that explo- 
sive strain may release an adequate portion of energy in 
the form of S waves, so that observed radiation patterns 
may well be accounted for by an explosive (or implosive) 
phase transition. 

For a reaction to be quasi-instantaneous, free energy 
must decrease and some of the heat liberated must remain 
in the system, thereby increasing temperature and rate 
of reaction. If, therefore, phase transitions are a source 
of seismic energy, mineral phases in the mantle must 
become metastable before reaction. A mineral phase 
could become metastable in the process of moving to a 
new pressure—-temperature (PT) environment. Vertical 
migration of mantle material appears to be the only 
mechanism which could substantially change the PT 
environment. 
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Fig 1. Pressure-temperature variation in the crust and upper mantle 

BF is the adiabatic d7/dP gradient’. ABC 1s the stable mantle d7/dP 

gradient’, Mg,SiO, indicates the olivine-spinel transition curve for 

forsterite and He,SiO, that for fayalite Therefore D and E indicate the 

depths in a descending current at which fayalite and forsterite would 

change to spinel or become metastable Point F indicates the depth on 
the adiabatic gradient corresponding to 700° C 


Several processes might initiate vertical currents in the 
mantle. For example, a local increase m density near the 
top of the mantle would result m a gravity potential 
capable of initiating a downward current. Increase in 
density could be due to local cooling possibly caused by 
upward migration of radioactive isotopes and consequent 
impoverishment in heat sources during crustal differentia- 
tion. Downward segregation of mafic constituents during 
granite formation would also lead to local density changes 
m the upper mantle. Finally, rapid sedimentation and 
consequent isostatic adjustment could initiate a downward 
migration of mantle material. Now, pressure-volume 
changes in the mantle are usually considered to be adia- 
batic. Therefore, the adiabatic (d7/dP) gradient will 
determine temperature m a descending current initiated 
by any of the mechanisms already described. Since the 
adiabatic gradient? (Fig. 1, BEF) is less than the estimated 
dT/dP gradient mm the stable mantle* (Fig. 1, ABC), 
the temperature in the sinking current would become 
progressively less than the temperature in the adjacent 
mantle. The downward driving potential for a mantle 
current therefore increases with depth so that a current, 
once initiated, should persist provided that heat exchange 
remains negligible. 
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The exact composition of the mantle is unknown, but 
olivine is generally considered to be a major constituent. 
Both forsterite and fayalite have high-pressure spmel 
polymorphs*:* and consequently might become metastable 
during downward migration in the mantle. Assuming & 
temperature before migration similar to that at the top 
of the stable mantle, transition from olvine to spinel 
would occur at a depth determined by the intersection 
of the olivme-spinel d7/dP transition curve and the 
adiabatic gradient; that is, point Ẹ in Fig. 1 for forsterite 
and point D for fayalite. The activation energy for 
reactions involving lattice rearrangement in the solid 
state is high. Consequently, the probability of transition 
at equilibrium could approach zero, so that olivine in the 
mantle would become increasingly metastable as it moved 
through and past equilibrium along the PT path determined 
by the adiabatic gradient BF (Fig. 1). However, with 
continued downward migration the temperature of the 
metastable olivine, and consequently the probability of 
transition, would increase and the spinel phase would 
eventually be nucleated. If, as is generally believed, 
mantle processes are essentially adiabatic, heat liberated 
during the reaction would accumulate withm the system, 
thereby increasing nucleation and reaction rate until the 
transition became implosive. 

We have suggesied this mechanism’ for generation of 
earthquakes by quasi-instantaneous phase transition from 
a metastable state as a possible basis for future investiga- 
tion: a new invesmgation of the olivine-spinel transition 
m fayalite* suggests that the reaction is completely revers- 
ible at temperatures greater than 700° ©. If this is so, 
the temperature m the upper mantle where downward 
migration might start must be considerably less than 
700° C. Assuming the stable mantle dZ/dP gradient 
proposed by Verhcogen‘ (Fig. 1) the temperature at the 
Mohorovié&ié discantinuity, that is at a depth of 40 km, 
would be about 500° C. If downward migration 1s initiated 
from such an environment, and temperature in the des- 
cending current is determined by the adiabatic dZ'/dP 
gradient? (Fig. 1), the temperature would reach 700° C 
at a depth of 700 km. On the basis of these data, then, 
earthquakes could not be generated below a depth of 
700 km. 

We suggest that more information on the kinetics of 
possible soiid state reactions in the mantle be made avail- 
able to support existing data. In particular, the response 
of powdered fayalite or its spinel polymorph to heat and 
pressure may not be comparable to the response of olivine 
and spinel crystals in the mantle. Also, atmospheric carbon 
dioxide trapped in mineral powders could take part in 
laboratory reactions and so act as a catalyst. Yet again, 
results obtained from fayalite may not be applicable to 
forsterite, believed to be the predominant component of 
mantle olivine. Nevertheless, this example shows that the 
temperature at any depth in a sinking current can be 
inferred once adeqrate data are available. Furthermore, 
the relation, 1f any, between earthquake foci and density 
discontinuities shocld be investigated because the depth 
and nature of phase transitions might be inferred from 
such information. Fimally, first motion and energy data 
should be analysed without prior assumption of any 
specific pattern. 

C. T. WALKER 
J. G. DENNIS 


Department of Geology, 
California State College, 
Long Beach, 
California. 
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Laser Probing the Lower Atmosphere 


Synce! first suggested in 1930 that density measure- 
ments could be made of the lower atmosphere by observing 
the light scattered from the beam of a search-light. 
Elterman? in 1950 and onwards has operated the method in 
New Mexico with many improvements of the techniques. 
Fiocco and Smuilins? in 1963 substituted a laser beam for 
the search-light beam and achieved comparable results. 
The equipment used in the experiments described here 
was planned in 1962 and erected in Kingston, Jamaica, 
18° N., 77° W. 

The equipment used was an optical radar suitable for 
detecting the amount of atmospheric scattering (the height 
to which such equipment could probe was limited only 
by its sensitivity). A Q-spoiled ruby laser was used as the 
transmitter. The output energy of the latter was about 
6 J for each shot, which consisted of five giant pulses in a 
5-usec interval. The laser output beam passed through 
a rapid shutter which closed within 150 psec after the 
shot and so cut off any fluorescence from the ruby. The 
beam was optically collimated to give a half beam-width 
of about 0:15 mrad and transmitted vertically. The 
receiving system for the light scattered back by the 
atmospheric constituents was essentially a 50-cm diameter 
astronomical telescope. The half beam-width of the 
recelving cone was adjusted to be about 0-2 mrad by 
altering the size of the aperture in the focal plane. The 
light passing through the aperture was filtered by inter- 
ference filters of either 20 A or 3 A band-width, and then 
detected by a photomultiplier. The output of the photo- 
multiplier was photographically recorded from an oscillo- 
scope screen Hach detected photon produced a pulse 
which was recorded as a y deflexion on a tame base displayed 
in the form of a raster. 

After a series of shots, the total number of photons 
counted at each height (h in km) was corrected for the 
background count. The product Nh? was then propor- 
tional to the scattering power of the atmosphere at that 
height. A typical night’s result of scattering power versus 
height is shown in Fig. 1. 
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Fig. 1. Variations of scattering cross-section with height. A, Direct; 
B, with polarizing filter. , Standard atmosphere, 
—-~—~O-—-—, experimental observations 
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Fig. 2. Variations with height of the ratio of observed scattering to 


expected molecular scattering. A, Direct; B, with polarizing filter 


The experimental points are shown in curve A, in con- 
junction with the theoretical curve of the amount of 
Rayleigh scattering to be expected from the molecules of 
the atmosphere, assuming the expected properties of the 
atmosphere above Jamaica. The ordinate scales have 
been chosen such that the experimental points and the 
curve fit at about 30 km. Excessive scattering occurs in 
the 15-30 km region. This is similar to the results ob- 
tained by Fiocco and Grams‘. In our results, however, 
there is evidence of two peaks of extra scattering, one at 
18 km and the other at 25 km; such a finding is in accord- 
ance with the results obtained by Elterman and Campbell 
using the search-light technique. 

In order to examine these peaks in more detail, efforts 
were made to accentuate their existence. The laser beam 
was highly polarized ; aerosol or dust particles could be 
expected to depolarize the returned signal more than air 
molecules. Consequently, a series of shots were fired 
with a polarizing filter over the detector. The filter was 
orientated in such a way as to reduce the signal received 
from the molecular scattering to a minimum. The results 
of this series of experiments are shown in curve B of 
Fig. 1. It will be seen that the molecular scatter was 
reduced by a factor of about twelve while the dust layer 
signal was only reduced by about eight. This point is 
emphasized in Fig. 2, where the ratio of total scatter to 
expected molecular scatter is shown. 

It should be noted that in this series of experiments, our 
transmitting and receiving beams were very narrow and 
did not overlap completely below 10 km. Observations 
can easily be made at lower levels by increasing the 
receiving beam width. 

The results from between 30 km and 60 km offer a means 
of determining the scale height and hence the temperature 
in this region. The scale height is found to change from 
61 km at about 35 km to 7-6 km at about 45 km, which 
indicates a temperature change from 208° K to 260° K— 
as would be expected. The results from above 60 km are 
as yet only very approximate. 

Fiocco and Smullins*, who worked near Boston, Mass., 
where conditions may be different, have reported evidence 
for scattering from regions between 80 and 120 km during 
or after meteor showers. We have not as yet made observa- 
tions at the time of meteor showers. The signal which we 
received from around 30 km was about 100 times as great 
as that received by Fiocco and Smullins, so that any signal 
from the 80-120 km region detected by them should have 
been easily recognized by our equipment. However, 
although there was a slight indication that there was 
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more scattering from these levels than would heve been 
expected from simple Rayleigh scattering by air molecules, 
no scattering comparable with that observed by Fiocco 
and Smullins was, in fact, detected. We intend to make 
observations in Jamaica during the forthcoming meteor 
showers to see if similar echoes are detected. We shall 
also be able to improve the. accuracy of our observations 
at greater heights by reducing the signal-to-noise ratio 
by cooling the photomultiplier. 
The results described here are of a preliminary nature 
and the full capabilities of the equipment have not yet 
been attamed. In spite of the brightness of the daytime 
sky, reliable measurements have been made in daylight 
up to about 30 km and will be extended to 40 km in the 
near future. This means that it should be easy to observe 
steadily the aerosol layers for 24 h a day—given cloudless 
days. It ıs of interest to note that we had to ‘tune’ the 
laser thermally in order to avoid the water—vapour 
absorption band at 6943-8 A 
This research was sponsored by vhe U.S. Air Force 
Office of Scientific Research, Office of Aerospace Research 
US.A.F., under A.F.O.8.R. grant 616-64. 
B. R. CLEMESHA 
G. S. KENT 
R. W. H. WRIGHT 
University of the West Indies, 
Jamaica. 
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Transmission of Indian Mica between 300 
and 1,000 mu and its Visual Classification 


INDIA produces ruby and green muscovite mics. 
Depending on the ‘stams’ and inclusions each is visually 
classified into a number of grcups, namely, ‘clear’, 
‘good-stained’, ‘fair-stained’, ‘stained’, ‘heavily stained’, 
‘densely stained’, ‘black-dotted’, ‘black-spotted’, ete. It 
has been reported}? that any visual classification nas little 
bearing on the electrical properties of mica. Little infor- 
mation is available on the transmission of natural mica 
in the region of 300-1,000 mu. Popper? has reported 
that the absorption in the ultra-violet region of the 
Congo green muscovite is more than that of the Rhodesian 
ruby and synthetic mica. Spectral absorption for Russian 
muscovite and phlogopite micas in the region of 220- 
1,200 mu was studied by Grum-Grzhimails eż al.‘ and 
Melankholin®. To our knowledge, no such investigation 
of the spectral transmission of Indian muscovite has yet 
been reported. This communication reports our investiga- 
tions of the optical transmission of Indian muscovite 
and its correlation with the visual classification. 

Samples of different grades of muscovite were obtained 
from the Bihar, Madras and Rajasthan regions—the 
three main mica-producing states of India. The samples 
were thoroughly cleaned with benzene (B.D.H.) ard stored 
in a desiccator for 24 h before any optical measurements 
were undertaken. Spectroradiometric measurements were 
carried out in the region of 300~1,000 my using a Hilger 
‘Ovispeck’ spectrophotometer provided with a quartz 
prism. Transmission curves for various mica samples 
are given in Figs. 1-4. 


Table 1, CHpazcAL ANALYSIS OF RUBY AND GREEN MUSCOVEITS MIGA 
Ruby muscovite mica Green muscovite mica 
(per cent) per cent} 

S10, 43°87 43-86 
TiO, 0-24 0-22 
AlO; 36 00 33°27 

e0; 173 5:29 
FeO 0 25 0-70 
MgO 0 53 114 
K,0 978 931 
NaO 0 88 0 40 
LO1 715 7-03 
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Transmission of ruby muscovite between 300 and 1,000 
my 1s more than for green muscovite mica (Figs. 1 and 3). 
Our findings, that the ‘cut-off’ frequency for the green 
muscovite is greaiar than that of the ruby variety, are in 
full agreement witi those of Popper®. Popper? and Grum- 
Grzhimails et al.4> have reported that cut-off frequency 
in the ultra-violet region depends on the quantity of 
iron present in the sample. The higher cut-off frequency 
as well as the lower transparency for green muscovite can 
therefore be attributed to a higher iron content, as is 
evident from the chemical analysis (Table 1). The content 
of FeO and Fe,0, in the ruby and green muscovite is 
not linearly related to the absoiption coefficient. It is 
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Fig 1. Madras mica: (1) green (0-310 mm thickness); (2) ruby clear 
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Fig. 2. Bihar ruby mica. (1) stained (0 263 mm thickness); (2) densely 
stained (0 268 mm); 13) black-dotted (0 501 mm), (4) stained B (0°219 
mm); (5) densely stained (0 482 mm) 
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possible that the absorption spectra of muscovite might 
depend on the lattice parameters, especially on the 
presence of other elements in the octahedral layer. 
Transparency in the ultra-violet region of the green 
muscovite of the same origin varies from sample to sample. 
In Fig. 3 it can be seen that two samples of green musco- 
vite from the Rajasthan region which have similar thick- 
ness, differ in transparency, although the cut-off frequency 
is more or less the same. Green muscovite of the same 
visual quality but from Madras and Rajasthan regions 
differs in transparency and cut-off frequency in the ultra- 
violet region (Fig. 3). Ifthe transparency is an indication 
of the iron content as advocated by Popper and others*:5, 
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Fig 3. (1) Rajasthan green clear (0 196 mm); (2) Rajasthan ruby clear 

(0-196 mm); (3) Rajasthan green clear (0 190 mm); (4) Rajasthan ruby 

clear (0310 mm); (5) Rajasthan heavily stained (0311 mm); (6) 

Rajasthan green clear Cee mm); (7) Madras green clear (0 385 mm); 
(8) Bihar ruby clear (0-821 mm) 
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it may be concluded that samples of green muscovite 
of the same quality from different regions, or even from 
the same region, differ in iron content. The cut-off 
frequency of ruby muscovite (clear) from the Bihar region 
is lower than that from the Rajasthan region, although 
the difference in transparency is small. 

Stains and other inclusions affect the transparency of 
muscovite and there appears to be some relationship 
between transparency and the visual classification of 
mica. Inclusions do not affect the cut-off frequency but, 
in general, the greater the ‘stain’—that is, the lower the 
mica in. the visual grade—the less transparent is the mica 
(Figs. land 2). “Black-dotted’ mica appears to be anoma- 
lous in this respect; even though it is thicker it transmits 
more light than does ‘densely-stained’ mica—a superior 
quality mica according to the visual classification. As 
regards transparency in the ultra-violet region, “black- 
dotted’ mica is superior even to ‘fair-stained’ and ‘stained’ 
quality mica. 

The transparency of various ‘fair-stained’ muscovite 
in the ultra-violet region, like ‘stained’ and ‘fair-stained’ 
(Fig. 4), ruby AQ and ruby BQ (Fig. 1), does not differ 
very much. These micas may, therefore, be grouped in 
the ‘stained’ class, as small variations in air or gas inclusions 
do not have appreciable effect on transparency. 

The nature of the transmission curves for both ruby 
and green muscovite is similar irrespective of the presence 
of stams and inclusions. The curves show narrow low 
maxima (absorption) at about 525 and 875 mu. Green 
muscovite shows some inflexion at about 360 my. These 
may be due to the presence of iron minerals in the musco- 
vite lamina. As the nature of the iron minerals m the 
mica lamina was not identified, the foregoing hypothesis 
may be considered inconclusive. 

R. N. DHAR 
S. R. Das 
National Physical Laboratory, 
New Delhi, India. 
1 Coutlee, K, G., Bell Lab. Record, 22, 509 (1944) 
" Coutlee, K. G , Trans, Amer. Inst, Elec. Eng., 64, 1 (1945). 
? Popper, F., Nature, 168, 1119 (1951). ` 
‘Grom-Grzhimails, S Y., Anikina, L. I., Belova, E N, and Tolsttkhina, 


E. I , Mineral Sbormk L'vov Geol. Obschestva pri Unw , No. 9, 90 (1955), 
Chem, Abst , 52, 18651 (1958) 


t Melankholin, N. M , Trudy Inst. Krist. Akad. Nauk S S.S R., 4, 223 (1948); 
Chem, Abst., 47, 6313 (1953). 


Visualization of Low-speed Flow using 
Suspended Plastic Particles 


PHotogRrarsy of particles suspended in a fluid often 
gives a more complete and easily comprehensible record 
of the events associated with the passage of fluid around 
an object than can be achieved through measurements of 
force, velocity, or pressure. In practice, however, smoke 
trails and most other methods of flow marking! are 
both cumbersome and non-quantitative. In response to 
the problem of recording flow patterns around airfoils 
at Reynolds numbers of about 100, we have devised a new 
technique, using plastic particles suspended in a revolving 
bowl of brine and illuminated by pulses of light. This 
system produces photographs of steady flow patterns at 
Reynolds numbers between 30 and 300, with both speed 
and direction. of flow indicated in the pictures (Fig. 1). 

For use as flow markers, particles must (1) be of con- 
venient size, (2) reflect light, and (3) be of a density suitable 
for suspending in the fluid. The following methéd pro- 
duced particles slightly denser than water having an 
intense yellow colour in visible light and a bright yellow 
fluorescence under ultra-violet illumination. <A slurry 
of the compounds listed in Table 1 was poured into gelatine 
capsules and polymerized at 60° C overnight. Since the 
‘STC’ sank to the bottoms of the capsules, the upper, 
colourless portions of the plastic as well as the gelatine 
envelopes were cut away and discarded. The remaining 
bright yellow plastic was crushed in a cold mortar or 
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Table 1. COMPOSITION OF THE PLASTIO 


(1) Hexyl methacrylate, 95 per cent by volums. Function: monomer. 
Source: Rohm and Haas Co., Washington mamare; Philadelphia, Pa. 
(2) Ethylene glycol dimethacrylate, 5 per cent by volume. Function: 
monomer; increases hardness by cross-linking. Source’ Sartomer Resins, 
Inc., P.O. Box 56, Essington, Pa. 

(3) a,a-Azodhsobutyronitrile, 0 5 per cent by weight dissolved in the monomer 
mixture. Function: catalyst. Source: Hastman (No. 6400), Rochester, 


N.Y. 

(4) ‘STC’-about 20 per cent by weight of the monomer mixture. Function: 
colour; ‘STC" is a ‘fluorescent brightening agent’ soluble tn organic 
pepe E Geigy Industrial Chemicals, Saw Mill River Road, 

rdsley, N.Y. 


powder mull and the particles sifted to sort them by size. 
Fig. 1, for example, was made with particles 0-2-0-5 mm 
in diameter. 

Fig. 2 illustrates the flow chamber used to move fluid 
past the models; the bow] itself was a transparent ‘Perspex’ 
cylinder, 4 in. in diameter and 2:5 in. high. (The use of a 
revolving bowl was suggested by B. Howland ın a personal 
communication, and the arrangement of bowl and motor 
drive was similar to that of Howland, Pitts, and Geste- 
lend.) Particles were held in suspension by adjusting the 
density of the fluid; the final solution contained about 
19 g of salt per 100 c.c. of aqueous solution. A slight 
vertical density gradient helped to keep the particles 
from sinking to the bottom or rising to the surface. An 
individual bath was serviceable for up to 2 days; the 
particles were recovered by filtration and re-used, generally 
without drying. Initially, the dry particles had to be 
shaken in degassed water or brine to remove adhering 
air bubbles. 

Airfoils were made of transparent ‘Perspex’ in order 
to minimize shadows in the photographs. These models 
were held in the brine by a brass support at the axis of 
rotation of the bowl. Both the size of the model and its 
distance from the centre of the bowl as well as the rotation 
rate were chosen to give the desired Reynolds number. 
Light from either a mechanical or an electronic strobo- 
scope passed through a curved slit perpendicular to the 
camera axis and parallel to the direction of flow; thus 
the light struck the particles as the latter traversed a 
plane which crossed the model. Use of a stroboscope 
gave a dotted line for the path of each particle, and con- 
sequently both speed and direction of flow at all points 
around a model were recorded. A General Radio Co. 
‘Strobotac’, type 1531-A, provided adequate illumination 
at flashing rates up to 12/sec for photographs taken at 
f/5-6 on Eastman ‘Tri-X’ film. Supporting structures were 
coated with non-reflective black paint to reduce scattered 
light. 

The present scheme for flow visualization may be 
modified to extend its usefulness. The composition of the 
particles (Table 1) represents only an empirical solution 
to a specific problem. Methacrylate monomers with side- 
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Fig. 1. Flow around a stalled airfoil at a Reynolds number of 140. The 

location of the model has been marked on the photograph, since the actual 

model was transparent. The shadows below the edges of the airfoil are 

caused by the bevelling of these edges. Chord: 8-6 mm. Flashing rate” 
11 7/sec. Exposure: 4 sec 
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Fig. 2. The flow chamòer and assoclated components. a, ‘Varlac’ speed 

control, &, variable speed motor; c, flywheel; d, ‘Perspex’ bowl; e, 

model; f, curved slit ir. cardboard baffle: g, mirror: 4, lamp housing of 

“Strobotac’, The camera (not shown) was aimed at the model on‘a line 
normcl to the plane of the diagram 


chains shorter than hexyl produce denser and harder 
polymers; longer side chains yield lighter and softer 
plastics. The choice of colouring substances is limited 
only to those that can be either suspended or dissolved 
in the monomer mixture without inhibiting polymeriza- 
tion. The mixing of fluids from separate sources may be 
studied with particles of different colours. 

Similarly, other parameters of the system may be varied. 
Higher Reynolds rumbers may be achieved using either 
higher flow speeds or larger models, while lower velocities 
or the addition of g-ycerin to the fluid reduce the Reynolds 
number. Since the suspension of plastic particles is ex- 
tremely stable, operation at very low speeds presents no 
special problems. Intensity of illumination is not limiting 
either: a mechanical stroboscope using a revolving sector 
disk can be used; while this variant gives dashes instead 
of dots on the photographs, it permits the use of a lantern 
slide projector as a high-intensity light source. Extraneous 
reflexions from inzident illumination may be avoided, 
if necessary, by using an ultra-violet light source together 
with a suitable filter for the camera lens. The basie 
arrangement, with continuous illumination, should be 
well suited to cinematography for demonstration of the 
temporal structure of turbulence and related phenomena. 
Similarly, if force is measured simultaneously, changes in 
the appearance of fow around an object could be compared 
with the net reaction of the fluid on the object. 

This method of flow visualization should also be con- 
venient for laboratory investigations of the microhabitats 
encountered by limnologists and biological oceanographers. 

This work has been supported in part by a National 
Science Foundation graduate fellowship (S. V.) and by 
U.S. Public Health Service grant GM—08139 (N. F.). 

STEVEN VOGEL 
NED FEDER 
Biological Laboratories, 
Harvard University, 
Cambridge, Massachusetts. . 
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Dispersion Relation in Liquid Helium 


THE normal mode representation’ of the excitations in 
liquid helium dessribes the thermodynamic behaviour 
below the lambda point as the vibrational modes among 
a temperature decendent population of diatomic rotors. 
The excitation speetrum has now been obtained from the 
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theory on the assumption of an observed empirical rela- 
tion. 
The complete partition function, including phonons, is: 


f=F Can "exp ( — (» a Der 
x 2 exp (- (vo + 5 + = Da 


v is the vibrational quantum number, n p number of 
dimensions and v, the fundamental frequency of the 
harmonic oscillator. States above the ground state may be 
summed to give: 
f = (1 — exp ( — Avo/kT))-@+D 

From this expression, the thermodynamic functions may 
be obtained if n is defined as the number of states per 
atomic pair of thermally excited rotors: 


SG + l)jexp(— J (J + ce 

= Fe + Il) exp ( —- J (J + 1) Bet Y 

0,2,4.. 

where B is tie constat for a rigid rotor composed of two 
helium atoms with nearest neighbour spacing. W then 
is the number of ways pairs can be formed with nearest 
neighbour spacings (W = 60). The partition function can 
be re-expressed. as: 


f= D o exp ( — vhv/kT) 
v 


w + n)! 
vln! 
The excitation may be defined by the following relation: 
Z exp ( — e/kT) = E o exp ( — vhyo/kT) 
v v 


W zz 


Equating terms and rearranging: 
exp (£) = exp (viv, — kT log w) 
E = vhyo ien kT log w 


An additional relation must be used to eliminate the 
temperature from the dispersion relation. A comparison 
of the empirical dispersion relation with the internal 
energy leads to the observation that cp = kT at the 
upper limit of the phonon region and again at p, and T 
(where c, is the velocity of second sound near 1° K). 
Above the lambda temperature the heat capacity rapidly 
returns to the Debye value, and above p, the dispersion 
curve is straight and parallel to the low-temperature 
phonon line (Fig. 1). In the normal mode representation, 
the lambda point is achieved when the number of excita- 
tions equals the number of particles. In the dispersion 
relation, œ will achieve a maximum value and become 
constant. The excitation energy will thereafter be linear 
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with momentum, having a slope determined by the velocity 
of first sound. 

The equivalence of momentum and temperature is 
therefore assumed: 





Cop 
The dispersion relation then takes the form: 


e = vhy G me at log o) 
Cy 


The degeneracy is a function of n, which is temperature 
dependent. The same substitution renders » a function 
of v. 


z wee + l)exp ( — J (J + 1) Be,/eqhv)) 


=< (2J + lIjexp{— J (J T 1) Be,/e,vhvo) 

0,2,4. 
The TE erdt spectrum ıs compared with the 
results of neutron spectroscopy? in Fig. 1. 

The minimum of the dispersion curve at p, then repre- 
sents the maximum value of w, which will correspond to 
the case in which the number of particles equals the number 
of states. From this, the coherence length can be estimated. 
At py, V = 4andn = 27 giving o = 35,000. The number 
of atoms participating is then 70,000. If these form a 
sphere, the radius would be 26 atoms or a distance of 
100 A. Such a size approaches the size of the vortices 
reported by Rayfield and Reif®. 


Lye B. Borst 
State University of New York at Buffalo. 
1 Borst, L. B., Nature, 204, 870 (1964). 


2 Henshaw, D. G., and Woods, A. D. B., Phys. Rev.,121, 1270 (1961). 
3 Rayfield, G. W., and Reif, F., Phys. Rev., 186, A, 1194 (1964). 


Important Feature of Time Modulation 


Time modulation, where information is conveyed by 
changing the time between similar parts of the modulated 
wave-train rather than by the frequency of occurrence, 
has a feature which is of great importance at the de- 
modulation stage. This can best be demonstrated by 
considering a common method of de-modulating a fre- 
quency-modulated wave-train and comparing it with a 
method which is particularly simple to use where the 
wave-train is time-modulated. Fig. 1 shows a frequency 
modulated wave-train with a step change in frequency; a 
common and representative method of de-modulation is 
shown in Fig. 2. The box represents a device which 
produces a pulse of current (dz) of short and controlled 
duration for each pulse of the input wave-train. The 
mean current flowing through R is, therefore, n x de 
where n is the pulse-recurrence frequency. The mean 
potential across Risn x di x R and is proportional to the 
mean value of the pulse frequency and hence represents 
the original modulation waveform. The value of ¢ does 
not affect the mean value of current but has a marked 
effect on the transient performance of the circuit. If it is 
assumed that the current pulse has a negligible duration 
compared with the repetition frequency, then the wave- 
form across the capacitor will be as shown in Fig. 1. The 
fall m potential between pulses is represented by the 
expression v= F («—t/eR) where v is the capacitor potential 
at any time ¢ after an input pulse at which time v= V. The 
potential of the capacitor, therefore, falls exponentially 
with time with a time constant given by the product of 
cand R. In most situations it is desirable to recover the 
original modulating waveform undisturbed by components 
of the carrier, and the difficulty is to choose c.2 so that 
the carrier frequency components (ripple) are at an 
acceptable level while maintaining a good transient 
performance of the de-modulated waveform. Often a 
simple resistance—capacitance filter will not give sufficiently 
good performance and elaborate low-pass filters must be 
used. The filters have, up to the present, always used 
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inductive elements which are not as convenient to use as 
resistive-capacitance components (they must in general 
be specially wound) and cannot be made in ‘integrated 
circuit’ form. (This method of construction involves 
making the components and their interconnexions at the 
same time, often on a common surface.) 

Time modulation and de-modulation may be theught of 
in geometrical form. The modulator (Fig. 3) contains two 
essential features; a section which causes a potential to 
rise linearly with tıme (the reference waveform) and a 
voltage comparator. The input or modulating voltage 
must be arranged to be of one polarity only; if it is of 
either polarity a fixed bias must be added to 1t to make it 
conform to this restriction. The circuit is arranged so that 
when the reference waveform reaches the same potential 
as the input voltage (as sensed by the voltage comparator) 
it 1s returned to zero within a negligible time-interval and, 
at the same moment, an output pulse is emitted. Thus 
the time between output pulses is a lmear function of the 
magnitude of the input waveform, and time modulation is 
achieved. The de-modulator contains a similar device to 
the modulator and creates a potential which rises at the 
same rate as-the reference waveform in the modulator. 
The de-modulator waveform is called the generating wave- 
form (Fig. 3). If an incoming pulse has just occurred, the 
generating waveform will, as will be explained later, be at 
zero and will have just started to rise. When the next 
pulse occurs, the generating waveform will have reached 
the same potential as the reference waveform in the 
modulator. This new input pulse first connects the 
generating waveform (vie an electronic switch, Fig. 4) to a 
storage capacitor and then returns the generating waveform 
to zero. The constants of the circuit can be arranged so 
that the potential of the storage capacitor is brought into 
equilibrium in a time short compared with the pulse- 
recurrence time. It can also be arranged that the output 
circuit connected to the storage capacitor draws so little 
current that the potential of the latter is virtually un- 
changed during the pulse-recurrence time. The storage 
capacitor, therefore, takes on the value of the generating 
waveform at the time of an input pulse and holds this value 
until the next one occurs. If there has been no change in 
the modulating waveform between pulses there will be a 
negligible change in the potential of the storage capacitor. 
Thus the de-modulator has a ‘ripple’ voltage proportional 
to the difference in modulating potential between carrier 
pulses. : 
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Fig. 1. Frequency modulation waveforms. Top. modulation waveform 
Middle: carrier wave-train. Bottom: de-modulated waveform 
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Fug 2. Frequency Se modniaor Block diagram showing input wave- 
rain. 
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Fig 3 Time modulation waveforms. Top: modulation waveform in 
contact with reference waveform. Middle: carrer wave-train. Bottom: 
de-modulated waveform in contact with (dotted) generating waveform 


ears 


Fig. 4. Time de-modulator: Block diagram showing input wave-train, 
generating waveform electronic switch and storage capacitor 


The system can ke described in general terms as one in 
which the modulating waveform is sampled at various 
instants and the value transmitted to the de-modulator, 
which immediately assumes this value at its output and 
holds it until the next value is transmitted. It conveys 
the maximum information that can be transmitted with a 
simple pulse-train and the de-modulation makes the only 
assumption that can be generally true. The system may be 
realized in various forms and is very suitable for circuits 
using transistors as the active circuit elements. As it uses 
no inductive elements it is suitable for ‘integrated circuit’ 
construction. The performance of a simple form of the 
system (26 transistors in total for modulator and de- 
modulator combined) is shown in Fig. 5. The mean 
period of the modulated wave-train is 10 msec {~ 100 c/s) 
and the time deviation is +2msec. The top row of wave- 
forms (Fig. 5) shows the modulating waveforms which are, 
reading from left to right, 10 c/s sine wave, 10 c/s square 
wave, electrocardiograph-type waveform! with a period of 
lsec. The middle row shows the de-modulated waveforms 
with no additional smoothing, while the bottom row shows 
the effect on the de-modulated waveforms of a resistive 
capacitive time constant of 5 msec. It can be seen that 
for many purposes no additional filtration is needed after 
the storage capacitor and hence the system has a very good 
transient response. If some additional filtration is needed, 
however, a very simple filter is all that is required. If the 
modulating frequency is made much higher than the 10: 1 
ratio of Fig. 5, then additional filtration may usually be 
omitted. The electrocardiograph-type waveform demon- 
strates the lack cf ripple at low amplitude changes 
and the system is most suitable for this important type of 
medical recording, where much of the useful information is 
contained in the low-level changes of the wave and little 
in the ‘spike’ (‘R’ wave) itself. 

Though the de-modulating system has been described in 
terms of time modulated waveforms, it could be used with 
frequency modulated information and thus extend the 
advantages of the system to existing frequency modulated 
magnetic tapes. Ifthe de-modulator were simply used on 
frequency modulated material, there would be an error 
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Fig. 5. 


Carner mean period of 10 m/sec. Top row. modulating waveforms (10 c/s sine, square wave and 1 c/s electrocardiogram-ty pe 


waveform). Middle row: de-modulated waveforms, no additional ane Bottom row: de-modulated waveforms, 5 msec time constant 


since frequency modulation is a function of 1/t (where ¢ is 
the periodic time) rather than a direct function of ¢. This 
might not be too serious were the frequency deviation 
small, but if it were large the errors would probably be 
unacceptable. The errors can be eliminated by causing 
the generating voltage to have a value proportional to 1/t. 
Work is in hand to design such a device. 


L. MOLYNEUX 


Department of Physics, 
University of Newcastle upon Tyne. 
ide Sa, A., and Molyneux, L., World Med. Electron., 2, 174 (1964). 


METEOROLOGY 


Hydrogen Content of the Air 


A SERIES of experiments carried out by Glueckauf 
and Kitt in the 1950s (ref. 1) showed that hydrogen was 
present in the atmosphere to the extent of about 


0-6 parts per million by volume, and that the concentra- _ 


tion was not constant. It was not clear whether or not 
the variations were correlated with meteorological condi- 
tions. 

The distribution of atmospheric hydrogen is of interest, 
since there is a considerable influx of protons into the 
upper atmosphere in the form of the solar wind. It has 
been suggested? that a proportion of terrestrial water 
originated as protons from the Sun. On the other hand, 
it is likely that some of the free hydrogen produced by 
photolysis of water and hydrocarbons in the high atmo- 
sphere is able to escape from the Earth. Possible sources 
of hydrogen at the Earth’s surface include natural gas, 
first suggested by Paneth in 1937, coal mines and industria! 
activity. 

. Various methods have been mvestigated here for detect- 
ing very small concentrations of hydrogen, in a volume of 
air sufficiently small to be collected from an aircraft or 


balloon. A method was also required which would give 
a continuous record of the hydrogen concentration at a 
fixed station, and an apparatus which appears to. be 
capable of satisfying both these requirements has now 
been developed. It has been used to give an almost con- 
tinuous record of the hydrogen concentration in Cam- 
bridge air from September 17, 1965, until the time of 
writing. ; 

The apparatus is based on the phosphoric acid electro- 
lytic hygrometer, described by Goldsmith?. After being 
dried with silica gel and P,O, a slow stream of air is drawn 
over heated palladous oxide, and then past the hygro- 
meter, At 300° C, PdO oxidizes hydrogen and carbon 
monoxide, but not, so far as is known, hydrocarbons. 
The whole apparatus, apart from preliminary drying 
agents, is enclosed in a stainless steel tube to avoid con- 
tamination from adsorbed water. A zero reference is 
provided by drawing the incoming air through a bed 
of heated alumina granules, coated with palladium, 
for 50 min in every 100. (This material is supplied as 
‘Deoxo’ for removing oxygen from a stream of hydrogen, 
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Fig. 1 Each point represents one 100-min cycle. The break on Oct. 9, 
1965. was caused by a faulty time switch. On Oct. 12 the instrument wag 
tested for sensitivity to methane 
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but has been found equally effective the other way round.) 
The resulting trace on a pen recorder connected to the 
hygrometer is a square wave, distoried by the overall 
response time of the instrument, which is about 30 min. 

It has been found that the hydrogen content of the 
atmosphere varies considerably. Extremely high values 
(>2 p.p.m. by volume) are confined to the day and even- 
ing, and could well be attributed to exhaust fumes from the 
nearby road. During September 29—October 4 the appar- 
atus was out of action while the P,O, drying agent was 
changed, and the detector ‘dried out’ and calibrated with 
a sample of 0-027 c.c. of hydrogen mixed in 12 1. of hydro- 
gen-free air (Fig. 2). It will be seen that the signal-to- 
noise ratio is adequate for atmospheric hydrogen measure- 
ment, while the cycling method eliminates errors due to 
long-term drift in the d.c. amplifier or detector. The 
results since then are shown in Fig. 1. 

On October 12 the instrument was tested for sensitivity 
to methane, and found to be at least 10 times less sensitive 
than to hydrogen. A more precise test is intended later. 

During October 4-7 the weather was fine, with clear 
nights, and mist in the mornings. A depression was 
moving past to the south, and south-easterly winds pre- 
dominated. The night of October 7 was cloudy, and there 
was no mist on the mornings of October 8-13. During 
this time an anticyclone was centred over the Shetlands, 
with mainly north-easterly winds and cloudy nights. On 
October 13 and 14, fronts associated with a depression 
near Iceland passed over, and there was mist on the 
morning of October 14. Pressure began to rise again about 
midnight on October 14. 

As far as can be judged from the short records available, 
it appears that anticyclonic conditions are associated 
with a low mean hydrogen concentration, and particularly 
with very low concentrations during the night. The 
possibility of contamination from vehicle exhausts cannot 
yet be ruled out, but the continuity of the readings 
from Sunday, October 10, to Monday, October 11, suggests 
that it is not serious. The wind was blowing from the 
direction of the road on both days. Large peaks of hydro- 
gen concentration in the evening seem to be confined to 
nights on which mist forms. There is a marked diurnal 
variation, with a minimum about 0400 o.m.T. on most 
days. Whether this is of natural or artificial origin 
cannot yet be determined. 

i R. d W. KERSHAW 
Meteorology Section, 
Cavendish Laboratory, 

University of Cambridge. 
1 Glueckauf, E., and Kitt, Œ. P., Quart. J. Roy. Meteor. Soc., 88, 522 (1957) 
2 de Turville, C, M , Nature, 190, 156 (1961). 

s Goldsmith, P., Atomic Energy Res. Est. Rep. R4730 (1965). 


é GEOLOGY 
Age of the Anorthosites in the Norwegian 
Caledonian Chain 


Tue age of the anorthosites in the Caledonides of 
Norway: Khas been much discussed, and both a pre- 
Caledonian and a Caledonian age has been considered}. 
This communication directs attention to a possible inter- 
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pretation of the age problem, based on 
observations in the Mére region, central 
Norway, and the Bergen district, southern 
Norway. l 

Aecording to my investigations in the 
More region, we have here an important 
Pre-Cambrian Caledonian stratigraphic 
soquence?. Dykes and lens-shaped bodies 
of metadolerites are found in the lower 
02 part of this sequence, and genetically 

related amphibolites* occur as layers in 

the middle part. Titaniferous iron ore 

depasits occur both m the metadolerites 
and, ın the amphibclites?. 

In the eastern part of the More region, near the border 
of the Cambro-Sicurian Caledonian Trondheim region, 
lenses and layers af anorthosite occur in the upper part of 
the Pre-Cambrian sequence’. Titaniferous iron ore concen- 
trations are also fcund in the anorthosites. 

The Bergen District. The gneiss area on the coast west 
of Bergen can be interpreted as being the core of a Cale- 
donian anticline’, The axis of the anticline has a east- 
south-easterly direction, and the plunge of the fold is 
eastward. 

The gneiss core dips to the east below a schist formation. 
(the minor Bergen arc’, in which the city of Bergen 1s 
situated), and the schists dip below a gneiss formation. 
There is no distinct boundary between the schist formation 
and the gneisses, and beds of mica schist and quartzite 
occur in the gneisses, and layers of gneiss are found in 
the schist formation. Bodies of metadolerite and amphi- 
bolite occur in this sequence. Magnetite and ilmenite 
can be present in considerable amounts within the 
bodies. 

The gneiss formation dips to the east under an anorth- 
osite formation. Titaniferous iron ore deposits occur in 
the anorthosites. 

A Cambro-Silurian Caledonian schist sequence (the 
fossiliferous major Bergen. arc) lies east of the anorthosite 
formation. Here we have a depression of the plunge of 
the anticline, and ferther to the east anorthosites, gneisses 
and schists once more follow. ; 

In my opinion, she gneisses, schists and anorthosites 
west and east of the fossiliferous Cambro—Silurian sequence 
form the Pre-Cambrian part of a Caledonian stratigraphic 
sequence. The schists are traditionally considered 
Cambro-Silurian, but there is much evidence in the field 
concerning the cornexion between the schists and the 
gneisses. Correlations have been made between the 
Cambro-Silurian sequences in the Trondheim region east 
of the Möre region and in the Bergen district’, and a 
correlation can also be made between the Pre-Cambrian 
sequence in the Mére region and in the Bergen district. 

According to this interpretation of the More region 
and the Bergen district, metadolerites, amphibolites and 
anorthosites, with titaniferous iron ore concentrations, 
have a correspond-ng stratigraphic position in the two 
areas. Metadolerivas and amphibolites are found in the 
lower and middle parts of the Pre-Cambrian Caledonian 
stratigraphic sequence, and the anorthosites occur in the 
upper part of the sequence. They represent basic products 
of the early Caledonian igneous activity in late Pre- 
Cambrian time’. 


00 0l 
Oct, 4 


I. HERNES 


Geological Institute, 
University of Bergen, 
Norway. 
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Phyllocarid Crustacean Fauna of European 
Aspect from the Devonian of Western 
Australia 


A REMARKABLE collection of about 400 specimens of 
phyllocarid crustaceans was made in 1963 by H. A. 
Loombs of the British Museum (Natural History), and 
K. Buller and E. Car of the Western Australian Museum. 
The material was collected at two localities from 
calcareous siltstone concretions in the Gogo Formation 
which yields a lower Mantwoceras Zone (Timanites angus- 
tus Subzone) goniatite fauna of Frasnian le age, Upper 
Devonian?-*. The localities are: 1, Virgin Bore area, Gogo 
Station, 125° 54° E., 18° 35’ S., and 2, Bugle Gap, 126° 02’ 
15” E, 18° 41’ 8., both in the Fitzroy Basin, Kimberley 
Division of Western Australia. Preliminary identifica- 
tions of the phyllocarids, together with the relative 
frequency of occurrence, are as follows: 

Locality 1: Moniecaris lehmanni Jux, abundant; 
Montecaris sp. nov.?, a very rare, heavily tuberculate 
form; Concavicaris sp. nov. 1 aff. O. elyiroides (Meek), 
rare; Schugurocaris sp., rare. 

Locality 2: Concavicaris spp. nov. 1 and 2, Schugurocaris 
Sp. 
The fauna of the Gogo Formation is stated to be ‘‘charac- 
terized by Buchiola and other pelecypods, numerous 
Tentaculites, small, straight nautiloids, ostracods and 
coccostean and crustacean remains, [the ammonoids] 
Timanites and Koenenittes”*, The ammonoids and Fora- 
minifera have recently been described, and Radiolaria and 
conodonts are also known to occur**. In addition to 
most of the foregoing, however, the locality 1 fauna in 
the present collection includes bryozoans, gastropods, a 
single specimen of a eurypterid best referred to Rhenop- 
terus (determined by Dr. C. D. Waterston), and the follow- 
ing fish (determined by H. A. Toombs): antiarchs and 
arthrodires (under study by Dr. R. S. Mules), palaeoniscids 
(to be studied by Dr. B. Gardiner) and rhipidistians, as 
well as coprolites and problematica. 

The phyllocarid fauna is important not only in being a 
unique association of genera, but also in being of European 
aspect. Thus M. lehmanni is otherwise known only from 
the Frasnian la of the Rhenish Schiefergebirge®. Monte- 
caris is recorded from the Gedinnian and Famennian. of 
Czechoslovakia, the Lower Frasnian of the Transvolga 
region of the U.S.S.R. ( ? = Baituganocaris Krestnovnikov) 
and possibly from the Upper Devonian of British Colum- 
bia’. Hleutherocaris, the other member of the Monte- 
caridinae, is known only from the Frasnian Naples fauna 
of New York State, U.S.A. Schugurocaris (? = Phas- 
ganocaris) was described from the Lower Frasnian of 
the Transvolga/Urals’, although it may occur in the 
Ludlovian of British Columbia and the Gedinnian and 
?Emsian of Czechoslovakia*®. Concavicaris elytroides 
occurs in the Famennian—Lower Mississippian of Okla- 
homa and Kentucky, but the genus ranges from Eifelian 
to Pennsylvanian of Czechoslovakia and the U.S.A. 

The overwhelmingly European character of the Western 
Australian Devonian has been stressed by Teichert®10, 
and is apparent even in this small phyllocarid fauna. 
North American affinities are also indicated by the closely 
related genera and species mentioned here, but this is 
probably due to the derivation of both Australian and 
American faunas from common European stocks. Close 
affinity between the American and European ammonoid 
faunas is most clearly developed in the Frasnian"}, 
Teichert’s theory that the Australian faunas migrated 
from central Germany via south-east Asia has been 
criticized by Neaverson!? but reaffirmed by Veevers?*. 

The Australian and European phyllocarids mentioned 
here occur in platy, silty limestones or calcareous siltstones 
deposited in still waters in inter-reef basins'4:1*, Sediment- 
ation was fine grained and continuous, and benthos was 
thereby mhibited. A platy sedimentary breccia, similar 
to those in the Schiefergebirge**, has been collected from 
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locality 2 and suggests that similar off-reef slumping took 
place. 

This work, and the fuller description which it is hoped 
will follow, is being supported by National Science 
Foundation grant G24045 and the University of Glasgow. 

W. D. Yan ROLFE 
Hunterian Museum, 

University of Glasgow. 
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METALLURGY 


Enhancement of Ductility in a-Uranium 


CIRCUMSTANCES have been identified where metals 
and alloys undergo large plastic extensions, that is, 
100-1,000 per cent elongation, before rupture’:?. Such 
materials are termed? ‘superplastic’ and can be extremely 
sensitive to changes in strain-rate®, thus having a high 
value of the exponent, n, in the relationship between 
strain-rate é and stress o described by ér = ko, where k 
is a constant. Generally, n has values <0-3 in conven- 
tional tensile or creep tests even at temperatures approach- 
ing the melting-point; but certain non-ferrous alloys’, 
notably those near eutectoid composition in the alumin- 
ium-zine system which extend by several times their 
original length, have values of n up to ~ 0-7. 

Where n approaches unity, deformation tends to viscous 
(Newtonian) flow and, in this event, large elongations are 
possible since there is no enhancement of the rate of 
diminution of cross-sectional area. A common circum- 
stance where metals deform by viscous flow is where 
vacancy creep! occurs, but a rapid rate of straining is 
gonerally impossible even at temperatures close to the 
melting-point since stresses must be sufficiently small to 
prevent dislocation movement. 

One method of making polycrystalline uranium of 
random orientation flow viscously at temperatures away 
from the melting temperature, for example, <450° C, 
is to irradiate it with neutrons’. Under stresses about 
Y/100 and irradiation at 100° C, a-uranium exhibits a 
steady-state creep rate of ~ 10-7 h-! and approximately 
obeys a pseudo-creep law of the form, é œ (o/Y)&, where 
Y is the yield strength of the material and ég the irradiation 
growth rate of individual crystals. This equation corre- 
sponds to a strain-rate exponent of unity and has been 
demonstrated experimentally by Roberts and Cottrell’, 
who used small springs of uranium wire to facilitate 
measurement of the slow creep-rate. A demonstration 
of large elongations with tensile forces in these circum- 
stances would not be practical despite the closeness of 
n to unity. (Calculations based on their results give 
n ~ 0-8 using low-deflexion formulae to deduce the appro- 
priate stresses and strain-rates.) 

It is demonstrated here that viscous flow can be induced 
in lightly stressed materials with anisotropic coefficients 
of thermal expansion, by subjecting them to temperature 
changes sufficient to create ‘spontaneous plasticity’®. 
It is expected, therefore, that under tensile forces and 
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Uranium tensile specimens. Left, before testing; right, atter 
~ 500 cycles between 400° C and 600° O at 11,500 g mm~* 


Pig. 1. 
under these conditions any cross-section of a specimen 
will reduce in area at the same rate, independently of its 
initial magnitude, to produce extension without enhancing 
necking. 

Superplastic flow in -uranium is strikingly illustrated 
in Fig. 1 where the specimen has undergone ~ 170 per 
cent elongation. To achieve this the uranium specimen 
was held under constant stress (~ 1,150 g mm_-*) and the 
temperature changed from 400° C to 600° C and back to 
400° C every 20 min for 7 days. The stress-level was 
chosen from work? in which a linear proportionality 
between strain-rate and applied stress was established for 
applied stresses < 2,600 g mm- and well below those 
generated internally. 

An additional feature of this remarkable ductility in 
uranium is that mechanisms limiting ductility in normal 
tensile or creep testing are not relevant to the present 
ease. For example, the continuous reversal of temperature 
creates conditions where some grain-boundary siding is 
likely which reverses in direction at each half-cyele. No 
evidence of pronounced porosity was metallographically 
revealed. 

Note added in proof. Extensions of 300 per cent without 
failure or signs of necking have since been achieved. 
This elongation should be compared with the failure at 
55 per cent elongation of a similar specimen when tested 
under isothermal conditions at 600° C with the same 
stress. 

R. H. JOENSON 
E. C. SYKES 


Research and Development Department, 
Central Electricity Generating Board, 
Berkeley Nuclear Laboratories, 
Gloucestershire. 
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Crack Initiation during the Fatigue of 
-Brass 


MetTALLoGRAPHIe observations on the fatigue damage of 
ß-brass in reversed bending have been reported’. A 
characteristic type of damage was observed in which 
short markings appeared, normal to, and sometimes on 
both sides of, some grain boundaries. These markings 
did not have the same traces as slip within the grain and 
formed adjacent te, but not in, the grain boundaries. 

Further work has been performed on 48:25 at. per cent 
zine 8-brass fatigued in reversed bending both at room 
and liquid nitrogen temperatures. A sheet was hot-rolled 
to about 1-2 mm and specimens cut out in a jig. These 
were then recrystallized by a short anneal at 830° C and 
quenched into iced 10 per cent caustic soda. Surface 
layers were ground off, and specimens electropolished for 
6 h in orthophospboric acid. This ensured an unworked 
surface, as shown by the etch-pit distribution, A soft- 
iron pole-piece was attached to the free end of the speci- 
men, which vibrated at resonant frequency under the 
influence of an alternating magnetic field. The specimen 


geometry resulted in a frequency from 100 to 300 c/s. — 


The applied stress could not be measured using this 
arrangement, but after an initial period of work-harden- 
ing, a constant frequency was maintained, until fatigue- 
cracking started. 

Cross-slip was frequently observed at room temperature, 
together with some curved and intersecting slip traces. 
At —196° C cross-slip was much less frequent, and slip 
traces tended to be straight. 





Fig. 1. Electron micragraph of region of short slip markings and cracks 
next to a grain boundary in #-brass (46°95 at. per cent zine) fatigued at 
rocm temperature, C/Pt replica 


At room temperature the more frequent mode of crack 
initiation was intergranular, either from triple points or 
along grain boundaries ending at the edge of the specimen. 
Short markings next to grain boundaries were seen as a 
second mode of crack initiation. These consisted of very 
fine markings of the type shown in Fig. 1, extending 
about ?“u~froim the grain boundary, but not necessarily 
on the active slip plane remote from the boundary, 
interspersed with ‘persistent’ markings or cracks often 
at regular intervals. Two surface analyses of these 
markings showed that they were incipient cracks lying 
on or close to {110 planes. Both slip and short markings 
were observed either on one side only or on both sides 
of the boundary. Cracks longer than others on one 
side of the boumdary were always associated with 
longer cracks in the second grain. The occurrence of 
matching cracks aeross a boundary seemed to be determ- 
ined by the correspondence of {110} planes in the two 
crystals. If {110} planes correspond, cracks may 
easily propagate across the boundary; if not, propagation 
will be difficult despite stress concentration at the crack 
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tip. These cracks appeared to form in succession, prob- 
ably by a process producing slip intensification and a 
crack by the classical mode of fatigue-crack formation, in 
which cross-slip is known to be important?, 

The regularity of spacing of short cracks next to the 
boundary in 8-brass seems to indicate that they are formed 
by the progressive relief of stresses in the grain boundary 
region. Occasionally one of these cracks propagated, in 
which case its direction changed a short distance from the 
boundary in the manner observed by Forsyth*, such that 
the direction was influenced by the normal applied stress. 
Even if a crack had been initiated in the grain boundary, 
it was frequently found to propagate in a transcrystalline 
manner. 

Specimens were fatigued at —196° C by standing the 
specimen clamping block in liquid nitrogen inside a Dewar 
flask. Failure always occurred by the propagation of a 
cleavage-type crack on {110} planes through the specimen. 
Again these planes did not always correspond with the 
active slip planes, which are variously reported as exclu- 
sively {110} (ref. 4), and almost exclusively {211} (ref. 5) 
at —196° C. Intergranular crack initiation was absent. 
A series of parallel cracks was observed from some grain 
boundaries (Fig. 2). These cracks had a spacing of about 
102 or more and the longer ones propagated a considerable 
distance into the grain, Shorter markings were also 
observed and, on sectioning on a second surface, no cracks 
were observed, but regions of transformation product 
were seen to correspond with the markings on the specimen 
surface (Fig. 3). It has been shown* that martensite may 
be induced in stable 8-brass by deformation, so that the 





Fig. 2. #-brass (48°25 at. per cent zinc) fatigued 7:5 x 10" cycles at — 196 
© showing cleavage-type cracks on {110} planes 





Fig. 3. Same 
t mar 


specimen asin Fig, 2. Section through a boundary showin 
. ‘Transformation product, presumably saaztenaiie: 
Electron micrograph, C/Pt replica 
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GRAIN 
BOUNDARY 


TENSION 
a 





Simple mode! to show the origin of elastic stress concentration 


Fig, 4. 
at a grain boundary in an elastically anisotropic solid 


oceurrence of transformation product indicates an increase 
in the stress in this region. No martensite was found 
associated with cleavage-type cracks. 

It is proposed that stress concentrations of a sufficient 
magnitude to produce slip and cracks can arise at a grain 
boundary if the crystals composing it have a ‘soft’ and a 
‘hard’ orientation to the applied stress. McManus’ has 
investigated the change in the elastic moduli of $-brass 
with temperature and composition. For a 48°25 at. 
per cent zine alloy his results give values of 0-249 x 10** 
and 1-94 x 10'* dynes/em? for Young's modulus measured 
in the <100> and <I111> directions, respectively. 
The low value of Efi] implies weakness to (110) [110] 
shear, as pointed out by Zener’. The details of the stress 
distribution in the neighbourhood of the boundary 
between two anisotropic crystals will be complex, but a 
simple model may be postulated which can approximate 
to these conditions. 

Fig. 4 shows the edge of a bicrystal composed of one ‘soft’ 
and one ‘hard’ crystal. On compression the two crystals 
deform elastically to differing extents, but to maintain 
coherency across the boundary the soft crystal will deform 
less in this region and the hard crystal more than in 
regions remote from the boundary. The magnitude of 
the lateral deformation in the grain boundary region will be 
inversely proportional to the ratio of the moduli in that 
direction. In tension the sign of the stresses will be re- 
versed, but their magnitude will be the same as in compres- 
sion. Such a stress concentration may be relieved in two 
ways. Either a crack can be initiated in the grain bound- 
ary between the two crystals, or a series of parallel cracks 
can form normal to the boundary. A grain boundary crack 
will be a more efficient means of stress relief, and its initia- 
tion will be particularly favoured if the boundary termin- 
ates in the edge of the specimen. Once the crack has 
formed, propagation criteria become important and the 
crack may spread on a transcrystalline path. Short cracks 
normal to the boundary can be formed when the boundary 
is limited by triple points. Once such a crack has formed, 
the stress distribution near it will be changed, and the 
stress concentration moved along the boundary, allowing 
more slip to occur and new cracks to form. Short slip 
markings are sometimes found associated with cracks 
along the grain boundary. It is possible that an inter- 
granular crack may produce a stress concentration favour- 
ing the formation of short slip markings, or that fracture 
may be completed in a region of short cracks next to the 
grain boundary by the propagation of an intergranular 
crack. Short slip markings will be most pronounced 
a short distance from the boundary because coherency 
constraints between the two grains will limit the formation 
of large slip steps at the grain boundary itself. The 
occurrence of cleavage-type cracks at low temperatures 
in 8-brass is consistent with the increase in brittleness of 
body-centred cubic metals with falling temperature. 
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In order to test the importance of elastic stress con- 
centrations at grain boundaries in B-brass during fatigue, 
_» the orientation of a number of crystal pairs the mutual 
~ boundary of which shows fatigue damage i is being determ- 
ined and examined, with the view of differentiating 
between the conditions necessary to initiate a crack in an 
intergranular manner, or to initiate short cracks next 
to grain boundaries. 

H. Mel. CLARK 
Department of Metallurgy and Materials Technology, 
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3 CHEMISTRY 
Matrix Isolation of Unstable Halogen 
Radical lons 


We have recently obtained spectroscopic evidence for 
the formation of reduced metal valency states in y- 
irradiated 5-4 M HSO, glasses at 77 ° K (reaction (1) 


Me + ey Mn) (1) 


where Mn+ = Mn?*+, Co**, Ni, Ga’-, Agt, Cd?+, Inèt 
and Ti+)!. In the course of this work we have also investi- 
gated non-reducible solutes such as sodium chloride and 
sodium bromide. 

Chloride. At relatively high concensrations of sodium 
chloride {0-1-1-0 M), y-irradiation at 77° K produced the 
optical absorption shown in Fig. 1 A. The broad band 
with Amax = 444 my and Getma = 3,000 + 400 is 
associated with the sulphuric acid, and has been assigned}? 
to an oxidized radical entity, designated SO,-, which is 
formed by either direct action of the y-rays or electron 
transfer to OH radicals or, possibly, H,O+ ions. The peak 
with Amex = 335 mp was observed anly when chloride 
was present in the glass and increased with [NaCl]. In 
addition sodium chloride reduced the yield of SO,-. 
On warming, the 335 my absorption increased (Fig. 1 B) 
in the region 135°-150° K, and this is attributed to an 
increased yield of the entity, rather than a chenge of 
extinction coefficient with temperature, since the enhanced 
absorption persisted on re-cooling the glass to 77° K. 
Fig. I also shows that this change on warming was accom- 
panied by a decrease in the SO, absorption. At 150°- 
154° K, the 335 mp band decayed and a new absorption 
with Amax = 230 mu (Fig. 1 C) was formed, which was 
still present, although with smaller optical density, at 


16 


Optical density 





200 - 800 400 500 600 700 
oat s 'Wave-length (my) 
Fig. 1.® Absorption spectra produced in ee 1M NaCl 54 M 


HS0, by yarradjation (1'14 x` 10" eV ml.) at 7 A,B, 2 and D 
gre the absorptions at 77°, 185°, 154° and 2086 re respectively 
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room temperature Cig. 1 D). Re-cooling the system to 
154° K gave the larger absorption again (Fig. 1 C). 

The absorption with Amex = 335 mu is very similar 
to that reported by Anbar and Thomas’, in the pulse 
radiolysis of dilute sodium chloride solutions at pH 3, 
and attributed to CL. The assignment of the absorption 
in the glass phase to this entity seems reasonable, and is 
consistent with the raduction in the yield of SO,--, which 
suggests the formation of a new oxidized species. An 
electron transfer from a chloride ion to a SO, radical 
is thought to account for the additional Cl,” formed on 


warming. For [NaCl] = 0-5 M, @egP™ (glass phase, 
77° K) = 2,600 + 300 and in view of the room tempers- 
ture value for ean of 12,500 + 1,000%, this corresponds 


to a value for Gq, of ~ 0-2. The high solute concentra- 
tions required to give Cl, suggest that it is only formed 
in cases where two chloride ions are adjacent in the glass 
and no migration is necessary. Hornig and Osberg* 
have shown by infra-red studies that crystalline HCl 
exists as antiparallel zigzag chains of hydrogen-bonded 
molecules, at temperatures below 98° K. If the chloride 
in H.SO,, which exisss partly as HC! at room temperature, 
forms similar chains on freezing to 77° K, a situation 
will occur in which the chlorine atoms are suitably 
positioned for the formation of Oly. The way in which 
Cl,~ decays at I50°-154° K is uncertain, but if Cl, is a 
product, equilibrium (2) will exist, and the absorption 
represented in Fig. 1 C may be due to a mixture of 

Cl, + Cr 2Cly (2) 
Cl, and Cl,-5. Furthermore, the reversible change in the 
magnitude of the acsorption. on warming may be a result 


of the temperature dependence of the equilibrium con- 
stant. 


mm 0 7 


Optical densit 





200 800 400 500 600 700 
Wave-length (my) 
Fig. 2. Absorption spectra produced in de-aerated 04 M NaBr 5-4 M : 


A,SO, by y-irradiatian (1-14 x 10! eV ml") at 77° K. A,B, and C 
are the absorptions at 77°, 132° and 148° K respectively 


Bromide. The behaviour of y-irradiated NaBr — H80, 
glasses was found to be similar to that described for 
NaCl — H,SO, glasses. The absorption produced by ir- 
radiation at 77° K is shown in Fig. 2 A; and the new 
absorption with Amax = 355 mp can be correlated 
with the liquid phase spectrum of Bry obtained by the 
pulse radiolysis of bromide. solutions’. Warming to 
130°-145° K enhanced the 355 mu peak and the absorption 
present as a shoulder (Amax 270 my) at 77° K. was also 
observed to incressa (Fig. 2 B and C). This latter absorp- 
tion is attributed to Br, on the basis of its similarity to 
that reported in the liquid phase®. At 150°-155° K the 
355 mu absorption decayed while that due to Bry 
increased further and remained on warming to room 
temperature. 
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Iodine. Sodium iodide is oxidized by concentrated 
sulphuric acid at room temperature and the strong optical 
absorption of the product I,-, made spectroscopic work 
impossible at high solute concentrations. However, 
glasses made from 5-4 M sulphuric acid saturated with 
iodine ([I,] ~ 10-? M) gave on y-irradiation at 77° K a 
weak new absorption in the region of 380 my, which is 
where an absorption due to I,” has been observed in 
liquid water’. The formation of mobile electrons in y- 
irradiated acid glasses has already been established!’ 
and in this case it appears that a simple reduction is 
occurring (reaction (3)). 


I, + om Ir (3) 


- D. M. Brown 
F. S. DAINTON 
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Stability of a Radioactive Drug—Tetrasodium 
2-Methyl-1,4-naphthaquinol Diphosphate 
labelled with Tritium 


THIS communication describes the decomposition by 
self-irradiation of the radioactive drug tetrasodium 
2-methyl-1,4-naphthaquinol diphosphate labelled in the 
5,6 and/or 7 positions with tritium. The possible radio- 
therapeutic use of this labelled compound in the treatment 
of certain types of cancer is at present under investigation 
by Prof. J. S. Mitchell and colleagues at the University 
of Cambridge? =. ; 

The peculiar property of radioactive organic compounds 
to undergo decomposition by self-irradiation on storage 
presents a difficult, but not an insoluble, problem in the 
use of such compounds. This property is particularly 
evident with tritium compounds, where almost all the 
B-radiation energy is self-absorbed by the compound. 

Some of the governing principles and modes by which 
decomposition by self-irradiation can occur have already 
been published*-®. Decomposition by natural decay of 
the tritium atoms to helium-3 cannot be controlled, but 
fortunately this effect contributes little (less than 6 per 
cent per annum) to the total decomposition in relatively 
small molecules such as the naphthaquinol diphosphate. 
It is the secondary effects which are the more important 
and difficult to control; that is, the interaction of the 
labelled molecules with activated species such as free 
radicals or the excited products of primary decay. For 
radiotherapeutic use tritiated tetrasodium 2-methyl-1,4- 
naphthaquinol diphosphate is required at the highest 
possible specific activity, a requirement at which such 
secondary decomposition effects are most pronounced. 

No method has yet been found to eliminate completely 
the decomposition,-but certain measures can be taken 
to minimize its effect®. These are: (a) reduction of the 
effective radiation dose to the compound; for tetra- 
sodium 2-methyl-1,4-naphthaquinol-T diphosphate this 
is done by storing the compound in aqueous solution; 
(b) lowering the temperature, thereby minimizing second- 
ary (temperature dependent) effects by reducing the 
thermal activation energy of the excited species; (c) the 
addition of free radical scavengers; this method was 
not investigated for the tritiated drug which was required 
at high chemical purity. 
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A few results concerning the stability of tetrasodium 
2-methyl-1,4-naphthaquinol diphosphate, labelled in the 
6-position with tritium and stored in aqueous solution at 
0° C, were published in 1962 (ref. 7). The results of a more 
extensive investigation are summarized in Table 1. 


Table 1. DECOMPOSITION OF TRITIATED TETRASODIUM 2-MRETHYL-1,4- 
NAPHTHAQUINOL DIPHOSPHATE IN ISOTONIC SALINE SOLUTION 


Position Decompo- 
of Specific Radioactive Storage Storage Energy sition 
tritium activity concentration temp. time absorbed G{-M) (per 
atoms (c./mmole) (me /ml.)} (°C) (months) (rads) . cent) 
6 27 390 2 10 85 x 10’ 03 75 
6 20 390 2 3 11 x 10? 03 25 
6 29 390 ~80 3 11 x 10? 05 40 
6 27 —-196 6 1-1 x 10° 0-06 10 
6 27 240 —-196 6 1-3 x 10? 0:06 10 
6 27 —196 6 131 x 10° 0-03 5 
8 27 266 —196 8 14x 10? 008 12 
6,7 10 1 20 033 8 x 10 8 23 
6,7 10 1 20 017 15x10 7 10 
6,7 54 300 —40 1 27 x 10° 1 50 
6,7 20 247 —196 $65 78 x 10° 014 § 
6,7 55 360 —196 3 97 x 10° 006 9 
6,7 59 655 —196 2-75 16 x 10’ 007 10 
5,6,7 87 560 2 6 30 x 107 0-2 95 
5, 6,7 76 360 2 3 97 x 10% O1 20 
5,8,7 76 360 -80 3 97 x 10° O14 30 
5, 6,7 65 344 -80 05 16x 10° 15 45 


The tritiated drug was stored under nitrogen in sterilized. 
isotonic saline solution, and the radiochemical purity 
determined after various time intervals, by paper chromat- 
ography (Whatman No. 1) using n-butanol: water : 
acetic acid (12:5:3) and n-propanol : ethanol : water : 
conc. ammonia (30: 30: 39: 1) as the eluting solvents. 

The rate of decomposition in solution at room tempera- 
ture (20° C) at concentrations above 100 me./ml. is 
approximately 10 per cent in 24 h, at these high specific 
activities. The rate is reduced to 1-2 per cent per day if 
the radioactive concentration is lowered to 1 me./ml. It 
is therefore essential to keep solutions of the drug cool. 
However, an interesting observation is that the decom- 
position rate in frozen solutions (at temperatures 
down to — 80° C) is greater than in solution at +2° C, a 
phenomenon also observed with solutions of tritiated 
thymidine*:*, The reason for this increased (and erratic) 
decomposition in the frozen state may be due to ‘clusters’ 
of radioactive molecules in the ice giving rise to local 
pockets of highly concentrated radiation. On several 
occasions when examining frozen solutions of the tritiated 
quinol, brown areas were observed in the ice as if decom- 
position was occurring at definite centres. A similar 
explanation for the increased decomposition rate of 
tritiated thymidine in frozen solutions has been proposed 
by Apelgot et al.1o-12, 

Storage of the tritiated drug in solution at liquid 
nitrogen, temperature (—196° C) reduces the rate of 
decomposition by a factor of at least five and at this low 
temperature the decomposition rate is almost independent 
of the radioactive concentration in the range studied. 

Less than 10 per cent tritium is actually lost from the 
molecule by exchange into the aqueous solution during 
1 year storage, but the decomposition of the tritiated 
tetrasodium 2-methyl-1,4-naphthaquinol diphosphate 
gives rise to three major decomposition products which 
have not yet been identified. 

In the use of this tritiated drug, necessarily required at 
very high specific activity for radiotherapy, these prob- 
lems of decomposition by self-irradiation should be borne 
very much in mind by the cautious experimenter. 
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Chromatographic Separation of Argon and 
Oxygen using Molecular Sieve 


THE chromatographic separation of argon and oxygen is 
difficult, and existing methods depend on one of the 
following techniques: 

(1) Separation on a molecular sieve 5 A column at 
18° C (ref. 1) and at — 80° C (refs. 2-4). 

(2) Chromatographing argon and oxygen as a composite 
peak on molecular sieve 5 A at 100° C; removal of the 
oxygen with a reducing agent allows the argon peak only 
to be developed5—’. 

(3) Separation of argon and oxygen on @ column of 
firebrick loaded with 8 per cent by weight of blood at 
20° © (refs. 8 and 9). 

It was noticed?! that after a molecular sieve column 
was heated above the normal reactivation temperature of 
300° C a partial separation of argon and oxygen resulted 
at a column temperature of 25° C. The operating para- 
meters for optimum separation of argon and oxygen and 
the constancy of resolution with time have been investi- 
gated at this Laboratory using a molecular sieve 5 A 
column. A helium ionization chromatograph was used 
for this work. 

The chromatographic column (5 ft. x 3/16 in. internal 
diameter stainless steel tube) was packed with Linde 
molecular sieve 5 A (calcium alumino-silicate, 30-60 
mesh) which had been previously heatad to 400° C in air. 
The column was coupled to a helium ionization, chromato- 
graph and the molecular sieve heated to a minimum of 
400° C for 24 h with a pure helium purge. Higher activat- 
ing temperatures (for example, 500° C) do not appear to 
increase the efficiency of separation and the use of normal 
eylinder helium (no purification) does not give the re- 
quired degree of reactivation. 

A column treated in the foregoing manner gave the 
following relative retention times: 


Methane 
4°07 


Nitrogen 
2°89 


Oxygen 
1°89 


Argon 
1:57 


Hydrogen 
1°00 


for a column temperature of 75° C and a helium flow rate 
of 67 ml./min. It was found that slight deterioration in 
resolution occurred over a 5-day period. This deteriora- 
tion produced an increase in the argon retention time 
and. a decrease in the oxygen retention time. Reacsivation 
of the column at 400° C for 16 h gave the original retention 
times. 

The effect of ‘swamping’ a small peak by a large amount 
of one component was found to be negligible for the range 
of volumes tested. A return to baseline betw2en the 
argon and oxygen peaks was found for amounts of 20 uml. 
argon. and 200 uml. oxygen and for 200 uml. argon and 
19 uml. oxygen. 
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The sensitivity for both argon and oxygen was of the 
order of 1 uml. where the sensitivity is defined as five 
times the noise-leve:. A detector voltage of 500 V was 


used. - 
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Microwave Stirnulation of Chemical Reactions 


DuRING an investigation of the effects of microwave 
energy on organic reactions, a novel application of such 
radiation has been disclosed. One well-known difficulty 
in the examination of solid-state pyrolytic reactions is 
that, perforce, for each particle, the products move from 
the site of their production against a positive temperature 
gradient. For any sizable particle, therefore, the pyro- 
lysate 1s subject to further decomposition and, in many 
cases, it is impossible to isolate the primary products. 

It has now been found that certain organic solids, 
notably coal and scme similar substances, are effectively 
decomposed by microwaves and that the nature of the 
cracked product is different from that produced by purely 
thermal means. The reason for this difference is, I believe, 
because the microwaves decompose the material from the 
‘inside’ outwards. 

Small pieces of gas coal, about 1 e.c., are more or less 
instantaneously decomposed mto a heavy tar precursor 
and a soft carbonaceous residue. 

A Philips 7292 magnetron has been used and our 
equipment is a devslopment of that of McTaggart?. The 
solids (1-3 g) are p:aced across the field in a wave-guide, 
within silica tubes, through which flows a slow current 
of nitrogen; the pressure is atmospheric. In the case of 
a typical gas coal, on switching on the anode current, 
within 2 sec heavy brown vapours were evolved which 
‘flowed’ down the exit tube. The fog could not be 
effectively condensed by a@ liquid air trap but was collected 
by a packed plug of cotton wool. When allowed to 
deposit on surfaces, the fog coalesced to an orange 
varnish-like film, whereas, ‘upstream’ from the sample, 
the interior of the containing tube was covered for a short 
distance with a fine brown powder which, under the 
microscope, appeared as resinous particles. Immediately 
adjacent to the sarmple, the wall of the tube was covered. 
with a carbon mirror, the inner surface of which was 
coated with fine carbon black. The residual coke was 
soft and friable. We have been unsuccessful, so far, in 
isolating the more conventional liquid products, such as 
are contained in ‘Hight oil’, etc. 

The duration of she complete decomposition is so short 
(about 15 sec) that a conventional thermocouple placed 
outside the walls of the reaction tube does not have time 
to respond, although, if the power (700 W) be left on for 
20-30 see, the cokes is raised to incandescence. Presum- 
ably, at lower power, uniform slow heating can be achieved. 

With all coals, the decomposition was immediate and 
complete. With ail shales, there was often an induction 
period before reaction, whereas essentially aliphatic sub- 
stances, such as torbanites, appeared transparent. 
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At.this stage, only preliminary work has been done, 
but it is obvious that some organic substances are highly 
absorbent of microwave energy. As the energy can be 
directed and made to penetrate, it is thought that micro- 
waves may provide a new tool with which to explore 
certain pyrolysis reactions without some of the inherent 
disadvantages of more conventional means. 

R. F. CANE 

Department of Chemistry, 

University of Tasmania, 
Hobart. 
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Free Energy Functions and Deviations in 
Thermochemical Data Storage for inorganic 
Compounds 


THE compilation of the results of measurements of 
thermochemical properties is a task which is growing 
rapidly in magnitude as our experimental skills are 
advanced. Whereas a few years ago the reliable data 
were few, the rate of publication has now achieved a scale 
requiring the preparation of specialized abstracts. 

In considering means for preserving the results, the twin 
aspects of ease of access and accuracy of presentation 
often work against one another, and the earlier methods 
of using polynomial equations with temperature as a 
variable are becoming superseded by tables of the so-called 
free-energy function. The proponents of this latter 
method? argue that the function: 


. free-energy function = — [oe Bese] 


varies smoothly with temperature and thus interpolation 
is simple when only a small number of values of the free 
energy function at a few chosen temperatures, that is, at 
500° intervals, are given. 

This is true, but the free-energy function does introduce 
a severe measure of inflexibility into the system of data 
storage. This is because the entropy at 298° K and the 
heat capacities which were available at the time of the 
compilation are Indissolubly locked into the values of the 
freo-energy function which are tabulated. A change in 
any one of these renders the values inaccurate and there- 
fore the tabulations useless. 

The polynomial method of presentation has the merit 
of clearly demonstrating which data were used, while 
the free-energy function does not. On the other hand, it 
leads to very tedious calculations the value of which is 
sometimes doubted before one begins, because the experi- 
mental data are not very accurate. 

Ellingham? proposed a very elegant solution to the 
problem when he showed that a simple two-term equation 
gave a close approximation to the actual values of free 
energy changes for a number of simple reactions. This 
procedure has the merit of being not very time-consuming 
in application, and being a sufficient approximation in 
most instances in the light of the data which are available. 

It is proposed here to elaborate a simple method of using 
data in which a high precision can be obtained for the 
values of free-energy changes when the data will allow, 
in which the relative importance of the degrees of elabora- 
tion can be compared, and in which new and more accurate 
data, can be immediately incorporated. 

It is obviously useful to separate the contributions of 
low-temperature calorimetry (up to 298° K) to our 
knowledge from the high-temperature data. These 
measurements are usually made quite independently of 
high-temperature measurements both in location and in 
time, and hence they are likely to change at a different 
time. We thus choose as our starting point a simple two- 
term free-energy equation based on AGs, and AH isg: 


AGT = AF ogg = T AS (1) 
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Provided there are no heat-capacity contributions &bove 
room temperature, this equation provides a simple 
means of calculating high-temperature free-energies. 
However, there always will be such contributions and we 
shall define the ‘free-energy deviation’ which is the 
difference between the correct value and that predicted 
by equation (1) in terms of heat-capacity equations. 
Kelley? has recommended from a survey of the available 
data the use of a heat-capacity equation of the general 


form: 
Cp = a + BT + yT- (2) 

We shall use this form in evaluating the ‘free-energy 
deviation function’: 
free-energy deviation: = 3 (Hr — Has) — (Sr — Sass) 

1 T f C 

L aT — | Cp a 

al Cp que 
Obviously for a chemical reaction : 


A free-energy deviation = free-energy deviation (products) 
-free-energy deviation (reactants). 


Calling now the ratio 298/T by the symbol 8 and using 
Kelley’s equation for the heat capacity: 


free-energy deviation = «(1 — 0 + ln) + 


2 
em(0- 3-5) + AG æt) 
or for the polynomial: 
Op = a + BT + yT? + 87%... yna 
the general term in free-energy deviation is: 


§r-1 Qn 1 
P -i = see pene ————— 
vee n nn— 5] 


i 


(3) 





aS (4) 


If the free-energy deviation function is multiplied by the 
temperature, then the value of the free energy whioh must 
be added to equation (l) to get the accurate value is 
obtained. The functions in 6 are universal functions to 
all systems whereas the individual values of «, B, Y, etc., 
belong to each substance characteristically. Table 1 
shows the values of the 6 functions multiplied by tempera- 
ture at 200° K intervals and these should be used in a 
graphical form to aid interpolation. 

An example of the use of these figures is as follows: 

For the free energy of formation of La,O, (c) from 
lanthanum solid and oxygen, Coughlin’ presents the 
following data: 


For 2La(c) + :0,—» La,O,(c) 

AH, = — 428, 570 cal; AS2o, = — 72°62 cal/deg. 

Heat capacities: 
LaO; (c); Cp = 28-86 + 3-10 x 10T — 3:28 x 10°7'-* cal 
2a (c); Cp = 12:34 + 3-2 x 10T cal 
30: (g); Cp = 10-74 + 1-50 x 10-°Z' — 0-60 x 10°7'-? cal 
and derives the equation: 
AGT = — 431,120 — 13-31 T log T + 0-80 x 107" 

+ 1-34 x 10T + 112-367 cal. (5) 
This yields at the melting-point of lanthanum (1,153° K): 


AG sg = — 347, 290 cal AHj,,, = — 425, 290 cal 
AS jiss wao m 67°57 cal/deg. 
Using equation (1) we would find: 
AGs = — 344, 770 cal 


A. difference of 2,520 cal has appeared between the value 
calculated from the simple equation using 298° K, data 
only and the more complicated equation (5). For many 
purposes this is a small difference which can. be neglected, 
especially since the uncertainties in the original data.are 
often as big as this. ‘ 
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Table 1 FREE-ENERGY CONTRIBUTIONS USING KELLEY’S HEAT CAPACITY 
FUNCTION: Cp=a+4T+y2"* cal 
o a s{p_9? 1 1(1_ 1 1 
T°K Td-o+Inejeat (0-2-1) AGa 3) 
400 —2 — 0-48 x 10 — 1:74 x 104 
600 —11:8 x10 —4 60 x 104 — 8:16 x 10-+ 
800 —29 8x10 —12 63 x 104 17.5 x 10 
1,000 —51:8 x10 — 24°50 x 104 —269x10- 
1,200 —76°6 x10 — 40°80 x 10¢ — 403 x 10~ 
1,400 — 108-9 x 10 — 60°50 x 10+ — 49-5 x10 
1,800 — 138°6 x 10 — 85-0 x 10* —§9-0x 10+ 
1,800 ~173 6x10 —412 9x 105 —74:4x10-* 
2,000 — 212-0 x10 — 144-4 x 10° — 93-0 x 10+ 


The fact that the correction involved by the use of heat- 
capacity data is so small can readily be seen by working 
out Ag, AB and Ay from the heat-capacity equetions, 
looking for the values of the 6 functions at the appropriate 
temperature and working out the products. These are 
~ 4,040 cal for the first term, + 593 cal for the second, and 
+858 cal for the third term. The balance — 2,589 cal, 
obtained by this graphical procedure, is close to that 
calculated by the use of the polynomial equation (5). 
The procedure proposed here, however, shows the relative 
importance of each part of the heat capacity functions 
in contributing to the correction to the simple equation 
(1). 

The present procedure has not only the advantage of 
making each contribution to the final value clear, but if at 
any time new data become available these can readily be 
used without destroying a lot of effort. 


C. B. Atcoox 


Department of Metallurgy, 
Royal School of Mines, 
London, S.W.7. 
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Effect of Temperature on the y-Radiolysis of 
Water Vapour 


Tr has been suggested recently! that observed yields}? 
(g(—H,O) ~ 7 + 1) from the radiolysis of water vapour 
in the presence of chemical scavengers could be explained 
by considering the energetics of charge neutralizazion of 
the hydrated species H,0+(H,.O), (reaction 1) instead of 
the simple hydronium ion H,0+ (reaction 2): 


AH” (kcal/mole) 
H,O+(H,0), + e- > H + (n + 1)H,O > — 120 (1) 
HOt + e- — 2H. + OH — (22-26) (2) 


Support for this hypothesis is provided by the mass 
spectrometric investigations of Kebarle and Hogg? and 
of Knewstubb and Ticknert, who have identified hydrates 
of the form H,0+(H,O),, with n = 1 — 7, using «-radia- 
tion and electric discharges in water vapour. This com- 
munication presents preliminary evidence, principally 
from the radiolysis of water vapour containing 5 mole 
per cent cyclohexane, with some supporting evidence from 
work with the system water/ammonia, which demorstrates 
the chemical consequences of reactions (1) and (2), and 
enables us to estimate the enthalpy change in the general 


hydration reaction: 
3a 

HOt + »H,O = H,0+(H,0)a (3) 

3b 
Values of G(H,) from the cobalt-60 y-radiolysis of 
water vapour (P ~ 1:5 atm.) were measured at a con- 
centration of 5 mole per cent C,H,., which is sufficient to 
scavenge all the H atoms produced?, and these sre cor- 
rected for the contribution from energy absorption in 
C,H,. itself, which was determined by irradiating pure 
C,H,. over the same range of temperature (Fig. 1). The 
yield of H, from C,H,, is constant (G(H,) = 7-93 + 0-19) 
at temperatures from 120° C to 340° C and agrees with 
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Freeman’s data’ (G(H,) = 8-0) for «-irradiation at 120° C, 
but it increases rapidly at higher temperatures. This 
observation, which was incidental to the main object of 
the work, is similar to the effect of temperature on the 
radiolysis of benzene’. 

With C,H,, as scavenger the mean yields for H, from 
water vapour are-G(H,) = 7:0 + 0-4 over the temperature 
range 120° ~240° C and G(H,) = 10-6 + 0-6 at tempera- 
tures > 300° ©. We attribute the increased yield to a 
decrease in the stability of the ion-molecule clusters, 
with a change in the charge neutralization process from 
reaction (1) to reaccion (2). If this is so, then below 
240° C G(H,) = gE) + g(He) + g(e-), and above 300° C 
G(H2) = g(H) + 9(H2) + 2g(e-) (9(X) represents primary 
yields and G(X) represents experimental yields). Thus 
the difference in tha observed yields gives g(e-) = 3-6, 
which agrees with the theoretical value of g(e~) = 3:57- 
3:28 based on W(H,O) = 28-30 eV (refs. 7-9). The 
interpretation of data from work with H,O/NH, is com- 
plicated by the possibility of proton transfer to NH,, with 
a consequential change in the nature and energetics of 
the charge neutralization, reactions, but the difference in 
H, and N, yields between 240° C and 340° C leads to a 
value of g(e-) ~ 3-5. Moreover, yields for the disappear- 
ance of NH, in the system H,O/NH,/O, at 120° C and 
300° C are respectively G(—NH,) = 6:52 + 0:16 and 
G(—NH,) = 9-83 + 0-33 with the difference giving 
g(e-) = 3-3. The results with added NH, thus support 
the conclusions from the work using C,H... Increased 
pressure in the region of 300° C causes a reduction in the 
enhanced yield, an affect which is predictable from the 
equilibrium represented by equation (3), giving added 
confidence to the foregoing interpretation. Quantitative 
nes on the effect of pressure will be published at a later 

ate. 

While the shape of the curve for G(H,) production from 
H,O/C,H,, a8 a function of temperature is not yet closely 
established, we can estimate the change in enthalpy 
involved in the gen>ral hydration reaction (3). On the 
basis of the foregoing ideas we write the general equation: 


G(H,) = g(H) + gŒ) + 2zg(e-) + (1 — x)g(e-) (4) 


where v represents tie fraction of ions present as H,0O+ (or 
a low molecular weight hydrate) which gives reaction. (2) 
on charge neutralization, and (1 — Œ) is the fraction 
of ions which are neutralized in reaction (1). By taking 
values for G(H,) in she temperature-sensitive region from 
the broken line in the figure, we have calculated relative 
equilibrium constants as a function of temperature: 


Kps. = [H,0+]/[H,0*(H,0)x] (5) 





250 
Temperature (° 0) 
Fig. 1. Cobalt-60 y-irradiation of water vapour asa function of tempera- 
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ture. Pressure ~1-5 atm; [C.H] ~ 5 mole per cent. O, Water vapour 
corrected for contributicn from Calis; A, pure CHi; @, rof. 2; A, ref. 5; 
+, H,O/NH;, [NH;]~0 7 mole per cent 
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which leads to a value of AH® = 78 kcal mole- on solu- 
tion of the van't Hoff equation. This enthalpy change 
represents a minimum value for the heat absorbed in the 


endothermic process 3b, and we can write the general 
equation: 


H,0+(H,0), + 78 keal 2 H,O+(H,O)q-y + yH,O > 
2H + OH +nH,O (6) 
where y < n. 

Standard enthalpiesof formation (kcal /mole) oftheground 
state in the gas phase are!®: AH°,(H,O) = — 58,(H) = 
52, (OH) = 10, and the proton affinity of H,O is 167—171 
kcal/mole. From these data and equation 6 we obtain 
AH°;,(H,0+) = 138 kcal/mole and AH®,;(H,0*(H,O),,) = 
38-58n kcal/mole. Thus from equation (3) the full 
hydration energy of H,O+ in the vapour phase is calculated 
to be ~ 100 keal/mole which agrees with the best estimated 
value” for solvation of H,O+ in liquid H0, that is, ~ 100 
kcal/mole. In view of the uncertainties involved the 
excellent agreement is probably fortuitous, since (a) we 
are considering only a general equilibrium constant 
represented by equation (5) instead of the individual 
stages: 

H;0+*(H,0), z2 H,0+(H,0),-, + H.O = 

H,;0*(H,0)n-2 + 2H,0 (7) 
(b) we neglect any solvation energy of e~, which will be 
small in the case of C,H,,/H,O vapour, and (c) the shape 
of the temperature-sensitive part of the curve is not 
closely established, although any change based on the 
existing data will not have a major effect on the estimated 
values for AH. The data of Kebarle and Hogg? indicate 
that each hydration step in the vapour phase is exothermic 
by ~17 kcal/mole, so that in the foregoing representation. 
n = 6-7. This is probably a reasonable estimate on the 
basis of enthalpy changes, as additional H,O molecules 
will not contribute significantly to the solvation energy. 
Moreover, additional molecules could be removed from 
the hydration shell at temperatures < 240° C without 
resulting in a distribution of hydrates containing enough 
lower members to give an observable contribution from 
reaction (2) on charge neutralization. These data, 
together with those of Kebarle and Hogg, suggest that 
the H,0+ ion with one or possibly two molecules of 
hydration can give 2 H atoms and 1 OH radical in the 
vapour phase, on charge neutralization. 

i A. R. ANDERSON 
B. KNIGHT 
J. A. WINTER 
Chemistry Division, 
Atomic Energy Research Establishment, 
Harwell. 
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Separation of Oxygen Isotopes by Gas 
Chromatography l 


SEPARATION of some volatile isotopic molecules can be 
achieved either by gas solid chromatography on packed 
columns! or by gas liquid chromatography on capillary 
columns?. The small differences in vapour pressure of 
isotopes require columns with a high number of theor- 
etical plates, which is more easily realized with open 
tubular columns. 
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Working at low temperature is recommended as the 
vapour pressure differences between isotopic compounds 
are usually enhanced; however, the use of partition 
chromatography is limited as it requires the stationary 
phase to be liquid. The use of adsorption capillary 
columns, recently reported’, offers the advantage of 
working in any temperature range, and of obtaining the 
high resolving power such as is required for isotopic 
separations. 

Glass capillaries for gas solid chromatography, prepared 
according to a method previously described’, have been 
used for the separation of the isotopic molecules, oxygen- 
16/oxygen-18. 

To prepare adsorbing surfaces, the inner walls of the 
glass capillaries were etched with an alkaline solution 
(20 per cent sodium hydroxide) for 6 h at 100° C, and 
washed to neutrality. The column was dried and activated 
under a flow of nitrogen at 200° C for 48 h. An internal 
layer of active silica (about l0u thick) was uniformly 
distributed inside the column (170 m long and 0:28 mm 
internal diameter). The efficiency of this column, meas- 
ured. from the oxygen peak at the working conditions of 
the chromatogram shown in Fig. 1, is approximately 
350,000 theoretical plates. 

A low-temperature thermostat was used, which con- 
sisted of a metallic case containing the capillary column, 
a small electric heater, and a fan. The case was immersed 
in a Dewar flask containing liquid nitrogen. By changing 
the current supplied to the heater with a variable trans- 
former it was possible to regulate the temperature inside 
the thermostat within the range — 190° to —120° + 1°C. 
The temperatures were meaeured with an iron-constantan 
thermocouple. Pure nitrogen dried in a molecular sieve 
trap was used as carrier gas. An electron capture detector, 
operating in the d.c. system, was used to detect the 
presence of oxygen. An additional flow of 50 ml./min of 
nitrogen was added at the exit of the column as scavenging 
gas. By means of a special valve and a splitter at the 
column inlet, 0-1-0-3 ml. samples of each component were 
introduced in the ratio of approximately 1: 100. 

Table 1 shows the operating conditions and the results 
obtained at different temperatures. Retention volumes 
have been corrected for the ‘column dead volume’ meas- 
ured from the oxygen peak obtained at room temperature. 
The values of the retention volumes ratios of the two 
isotopic molecules are compared with the ratios of the 
vapour pressures at the same temperatures’. 


Table 1 
Temper- Pressure Flow Tate Vrso, V Rio,! Prasisg/ 
ature (°K) (mmHg) (ml./min) (min) Vino, Pisin 
91°2 12°5 0-5 558 1:0036 1:0053 
84°2 90 0-45 99-3 1 0085 1 0085 
80-2 180 0-72 176 1-0107 1-0073 


From a plot of a log of these ratios against 1/7’, it is — 
possible to obtain the differences in the enthalpy and 
entropy changes between the isotopic species; for the 
chromatographic process these are, respectively: 


AF... ms AH isg, = 7-79 cal © 
ASi — AS,,. = 0-1 e.u. 
Oy Oz 


From the data shown, in Table 1 it is apparent that at 
the higher temperature the retention volume ratio for 
oxygen-18/oxygen-16 is smaller than the vapour pressure 
ratio for the mixed molecule, and consequently the 
separation obtained by gas chromatography is less than 
that expected from the relative volatilities; however, at 
lower temperature the differences are larger, and the 
separation factors achieved by gas chromatography 
increase more rapidly than the vapour pressure ratios. 
This behaviour might be explained by the fact that at 
low temperatures the differences in the heats of adsorption 
have a larger effect than the differences in the heats of 
condensation. 
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BIOCHEMISTRY 


Evidence of Complex Formation between 
Chlorpromazine and Different Xanthene Dyes 


Tae formation of charge-transfer complex between 
flavin. mononucleotide (FMN) and serotonin has been 
examined in detail!, as a good example for a complex of 
biochemical interest and of characteristic colour change. 
Chlorpromazine can also form complexes with FMN and 
rhodamine B11:12, 

It is also known that at low temperature the xanthene 
dyes and ascorbinic acid form in pyridine a rather stable 
semiquinone’. This product results in the appearance 
of a new band in the absorption spectra of the stains at 
410-430 mu. This new band represents a blue shift. 

The xanthene dyes are adequate substances to evoke 
different forms of photosensitization® for one photo-in- 
duced muscular contraction*-’ which can be well inhibited 
by chlorpromazine’. 

We observed characteristic colour changes when 
chlorpromazine and eosin Y, erythrosin B or rose bengal 
were mixed. The colour change has been observed, in 
water and in 96 per cent ethanol. 

The change of the spectral absorbancy is demonstrated 
by the difference of extinction between the stain and stain— 
chlorpromazine mixture solutions in Figs. 1 and 2. The 
shape of the curve in ethanol suggests a solvent effect. 

The peak of the new substance 1s shifted in a redward 
direction with about 30-40 mu. In the case of rose bengal 
and erythrosin it is at 570 and 555 mu respectively, so 
these substances cannot be identical with the semiquinone 
demonstrated by Zepalov et al.2?. The low ability of eosin 
to react with chlorpromazine causes difficulties in measur- 
ing the spectral changes in the chlorpromazine-eosin 
mixtures. 

As these stains can emit fluorescence at 580, 560 and 
542 mp respectively, we measured the fluorescence 
emission of the stains, exciting them with a mercury lamp 
(Beckman fluorescence attachment). We were able to 
measure the quenching of the fluorescence at the afore- 


500 
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Fig. 1. Difference between extinction of the stain-chlorpromazine and 

stain solutions in water plotted agamst wave-length. Curve 1, E[25 . 

ug/ml. erythrosin+25 ug/ml. chlorpromazine], #125 ug/ml. erythrosin]; 

curve 2, ELIO ug/ml. rose bengal + a asi chlorpromazine]; £ [10 «g/ml. 
rose benga 
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Fig. 2. Difference between extinction of erythrosin—-chlorpromazine and 
erythrosin solutions in ethanol of 96 per cent plotted against wave-length. 
25 ug/ml. rose bengal and 500 «g/ml. chlorpromazine 
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Fig. 3. Quenching af-fluorescence of the stains at their peak by chlor- 

promazine plotted agacnst chlorpromazine concentration Concentration 

of the stains was 25 wAT Quenching of 50 per cent is at about 35, 50 uM 

chlorpromazine concentration in the case of rose bengsl and erythrosin 

respectively. Quenching at 1 mol. ratio 1s 0 92, 0 80, 0 62 ın the case of 
eosin, erythrosin and rose bengal respectively 


mentioned wave-lengths. The quenching is demonstrated 
in. Fig. 3 plotted sgainst concentration of chlorpromazine. 
The rate of the quanching is in direct relationship with the 
photo-sensitor abihty: rose bengal > erythrosin > eosin. 

The first investizations were carried out in filtered lake 
water, as the inhchitor effect of chlorpromazine against 
xanthene dyes-sensitized contraction had also occurred in 
water. Our chlorpromazine preparation in water above 
35 ug/ml. showed opalescence, indicating its bad disper- 
sity, so we measured the optical properties below the 
critical concentration and against chlorpromazine-blank. 
In ethanol the colcur changes are smaller, and bleeching 1s 
higher than in water. These factors favour another 
reaction-kinetics. 

Considering the observed phenomena two alternatives 
emerge. The bad solubility of chlorpromazine might 
indicate an adsarption connected with colour change. 
The good stability of the new complex after having mixed 
the participating substances contradicts this mechanism. 
There is another phenomenon which proves the formation. 
of a new substances. One can observe two bands in the 
fluorescence emission spectrum of the rose bengal, at 
580 and at 460 my. In the presence of chlorpromazine 
the fluorescence at 460 myu increases and at 580 mu 
decreases. The -merease and decrease of fluorescence 
plotted against wave-length are demonstrated in Fig. :3. 
The decrease of fluorescence at 580 mu is probably con- 
nected with the loss of the original stain concentration 
and with the increase of absorbancy of the new substance 
just at 580 mu. The increase in fluorescence at 460.my 
probably originates from the complex substance alone or 
from chlorpromaz=mne. 
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Fig. 4. Quenching and amplification of fluorescence of rose bengal by 
chlorpromazine plotted against wave-length 


It is known that if flavin and adenine are attached 
similar shifts and quenching occur in the absorption 
and emission spectra of the flavin’. These changes are 
attributed to the formation of a complex’. The complex 
formation between FMN and dihydrothioctyl was found 
to be connected to similar spectral changes. 

These changes were demonstrated as charge-transfer 
complex because no electron spin resonance signal was 
obtained”. f 

Therefore, we suppose that the lilac coloration of the 
xanthene dyes—chlorpromazine mixture ıs due to the 
formation of charge-transfer complex and that there is 
sufficiently strong interaction bebween the participating 
substances to abolish the photosensitization by stains”. 

ELEMÉR LABos 
Biological Research Institute, 
Hungarian Academy of Science, 
Tihany, Hungary. 
1 Szent-Györgyi, A, Introduction to a Submolecular Biology (Academic 
Press, New York, 1960). 
*Zepalov, V. F., and Shlyapintokh, V. Ya., Akad. Nauk. U.S.S R., Ser. 
Chem. No. 4, 637 (1959). 
* McLaren, A. D., and Shugar, D., Photochemistry of Proteins and Nucleic Acids 
(Pergamon Press, Oxford, 1964). 
t Lippay, F., Pfliigers Arch. Ges. Physiol., 228, 173 (1932). 
* Rosenblum, W. I., J. Cell. Comp. Physiol., 55, 73 (1960). 
€ Lyudkovskaya, R. G., and Pevzner, L. P., Biofinka, 9, 580 (1964). 
T Låbos, B. (unpublished results). 
* Whitby, L. G., Biochem. J., 54, 487 (1953). 
* Beinert, H., A Symposium on Light and Life, edit. by McElroy, W. D., and 
Glass, Bentley, 163 (The Johns Hopkins Press, Baltimore, 1961). 


© Searls, R. L., and Sanadi, D. R., A Symposium on Light and Infe, edit. by 
McElroy, W. D., and Glass, Bentley, 157 (The Johns Hopkins Press, 
Baltimore, 1961). 


i Guth, P. S., and Spirtes, M. A., Intern. Rev, Neurobiol., 7, 231 (1964) 
12 Szent-Györgyi, A., Bioenergetics (Academic Press, New York, 1967). 


Is the Antihaemophilic Globulin a Protein ? 


Tar antihaemophilic globulin (AHG), in electric fields 
migrating in the 8,-fraction, and being precipitated from 
blood, plasma by alcohol in fraction I (ref. 1) is generally 
considered to be a protein. Our laboratory has for a 
number of years been occupied with the problem of its 
purification? with the final aim of contributing to the 
elucidation of its structure, and, if possible, to the mechan- 
ism of its interaction with other blood-coagulation factors. 

For a long time EHCTEOLA-celluloses of various capaci- 
ties were used in the purification experiments; later on 
we turned to DEAE-celluloses because of their greater 
protein-binding capacities. During these experiments it 
became clear that the higher the ion-exchange capacity, 
the higher the salt concentration which could be used 
during the absorption and washing stages of the chromato- 
graphic procedure, without the AHG leaving the column 
unadsorbed. In other words, AHG could still be adsorbed 
at relatively high salt concentrations, which permitted 
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most of the proteins and other impurities to fow through 
the column unadsorbed. A rather high ion-exchange 
capacity, namely, 3-2 m.equiv./g, was then found in 
DEAE—Sephadex A-25’ (coarse). This enabled us to 
work at a sodium chloride concentration of 1-6 per cent. 
As long as the columns were operated at about their 
maximum AHG-binding capacity (fraction I from 100 
ml. plasma per 15 g of DEAE—‘'Sephadex’) the prepara- 
tions obtained showed absorption spectra similar to those 
of proteins, but lacking the peak at 280 my (ef. ref. 4). 
When the amount of plasma per column was decreased, 
the protein character of the absorption spectrum dis- 
appeared altogether (Fig. 1). 


0-2 
R 
So-4 
200 240 280 320 
my 
Fig. 1. Absorption spectrum of in, AHG- preparitan; 15x normal 
activity 


Nevertheless, such preparations had biological activities 
of about 150 per cent (normal plasma = 100 per cent). 
Some of them were hydrolysed with 5:7 N hydrochloric 
acid at 105° C for 18h. Two-dimensional paper-chromato- 
grams®, developed with ninhydrin, showed. the presence of 
only 4 faint spots, which could not very easily be identified 
with any of the well-known amino-acids. 

Since the homogeneity of the AHG-preparations is by 
no means certain, speculations about the amino-acids 
and the absorption spectra are not helpful; further 
investigations are necessary to clear up the present 
situation, 
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N-Hydroxy-2-fluorenylbenzamide, an Aryl- 
hydroxamic Acid with High Carcinogenic 
Activity 

For investigations of the mechanism of action of carcino- 
genic arylhydroxamic acids we have prepared the new 
hydroxamie acid, N-hydroxy-2-fluorenylbenzamide (N- 
OH-2-BAF) (Ia), an analogue of the carcinogen, N- 
hydroxy-2-fluorenylacetamide (N-OH-2-AAF) (16). We 
have tested this compound for its carcinogenicity and 
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found it to be an extremely active agent. We wish to 
report here the results of tests in which the carcinogenic 
activities of N-OH-2-BAF, of its parent amide, N-2- 
fluorenylbenzamide (BAF) (IZ), and of N-OH-2-AAF 
(ref. 1) for the young female Holtzman rat have been 
corapared. 

N-OH-2-BAF, m.p. 187°-~-190° C (corr.), was prepared 
either by the partial catalytic (5 per cent Pd-C) hydrogena- 
tion of 2-nitrofluorene in ethyl acetate in the presence of 
benzoyl chloride or by the benzoylation of 2-fiuorenyl- 
hydroxylamine’ in pyridine. N-OH-2-BAF was purified 
through its copper chelate which formed when the com- 
pound was treated with cupric acetate in methanol. 
The chelate was decomposed with hydrogen sulphide in 
the usual manner. The compound was characterized 
by the elemental analysis (calculated for C,,H,,NOz:: 
C, 79°73; H, 4:98; N, 4:65; found: C, 79-44; H, 4-88; 
N, 4°77) and by its ultra-violet (A™2" 303 my (£, 21 100) 
with shoulders at 295 and 283 my; AMP" 242 mu (e, 8 300)) 
and infra-red spectra (potassium bromide; vo—y_ = 
3,160 cm-1, vc=0 = 1,610 cm"), BAF, m.p. 223°-224° C 
(corr.), was prepared by the benzoylation of N-2-fluoren- 
amine in pyridine’, N-OH-2-AAF, m.p. 147°-148° C 
(corr.), was prepared by the standard procedure’. The 
carcinogenicities of the compounds wers tested on young 
female albino rats (purchased from the Holtzman Rat 
Co., Madison, Wisconsin) which initially weighed 50-70 g. 
The animals were caged individually at 26° C and mam- 
tained on & 20 per cent casein diett, except those injected 
with N-OH-2-AAF, which were fed a grain diet?. The 
weight of each rat was recorded before sach injection and 
once weekly after the injections had been completed. 
The compounds (4-5 mg/100 g body-weight) were admini- 
stered intraperitoneally three times weekly for 4 weeks as a 
suspension in saline containing 1-75 per cent gum acacia}. 
Because of the short survival time of ths rats treated with 
N-OH-2-BAF on this schedule 6 animals were given the 
compound (4-5 mg/100 g body-weight) twice weekly for 
6 weeks by intraperitoneal injections in a separate series. 
Autopsies were performed on all animals immediately 
after death or killing. The tumours and certain other 
tissues (liver, kidney and lungs) were fixed in buffered 
formalin and sectioned. The sections (5-6 thickness) 
were stained routinely with haematoxylin-eosin. 


Table 1. OARCINOGENIOITY OF N-2-FLUORENYIBENZAMIDE (BAF), N- 
HYDROXY-2-FLUORENYLBENZAMIDE (N-OH-2-BAF), AND N-HYDROXY-2- 
FLUORENYLACETAMIDE (N-OH-2-AAF) FOR THE YOUNG FEMALE HOLTZMAN 


Rat 
Average % Tumour 
No.of amount of No of rats No. of incidence 
Compound rats compound surviving tumour- of rats 
administered* used administered At8- At20 bearing § surviving 
(mmoles/rat) weeks weeks rats t 8 weeks 
None 12 — 12 12 0 0 
BAF 12 0°20 12 12 1 (1) 8 
N-OH-2-BAF 17t 0-16 8§ 3 8 (12) 100 
N-OH-2-AAF 12 0 23 12 11 11 (26) 92 


* All compounds (4:5 mg/100 g body-weight) were administered intra- 
peritoneally in 0-9 per cent sodium chloride containing 175 per cent gum 
acacia (ref, 1). 

i The numbers in parentheses are the total number of tumours 

Eleven rats received N-OH-2-BAF three times a week for 4 weeks and 
6 twice a week for 6 weeks. 

§ Nine animals died before 8 weeks with no incidence of tumours (average 

survival time equals 4-5 weeks), 


The data of Table 1 show that tumours were present in 
all animals which received N-OH-2-BAF and which sur- 
vived 8 weeks. 8/8 rats had intraperitoneal sarcomata 
which occupied the entire intraperitoneal cavity in several 
instances. Ascites were present in all these animals and 
hydronephrosis from ureteral obstruction was observed in 
two cases. The tumours invaded the intestinal wall, 
diaphragm, myometrium, lymphnodes and vascular spaces. 
Metastasis to the lungs was noted in one instance. The 
histological appearance of the tumours was similar to that 
of the intraperitoneal sarcomata obtained in adult male and 
female rats with greater amounts of N-OH-2-AAF than 
the quantities of N-OH-2-BAF used in the present 
experiments}. 3/8 Rats developed mammary tumours 
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similar in appearance to the adenofibroma of the rat 
breast’. In contrast, the rats receiving BAF were free of 
tumours except for one animal which had an adenofibroma 
of the mammary gland. The low carcinogenicity of BAF 
observed here agrees with the assessment of its carcino- 
genicity by other-workers®. 11/12 rats receiving N-OH-2- 
AAF had mammary tumours as previously described by 
Miller et al.1, No ictraperitoneal sarcomate were noted 
in the young female vat with this dosage of N-OH-2-AAF 
confirming the results of Muller et al.1. Judging from the 
tumour incidence ard the amounts of compound which 
induced neoplasia, N-OH-2-BAF appeared to be as potent 
a carcinogen as N-OH-2-AAF. In addition, N-OH- 
2-BAF depressed ths rate of growth of the rats after 
the first injection and the depression persisted through- 
out the lifetime of the animals (Fig. 1). 


Body-weight (g) 





1 10 20 “0 40 50 60 70 80 80 
Time (days) 


Fig. 1. The average weight gain of young female rats receiving 

N-hydroxy-2-fluorenylbenzamide (curve A) and N-2-fluorenylbenzamide 

{curve B) intraperitoneslly in saline containing 1-75 per cent gum 

acacia at a dose-level of £5 mg of compound/100 g body-weight. Curve 

A represents the average weight of 17 rats at 7, 14 and 28 days, respec- 

tively, and of 12, 8 and & rats at 42, 56 and 90 days, respectively. Curve 
C is the average gain in weight of rats injected with the vehicle 
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These experiments indicate that an aromatic amide of 
low carcinogenicity ‘BAF) can be converted into a highly 
potent carcinogen (N-OH-2-BAF) by synthetic N- 
hydroxylation. We have reported previously that a non- 
carcinogenic metabclite of N-2-fluorenylacetamide, N-(7- 
hydroxy-2-fluorenyl|-acetamide®?, was transformed into 
the carcinogen, N-hydroxy-(7-hydroxy-2-fluorenyl)acet- 
amide, by synthet:c N-hydroxylation®. These results 
show clearly that arylhydroxamic acids are more active 
carcinogens than ths respective parent amides, and they 
support the view that N-hydroxylation is essential in the 
metabolic generation of a molecular species which is 
more carcinogenic than the administered aromatic 
amide? °, 
This work was supported, in part, by grant CA—02571 
from the National Cancer Institute, U.S. Public Health 
Service. 
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Components of the Spore Wall of 
Pithomyces chartarum 


Tae cell walls of fungi are known to contain large 
quantities of carbohydrate material, mainly composed of 
polymers of glucose, galactose, mannose and amuno- 
sugars’, but only in a few cases have the components 
been isolated from the walls and characterized. It is 
generally accepted that glycoproteins account for a 
considerable portion of the wail material in yeast’, as 
they do in the hyphal walls of the filamentous fungus, 
Pithomyces chartarum’. Very little is known about the 
composition of spore walls; those of Aspergillus oryzae 
contain carbohydrate, protein and nucleic acid’, and those 
of Mucor rouxii have’ carbohydrate, protein, lipid and 
pigments, the carbohydrate having been isolated as 
glucan, mannan and chitosan. 

Spores, a gift from Dr. A. Smith, Ruakura Animal 
Research Station, New Zealand, were broken by disrup- 
tion with glass beads in a Braun disintegrator (Shandon, 
Ltd., London), freed from cytoplasmic contamination by 
repeated sedimentation in 0-1 per cent sodium chloride 
and isolated after exhaustive dialysis followed by freeze- 
drying. The black pigmented product was shown to 
contain 45 per cent carbohydrate, 3-6 per cent bound 
hexosamine and 18-8 per cent protein (Table 1). Treatment 
with 10 per cent trichloroacetic acid failed to extract any 
material from the isolated walls (in contrast 15 per cent 
of the hyphal wall of the same organism was solubilized 
as phosphoglycoprotein under the same conditions‘). 
Isolation of the cell wall components was achieved by 
extraction with anhydrous ethylenediamine at 37° C. On 
removal of the solvent, two chemically distinct fractions 
were obtained (Table 1), one soluble in ethylenediamine 
and soluble in water, SWA (4 per cent), the other soluble 
in ethylenediamine but insoluble in water, SWB (16 per 
cent). A residue, insoluble in ethylenediamine, was also 
recovered, SWR. Each fraction was shown to contain 
carbohydrate and protein. In addition the final residue 
contained all the wall pigment. The nature of the carbo- 
hydrate portion of each fraction was shown by examine- 
tion of the acid hydrolysates using thin-layer chroma- 
tography. Each fraction contained glucose and glucos- 
amine; in addition, SWA. contained galactose and mannose. 
lon-exchange chromatography of the acid hydrolysates of 
the three fractions showed the presence of fifteen amino- 
acids, in variable amounts, namely, asp, glu, ser, gly, 
ala, leu, ile, pro, val, lys, arg, thr, phe, his, met. Electro- 
phoresis of the two extracted fractions on glass-fibre 
paper using formic—acetic acid buffer, 0-05 M, pH 2-0, 
indicated co-migration of the carbohydrate and protein 
in each case. In addition, SWA was chromatographed on 
è DEAE-cellulose column. Two fractions were obtained, 
‘one of which was not absorbed in tris-hydrochloric acid 
buffer, 0:001 M, pH 8-1, the other being eluted with the 
same buffer, 0-05 M, pH 8-1. The two glycoprotem 
fractions which were isolated from the spore walls were 
found to contain the same sugar and amino-acid com- 
ponents as the corresponding glycoproteins similarly 
extracted from the hyphal walls of the same organisms— 
the main. difference being that the spore wall components 
contained less carbohydrate and more protein than the 
hyphal wall fractions. No evidence was found for the 
presence of the highly phosphorylated type of glycoprotein 
existing in the hyphal walls. 


Table 1. COMPOSITION OF SPORE WALL FRACTIONS 


Spore wall SWA SWB SWR 
Carbohydrate (per cent) 45 (40)t 50 (70) 61 (64) 43 (70) 
Nitrogen (per cent) 3-3 (4 4-3 (3 40 (4°2 8-1 (2 5) 
Hexosamine® (percent) 36 (10) 0 66 (1:9) 0:35 (4 6) 8-1 (10) 
Protem (difference) 17:5 (25) 266(228) 24-9 (23-8) 17-7 (10) 
Glucose * + + + + 
Galactose + + 
Mannose + + 
Amino-acids + + + + 

* +, Present; —, absent or trace in acid hydrolysates. 


t Figures in brackets are values for corresponding hyphal wall fractions, 
namely, whole wall, 24, 2B and residue. 
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PHYSIOLOGY 


Reflex Activation of the Soleus Muscle of the 
Decerebrate Cat by Vibration 


Tum primary afferent ending of the mammalian muscle 
spindle is highly sensitive to vibration’-*. In the presence 
of fusimotor ‘activity it may discharge an impulse on each 
eycle of vibration applied to the muscle tendon, for 
vibrations of frequencies up to 300—400/sec and of ampli- 
tudes of a fraction of a mm (refs. 2 and 4). In the decere- 
brate cat, maintained stretch of an extensor muscle 
usually evokes from it a prolonged reflex contraction—the 
classical stretch reflex®. This reflex is generally believed 
to depend on the excitation of the primary endings of the 
spindle by the stretching of the muscle. Thus, it might 
be anticipated that vibration would also evoke a ‘stretch 
reflex’ in the decerebrate cat. The present experiments 
show that it does, indeed, do so. 

The experiments were carried out on cats decerebrated 
under deep ether anaesthesia by transecting the mid- 
brain between the colliculi. 
investigated and the technique was generally similar to 
that described earlier*. The vibration was applied to 
the muscle tendon by connecting ıb to a vibrator (Pye- 
Ling, V 60), the steady current through which was 
modulated sinusoidally. The amplitude of vibration was 
determined by microscopic observation using a micro- 


meter eyepiece. The contraction of soleus was recorded ` 


by connecting its tendon to an isometric myograph which 
was mounted on the end of the vibrator and through 
which the vibration was transmitted. The myograph 
utilized a semi-conductor strain gauge. Its maximum 
frequency of response was deliberately restricted to about 
25/sec by electrical low-pass filters. This served to 
remove from its output the tension changes resulting 
directly from the vibration. The electrical activity of 
soleus was recorded from a pair of wires placed on its 
belly about 3 cm apart; virtually all the nerves in the 
leg, thigh and hip regions were severed except for that 
to soleus, so there was little doubt that the recorded 
activity did arise from soleus’. The leg was held by 
drills through the distal ends of the tibia and of the 
femur. The summed compliance of this fixation and that 
of the moving element of the vibrator was about 1 mm/kg; 
this comparative lack of rigidity ıs immaterial for the 
demonstration of the present effects. 

Fig. 1 shows the typical reflex response of soleus to 
vibration. The initial length of the muscle was a few mm 
short of the maximum extension possible physiologically, 
but in this case there was no appreciable maintained 
tonic stretch reflex; the initial tension was 80 g wt. 
Vibration of 10u amplitude at 200/see elicited a contrac- 
tion of 100 g wt. accompanied by appreciable electrical 
activity of the muscle. 100p amplitude vibration caused 
a contraction of 500 g wt., accompanied by a massive 


The soleus muscle was ~ 


fi 
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electrical discharge. There was no doubt that these 
effects were due to reflex excitation of the muscla, for 
they were abolished by cutting its nerve or by stimulatirig 
the central end of the cut peroneal nerve which reflexly 
inhibits the soleus motoneurones®. Fig. 2 shows this 
reflex inhibition of the response to vibration, demon- 
strating that the contraction cannot have been due to 
direct excitation of the muscle fibres by the vibration; 
following the inhibition there was a ‘rebound’ increase in 
the contraction of the muscle. It can be assumed that 
the receptors responsible for at least the major part of 
the vibration response le in the muscle itself, for the rest 
of the hind-limb was widely denervated. More signi- 
ficantly, similar vibration applied to the denervated 
tibialis anterior muscle did not produce contraction of 
soleus, showing that the response was not due to spread 
of the vibration to receptors in the pelvic region which 
had. not been completely denervated. 

High-speed recording of the electromyogram showed 
that the minimum latency of the response was usually 
just under 10 msec from the beginning of the vibration 
when its amplitude was large (100u). On cessation of the 
vibration there was always an abrupt decrease in the 
reflex within 10-20 msec. Sometimes, however, the con- 
traction did not immediately return to its previous level, 
but remained larger for 1-2 sec. The reflex response to 
vibration was found for frequencies of vibration from 
50 to 500/sec. Increasing the amplitude of vibration at 
any frequency increased the response up to an approx- 
imately constant maximum tension. Surprisingly, 
altering the frequency of vibration had relatively little 
effect on the value of this maximum. When the vibration 
was applied for periods of up to a minute, the reflex 
usually persisted throughout. The reflex still occurred 
after ablation of most of the cerebellum, including the 
whole of its anterior lobe, but it was abolished by section 
of the spinal cord at Cl. It was also abolished by an 
anaesthetic dose of ‘Nembutal’ (40 mg/kg). In all this, 
its- behaviour parallels that of the tonic stretch reflex 
elicited by maintained extension of the muscle. Thus, 
vibration appears to be another way of activating the 
tonic stretch reflex. In other experiments maintained 
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Fig. 1. Reflex response of soleus to vibration of its tendon at 200/sec. 
a, The peak to peak amplitude of vibration was approximately 104; 
b, amplitude, 100x The vibration marker is diagrammatic 


~ 


Tension 


EMG 





ALTEN l 


Lai 


Led 


Vibration PE 


Inhib. Stm 


Fig. 2. Reflex inhibition of the response to vibration. ‘During the 
bottom signal marker (diagrammatic) the reflex contraction of soleus 
eltcited by 50 vibration at 200/sec sec was inhibited by stimulating the 

ipsilateral peroneal nerve at 150/sec 7 
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reflex responses to vibration were seen also for the gastro- 
cnemius and tibialis anterior muscles. 

There is little doubt that the primary endings of the 
muscle spindles wers being excited by the vibrations 
used?+4, and this provides an adequate explanation for the 
observed effects. However, only dirett. recording of their 
discharges can show whether or not other muscle receptors 
are also excited, and ‘thus whether they too may play 
some part in the observed reflex responses. If vibration 
should activate the primary endings virtually alone’, then 
it would prove a useful tool for extending the investigation 
of their central effeczs. Recently, in man, vibration has 
been shown to produce interesting motor effects when 
applied to a muscle sontracting voluntarily’. 
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Reversibility of an Electrical Correlate to 
the Frocess of Learning 


Tsx cockroach normally holds a chemically stimulated 
antenna with the opposite fore-leg during the process of 
cleaning. Immediately after the amputation of both fore- 
legs the insect is unsble to hold its antennae with one of 
the middle legs. ‘This, however, the cockroach can do 
about one week after operation. 

Jn previous communications it was concluded that a 
cockroach with amputated fore-legs, must learn to stand 
on three of the remaining legs when holding the antenna 
with one middle leg. It was also demonstrated that a 
nervous pathway impermeable to a single pre-synaptic 
stimulus (in 90 per cent of normal adult cockroaches) 
becomes permeable to this stimulus in all the insects at a 
certain moment during the process of learning!?.. The 
preparation investigcted consists of a descending pathway 
from the oesophageal ganglion to one of the motor nerves 
of the hind leg. This pathway has synaptic connexions in 
the third thoracic ganglion. 

The electrical response observed in 10 per cent of the 
cockroaches considered normal in a preceding communi- 
cation? presented the characteristics of labile response, as 
described by Luco®. It shows a long and variable gang- 
lionic delay (4:10 msec + 0-232 S.E., ref. 2). During 
learning, about the seventh day after amputation of. the 
fore-legs, the response in all the insects was characteristic 
of a servile response?. It presented a short and constant 
delay (1:93 msec + 0-078 S.E., ref. 2). The pathway 
remained open so long as the learned reaction was 
being used, that is, as long as reinforcement was acting. 
In previous experiments this process was followed up to ` 
the fiftieth day after amputation. 

The present communication deals with the reversibility 
of the modifications of responsiveness of this nervous 
pathway to single stimuli while the learned action is no 
longer performed, because newly formed fore-legs were 
used to grab the ansennae. This situation was achieved 
by amputating both fore-legs in a series of 26 cockroaches 
during the period of moulting. Young cockroaches were 
operated on and aftar three to four moults the regrown 
forelegs were strong enough to hold the antenna for 
cleaning. From 15 to 20 days after this stage was reached, 
the two new fore-lsgs were amputated and both the 
behaviour and the electrical response of this nervous 
pathway were investigated using the previously described 
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technique*. This situation implies that for a period of 
about 20 days the insects were not using the middle legs 
for-holding the antenna, which may be interpreted as a 
lack of reinforcement for about three weeks. 

Twenty-one of the 26 cockroaches were able to use one 
of the middle legs for holding the antenna immediately 
after the amputation of the two regrown fore-legs. The 
remaining insects made unsuccessful efforts to grab the 
antenna during the first hours after operation, but within 
the first day they could use one of the middle legs. An 
improvement of the behavioural performance was evident 
through the first two post-operative days. 

The electrical activity was studied in vitro immediately 
after operation and for a period of up to six days. Fig. 1 
shows the change of the synaptic delay values and their 
standard errors through the whole period of the experi- 
ment. It will be noticed that, at the beginning, a labile 
response was present, that is, the synaptic values were 
long and variable. Four days after, these values cor- 
responded to those described as characteristics of a servile 
response. As can be seen in Fig. 1, the decrease of the 
mean synaptic values is faster than the decrease of the 
dispersion of these values. 

In the previous work? the process of learning was con- 
sidered to be relatcd to a change in the permeability of 
synaptic transmission. When the synapse was closed 
(90 per cent of normal adult insects), it opened during 
learning; this opening meant a servile response. If the 
labile response was present before learning (10 per cent 
of the cockroaches considered normal), it also became a 
servile response after learning. 

As described in this communication, the labile response 
is always present in the group of cockroaches that had 
already learned the new motor behaviour and which for 
about 20 days had not performed the acquired motor 
reaction. The labile response can be interpreted as a 
trace of a learned behaviour that lasts for at least 20 days, 
during which there is no reinforcement. 

From the results described here it is pertinent to suggest 
that whenever a labile response could be elicited by a 
single presynaptic volley, the nervous system had already 
reached, a physiological condition that enabled the cock- 
roach to use one of the middle legs for holding the antenna. 
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Fig. 1. Ganglionic delay’? of an all or none response (in vitro) in a 


motor axon of the third thoracic ganglion and ita standard error. A 

en ge electrical stimulus was applied between the oesophageal ganglion 

and the first thoracic ganglion. Abscissa, days after amputation of both 

regrown fore-legs. Ordinate on the left, delay in msec, A; ordinate on 

the right, standard error in msec, A, Each point represents the mean value 

of 300 measurements, The value P between two adjacent delay points 
(A) is less than 0 001 
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It can also be suggested that the transformation of a 
labile into a servile response represented an improvement 
of the system resulting in a better adjustment of the 
motor reaction. 

On the other hand, it could be concluded that a 20-day 
period of disuse of the learned reaction produced a partial 
loss of the behavioural ability. This effect can be called 
the ‘forgetting-process’ and can be correlated to a change 
of & servile response into & labile one. Conversely, 3—4 
days of reinforcement enable these cockroaches to achieve 
the highest behavioural efficiency. This ‘relearning 
process’ seems to be related to the transformation of a 
labile response into a servile one. 

It is worth while emphasizing that the change of 
synaptic permeability appears as a smoothly graded 
process from a closed to an open synaptic transmission. 
Three situations have been considered to be operationally 
useful: (1) the lack of response; (2) the typically labile 
response; (3) the typically servile response. The lack of 
response may be interpreted as a response with a very 
prolonged delay; should this delay be shortened, a labile 
response may appear and, in case it reaches the shortest 
value, a servile response appears. Besides, the fact that 
the dispersion of the synaptic delay value is decreasing 
during the process of learning is another reason for sug- 
gesting that a graded transmitter efficiency is being built 
at the synapses during learning. 

It has also been demonstrated* 4 that a modification of 
permeability of this motor pathway can be achieved 
acutely by a short tetanic stimulation; but it lasts only 
for a short period. Should no response be present before 
a tetanic stimulation, a labile response may appear after 
the tetanus. When a labile response is recorded before a 
tetanus, the latter may change this labile response into 
a servile one. The main difference between the process 
achieved acutely and the process achieved during learning 
is that in the former case both building-up and decay of 
the process occur more rapidly. 

This work was supported by the U.S. Air Force Office 
of Scientific Research, grant AF-AFOSE 316-63. 
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Fraction of the Motoneurone Pool activated 
in the Monosynaptic H-Reflexes in Man 


THE monosynaptic reflex response evoked in the cat 
by a maximal volley in the group Ia afferent fibres from a 
synergic group of muscles has been measured as a fraction 
of total motoneurone pool of that muscle by Jefferson 
and Benson? and found to range between 4:3 and 26-5 
per cent. Apparently there has been no measurement 
of the activated fraction of the motoneurone pool with 
the analogous H-reflexes that are evoked in the gastro- 
cnemius-soleus muscle of man by stimulation of the group 
Ta fibres in the popliteal nerve*~*. 

In the present series of experiments the popliteal 
nerve was stimulated by an electrode carefully placed on 
the skin overlying it in the popliteal fossa and the electrical 
responses were recorded from the soleus muscle by two 
surface electrodes. Both electrodes mounted in one 
rubber strip were located and cemented to the skin on the | 
upper third of soleus muscle. In this way it was possible ` 
to avoid any shift of recording electrodes by muscle move- 
ment. Suitable earthed leads minimized artefacts, and 
the electrical responses were amplified and photographed 
in the conventiona] manner. 
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Fig. 1. Electrical response of m. triceps surae after electrical stimulation 
of N. tibialis post. 4A-——D, Stimulation with increasing stimulation 
intensity. The progressive decrease of the amplitude of the H-reflex is 
shown. InD it can be seen that the strongest stimulation caused complete 
blockade of the H-reflex,. E-L, Double stimulation. J shows the 
second M-response superposed on the latter part of the H-responge. 
In J-L progressive increase of the H,-response was evoked by the 
second stimulus. Time, 10 msec; amptude, 2 mV 


Presumptive evidence for activation of a large fraction 
of the motoneurone pool has been obtained in several sub- 
jects (5), ın which the responses to graded intensities of 
stimulation gave a series such as that illustrated in Fig. 
1A-D. The weakest stimulation evoked a large triphasic 
muscle action potential (the H-reflex) with a latency of 
32 msec. With progressive stimulus increase (B, C) this 
spike declined as a much earlier triphasic spike developed. 
It is well known that this is due to direct stimulation. of the 
motor nerve fibres to the gastrocnemius-soleus muscle, 
which have a higher threshold to electrical stimulation 
than the group Ia afferent fibres?-®°. Besides causing the 
early muscle action potential (the M response) with a 
latency of about 8 msec, the impulses generated in these 
motor fibres pass antidromically to the spinal cord and 
cause a blockade of the monosynaptic reflex discharge (the 
H-reflex) either by collision with this impulse discharge 
or by the refractoriness that the antidromic invasion 
induces in the motoneurones. 

As shown in Fig. 1D, the strongest stimulation caused 
this blockade of the H-reflex to be virtually complete. The 
M-spike response produced in these circumstances can 
therefore be assumed to be due to activation of almost 
100 per cent of the motor axons of the gastrocnemius- 
soleus muscle, and hence of the motor units of this muscle. 
The largest action potential of the H-reflex in Fig. 1A is 
a little smaller in size than the maximum M-spike of D. 
However, close inspection reveals that the triphasic 
H-reflex potential is composed of a more asynchronous 
response of the motor units, the interval between the 
initial and terminal positive waves being 6 msec as com- 
pared with 5 msec for the M-spike. This asynchronism 
can, of course, be attributed to the much longer neural con- 
duction pathway for the H-refiex with the interpolation of 
a synaptic relay. It seems likely that the increased asyn- 
chronism of the constituent motor unit responses is 
sufficient to account for the smaller size of the H-reflex 
spike relative to the M-spike in Fig. 1E. Similar evidence 
for a virtually total activation of the motoneuronal 
pool has been obtained in several other subjects. 

A. crucial test of this presumed total activation is 
illustrated in Fig. 1E-L, the control Æ and M responses 
being in Fig. 14, D. A maximal H-reflex was set up by 
a stimulus that was just at threshold for the most excitable 
motor axons, a8 may be seen by the extremely small 
initial M-spike. The testing stimulus evoked an almost 
maximal M-spike, as is demonstrated by the very small 
H-reflex that followed the M-spike. With progressive 
shortening of the interval by which the testing M-spike 
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followed the H-response it is seen that there was no 
appreciable change in the M-spike until it was superposed 
on the latter part of the H-responses (I). Further advance 
of the testing M-spike stimulus then resulted in a rapid 
decrease of the M-spike and, in the last record of the series 
(L), the spike induced by the combined stimulation could 
be exactly superimposed on the control H-reflex response 
(the first response of Æ). Thus it is established that, 
within the limits of accuracy of this experiment, the 
H-reflex in Fig. 1# was occurring from 100 per cent of the 
motoneuronal pool. . It will be noted in J-L that there 
was a progressive inerease in the H-response (H+) evoked by 
the second stimulus. This is, of course, to be expected, 
as refractoriness prevents the second stimulus from 
exciting the motor axons and so blockading the H-reflex as 
already described. 

A. similar result was obtained in another subject in 
which the H-reflex was almost as large as the M-spike. 
In that subject comparison of the H-reflex and M-spike 
sizes also indicated activation of virtually 100 per cent 
of the motoneurone pool by an H-reflex. However, 
there are many subjects in which a much lower activation 
-—even less than 50- per cent-—is indicated by the compari- 
son of the H-reflexes and maximum M-spikes. The 
measurement af the motoneuronal fraction involved in 
H-refexes should be a standard procedure in all investiga- 
tions in H-reflexes. For example, in testing the effect of 
muscle stretch on 4-reflex it was sometimes found that 
there was almost no change in sizes of the reflexes. This 
stability of the H-reflex, under conditions of presumed 
inhibitory or facilitatory influences, would be expected if 
motoneurones were so powerfully excited that all of them. 
were supramaxima_ly excited in the H-reflex. 


2 H. TAsokreova * 
Institute of Physiology, 
Czechoslovak Academy of Sciences, 
Prague. 
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PHARMACOLOGY 


Blocking cf Cortical Inhibitory Synapses by 
Intravenous Lidocaine 


Ir has been shown by various pharmacodynamic 
examinations that systemically administered local anaes- 
thetics act only depressively on the central nervous 
functions: for example, the cortical after-discharge', the 
spinal reflex’, the reticular activating system’, the thalamic 
activating system’, the direct cortical response’, and the 
transcallosal evoked potential*. The reason why local 
anaesthetics in a toxic dose manifest a central nervous 
excitation or convulsion has so far remained obscure. 

We recorded extracellularly unit firings of a cortical 
neurone at the sensory-motor area in unanaesthetized 
rabbits immobilized with gallamine. In some neurones the 
transcallosal stimulation (0-5 msec, 100 e.s and 10-20 V 
for 1-3 sec) induced complete blocking of spontaneous 
firings (Fig. 14). Intravenous injection of a small dose 
of lidocaine (7 mg/kg) abolished or attenuated the effect 
of stimulation (B—£), and perfect recovery followed it (F). 
In other neurones the transcallosal stimulation caused a 
marked increas? in firings, and lidocaine injected in the 
same dose did not block this effect, whereas a large dose 
(15 mg/kg) partly inhibited the excitatory effect. 
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Fig 1. Effects of lidocaine on the inhibitory stamulation A, Control; 
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injection of lidocaine (7 mg/kg) 
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These results indicate that inhibitory synapses of corti- 
cal neurones are selectively blocked by lidocaine adminis- 
tered intravenously and excitatory synapses are more 
resistant to the drug. The mechanism of cortical excitatory 
action of local anaesthetics is thus interpreted, and the 
gap between behavioural observations and analytical 
experiments seems to be filled. 
KrvosHi TANAKA 
Mionryo YAMASAKI 
Department of Pharmacology, 
Tottori University School of Medicine, 
Yonago City, Japan. 
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Enhanced Adenosine Inhibition of Platelet 
Aggregation in the Presence of Cardiac 
Glycosides 


Bxioop platelets suspended in plasma readily exhibit 
aggregation when small amounts of adenosine diphosphate 
are added!. Aggregation can also be produced by the 
addition of 5-hydroxytryptamine*? since this has been 
shown to release ADP from platelets‘. Born e al. have 
shown that adenosine, its analogues or related substances, 
when added prior to an aggregating dose of ADP or 
5-HT will inhibit the aggregation and may prevent it 
altogether?-4-6, 
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It has been suggested? !° that adenosine is, at least 
partially, destroyed by adenosine deaminase m the 
plasma and hence the inhibition of ADP-induced platelet 
aggregation which it produces is of short duration and 
rarely lasts longer than 20 min. The 2-substituted 
chloro analogue, 2-chloroadenosine, is a far more potent 
and prolonged inhibitor of ADP-indueed platelet aggrega- 
tion’? and is resistant to adenosine deaminase. 

Both adenosine and 2-chloroadenosine produce heart 
block when, injected into the left atrium of the guinea-pig 
heart and, whereas this effect of adenosine is brief and 
transient, that of 2-chloroadenosine is more powerful and 
very prolonged. The heart block produced by adenosine 
can be prolonged by the simultaneous administration of 
cardiac glycosides, and Angkapindu, Stafford and Thorp® 
have suggested that these drugs act as adenosine deamin- 
ase inhibitors. 

We have examined the effect of cardiac glycosides on 
platelet aggregation following substantially the same 
method as Born? using sheep platelet/plasma suspensions. 
The cuvette containing the plasma mixture was in a 
temperature-controlled chamber and stirring was very 
precisely controlled. The turbidity changes were recorded 
as percentage light transmission using a continuous 
potentiometric recorder. ) 

Sufficient platelet-rich plasma was prepared at the com- 
mencement of each day to allow comparison to be made 
between adenosine inhibition alone at various time inter- 
vals after addition and similar experiments which included 
the cardiac glycosides added prior to adenosine. All 
experiments on any one day were performed on the same 
batch of plasma and comparisons have only been made 
between, results obtained in such an experimental series 
since the aggregation response varies from one platelet/ 
plasma batch to another. 

The concentravion of platelets was checked by direct 
count and was usually within the range 1-0 x 10® platelets 
per cu. mm. As the aggregating agent either ADP or 
5-HT was used and similar results were obtained in both 
cases, 

Fig. la shows a comparison between experiments in 
which 5-HT was used to cause aggregation in the presence 
and absence of ouabain. 

It will be seen that this control response is the same 
whether ouabain 1s present or absent, and other experi- 
ments have shown that this glycoside alone has no influence 
on ADP- or 5-HT-induced aggregation of platelets. Fig. lb 
shows the results obtained when adenosine is added 2 
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Wig 1. Aggregation curves for 5-HT (1-5 M) added to platelet 
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suspensions in plasma. a, Control responses; b, adenosine added 
(1-25 uM) 2 min prior to 6-HT; e, adenosine added (1-25 uM) 5 min 
„prior to 6-HT; d, adenosine added (1-25 uM) 15 min prior to 5-HT. 
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Table 1. PEROENTAGE INHIBITION OF PLATELET AGGREGATION WHEN 
CARDIAC GLYCOSIDES ARE ADDED AT VARIOUS INTERVALS OF TIME PRIOR 
TO 56-HT OR ADP 


Aggregating Time interval (min) 
Pea Drug combination 2 5 10 15 
-HT Adenosine alone (1°25 uM) 88 60 33 10 
(1:5 uM) Adenosine H ouabain (50 uM) 87 73 50 36 
ouabain (100 gM) 98 90 75 69 
Adenosine i K-strophanthin, fao por 87 68 36 11 
+ K-strophanthin (80 pM 88 70 40 14 
Adenosine + digoxin (10 uM) 86 65 84 12 
ADP Adenosine alone (1°25 aM) 76 62 25 8 
(1°4 aM) Adenosine : ouabain (50 wD 78 65 47 29 
+ ouabain (100 uM) 81 72 55 42 
Adenosine H K-strophanthin (40 a 75 52 30 13 
+ K-strophanthin (80 79 61 46 30 
Adenosine + digoxin (10 4M) 77 56 29 20 


min before the 5-HT. It produces strong inhibition of 
aggregation which is influenced by ouzbain only slightly. 
When 5 min elapses (Fig. lc) betwesn the addition of 
adenosine and 5-HT it will be seen that the presence of 
ouabain has resulted in a substantially smaller degree of 
aggregation than when adenosine is used alone. 
Fig. Id shows the effect after an interval of 15 min 
when the preservation of the adenosine is even more 
pronounced. 
This effect has been shown with other cardiac glycosides, 
digoxin, strophanthin K and lanatoside O, but ouabain is 
more readily water soluble than other cardiac glycosides 
and hence can be used in higher concentrations. Com- 
parative results for ouabain, K-strophanthin and digoxin 
are given in Table 1. 
The percentage inhibition is measurad by the steepness 
of the slope of the aggregation curve during the first 0-5 
min, after addition of ADP or 5-HT. It will be seen that 
the inhibition of adenosine destruction is dose dependent 
but in the case of digoxin it was not possible to obtain a 
sufficiently high concentration in the cuvette to exhibit 
more than the response to a low dose. 
It is not possible to use organic solvents since these 
interfere with the aggregation process and hence all 
ieee were used as solutions in saline buffered to 
pH T4. 
Under the conditions we have used the aggregation 
curves are highly reproducible and the adenosine inhibition 
in all these experiments is greater in the presence of cardiac 
glycosides. 
Recent investigations in this department by Dean and 
Maguire® have shown that ouabain is & competitive inhibi- 
tor of purified cardiac adenosine deaminase, ard these 
results indicate that the deaminase in plasma is also 
inhibited by these drugs. 
F. Mrcesn 
R. H. THORP 
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HAEMATOLOGY 


Role of ABO Erythrocyte Groups in Human 
Histocompatibility Reactions 
Tum role of red blood cell group antigens in human 
histocompatibility has long been a matter of controversy}-*. 
It has recently been noted by Grifiitths and Crikelair’, 
and by Kuhns, Rapaport et a@l.®, that a rise in anti-A 
and, anti-B antibodies may occur following the exchange 
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of skin homografts between blood group-incompatible 
subjects. This communication describes a series of experi- 
ments which provide suggestive evidence that erythrocyte 
group antigens may, on suitable immunization of recipients, 
play a significant pert in conditioning the response of these 
subjects to first-set skin homografts. 

In the course of a preliminary experiment, five volun- 
teers (3 A Rh+,1BRh+,and 10 Rh-+ subjects) received 
one intradermal infection of red cell membranes obtained. 
from an A Rh— donor. Fifteen days later, the recipients 
were challenged with a skin homograft from the same 
donor and with a graft from another subject (who was 
O Rh+). The red cell membranes were prepared from 
whole blood collected in Fenwal bags through a cation- 
exchange resin chamber, which eliminated 90 per cent 
of the blood platelsts. 100 ml. of a 6 per cent dextran 
(mol. wt. 200,000) were added to the blood, and the lowest 
portion of the red blood cell sediment was collected. This 
fraction was centrifuged three consecutive times, and each 
time the upper layer, containing a supernatant leucocyte 
layer, was removed. The remaining purified red blood 
cell preparation wes haemolysed utilizing distilled water 
and the sodium monohydrogen phosphate method of 
Ponder. The final preparation did not contain any detect- 
able leucocytes after several observations in counting 
chambers. Technique of graft application and criteria 
used for the determination of skin homograft rejection 
by gross and stereomicroscopic observations of the graft 
surfaces have already been described in detail®-5. 

None of the recipients of red cell membranes (sensitized 
in this experiment with a single intra-dermal injection) 
responded with accelerated rejection or white graft 
reactions. The two shortest skin homograft survival times 
in. these recipients occurred, however, when skin homo- 
grafts from a red blood cell group-incompatible A Rh— 
donor were applied to O Rh+ and B Rh+ recipients, 
respectively (Table 1). 


Table 1. RESPONSE TO SKIN HOMOGRAFTS AFTER SENSITIZATION WITH 
ONE INTRADERMAL INJECTION OF ERYTHROCYTE MEMBRANES 
Dosage of First set skin, rth aa 

A-erythrocyte Blood group of behaviour (days) 
suembratied injected eeottlenta erates Tom (A—) grafts on (O-) 
3-4 x 10° A+ P 14 
4-0 x 10° At 10 10 
6-3 x IP A+ 17 17 
46 x 10° O+ 9 T 
84 x 10° B+ 9 18 


Following this investigation, four recipients were sensi- 
tized with four consecutive weekly injections of 6-4- 
9 x 10° group A.B Rh—. (An A.B donor was selected to 
attenuate possible risks of intravenous injection of erythro- 
cytes in the recipients.) The red cell preparations used to 
sensitize the recipients were obtained from defibrinated 
blood (thereby eliminating blood platelets in the final 
preparations). Leucocytes were removed by seven or 
eight successive ssdimentations in dextran. No white 
cells were visible after several observations made in 
counting chambers. Two subjects were sensitized, intra- 
dermally, and the other two received intravenous injec- 
tions of erythrocytes. Eight days after the final injection, 
each recipient was challenged with six skin homografts 
obtained from donors other than the source of erythro- 
cytes used to sensitize the recipients. Two of the skin 
homografts were obtained from donors of blood group 
A,B; one graft was obtained from an A,B donor, and three 
grafts were obtained from subjects of blood group O. 
The method of preparation of skin homografts, operative 
technique, and criteria for the determination of skin 
homograft rejection were as already noted*-". Tables 
2A and 2B outline the results of the experiment, and 
correlate them with the known blood group compatibilities 
existing between donors and recipients. A consistent 
difference in survival times was noted between the 
behaviour of ABO-compatible and ABO-incompatible 
skin homografts applied to these subjects. In the recipi- 
ents of intradermal injections of AB erythrocytes (Table 
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2A), the skin homografts obtained from AB blood group 
donors which were applied to O Rh+ recipients were 
accorded a shorter survival time (mean survival time of 
6-4 days) than grafts obtained from O donors applied to the 
same recipients (mean survival time of 11-1 days). The 
responses of subjects sensitized intravenously were even 
more pronounced (Table 2B). In these individuals, all 
homografts obtained from ABO blood group-incompatible 
donors were rejected in accelerated fashion. There were 
two white grafts, two mixed white graft reactions, and 
two accelerated rejection reactions (4-5-day rejection). 
All other grafts were accorded a longer survival time; 
however, four ABO blood group-compatible grafts have 
been rejected more rapidly on an average than after intra- 
dermal immunizations. 

Results of this investigation indicate that the ABO 
blood group antigens may play a more important part 
in conditioning the response of human subjects to skin 
homografts than has been previously suspected. This 
observation is consistent with similar reports on the role 
of such antigens in histocompatibility reactions in other 
species'*-18, Jt is also in accord with the description of 
alcohol-soluble ABO antigens in leucocytes, as well as 
in other tissues, and particularly in vascular endothelium 
and epidermis'?-29, 
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It is of interest that the homograft responses de- 
scribed in this communication occurred in the absence of 
significant rises of anti-A or anti-B antibody titres in the 
recipients. Only small rises in titres were noted after 
erythrocyte sensitization, and again after the application 
of skin homografts. Such antibodies were neutralized by 
soluble A and B substances, by heating to 70° C, or by 
treatment with mercaptoethanol. It would therefore 


appear that the accelerated and white graft rejection - 


responses noted in the ABO-incompatible recipients 
sensitized with red blood cell antigens may have been 
associated with mechanisms other than humoral anti- 
body, such as cellular immune factors, which have been 
previously shown to mediate homograft sensitivity in 
man”™. The observed results also cannot be attributed to 
erythrocyte incompatibility systems other than ABO. 
Incompatibility for red cell group antigen D was only 
noted between one recipient and six donors of skin 
homografts in this investigation, and the homograft 
responses in this subject did not differ from those observed. 
in the D-compatible subject immunized through the same 
route. With reference to the possible bearing of leucocyte 
or platelet incompatibility on the results obtained, the 
XX (ref. 22) or 4244 (ref. 23) leucocyte groups, as well 
as the KosKo? platelet groups**5, were considered. The 


Table 24 Response TO SKIN HomMOGRAFTS AFTER INTRADERMAL SENSITIZATION WITH POUR SUCCESSIVE INJECTIONS OF ERYTHROCYTES 


| Blood group incompatibilities noted between the donors of erythrocytes 
and of skin homografts and their recipients 


Leucocyte Platelet 
Erythrocyte groups Erythrocyte antigens tti os i antigens | antigens 
2 a a t 
ABO Le Se ABO Cc D Ee Fy MN Ss K P; (4045) (64626¢) i Koe Ko’ | Gmaze 
Recipient: 0 Leet+ Se 
Donor of 
erythrocytes: A,B Leedt Se åB — — — — M — — P 
Donors of 
skin homografts: ÀB Se åB — — E — M — — P 
A,B Lert- Se åB — — —- — MM — K P 
AB Lest Se åB — — E — M — — P 
0 Lest Se — = — — _ — M — — — 
0 Lost Se — — ee — _ — M — — P 
0 Lestt+ Se _ — — —- — M — — P 
Reciplent: 
Donor of 
erythrocytes. eo cee. E a,» SSA Tee ait 
Donors of 
skin homografts’ C0 Se eS me ee WES ee 
Gy. tose Hees EE E 
C; ai = ee 
Cat jae te Se ee 









1 
















* No evidence of incompatibility. t The identity between the “Y” and the “6” systems is probable though not yet proved. 
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Table 2B. RESPONSE TO SKIN HOMOGRAFTS AFTER INTRAVENOUS SENSITIZATION WITH FOUR SUCCESSIVE INJECTIONS OF ERYTHROCYTES 


Blood group incompatibilities noted between the donors of erythrocytes 
j and skin homografts and their recipients 















Leucocyte Platelet Serum 
Erythrocyte groups Erythrocyte antigens antigens antigens | antigens 
Xaxb = Yyaytye 
ABO Le Se | ABO Cc D Ee Fy¢ MN &s K P j| (4946) (60626) | KotKo? Gma z b 
Recipient:. 0 Jea-b- Se i 
Donor of 
erythrocytes: AB Tee Se | ASB -—*— — — M — — -j| — wee not done 
Donors of 
skin homografts: AB — — E — M — — J m _ White $ 
reaction 
åB — — — — M — K.—j — — Mixed white 
graft reaction 
åB — — E — M“ — — — | — ome 4-5 
— — = — M — — —| — ee 10 
alee e Re es ee Me ost bo ee ae eevee 8 
— — — E — M — c —| — ye 7 
Recipient: 
Donor of 
erythrocytes: åB — — — Fy N — — ceļ — mene not done 
Donors of : 
skin homografts: AB CD E Fy N — — —| — me White graft 
reaction 
AB © D — Fya N — K ~| ~- — Mixed white 
graft reaction 
AB CC D E Ey — — — —| — = 4-5 
—_ — D — Frys N — — — — vee 10 
à — Cc D — Fys N — — -| =~ waman 6 
— — D E Frye N č — — m| ~ Ye 6 





* No evidence of incompatibility- 
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recipients were selected in such a fashion as to avoid the 
possible bearing of incompatibilities in these systems on 
the responses of the subjects to skin homografts. Results 
of this study therefore appear to indicate that the question 
of the possible role of ABO antigens in conditioning the 
response of human recipients to tissue transplants 
deserves further investigation. Observations outlined 
in this communication may be of particular relevance to 
recent descriptions of rapid kidney homograft rejection 
in ABO-incompatible recipients. Of twelve renal trans- 
plants performed in such individuals, nine were accorded 
survival times of less than 30 days?*; in some instances, 
graft cyanosis occurred almost immediately after comple- 
tion of vascular anastomoses?’?. It may be of interest to 
re-evaluate these data in the light of experimental results 
described here—with particular reference to the possible 
bearing of repeated blood transfusions on the renal 
homograft reactions observed. 
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Interactions of <«-Aminocaproic Acid with 
the Thrombin Clotting and Fibrinolytic 
Systems 

SEVERAL reversible inhibitors of plasmin have been 
found to protect the latter from irreversible combination 
with antiplasmin within appropriate limits of time and 
concentration parameters. However, e-aminocaproic acid 
(EAC) and several related compounds appeared to poten- 
tiate the destruction of plasmin by antiplasmin, even 
though they were able to stabilize the enzyme against 
autodigestion in the absence of antiplasmin'*. Because 
of the complexities of the two-phase model system used 
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for these examinations, ıt was difficult to decide whether 
the results could be explained entirely on a kinetic basis, 
or whether ın addition some unique reaction involving 
EAC and related structures could be taking place. The 
present investigations of a single-phase clot lysis system 
provided unexpectedly dramatic visual evidence in favour 
of the latter possibilicy. 

Fibrinogen, thrombin, plasminogens, plasmins, trypsin 
and inhibitors were isolated or obtained as previously 
desecribed!-*. Clots were made in tubes in initial experi- 
ments with 20 units of thrombin/ml. and usually 2 mg 
fibrinogen/ml., and observed at 25° C. During the course 
of a study of effects of various inhibitors on lysis time of 
these clots by plasmin, it was soon noticed that some 
clots containing EAC became strikingly opaque over a 
period of time. Normal clots made in the buffer used‘, 
which had a pH of 7-4 and ionic strength of 0-3, remained 
clear indefinitely. A quantitative picture of this pheno- 
menon was obtained by making the clots in spectro- 
photometer cuvettes and following the increase in absorb- 
ance at 350 mp (Fig. 1). Analogous results were obtained 
with the same fibrinolytic levels of Kline-type human 
plasmin of similar purity, or with euglobulin-type human 
plasmins of higher specific activities which had been 
fractionated in DEA=-cellulose. Opacity did not develop 
in clots containing HAC by itself or in the presence of 
plasminogens or ucokinase separately, nor was the 
absorbance of fibrinogen solutions affected by the plasmin- 
HAC combination. Clots contaming 2 yg trypsin/ml. and 
0-2 M EAC also showed no opacity up to the time of lysis 
of about 2 h. 

Other inhibitors tested over a range of levels which did 
not induce opacity with plasmin include Trasylol, Kunitz 
pancreatic trypsin inhibitor, and soybean and lima bean 
trypsin inhibitors. Furthermore, addition of sufficient 
levels of these inhibisors to clots containing plasmin~EAC 
prevented the usual opacity development. In fact, higher 
concentrations of EAC itself greatly delayed the time of 
initiation of opacity development, and this effect was not 
due to any significans change of pH or ionic strength of the 
medium, as determined by glass electrode and conductivity 
measurements. Several other inhibitors related to EAC, 
for example, lysme end y-aminobutyric acid, also induced 
opacity. 

At a given HAC level, the initial rate of opacity develop- 
ment depended on the concentration of fibrin or plasmin, 
while the maximum opacity was a function of the fibrino- 
gen concentration. A quantitative kinetic analysis of 
these relationships is obviously complicated because 
lysis with consequent disappearance of opacity took place 
at a faster rate as the EAC : plasmin ratio decreased, and 
the initial rate of opacity development decreased at 
higher EAC concentrations. 

These results suggest that there is an enzymatic activity 
associated with plasmin which results in structural 
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Fig. 1. Opacity development in fibrin clots contatning 2 mg/ml. human 
fibrinogen and 20 units thrombin/ml. ©, Clot containing 70 g/ml 
euglobulin-type human plasmin and 005 M EAC; C), clot containing 
005 AD EAO; A, clot with no additions 
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human fibrinogeu, 11 gg/ml. DEAE-punfied human plasmin, 0-05 M 
EAC; and O, 1 unit thrombin/ml.; [Q], 2 units thrombin/ml.; A, 6 units 
thrombin/ml!, 
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modifications of the fibrin network in the presence of EAC 
and related compounds. This activity might involve a 
different site from the one concerned with fibrinolysis, 
since some other inhibitors of the latter do not induce 
opacity. However, since these inhibitors (as well as high 
levels of EAC itself) also prevent or retard opacity 
development with EAC, the possibility must be considered 
that the same site is Involved and is catalysing some 
reaction which incorporates EAC into the clot structure, 
conceivably by amide bond formation; or there could be a 
limited hydrolysis taking place at bonds other than those 
split by thrombin, with large structural elements being 
aggregated by secondary forces. The structural implica- 
tions of opacity in fibrin clots have been discussed by 
Ferry and Morrison‘. 

When the thrombin concentration in the clots was 
reduced, additional complexities of the system were 
revealed and perhaps some insight as to mechanism was 
gained. As seen in Fig. 2, the development of opacity 
was inversely related to the thrombin concentration. In 
all experiments so far described, the order of addition of 
components was such that the fibrinogen was added last, 
which is our usual procedure in order to minimize fibrino- 
genolysis before the action of thrombin. It was now 
obvious that interaction of plasmin—HAC with fibrinogen 
sites had to be considered, by addition of thrombin after 
pre-incubation of fibrinogen, plasmin and EAC. The 
results of Fig. 3 strongly support the concept that the 
fibrinogen sites are indeed the susceptible ones. Further 
evidence that thrombin and plasmin~EAC are competing 
at the same sites is given in Table 1. Although plasmin- 
EAC significantly prolonged the clotting time, the 
resulting clots do not lyse for long periods of time; in 
fact, the seemingly paradoxical result was obtained 
that, in this range of thrombin concentration, the clots 
which formed more rapidly at the higher thrombin 
level were the first to lyse. This is understandable on the 


Table 1. EFFECT OF PLASMIN AND EAC ON THROMBIN CLOTTING TIME * 


Thrombin, Plasmin EAC Clot time 
(units/ml.)  (#g/ml.) (Mf) (min) 
1 ta a 13 5 
2 = —_ 5 
5 — — 2 
1 me 0-05 15-5 
2 — 0-05 8 
5 e 005 2 
1 11 0°05 30 
2 11 0:05 11 
5 11 0-05 3°5 


* Plasmin and fibrinogen as in Fig. 2; fibrinogen was added last to these 
mixtures. With plasmin in the absence of BAO, clots did not form at any of 
these thrombin levels. 
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basis that the polymers resulting from thrombin action 
alone are more susceptible to plasmin hydrolysis. 

If pre-formed clots were made and plasmin and EAC 
added in a fluid supernatant, opacification could readily ~ 
be seen developing at the interface and slowly spreading 
into the gel. Presumably, in any pre-formed clot structure, 
there are still sites available which have not been acted 
on by thrombin, and the latter is relatively immobilized 
in the meshwork of the gel. 

Some information is available which allows-speculation 
about the nature of the sites referred to here. At least 
with regard to action on synthetic substrates, the specifici- 
ties of both thrombin and plasmin are directed toward 
arginyl and lysyl bonds; while the clotting action of 
thrombin is limited to arginyl bonds®’. It might be 
postulated that plasmin action at arginyl sites is involved 
in the polymerization to a lysis-resistant structure in the 
presence of HAC, while concerted action at both arginyl 
and lysyl sites is required for hydrolysis. From structural 
considerations, it seems reasonable that EAC might w 
interfere more at lysyl than at arginyl sites, and the 
experimental results arə in harmony with this idea. 
Another implication of this hypothesis is that the plasmin 
autodigestive process would probably involve that part 
of the active centre related to lysy! bonds primarily. As 
the EAC concentration increases, interference at the 
arginyl sites does become evident, so that there is inhibi- 
tion not only of lysis, but also of the reactions which lead 
to opacification. However, the arginyl sites acted on 
by thrombin alone must be differently situatod, since 
EAC by itself has little effect on thrombin action. 

It is obvious that there are additional complexities 
beyond this level of speculation. It appears that some 
reactions catalysed by thrombin are involved in the 
opacity phenomenon, and these reactions must be subse- 
quent to the actions of plasmin (Fig. 3). Perhaps plasmin- 
EAC, while initially competing with thrombin (if present) 
for the latter’s preferred sites, also by a limited hydrolysis 
in another area, exposes additional sites which can then 
be acted on by thrombin to produce the opaque, lysis- 
resistant structure. 

Whatever the details may be, this interaction of EAC 
with the clot system only in the presence of plasmin makes 
it possible to understand better many previously puzzling 
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Fig. 3. Pre-lncubation befare thrombin addition. Clots contained 
fibrinogen, plasmin, and EAC as in me. 2; and § units thrombin/ml. 
added after pre-incubation of O, 10 min; Ch, 5 min; A, 0 min 
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results in studies comparing EAC with other inhibitors, 
or comparing EAC inhibition of plasmin action on fibrin 
and on casein or synthetic substrates. For example, a 
+- more detailed interpretation is now possible for the im- 
creased destruction of plasmin by antiplasmin in the 
presence of EAC (refs. 1 and 2) if it 1s assumed that inhibi- 
tion. of fibrinolysis by EAC is largely due to interaction of 
EAC with the substrate rather than with plasmin. The 
EAC-modified clot is more resistant to lysis but the 
inhibition is reversible over a period of time. However, 
if an irreversible inhibitor such as antiplasmin is also 
present, it will remove free plasmin from the system 
before it can become effectively associated with the 
modified substrate. Whether or not a mechanism of this 
type should be called potentiated inhibition could be a 
matter of semantics or opinion, depending on whether one 
looks at the process or at the end result. 
> Additional interactions of EAC with the enzyme rather 
than with the substrate are, of course, not excluded. It 
® can now be understood why EAC and other compounds 
which act by the same mechanism? may be stabilizars or 
enhancers of plasmin action at lower concentrations and 
inhibitors of fibrinolytic activity at higher concentrations, 
if in the former case interaction with the enzyme and 
inhibition of autodigestion are the more important effects, 
while in the latter case interaction with the substrate 
becomes sufficiently rapid or extensive to retard its 
digestion. Other reversible inhibitors which do not 
affect the fibrin substrate structure are able to insulate 
the plasmin from both autodigestion and antiplasmin for 
periods of time, during which fibrinolysis can take place!*. 
With other substrates, casein, for example, much higher 
EAC levels in general are required for comparable inhibi- 
tion, and this could be related in part to the facs that 
EAC does not interact with those substrates, or at least 
-= not in a way to inhibit their digestion by plasmin. 

It is of interest that Donaldson! also suggested altera- 
tion of fibrin by EAC, on the basis of a decrease in urea 
solubility of clots containing EAC. While we have not 
been able to demonstrate this effect, such a result might 
depend on the type of fibrin used or other conditions of the 
experiments. The development of opacity described here 
might never be noticed if clots were made with prəpara- 
tions of fibrin which produce opaque clots originally, 
particularly at lower pH and lesser ionic strength; or if 
the thrombin : plasmin ratio were sufficiently high and 
the period of observation relatively short. It should be 
emphasized that the examinations reported here are 
concerned with interactions of human plasmin and human 
fibrinogen; our preliminary results with bovine plasmins 
and bovine fibrinogen indicate that the opacification 

«” phenomenon may not be readily observable with a bovine 

fibrinogen substrate. It is entirely possible that the 

w largely physical changes leading to opacity may be 

if mechanistically only indirectly related to the initial 
biochemical interactions which retard fibrinolysis. 

Additional details and implications of these studies 
will be presented elsewhere. 

We thank Violet S. Nickel for preparations of throm- 
bin, fibrinogen, plasmins and antiplasmin. 
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PATHOLOGY 


Renal Handling of Glycine in Primary 
Hyperuricaemia 


TEHE recent demonstration that patients with primary 
hyperuricaemia are elso hyperaminoacidaemic? has sug- 
gested the possibility that the presumptive renel tubular 
defect in the handling of uric acid by these patients? 
may be only one manifestation of a more generalized 
transport defect thai ınvolves other substances. The 
amino-acid glycirs, a purine precursor, has been investi- 
gated with the view of determining whether the elevated 
serum level of glycine can be explained on a renal basis. 

Thirteen adult ma`e subjects were investigated. Five 
patients were normoaricaemic (mean serum uric acid of 
5-3 mg per cent (4:3-6-0)) with a mean age of 35 years 
(22-55), a mean creazinine clearance of 108 ml./min (8]-— 
125) and a mean serum glycine of 260 yumoles/l. (224-— 
285). Eight had pr-mary hyperuricaemia (mean serum 
uric acid of 8:3 mg per cent (7:2—9-7)), with a mean age of 
43 years (22—52), a mean creatinine clearance of 108 ml./ 
min (82-132), and a mean serum glycine of 283 ymoles/I. 
(231-313). None of the subjects in either group was acutely 
ill, none had demonstrable hepatic or gastrointestinal 
disease or abnormalizies of renal function, or was taking 
any drugs. The methods used were as previously de- 
scribed}, 

Endogenous glycine clearances were determined in 
the morning after an overnight fast and were based on a 
2-h renal clearance. At the end of this 2-h period, glycine 
was fed orally in 2- or 5-g amounts, or administered in- 
travenously in a dose of 0-9 g. 2 h later, another urine 
was collected to measure the increment in glycine 
excretion. Blood was drawn at 15, 30, 45, 60, 90 and 120 
min after the glycine dose to determine serum glycine- 
levels at these times. 

In Table 1, endogenous glycine clearances and glycine 
to creatinine ratios cre shown. Both functions are lower 
in the hyperuricaemic individuals as compared with the 
normal subjects. ‘The comparison of glycine excretion 
after the adminis:rstion of a glycine load between the two 
groups is shown im Table 2. This comparison demonstrates 
that, regardless of the dose or route of administration, 
the hyperuricaemic subjects excrete less of the adminis- 
tered glycine. 

Data from the-serum investigations can be summarized 
as follows: (1) in ths hyperuricaemic subjects the serum 


Table 1. ENDOGENOUS GLYCINE CLEARANCES AND GLYCINE TO CREATININE 
CLEARANOE RATIOS IN FIVE NORMOURICAEMIO AND EIGHT HYPERURIOAEMIC 
SUBJECTS 

Clearance ratio 


Glycine clearance imml./min of glycine to creatinine 


Normouricaemic Hyreruricaemic Normouricaemic Hyperuricaemic 

2:97 2:84 0:026 0 019 
256 1:01 0-020 0 008 
1°20 0 94 0-015 0-011 
2°15 0:79 0-025 0-007 
2°58 1:60 0-024 0 017 

1-92 0 017 

0 81 0:007 
PERAN 1:58 0 019 
2°29 1°37 0 022 0-013 


Table 2. GLYCINE (MOLS&35) EXCRETED DURING THE 2-H CONTROL PERIOD 
AND DURING THE 2-H POCSI-GLYCINE LOAD PERIOD, AND THE PERCENTAGE 
OF THE TOTAL DOSE EXCRETED DURING THE LATTER PERIOD. EIGHT EXPERI- 
MENTS PERFORMED ON FI7E NORMOURICAEMIO INDIVIDUALS AND ELEVEN 
EXPERIMENTS IN LIGHT HYPERURICAEMIC SUBJECTS 


Normourizaemic Hyperuricaemic 
Dose 2-h control 2-hglyzime Percentage 2-hcontrol 2-hglycine Percentage 
of glycine exerction of dose glycine excretion of dose 
glycine excretion afterbad excreted excretion afterload excreted 


5g 65 665 1:0 17 93 0-1 

orally 109 1,766 2°4 37 190 0:2 

92 1,089 1:5 34 277 0-4 

74 1,785 2°6 29 173 0-2 

45 850 0'5 105 554 0°7 

2g 70 382 1-2 47 89 0:2 

orally 82 22 06 54 95 902 

80 164 03 

54 182 05 

58 183 0-5 

0 : g 75 198 1-0 69 91 0-2 
V. 

77 14 53 0:3 
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level of glycine tends to reach a peak earlier than in the 
normouricaemic subjects; (2) the peak concentration of 
glycine tends to be slightly but not significantly lower 
than the peak concentration attained by the normal 
subjects; (3) there is no correlation in ether group between 
the peak serum level and the quantity of the glycine load 
excreted in the urine {r = +023, P = 0°5); (4) the 
disappearance of the administered glycine from the serum 
proceeds at approximately the same rate in both groups. 
Table 3 illustrates most of these phenomena. 


Table 8 SEBUM DATA AFTER 5 G OF ORAL GLYCINE IN Frivm NORMOURI- 
OAEMIC AND FIVE HYPERURICAEMIO SUBJECTS 


Normouricaemic Hyperuricaemic 
Peak serum level 
Reached at 30 min 1 5 
at 45 min 4 0 
Mean peak serum 1:56 1:27 
Level (umoles/ml.) (1:08-1:91) (0 97~1-66) 
Mean serum ‘half- 33 min 31 min 


life’ of glycine 


The results of these vestigations thus show that the 
kidneys of the hyperuricaemic individuals under-excrete 
glycine—a defect parallel to, and more marked than, 
the presumed defect in the excretion of uric acid by these 
patients. Such a result might have been expected from the 
known similarity of renal mechanisms for the handling of 
amino-acids and urie acid in dogs? and in kidney slices 
from various animals*, from the fact that a uricosuric 
drug (salicylate) 1s also aminoaciduric®, and from the 
observation that aminoaciduric syndromes are accom- 
panied by uricosuria (for example, Wilson’s disease and 
the Fanconi syndrome). 

Whether or not the increased rate of net uptake of 
glycine by the renal tubular cell (either decreased secretion 
or increased reabsorption) occurs in other body cells as 
well cannot be definitively ascertained from the data 
presented. The earlier occurrence of the peak level of 
serum glycine concentration is suggestive of this, and 
the similarity of cell membrane transport systems in 
several types of cells? would lead one to expect that an 
abnormality in amino-acid transport across the renal 
tubular cell membrane might be duplicated in the mem- 
brane transport systems of other cells. 

If such a universal cell membrane defect were the case, 
ə unitarian hypothesis for the aetiology of primary 
hyperuricaemia suggests itself, namely, that primary 
hyperuricaemia is a disease of membrane transport. 
There is an increased rate of net uptake by renal tubular 
cells of at least one purine precursor (glycine) leading to 
decreased excretion, and increased rate of net uptake of 
purine precursor by purine-producing cells leading to 
increased availability of purine precursor within these 
cells and increased purine production. Thus the ‘renal 
retention’ and ‘overproduction’ theories of the aetiology 
of hyperuricaemia could be reconciled. 

This work was supported by grants from the U.S. 
Public Health Service, AM-06671 and AM-08106. 
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Antigenicity of a Carboxymethylcellulose 
Bovine Serum Albumin Glycoprotein in 
Conventional and Germ-free Mice 


Durine the course of studies on the biological proper- 
ties of synthetic glycoproteins it seemed desirable to 
obtain information as to their antigenic properties. 
Micheel and co-workers showed that a number of com- 
pounds in which carbohydrate was covalently bound to 
protein were antigenic in their entirety when injected 
into rabbits!:*. Good antibody response to Pneumococcal 
Type III polysaccharide, the components? of which are 
structurally similar to those found in carboxymethyl- 
cellulose (CMC), has been shown in mice‘. Since little is 
known with respect to the antibody response of germ- 
free animals in general and since mice are one of the 
easiest animal species to raise under germ-free conditions, 
it was hoped that this investigation would provide informa- 
tion with respect to the immunological responses of 
gnotobiotic mice in addition to the antigenic properties 
of CMC. 

A synthetic glycoprotein containing CMC and bovine 
serum albumin (BSA) covalently bound to each other 
was administered to 14 Swiss mice which were housed in 
conventional quarters, and to 13 Swiss mice maintained 
in & germ-free environment in Fisher—Kewaunee—Horton 
units. The mice were approximately two months old 
when the injections were started. 

The synthetic glycoprotein wes prepared by adding 
crystalline BSA to a solution of CMC (mol. wt. 40,000) 
the carboxyl groups of which had been activated by 1-cyclo- 
hexyl]-3-(2-morpholiny]-(4)-ethyl)-carbodiimide metho-p- 
toluene sulphonate’. The linkages between CMC and 
BSA were of the amide type involving carboxyl groups of 
CMC and amino groups in BSA. The BSA not bound to 
CMC was removed by precipitation with HClO,, with a 
final HClO, concentration of 20 per cent. The glycopro- 
tein (BSA-CMC) was homogeneous when analysed electro- 
phoretically in veronal buffer, pH 8-6, u = 0-1, with a 
Tiselius-type model 38-4 Perkin-Elmer electrophoresis 
apparatus equipped with a 6 ml. cell. The CMC/BSA 
ratio in the glycoprotein was 15. Full details of the 
preparation and properties of the glycoprotein will be 
presented elsewhere®. 

The glycoprotein (0-1 ml. of a 2 per cent solution using 
0-85 per cent NaCl as the solvent) was administered to the 
mice via the tail vein twice weekly for a total of seven in- 
jections. Seven days after the final injection, the animals 
were bled retro-orbitally and killed. Serum was collected 
and its reactivity toward the following antigens was ascer- 
tained using the double-diffusion gel method’. The antigens 
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were 2 per cent glycoprotein, 2 per cent BSA and 2 per _ 


cent CMC. Serum was also collected from four conven- 
tional and five germ-free mice to whom BSA had been 
administered and from four conventional and five germ- 
free mice to whom CMC had been given. BSA was 
administered in a manner similar to that deseribed for the 
glycoprotein. An incomplete Freund adjuvant was used 
in conjunction with the CMC administration. The 
reactivity or BSA, CMC and glycoprotein to these sera 
was determined also by the double-diffusion gel method. 
The reactivity of the synthetic glycoprotein antisera 
toward various antigens is summarized in Table 1. In 
both the conventional and germ-free animals, the glyco- 
protein was a potent antigen. In only one of the animals 


Table 1. IMMUNOLOGICAL RESPONSE IX MICK TO SYNTHETIC GLYCOPROTEIN 
AND REACTIVITY OF THE ANTISERA TO VARIOUS ANTIGENS 
Glycoprotein antisera 
Antigens Conventional Germ-free 
2 per cent CMO $/14 7/18 
2 per cent BSA 12/14 12/13 - 
2 per cent glycoprotein 13/14 12/13 
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in each group did the glycoprotein fail to elicit an immuno- 
logical response detectable by the Ouchterlony procedure. 
The BSA and CMC moieties of the glycoprotein both served 
as antigens. Twelve of the 14 antisera obtained from 
conventional animals reacted with BSA and all but one 
of the germ-free animal antisera gave a positive reaction 
with BSA. Seven of the germ-free animal antisera pre- 
cipitated in the presence of CMC whereas only three of the 
conventional animal antisera were positive in this respect. 


Table 2. Tims REACTIVITY OF ANWI-BSA AND ANTI-CMC SERA TO VARIOUS 


ANTIGENS 
Antigens Anti-BSA sera Axnti-OMC sera 
2 per cent OMO 0/9 2/9 
2 per cent BSA 6/9 0/9 
2 per cent glycoprotein 7/9 6/9 


The reactivity of the anti-BSA and anti-CMC sera 
toward the three antigens employed in this examination is 
shown in Table 2. CMC gave a positive reaction with 
only two of the anti-CMC sera and BSA reacted positively 
with six of the nine anti-BSA sera. None of the anti-BSA 
sera reacted with OMC and no antibodies toward BSA 
could be detected in the anti-CMC sera. The synthetic 
glycoprotein formed precipitin bands with seven of the 
nine sera obtained from animals immunized with BSA 
eae six of the nine sera from mice injected with 

The synthetic glycoprotein exhibited strong antigenic 
properties in both conventional and germ-free animals. 
Undoubtedly, the BSA moiety contributed greatly 
toward its antigenicity but the CMC portion also exerted 
some antigenic power, probably through a combination of 
factors, one of which may be the previously referred to 
structural similarity to Pneumococcal type IIT polysac- 
charide which has been shown to be a good antigen in 
micet. Certainly the reactivity of the glycoprotein anti- 
sera with CMC is indicative of antigenicity of the poly- 
saccharide moiety. 

CMC did not appear to be a strong antigen, even when 
administered with the incomplete adjuvant. This may 
have been a result of the measuring device employed in 
this study since the anti-CMC sera, which gave only two 
positive reactions toward CMC, reacted to a greater extent 
with the glycoprotein, that is, six of the nine sera reacted 
positively with the glycoprotein. The apparent lack of 
antigenicity of CMC could be a function of its compara- 
tively low molecular weight: 40,000. The minimum 
molecular weight of the glycoprotein as calculated from 
the ratio of the CMC and BSA content would be approxi- 
mately 670,000. The compound of higher molecular weight 
should presumably be less subject to renal clearance. 

The glycoprotein employed as an antigen in this exam- 
ination was more resistant to attack by proteolytic 


wenzymes, such as papain, than was the parent compound, 


= 


BSA (ref. 5). This would indicate that the synthetic 
glycoprotein might retain its antigenic character longer 
than BSA. Wostmann has shown that BSA failed to 
elicit an immunological response in germ-free animals 
unless it was administered in conjunction with an 
adjuvant®. In our experiments, the synthetic glycopro- 
tein was administered without any adjuvant being present 
and appeared to be a powerful entigen. This would indi- 
cate that the germ-free animal, when stimulated properly, 
is as capable of producing as good an immunological 
response as is the conventional animal. Bauer, Horowitz 
and Popper have shown that conventional and germ-free 
animals reacted in a similar manner when challenged by 
bacterial antigens?. 

Further examinations are in progress in which the 
antigenicity of CMC, BSA and glycoproteins of varying 
CMC/BSA ratios are being determined in germ-free 
animals. l 

This work was supported by the Health Research and 
Services Foundation of Pittsburgh grant G-25 and by the 
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AI—05596. 
Davin PLATI 
Joun E. BICANOVSKY 
Mitton H. DaLBow 
JOHN ©. THONARD 
Microbiology Department, 
School of Dentistry, 
University of Pitisburgh, 
Pittsburgh, Pennsylvania. 
1 Micheel, F., and Dorner, IL, Z. Physiol. Chem., 280, 92 (1944). 
* Micheel, F., and Schallenberg, B., Z. Physiol. Chem., 291, 87 (1952). 
3 Reeves, R. E., and Goebel, W. F, J Biol. Chem., 189, 511 (1941). 
i Schiemann, O , and Casper, W Z Hyg Infecktwn., 108, 220 (1927). 
8 Hunt, N. J., master’s thesis, Univ, of Pittsburgh (1962). 
t Platt, D , and Hunt, N. J. (unpublished work). 
? Ouchterlony, O , Acta Path. Microbiol. Scand., 26, 507 (1949). 


3 Wostmann, B., Ann. N.Y. Acad. Sci., 94, 272 (1961). 
° Bauer, H., Horowitz, R. E., and Popper, H., Fed. Proc., 22, 374 (1963). 


BIOLOGY 


A Comparison of the Calcium Concentration 
of Submazillary Salivary Glands 


THis communication reports the calcium concentration 
of submaxillary salivary glands of mammals including 
man. The submaxtlary glands of the rat have been 
reported to contain more calcium than blood or other soft 
tissue’. The calcium concentration of the submaxillary 
glands of other mam-nals have not been compared using 
the same analytical procedures. The work recorded here 
was undertaken to determine whether the high concentra- 
tion of calcium encountered in the rat submaxillary gland 
was characteristic of these glands in other mammals and 
man. 

Submaxillary salivary glands were removed from rats, 
mice, rabbits, cats, dogs and sheep, following lethal doses 
of sodium pentalbarzital. Cattle glands were obtained 
from an abattoir immediately after slaughter. Human 
material was obtained at autopsy by the Pathology 
Department of Ben Taub Hospital, Houston, Texas. 

Whole glands or representative portions of the glands 
were dred at 100° C and ashed at 500° C for 24h. The 
ash was dissolved in a small volume of 1 N hydrochloric 
acid and a sufficient volume of distilled water to obtain a 
final eoncentration of 0:1 N hydrochloric acid. Standards 
of known amounts of calcium were treated in the same 
manner. Calcium snalysis was done on appropriate 
aliquots of the disscfved ash by automatic EDTA titra- 
tion?. Calcium concentration was expressed as milligrams 
of calcium per 100 g of wet weight tissue. Repeated 
analysis of aliquots af the same ashed samples gave results 
within the limits of the precision of the method used?. 
Analysis of the right and left glands of three male adults 
of each species was used for the results presented in 
Table 1. 

Variations in the calcium concentration of the glands 
from the same species were to be expected since the 
calcium content of tiis tissue is affected by the extent of 
salivation prior to death®. There is a marked difference 
m the submaxillary gland’ calcium concentration of the 
species examined as indicated in Table 1. Cattle glands 
have the highest concentration while those of mice 
are the lowest in calcium. 


Table 1. THE CALGIUM CONCENTRATION OF SUBMAKILLARY SALIVARY 
GLANDS OF VARIOUS MAMMALS EXPRESSED AS MQ OF TOTAL CALOIUM PER 
100 a or Wer WEIGHT or TISSUE 


Calcium content 
(average +S.E. of mean) 


Mouse (Swiss albino) 10-3416 
Rabbit 15 242-1 
Human 18°1+2°0 
Rat (Holtzman) 8301419 
Sheep 49°'1+3-1 
Cat 63-8 + 4:8 
Dog 701+4:2 
Cattle 84-0+61 
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Histochemical examination of submaxillary glands 
shows differences between rats, rabbits, human beings, 
dogs and cattle’. The variation in the metachromatic 
properties used for their differentiation is apparently 
related to the sialic acid content of the mucins extracted 
from the glands’. A calcium-binding salivary gland 
mucoid, containing sialic acid, hexosamine and protein, 
has been isolated from bovine submaxillary glands*. On 
the basis of the calcium concentration of 3-3 per cent, this 
mucoid, which represents approximately 1 per cent of the 
wet weight of the gland, would account for more than 
30 per cent of the total calcium present in the gland. 
There also appears to be a direct correlation between the 
calcium concentration of the salivary glands as reported 
in this paper and the published values of sialic acid con- 
centration of extractable mucins of human, cattle, dog 
and rat glands’. 

This work shows that the calcium concentration of 
submaxillary glands is markedly different in the species 
examined. In mice it is as low as that found in plasma, 
whereas in cattle it is 7~9 times this value. 

In view of the fact that a bovine salivary gland mucoid 
has been reported to contain a high amount of caleium 
and that the sialic acid content of the mucoid of four 
species is in the same order as the calcium content of the 
submaxillary glands found in this communication, it is 
suggested that the calcium content of salivary glands is 
related to the sialic acid content of the mucoid present. 

Some of this work was carried out at the Biological 
Laboratories, Rice University, Houston, Texas, and sup- 
ported by a grant from the U.S. Public Health Service. 
I thank Prof. D. H. Copp of the Department of Physiology, 
University of British Columbia, for providing facilities 
for these investigations. 
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Effect of N-Dimethy! Amino-succinamic 
Acid (B-995), a Growth Retardant, on Drought 
Tolerance 
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& percentage of water content at saturation. As shown in 
Table 1, leaves and fruit from treated trees had a lower 
water deficit than the controls. This occurred whether 
samples were taken from fruiting or non-fruiting spurs. 


The leaves used to determine water deficit were also” > 


used for determination of transpiration rate. After the 
leaves had become fully turgid, they were removed from 
contact with water, exposed to uniform atmospheric 
drying conditions in the laboratory, and weighed after 
30 min, and 1 and 6 h to determine transpiration rate. 
As shown. in Table 1, the treated leaves lost water at a 
slightly lower rate than the controls. However, in subse- 
quent tests using a leaf potometer in which water was 
supplied continuously to the leaf petiole and transpiration 
rate determined by weighing, it was found that in only 
3 out of 10 trials (10 leaves/trial) had treated leaves 
transpired less and in the remaining trials there was no 
difference in rate of water loss from treated and control 
leaves. 

A more detailed investigation was then initiated with 


sunflower (Helianthus annuus) as the test plant. Seedlings * 


were grown. in 5-in. plastic pots of silt loam, soil until the 
primary leaves were completely expanded and then the 
seedlings were treated with three sprays of 2,000 p.p.m. 
at 5-day intervals. When a noticeable difference in size 


between treated and non-treated plants had developed, 


watering was discontinued and the plants wore allowed to 
gradually dry out the soil in the pots. As the plants 
wilted, samples were taken. periodically to determine plant 
water content, plant water deficit, and soil moisture 
content. Plant samples were obtained by cutting off the 
entire top (leaves plus stem) of each seedling at a point 
just below the primary leaves. Soil samples were obtained. 
by unpotting the seedlings and taking approximately 
200 g of soil. 

The samples were taken at four stages of wilting, with 
an elapse of time between each stage. Both treated and 
check plants were selected at the same time as they 
appeared to dry out at the same rate. The plants were 
selected on a visual basis as follows: stage 1, slight wilting, 
all plants expected to recover after re-watering; stage 2, 
moderate wilting, most plants expected to recover; stage 3, 
severe wilting, approximately half the plants expected to 
recover; stage 4, very severe wilting, most plants not 
expected to recover. At each stage, half the plants were 
re-watered to compare the ability of treated and control 
plants to recover following wilting. 

There was no dramatic effect of treatment on the mois- 
ture status of the plants or of the soil in the pots (Table 2). 
However, treated and control plants differed in their 
ability to recover turgidity and resume growth on re- 
watering. All plants recovered from wilting stages 1 and 


tm! 


2, and only 1 check died at stage 3. However, at stage 4 “ 
seven of ten checks died and only three of ten B-995 plants m- 
died. An attempt was made to determine the transpires 


RECENT information has shown that growth retardants 
such as (2-chloroethyl) trimethyl ammonium chloride 
(CCC) and 2,4-dichlorobenzyltributy! phosphonium chloride 


(“Phosfon’), applied as foliar sprays, can increase the 
drought tolerance of certain plants!~. 

Another growth retardant, N-dimethyl amino-succina- 
mic acid (8-995), has shown considerable promise as a 


tion rate of individual leaves which had been placed with 


Table 1. HrFEct oF B-995 FOLIAR SPRAY ON WATER DEFICIT AND TRANS- 
PIRATION RATE OF ‘RED DELICIOUS’ APPLE TRER SAMPLES * 


Water defieit 


retardant for fruit trees‘-*, but little information is avail- Leaves from Leaves from Transpiration t 

able concerning its effects on drought tolerance. Green- non-fruiting fruiting Fruit 0 ih 6h 
house observations of growth reduction in several plant 4 as G. fa: i eon ease tae 
species indicated that B-995 may also increase tolerance to B-995 128 140 05 048 066 1:80 


drought and this led to the work reported here. 

In an initial experiment dealing with growth reduction 
in fruit trees, samples of fruit and leaves were taken from 
apple trees (variety “Red Delicious’) which had been 
treated with two sprays of 2,000 p.p.m. of B-995 six weeks 


: i : Check B-995 

earlier, and measurements of water deficit and transpira- Plant of Soll Plant of, Soil 
tion rate were made. The water deficit of intact leaves water Water water water Water water E 
was determined by obtaining their fresh weight, saturated TA mo p pra E go ss w 
weight after water absorption through the petiole for Singe 9 229-6 515 30 251:2, 523 “4 

” 24h ina humid chamber at 100 per cent relative humidity Stage 8 203-9 60-0 29 203-7 59-3 2-9 

' . ? 2 3 Da i ‘ J. 

and oven-dry weight (70° C). Water deficit was calculated PRS E. -ASA ae : pre mee j 


as the change in water content on saturation expressed as 


* All values are averages of 10, 3 
f Rate determined for single leaves not in contact with water, results 
expressed as g water/g dry weight. 


EFFECT OF B-995 ON MOISTURE STATUS OF SUNFLOWER PLANTS 
AND Som AT FOUR STAGES OF WILTING* 


Table 2, 


* All values are averages for 10 plants. 
+ Percentage of dry weight 


ae 


5j 


<? 


EY 


No. 5019 January 8, 1966 


their petioles ın water in a humid chanber (100 per cent 
relative humidity) and allowed to regain full turgor. 
Determination of transpiration rate of leaves at each stage 
was hampered, however, because the check leaves tended 
to re-wilt quickly when removed from the humid chamber. 
In fact, at stage 4, only 1 of ten check leaves regained 
turgor in the humid chamber, although 9 of ten B-995 
leaves did. 

In summary, it can be said that B-995 treatment does 
not appear to have a consistent effect on the magnitude 
of water deficit developed by plants subjected to drought 
or to delay the onset of wilting; however, the treatment 
does seem to enhance the ability of the plant to recover 
on watering after severe drought conditions, 
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Short-term Temperature and Light Conditions 
associated with Auxospore Formation in the 
Marine Centric Diatom Coscinodiscus concinnus 

W. Smith 


THE periodic appearance of auxospores in a uni-algal 
culture of the marine centric diatom Coscinodiscus 
concinnus W. Smith (Holmes and Reimann!) made 
possible an investigation of the temperature and light 
conditions under which auxospore formation occurs. 
By using the cross-gradient apparatus of Jitts et al.? I 
was able to expose potential auxospore forming cultures 
to 64 different light and temperature combinations 
simultaneously. The cells were examined daily by remov- 
ing the culture vessels from the gradient block and scan- 
ning the contents with an inverted micrascope. 

Altogether three different experiments were run, each 
lasting 6-7 days. Cultures were used in which no auxo- 
spores or male gametes were visible initially. The 
population density of the culture used was adjusted with 
sterile media (see following) to yield approximately 
100-200 cells per ml.—a density that was optimal for 
viewing under the inverted microscope. The incident 
light and temperature ranges were the same in each 
experiment, namely, 0-003-0-5 Langlies per min and 9-0°— 
26-7° C, respectively. However, different light and dark 
periods. were used. In the first experiment the organ- 
isms were illuminated for 16 h daily, ın the second for 
12 h daily and in the third for 8 h daily. Guillard’s® f 
medium, diluted with‘an equal volume of 80 per cent sea 
water collected near shore off La Jolla, and modified to 
yield a final concentration. of 150, 250 and 25 ug at. of 
silicon, nitrogen and phosphorus per litre, was used in the 
first and third experiments. In the second experiment the 
silicon, nitrogen and phosphorus concentrations were 
reduced to 0:25 of that given here. The results of these 
experiments are summarized in Fig. 1, which includes 
observations on the presence of free-swimming cells 
(believed to be male gametes) in the experimental cultures 
as well as on auxospore occurrence. 

The observations (Fig. 1) show that colourless uni- 
flagellate male gametes developed and were released from 
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the parent cells over a wide temperature (9°~26-7° C) and 
light (0-003-0-50 Langlies per min) range. This range prob- 
ably somewhat exceeds the tolerance of the species for 
growth since the cells held at the extremes of light and 
temperature appeared very unhealthy in each of the 
experiments. The photo-period also influenced the range 
of conditions under which the gametes developed and were 
released. In the first and second experiments (16 and 12 h 
of light daily, respectively) the range of conditions 
suitable for male gemete formation was considerably 
more restricted than in the case of the shortest photo- 
period (third experiment—8 h of illumination daily), 
where gametes appeaced over almost the entire range of 
experimental conditicns. A difference in nutrient con- 
centration (second experiment) seemed to have little 
effect on the range of zonditions under which male gamete 
formation occurred. The male gametes appeared in 
maximum abundance a day or two before auxospore 
formation, although co-occurrences were sometimes 
observed. In this latter case the peak abundance had 
passed and only a “ew living gametes were observed 
together with the auxospores. 

Auxospore (zygote ?) formation occurred over a much 
more limited range of temperature and light intensity and 
is markedly influenced by photoperiod (Fig. 1). The 
results of the first and second experiments were rather 
similar in that auxospores formed only between 0-05 and 
0-04 Langlies per min (see Fig. 1) and, with one exception, 
only between 21:6° and 24-1° C. Under the 8 h of daily 
illumination, however, a considerably wider temperature 
and light range was sonducive to auxospore formation, 
namely, between 16-1? and 24-1° C and between 0-02 and 
0-50 langlies per min. Furthermore, the shortest photo- 
period (Fig. 1) accelerated. the formation of auxospores. 
These were observed within 38 h after placing the cells 
on this light-dark cycle, whereas in the other two experi- 
ments, periods of 76 or more hours elapsed before auxo- 
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Fig 1. Temperature and light conditions under which male gametes 

and auxospores were observed in Coscinodiscus concinnus in three experi- 

ments with different photo-periods (16 light-8 dark, 12 light-12 dark, 

8 light-16 dark, h daily), Male gametes, +++, abundant: + +, 

common; +, rare; —, absant. The presence of puxospores is indicated 
ty the hatched areas 
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spores formed. As was the case with male gamete 
formation, no appreciable effect of low nutrient concentra- 
tions (Exp. 2) was observed. 

A number of factors have been reported to influence 
auxospore formation in centric diatoms*~’ once the cells 
became physiologically capable of producing them!:5.8, 
Among these factors, light‘ and temperature’ may be 
included. I know of no published investigation in which 
the effects of different photo-periods are discussed in this 
respect. Dr. Richard Norris of the University of Wash- 
ington has informed me, however, that work carried out 
in his laboratory has revealed that short photo-periods 
will induce auxospore formation in Ditylum brightwellii. 

An extrapolation of these experimental observations 
to the environment is perhaps premature, but the data 
suggest that in C. concinnus auxospore formation should 
occur near the sea surface where light intensity is high. 
Other things being equal, we would expect to observe this 
phenomenon under the broadest range of temperature 
and light during that portion of the year when the number 
of daylight hours is small. 

This work was supported in full by the U.S. Atomie 
Energy Commission contract AT(11~1)-34, project 108. 
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Oxygen and Phytoplankton Changes in the 
Newly Forming Volta Lake in Ghana 
TE Volta Dam was closed on May 18, 1964, initiating 
the transformation of a tropical river into one of the 
largest man-made lakes in the world. This lake will lie 
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between latitudes 6° N. and 9° N. along the 0° meridian. 
Stretching more than 250 miles, it will eventually cover an 
area of 3,275 square miles and hold 120 million ft./acre of 
water. The maximum elevation of the water surface will 
be maintained at 276 ft. above sea-level and the seasonal 
variation in depth will be 8-10 ft. 

The plankton and the various physico-chemical factors 
of the water are being investigated by members of the 
Volta Basin Research Project of the University of Ghana!. 
An intensive investigation has been undertaken of samples 
collected at Ajena, 2 miles north of the dam site at 
Akosombo. At first, samples were collected from the 
surface in mid-stream and, shortly after the closing of the 
dam, the middle and bottom depths were sampled in 
addition by using a Ruttner sampler. 

A correlation between the amount of dissolved oxygen 
and phytoplankton has been observed since the closing of 
the dam. Dissolved oxygen was estimated by Winkler’s 
method and expressed as a percentage of the saturation 
according to Truesdale, Downing and Lowden*. Phyto- 
plankton was estimated by the sedimentation technique, 
using an inverted microscope, and expressed as the 
number of individual organisms per ml. 

Before closing the dam, the river water was super- 
saturated with oxygen (110-170 per cent saturation) 
irrespective of the density of phytoplankton. The dam 
was closed at a time when a waterbloom due to a blue- 
green alga, Anabaena aphamzomenoides Forti, was rapidly 
declining. The immediate effect was an abrupt increase 
of this alga, accompanied by a phenomenal excess of dis- 
solved oxygen of 324 per cent saturation; such an excess is 
rarely observed and the cause is not well understood’. 
In this case it appeared to be due to the increasing phyto- 
plankton which contributed more oxygen to a suddenly 
stagnated water which was already supersaturated. 
Later, the rapid decline of Anabaena continued and the 
dissolved oxygen rapidly decreased to as low as 16 per 
cent saturation on June 19. An increase of phytoplankton 
then followed and another blue-green alga, Mzcrocystis 
flos-aquae (Wittr.) Kirchn., succeeded, and formed a peak 
on July 10; at the same time the dissolved oxygen in- 
creased to 36 per cent saturation. The subsequent decline 
of Microcystis was found to correspond with the decreasing 
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Fig. 1. Relationship between oxygen (---) and phytoplankton (—). Part A represents the surface samples, 


B the middie depth and C the 
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oxygen content and by July 31 both were at their lowest. 
_ Later an increase of a green alga, Ankistrodesmus falcatus 
_ (Corda) Ralph., was associated with the increase of dis- 
_ solved oxygen to 33 per cent saturation. It thus appears 
_ that the changes in the dissolved oxygen are intimately 
_ associated with the phytoplankten content. This is also 
true at the middle and bottom depths of the lake (Fig. 1, 
=B and C). 
-The oxygen depletion was greatest on July 31 when the 
_ water was isothermal at 27-4° C through its depth of 24 m 
== (279 fb.). So far there has been no establishment of 
permanent thermal stratification, as was also observed at 
Lake Kariba when its level was still rising‘. 
I thank Prof. G. W. Lawson, Mr. R. 5. A. Beauchamp, 
vof. D. W. Ewer, and Dr. B. J. Harris, for their advice. 
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-influence of the Neural Tube on the 
Differentiation of the Inner Ear in the 
Mammalian Embryo 


-Ir has long been known from transplantation əxperi- 
ents that in amphibians and birds the differentiation 
the otic vesicle into a normal labyrinth depends on 
Ə influence of the neural tube!-*, but on account of the 
echnical difficulties involved it has not been possible to 
nd these findings to mammals by means of similar 
riments. The use of mutant mice is the most promis- 
ing way of circumventing these difficulties. An analysis 
of the abnormalities of the inner ear in kreisler (kr/kr) 
”  mice® provided evidence that the neural tube plays the 
game part in the differentiation of the inner ear in mammals 
as in amphibians and birds. Corfirmatory evidence was 
< obtained from a study of dreher (dr/dr) mice’. It had 
been known for some time that, in this mutant, the differen- 
tiation of the inner ear was faulty. It was argued that, if 
the kreisler interpretation was eorrect, then in dreher 
-embryos abnormalities of the neural tube in the region 
of the myelencephalon might precede those of the inner 
ear. This turned out to be the case®. Still further con- 
=: firmatory evidence can be obtained by approaching the 
-= problems from the opposite direction, that is, by examin- 
ing the inner ear in mutants where nothing is xnown 
~ about this organ but where the neural tube is known to 
“be abnormal. Such an attempt is the subject of this 
report. 
‘The mutants selected were Splotch (Sp)? and Loop- 
il (Lp)*. The homozygotes in both these mutants have 
ctensive abnormalities of the neural tube, and die 
ng the middle or late stages of gestation. In Lp/Lp 
, Virtually the whole of the neural tube fails to 
nd the neural tissue proliferates excessively. The 














abnormalities are similar in Sp/Sp embryos, but not so 
widespread, the neural tube often closing in the normal: 
manner in the cervical and thoracic regions, and occasion- 
ally also in the cranial region. The material used was 
kindly supplied by Dr. Margaret C. Green and Dr. Margaret 
Dickie of the Jackson Laboratory, Bar Harbor, Maine, 
U.S.A., whose help is gratefully acknowledged. There were 
27 embryos in all frem the Splotch stock, 14 normal (+/+ 
or Sp/+) and 13 abnormal (Sp/Sp). Among the abnormals 
there were three in which the malformations of the neural 
tube were confined to the sacro-caudal region. Only 
ll embryos were available from the Leop-tail stock, 
seven normal (+ / + or Dp/+) and four abnormal (Lp/Ip), 
but the results were so clear-cut that this number was: 
considered, quite sxfficient. Since the differentiation ¢ 
the otic vesicle does not begin until the 10-day stage a 
is complete in most essential respects by the 13-day st 
no younger or elder embryos were examined. “a 

The labyrinth was normal in the three Sp/Sp embr 
in which the malfcrmations of the neural tube did not- 
extend to the sramial region. In all the other Sp/Sp — 
embryos the differentiation of the otic vesicle was abnormal 
right from the beginning, although its position appeared 
to be normal. At the 10-day stage the point of origin of 
the endolymphasic cuct is shifted backwards and upwards, 
and the duct itself is short and conical instead of being- 
long and tubular. This difference becomes more pros. 
nounced at the [1-day stage, the duct growing backwards. 
and outwards, aud not vertically upwards as in the norma 
(Figs. 1 and 2). As the 12-day stage the cochlear 
can be seen growing :n the medial direction. The vestib 
part of the labyrinsh now lies lateral to it, whereas 
normal position is behind and above the cochlea. ¢ 
13-day stage the vestibular part may even exte 
front of the cochiea. Not a single structure in the labyr 
of Sp/Sp embryas is normal. The coiling of the cock 
tube is very poor, and the sacculus and the utriculu 
so far as they caa be distinguished, bear little resemblance 
to the normal. The semicircular canals are present, but 
their planes, points of origin and relationship to the rest. 
of the labyrinth are all abnormal. Ths anatomical 
situation is much ñe same in Lp/Lp embryos (Fig. 3), 
except that the abnormalities are even more severe: 
the endolymphaisic sac in later stages grows to vast pro- 
portions, and the formation of the semicircular canals 
may be completely or partially suppressed. 

In both the mutants the neural tube (or the neural 
plate) is believed to be the site of gene action. Its abnor- 
malities appear before those of the inner ear. The latter 
cannot be explained away as the result of retardation or © 
ascribed to mechancal causes. They may be regarded 
as secondary effects of the genes concerned, produced 
through the ageacy of the neural tube. This is evident 
from the norma! structure of the labyrinth in the three 
Sp/Sp embryos in which the neural tube was normal 
in the cranial region. When considered in conjunction ` 
with previous work on kreisler> and dreher* mutants, 
the results of this investigation provide strong evidence: 
that in mammals the differentiation of the inner ear is 
controlled by the reural tube in the same way as in 
amphibians and bircs. Whether the neural tube exerts a 
direct influence cr whether it works indirectly through its - 
control of the movements and divisions of the facial- 
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Figs. 1-3. Transverse sections through the inner ear of an 11-day 

normal embryo (Fig. 1) (x 40), its Sp/Sp littermate (Fig. 2) (= c. 42) 

and an Lp/Lp embryo of the same age (Fig. 3) ( = 40), Note that although 

the neural tube has failed to close in both Sp/Sp and Lp/Lp embryos, it 
is covered over by mesenchymous tissue in the former (Fig. 2) 


acoustic ganglionic complex? is not clear. Mutants 
necessary for the elucidation of this point have recently 
been discovered, and their investigation is in progress. 


M. S. DEOL 


Medical Research Council 
Experimental Genetics Research Unit, 
University College London. 
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ENTOMOLOGY 


Plastron Respiration in Marine Insects 


THE immature stages of more than 150 species of insects 
appear to be restricted to the intertidal zone. Most of 
these are flies, and most of the flies belong to the families 
Chironomidae, Tipulidae, Dolichopodidae and Canacei- 
dae. A fair number of beetles, a few bugs, and at least 
one caddis-fly also breed between tide marks. The 
immature stages of most of these insects absorb oxygen 
from the water directly through their cuticle. However, 
the respiratory horns of the pupae of apparently all 
Tipulidae, the species of Aphrosylus (Dolichopodidae), 
and Canace nasica Haliday (Canaceidae) are modified to 
form plastron-bearing spiracular gills. About thirty-five 
species of Canaceidae are known. All appear to be marine 
except two species of Protocanace that have invaded 
freshwater streams, one in the Hawaiian Islands and the 
other in Java. On general grounds I suspect that many 
of the pupae of the Canaceidae will be found to have 
plastron-bearing gills. 

A plastron is a gas film of constant volume and an 
extensive water—air interface. Such films are held in 
position by a system of hydrofuge structures (Fig. 1) and 
can resist wetting by the hydrostatic pressures to which 
they are normally subjected in nature. In well-aerated 
water a plastron enables the insect to remain immersed 
indefinitely, when it obtains the oxygen it requires from 
the ambient water. Insects with a plastron are restricted 
to well-aerated waters because a plastron becomes a very 
efficient means of extracting oxygen from the tissues if the 
oxygen pressure of the environment falls below that of the 
tissues, 

A characteristic feature of the environments that con- 
tain well-aerated water is that they may be alternately 
flooded and dry—streams, the littoral of lakes, and intertidal 
areas. The insects that inhabit them are therefore liable 
to be exposed above water. The great advantage of a 
plastron is that it enables the insect to meet the con- 
tradictory demands presented to it by such environments: 
a plastron is adapted both for the extraction of oxygen 
dissolved in the water and for atmospheric respiration. In 
water the plastron provides an enormous surface area for 
the extraction of oxygen, but, when the insect is exposed 
above water, it provides a direct route for the entry of 
atmospheric oxygen that does not necessarily involve 
water-loss over a large surface area because the connexion 
between the plastron and the internal tissues may be very 
restricted, 





Fig. 1. Surface view of the plastron of the spiraculur gill of Geranomyia 
unicolor Haliday taken with a stereosean electron microscope 
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Right side of the pupa of Aphrosylus celfiber Haliday. The 
plastron-bearing area of the spiracular gill ıs stippled 


Fig. 2. 


In most climates many terrestrial insects are alternately 
dry and flooded. When they are covered by water, the 
water 1s usually well aerated. To be submerged in water 
for several hours or even days when it rains heavily is no 
rare or isolated event but is a normal hazard of their 
environment. It might therefore be expected that many 
terrestrial insects are adapted for respiration in water in a 
manner no less complex than are many aquatic insects. 
Indeed, it has been shown that a wide variety of terrestrial 
eggs use the plastron method of respiration when they are 
flooded?-, 

The intertidal Tipulidae all belong to the tribe Limoniini. 
It has previously been noted’ * that in all or nearly all 
Limoniini the epidermal cells which secreted the gill are 
left behind in the lumen of the gill at the time of the 
pupal-adult moult. During the pupal—adult moult a 
thin sheet of cuticle, the basal membrane, is secreted 
across the opening into the gill, with the result that the 
tissue in the gill is completely isolated from the haemocoele 
of the living animal not only by the basal membrane but 
also by a layer of moulting fluid and the cuticle of the adult. 
In Geranomyia unicolor Haliday, and presumably all 
other intertidal Limoniini, the epidermis that is shed at 
this time does not degenerate but remains in good condi- 
tion throughout the pharate adult period, that is, from the 
pupal—adult moult to the pupal~adult ecdysis. It has 
been shown’ that during this period the epidermis 
isolated in the gills of Geranomyia unicolor is competent 
to repair damage to the walls of the gill by secreting a 
plug of sclerotin. 

In Aphrosylus epidermal cells are isolated in the 
spiracular gill in the same manner as in the Tipulidae. 
It may be noted here that epidermal cells are also isolated 
in the lumen of the respiratory horns of a number of terres- 
trial Dolichopodidae. The isolation of epidermal cells, or 
both epidermal and blood cells, in the spiracular pills or 
in the respiratory horns ig now known to occur in about 
ten families of insects. Only a few of those insects which 
have evolved the habit of discarding tissue in the append- 
ages of a previous stage exploit some of the attributes of 
the discarded tissue, which then comes to have a selective 
value it did not originally possess. The function of the 
isolated tissue in different spiracular gills has been sum- 
marized by me’: in some, for example the Simuliidae, 
it is used to expand the gill after the pupal—adult ecdysis’, 
whereas in others it is used both to expand the gill and to 
maintain its turgidity throughout the life of the pharate 
adult, as in the Tipulid T'aphrophia vitripennis Meig’. 

I thank the Cambridge Instrument Co., Lid., for Fig. 1. 

H. E. HINTON 

Department of Zoology, 
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MICROBIOLOGY 


Problem of Absolute and Relative Specificity 
of Intestinal Microfloras based on 
Investigations on Bibio marci 
{Diptera) Larvae 


THE question whəther in the intestinal tract of arthro- 
poda and worms, lving in the soil and feeding on it, a 
specific microflora, differing from that of the soil, 18 
existing or not has not yet been clarified. According 
to some authors the intestinal flora is essentially identical 
with that of the scil}?. Others have found it different 
and characteristic cf the animal species or group®-§. We 
examined this problem on streptomycetes living in the 
intestine of Bibio marci larvae. The larvae are extremely 
widespread in numerous soil-tiypes of Middle Europe and 
live in populations containing 400 to 2,000 individuals 
(from the same ege-laying). Those examined by us were 
taken from a rendsina soil, where their food consisted of 
forest htter and tie organic material of the soil. More 
than 500 larvae were dissected for the examination of the 
intestinal content, and the microbiological analysis of 
many excrement masses, which had accumulated under 
the larva-populations, was also carried out. 

For the isolation of streptomycetes, glycerol-arginine‘, 
glucose~asparagine and glucose—casein agar-media were 
used. From the soil about 3,000 (ref. 7), and from the 
intestine and excrement more than 1,000 strains were 
isolated. The taxonomic examination of the strains was 
based on the internationally accepted methods of Shirling 
and Gottlieb®. The relationships of the great number of 
Streptomyces varieties, isolated from the intestine of the 
larvae, were tracked down by the use of the principles of 
numeric taxonomy, the determination of similarity in- 
dexes*. Isolates were determined on the basis of collective 
(parallel) examinations with type or authentic cultures 
of known species. The results can be summarized as 
follows: 

(1) The percentaze occurrence of streptomycetes in the 
total intestinal microflora of Bibio maret larvae fluctuated 
between 20 and 5C per cent. (2) While the number of 
Streptomyces and Nocardia species found in the soil was 
more than 30, the Streptomyces-flora of the intestinal tract 
was extraordinarily monotonous, only a few species 
being found, and atsolute dominance of one or two species 
was characteristic. (3) In the intestine of individuals 
belonging to the seme larva-population the species-com- 
position of the Streptomyces-flora, more precisely the 
taxonomic identity of the dominant species (or several 
species), was the same. (4) Although it appears from 
point 2 that in the intestine a ‘specific Streptomyces-flora’ 
is formed, differime essentially from that of the soil, this 
specificity was notsbsolute, only relative. In the intestine 
of individuals of different larva-populations the same 
species did not consistently dominate. In other words, the 
local circumstances of the soil, the composition of food, 
etc., have an effect on the selecting processes taking place 
in the intestine, which in turn result always in the 
predominance of one or two species. (5) No Streptomyces 
species could be found which could live and propagate 
exclusively in tke intestine. (6) The Streptomyces 
species found to be dominant in the intestinal tract 
showed remarkable variability and cguld be isolated in 
several varieties. (7) The Streptomyces species, dominat- 
ing in the intestinal tract, preserved their predominance 
also in the fresh excrement of the animal, where one or two 
species may give 95 per cent of the Streptomyces-flora, and 
70 per cent of the total microflora. These species are later 
gradually repressed, relinquishing their place to the 
natural multispecies microflora of the soil. (8) The most 
frequently occurring dominant Streptomyces species 
isolated from the intestine of Bibio maret larvae were the 
following: Str. jirlayt, olivaceus, antibioticus, flaveolus 


. < Table 1. 


222 


and aureofaciens. A detailed account of this work will be 
published elsewhere. 
J. SZABÓ 
M. Marron 
Institute of Soil Research and Agrochemistry, 
Hungarian Academy of Sciences, 
Budapest IT. 
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VIROLOGY 


Effect of ‘Cephaloridine’ on Vaccinia Virus 

in vitro 

EXPERIMENTS in our laboratory have indicated that a 
new cephalosporin preparation, “Cephaloridine’ (CR), is 
capable of arresting the development of a trachoma agent 
at an early stage, when used in concentrations as low as 
0-1 g/ml. of culture medium. In the present communica- 
tion, some findings on the effect of this antibiotic on the 
multiplication of vaccinia virus in cell culture will be 
described. 

A. dermal strain of vaccinia virus (V-Led-R) was used}. 
Details of the preparation and storage of stock virus 
have been described elsewhere®. Cell cultures were pre- 
pared from a human kidney line originally obtamed 
from the Laboratory of Hygiene, Department of National 
Health and Welfare, Ottawa, Canada. Growth medium 
consisted of M 199 containing 10 per cent calf serum. 
As maintenance medium, a 0-5 per cent solution of lact- 
albumin hydrolysate in Earle’s solution supplemented 
with 2 per cent calf serum was used. Plaque titrations 
and experiments were carried out in Leighton tubes, in 
which confluent cell-sheets were obtained 2—3 days follow- 
ing inoculation with I-ml. portions of growth medium 
containing 4 x 105 cells. Details of the plaque technique 
in liquid medium for the assay of virus and infected cells 
have already been reported?)’. 

In preliminary experiments, the effect of various con- 
centrations of CR on plaque formation was examined. 
About 100 plaque-forming units (P.¥.v.) of the virus were 
added simultaneously with the drug to cell cultures. As 
seen in Table 1, complete plaque suppression was obtained 
at a concentration of 500 ug/ml. A concentration of 300 
ug/ml. reduced the plaque count to less than 50 per cent 
of that in controls, and the average plaque diameter by 
about 70 per cent. Plaque count and size in cultures 
treated with 50 pg/ml. were the same as in control cultures. 

Control experiments indicated that a concentration of 
1,000 ug/ml. of CR was toxic to cultures, causing the cells 
to slough off the glass. Since the dose causing complete 
plaque suppression was so close to the toxic dose, experi- 
ments were carried out to examine its effect on cells in 


z 


EFFECT OF VARIOUS CONCENTRATIONS OF ‘CEPHALORIDINE? ON 
THE DEVELOPMENT OF VACGINIA PLAQUES IN OULTURES OF A HUMAN KIDNEY 
Onin LINE* 
‘Cephaloridine’ Average plaque No. Average plaque 
concentration experiments diam. 
(g/ml) 1 2 8 (mm) 
0 78 112 151 15 
50 81 110 154 15 
100 64 84 109 15 
200 46 65 83 1-0 
300 36 50 71 06 
400 10 12 14 0-5 
560 0 0 0 — 


* OR was added simultaneously with virus, and the number of plaques and 
diameter were recorded after 48 h. 
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the monolayer. It was found that exposure of cultures to 
500 ug/ml. of the drug for 48 h had no damaging effect 
on the cells as judged by microscopic examination, uptake 
of neutral red, and growth on sub-culture. Moreover, fol- 
lowing removal of the drug after 48 h, the cultures were 
ag competent as unexposed controls in adsorbing and 
synthesizing virus, forming plaques of the same number 
and size and yielding the same amount of virus. All 
further experiments were therefore carried out with a 
CR concentration of 500 ug/ml. 

In order to determine whether the suppression of plaque 
formation was due to total or partial inhibition of virus 
multiplication, the increase in virus yield and infected cell 
count was determined in cultures treated with CR after 
they had been allowed to adsorb virus. As seen in Table 2, 
which summarizes a representative experiment, both 
values showed an increase in the CR-treated cultures 
which was, however, much smaller than that in the un- 
treated controls. The virus yield after 24 h was only 
1/50, and the infected cell count only a sixth of the corre- 
sponding values in control cultures. During the following 
24 h, virus yield increased more than sixty-fold in the 
control, and less than two-fold in the treated cultures. 


Table 2 EFFECT OF ‘CEPHALORIDINE’ ON THE YIELD OF VIRUS AND INFECTED 
CELLS IN CULTURES OF A HUMAN KIDNEY CELL LINE* 


Concentration of virus Concentration of infected 
Time nP.F.U. per cells per 
(h) Control CR-treated Control CR-treated 
culture culture culture culture 
0 25 25 25 25 
24 1-2 x 108 24x10? 12x10° 2x10? 
48 7-5 x 10° 3°5 x 107 NDt ND 


* Each culture was allowed to adsorb 25 P F.U. of vaccinia virus, as determ- 
ined from the average number of plaques in 3 control cultures inoculated at 
the same time and stained after 48 h, 500 ug CR were added to the appropriate 
on r h after the termination of a 1-h adsorption period. 

ot done. 


A few experiments were carried out to examine the effect 
of the drug during various stages of virus-cell interaction. 
A. reduction in plaque count of up to about 50 per cent was 
obtained when the drug was present during the adsorption 
period only. A similar reduction was noted when CR 
was incubated with the virus in vitro and the mixture was 
then diluted beyond an inhibitory drug concentration 
prior to inoculation into cultures. It seems, therefore, 
that a direct interaction between virus and drug can 
occur. In order to obtain information on the effect of the 
drug at different stages of the growth cycle of the virus, 
cultures were first inoculated at a multiplicity of 10-20 
P.¥.U. of virus per cell to ensure simultaneous infection 
of all the cells. After an adsorption period of 1 h, they 
were exposed to CR for various time intervals. As seen 
in Table 3, virus yields decreased with increasing periods of 
contact between drug and cells. No significant difference 
in yield was noted when treatment was confined to either 
the first or the last third of the 24-h period of the experi- 
ments. 


Table 3. HFFECT OF THE PRESENCE OF ‘CEPHALORIDINE’ FOR VARIOUS 
TIME INTERVALS ON THE MULTIPLICATION OF VACOINIA VIRUS IN CULTURES 
OF A HUMAN KIDNEY CELL LINE* 


‘Cephaloridine’ Virus yield: control (per cent) 
present Experiments 

(h) 1 2 
0-24 16 13 12 
2—24 21 20 25 
4-24 28 30 34 
6-24 46 44 4} 
8-24 51 54 9 
0-8 67 65 68 


* Control and CB-treated cultures were inoculated at a multiplicity of 
10-20 P.¥.vU./cell, and virus yields were determined after 24 h. 


On the basis of these findings, it would seem that there 
are two aspects to the action of CR. When it is present 
during the adsorption period only, it lowers the efficiency 
of the virus to adsorb to the cells or to penetrate and 
initiate infection. When it is added after the termination 
of the adsorption period, it causes a reduction im the 
amount of virus synthesized. As a result of this reduction, 
which does not seem to be related to a particular stage in 
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virus development, plaque formation is suppressed or 
impaired, depending on the drug concentration used. 

‘Cephaloridine’ was kindly supplied by Glaxo Labora- 
tories, Greenford, Middlesex. 


MostÉ NISHMI 


Department of Virology, 
Hebrew University—Hadassah Medical School, 
Jerusalem, Israel. 
1 Fenner, F., Virology, 5, 502 (1958). 
* Nishmi, M., and Keller, R., Verelogy, 18, 109 (1962). 
3 Nish, M., and Keller, R., Nature, 198, 150 (1962). 


PSYCHOLOGY 


Behavioural Correlates of the Oestrous 
Cycle in the Rat 


CHANGES in certain behavioural functions including 
learning and exploratory behaviour during the oestrous 
cycle of the intact rat have been reported!?. Gray and 
Levine’ recently re-opened the question of the extent to 
which sex differences m such essentially non-sexual 
behaviour could be determined by the altered behaviour 
of females during oestrus (heat). They induced oestrus 
in rats of the Maudsley reactive (MR) and non-reactive 
(MNR) strains by injections of oestrogen and progesterone 
and observed that emotionality as defined by emotional 
elimination and ambulatory activity in the open-field 
test wasreduced. Our purpose is to repeat this work using 
natural as opposed to induced oestrus and to extend it 
both by the use of other mbred strams and measures of 
learning as well as emotionality. 

The oestrous cycle was examined in 62 female rats, 
commencing at a mean age of 130-1 = (S.D.) 31 days, in 
three highly inbred strains, B, F and MNR (LAC Nos. 
1636, 163c and 163g respectively‘), reared and maintained 
under carefully controlled and standardized conditions’. 
Mandl’s technique’ of daily vaginal smearing was used, 
though only four phases were distinguished : early oestrous, 
oestrous, early dioestrous and diosstrous. After an 
average of 37 days, 53 subjects which showed regular 
oestrous cycles were assigned at random to four groups 
representing the four phases distinguished, and each of 
these groups began behavioural testing in a different 
phase of the cycle as shown in Table 1. The lordosis 
response to manual stimulation of the vulvar region’ was 
used, throughout to confirm the presence of behavioural 
oestrus (heat) in rats showing an early oestrous smear. 

Experiments were carried out in two phases. In the 
first, each subject was exposed in the open field’ on five 
successive days to the mild stress of constant light (165 ft.- 
candles) and sound (78 dB above standard reference 
intensity) for precisely 2 min. Two scores were taken— 
the number of faecal boluses deposited, giving a measure 
of defaecation, and the number of compartments marked 
on the floor and traversed by the subject, giving, on 
conversion to a metric distance, the ambulation score. 
In the second phase, 12-36 days later, 44 subjects still 
showing regular cycles were given 40 trials each on a single 
day in a fully automated shuttle-box®. The rat learns 
to avoid an unconditioned stimulus shock of 0-2 m.amp 
by crossing to the other side during a conditioned stimulus 
(buzzer), the onset of which always preceded shock by 8 
sec. The total number of these conditioned avoidance re- 
sponses (CAR), their mean latency and the number of 
trials required to reach various criteria were all used 
as measures of learning. All testing was carried out in 
darkness after 9 p.m. (using red light for identification 
of subjects) in order to maximize the chances of detecting 
heat’. 

The results of both tests showed variation attributable 
to stage of oestrus. Open-field test results for a complete 
oestrous cycle were analysed separately for each strain 
because of the strain differences detected in defaecation 
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and ambulation scores, which, incidentally, confirm those 
previously reparted!*. Because the B strain showed very 
regular four-day nycles, analysis of their ambulation 
scores was confined to the results for the first four days. 
The marked oestrual variation found throughout is shown 
in Table 1, in-which the increment for rats in the early 
oestrous phase, irrespective of the day of its occurrence, 
is apparent. Anatysis of variance of all scores grouped 
together for each stage, irrespective of day of testing, 
yielded a statistically significant F’-ratio (5 per cent level). 
Subsequent t-tests showed that two of the three groups 
not in heat were significantly less active than the early 
oestrous group (mean score 6:00 + 1:45 m). These 
were early dioestrous (3°93 + 2:33) and dioestrous 
(3-84 + 1-86). Ths results for the F strain were similar, 
though failing to show statistical significance, nevertheless 
supporting the view that heat facilitates ambulatory 
activity in the open field. The results for the third strain, 
the MNR, which had been tested 62-79 + 5-31 days 
previously in the cpen field, suggested that this previous 
experience abolished both the oestral and daily variation 
in ambulation scores shown by the B strain (Table 1). 


Table 1. MEAN AMBUDATION (METRES RUN) + SD. IN OPEN FIELD 
ACCORDING TO PHASE OF OESTROUS CYCLE (8 STRAIN) 
Oestrous No.of Oestrous 
Phase on sub- Test day phase on 
teat day 1 jects 1 2 3 4 test day 4 
Oestrous 3 6-26+206 1686+054 2014181 &83+163 Early 
oestrous 
Tany tc 5 6824208 4194171 5744147 79924281 Ocstrous 
oestrous 
Dioestrous § 5274978 54447-3838 4024076 2724131 Early dl- 
oestrous 
Early 5 6954140 3764112 36384011 3154198 Dioes- 
oestrous trous 
Total (all 18 6334363 3994176 4054172 <82+2 95 
phases) 


Note: Results for groups tested when in early oestrous phase, irrespective 
of phase on test day 1, are in italics, 


The defaecation. scores for the B and F strains showed 
only a suggestion of a decrement during heat, in contrast 
with previous findmgs?. The MNE strain typically gave 
zero defaecation ssores, having been negatively selected 
against this trait. 

In the shuttle-box, rats of all strains in the early 
oestrous group consistently gave lower conditioned avoid- 
ance responses as zompared with the other three groups. 
Analysis of variance for total number of CARs out of the 
40 possible yielded an F-ratio for oestrous stage significant 
at the 5 per cent level. The early oestrous group differed 
significantly (0-1-5 per cent by the t-test) from each of 
the other three groups. Mean CAF scores were 18°80 + 
3°98, for early oestrous group; 25:00 + 5-97, for oestrous; 
24:76 + 4:77, earl:7 dioestrous; and 24-35 + 5-49, dioes- 
trous. The same significant differentiation of the early 
oestrous group fron the other three groups was revealed 
in the avoidance latency scores (mean scores (sec): 
3-61 + 1:88, 2-60 + 2-39, 2-99 + 1-26, 2-92 + 2-14 re- 
spectively). In addition, four criterial measures, based 
on the number of trials taken to achieve one, three, five 
and ten consecutive CARs, lent supportive evidence. 
These results therefore indicate that during heat CAR ` 
acquisition was depressed. 

It will be noted that the pattern we have detected during 
the early oestrous dhase of the female rat’s cycle is one of 
lewered indices of emotional responsiveness in the open, 
field (increased ambulation and decreased defaecation) 
together with retarded acquisition of conditioned 
avoidance responses. This retardation has, how- | 
ever, been charazteristically associated with greater- 
emotional responsiveness in comparisons between the 
two Maudsley strains of rats’. On the other hand, the 
greater adrenal sensitivity to stress known to occur during 
oestrus!! may well have occasioned less-efficient learning 
based on shock while still allowing expression of the 
gross activity differences which oestrus is known to 
occasion®1?, In tne open field these might be seen in 
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greater ambulation and in the shuitle-box in greater pre- 
sessional and inter-trial activity—suggestions of which 
were in fact detected, and which may also have con- 
tributed to the poorer learning. But the problem of 
the mechanism of the decrease in open-field defaecation, so 
clearly demonstrated by Gray and Levine*, and which our 
results to some extent support, remains unresolved. 

We thank the Medical Research Council for a student- 
ship awarded to one of us (A. W. B.), and Prof. S. Levine 
for his advice. This investigation was in part supported by 
research grant MH-08712 from the National Institute of 
Mental Health, U.S. Public Health Service. 

A. W. BURKE 

P. L. BROADHURST * 
Department of Anatomy, 
University of Birmingham. 


* Present address: Department of Psychology, University of Birmingham. 
1 Ball, J., Amer. J. Physiol., 78, 533 (1926). 
7 Slonaker, J. R., Amer. J. Physiol., 68, 204 (1924). 
Gray, J. A., and Levine, S., Nature, 201, 1198 (1964). 
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Animals Maintained in Great Britain, second ed. (Laboratory Animals 
Centre, Carshalton, 1958), 


2 Broadhurst, P. L., in Beperiments in Personaiuy, 1, Psychogenetics and 


Psychopharmacology, edit. by Eysenck, H. J. (Routledge and Kegan 


Paul, London, 1960). 
* Mandl, A. M., J. Ezp. Biol., 28, 576 (1951). 
7 Blandau, R. J., Boling, J. L., and Young, W. C., Anat. Rec., 79, 453 (1941). 
* Broadhurst, P. L., and Levine, S., Brit. J. Psychol., 54, 121 (1963), 
? Kuehn, R. E., and Beach, F, A., Behaviour, 21, 282 (1968). 
1 Broadhurst, P. L., and Watson, R. E. J., Anim. Behav.,12, 42 (1964) 
n Barrett, A. M., Acta Endocrin., 84, Suppl. 61, 421 (1960), 
1 Wang, G. H., Comp. Psychol. Monogr., 2 (1923). - 
= a P. L., and Waligren, H., Quart. J. Stud. Alcohol., 25, 476 


Locomotor Activity in Drosophila as a 
Function of Food Deprivation 


UNDER conditions of constant temperature, ad-libitum 
food and a 12-h light-dark cycle locomotor activity in 
Drosophila follows a circadian rhythm with a peak of 
activity soon after light onset. Green!, working with 
Phormia regina, has recently suggested that spontaneous 
locomotor activity is controlled by a hormone released 
from the corpus cardiacum. The release of this factor is 
thought to be under the control of receptors in the foregut 
capable of monitoring the presence or absence of food. 

The present experiment was designed to investigate 
the effect of food deprivation. on the rhythm of locomotor 
activity deseribed here. Two groups, an experimental 
and a control, each containing five male and five female 
Drosophila melanogaster (Pacific strain), were used. 
Activity was measured in an open field apparatus which 
consisted essentially of a box made from white ‘Perspex’, 
10 x 10 x 0-5 cm. In one side of the box was a small 
aperture fitted with a plug through which the flies could 
be introduced by tapping them from a funnel. The lid 
of the box, made from clear ‘Perspex’, was marked off into 
l1-cm squares. An activity score-was obtained by counting 
the number of squares crossed by an animal in the course 
of a 5-min test period. All measurements were carried out 
at a constant temperature of 25° + 1° C, in constant light 
conditions. The control group, on an ad libitum feeding 
schedule, were kept individually in vials containing yeasted. 
agar-molasses media, while’the experimental, food-depri- 
ved group were kept in vials containing cotton wool soaked 
in distilled water. Measurements were made every hour 
on each fly by tapping it into the apparatus, allowing 1 
min for the animal to settle down and then measuring 
locomotor activity over 5 min. Measurements were made 
over an 8-h period from 1 h after onset of light. Fig. 1 
shows the activity scores for the two groups. There is 
no significant change in the scores of the deprived group 
at the beginning of the experiment compared with their 
scores at the end, nor are the fluctuations significant. 
Initially there is no significant difference in activity be- 
tween the two groups but after 7 h deprivation the differ: 
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ence is highly significant at <0-001 level (¢ test). The 
control animals show a steady decline in activity; how- 
ever, the deprived animals show no drop in activity and 
continue to perform around the peak of the circadian 
rhythm. If the control flies are taken as a baseline, it 
can be argued that in fact the activity of the deprived 
flies increases. Fig. 2 shows the percentage change in 
activity of the deprived animals as the experiment pro- 
gresses. Flies in the experimental group spent increasingly 
less time preening as deprivation progressed; no such 
change was observed in the control animals. The effects 
of food deprivation in Drosophila appear to be similar 
to those found in rodents by Thompson? and Fehrer?. 
Experiments are in progress to investigate the genetic 
basis of spontaneous activity. 

The work was supported by a grant from the Kittay 
Foundation. j i 

K. J. CONNOLLY * 
Department of Psychology, 
Birkbeck College, 
University of London. 
* Present address: Department of Psychology, University of Sheffield. 


1 Green, G. W., J. Insect Physiol.,10, 711 (4964). 
* Thompson, W. R., J. Comp. Physiol. Psychol., 46, 828 (1953). 
3 Fehrer, E., J. Comp. Physiol. Psychol., 49, 649 (1956). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open fo the public) 


Monday, january 10 


BOYAL GEOGRAPHICAL Socrety (at 1 Kensington Gore, London, 5.W.7), 
at 6 p.m.—‘‘Taurus and Tibesti” (colour films of recent expeditions). 


SOCIETY OF ORHEMIOAL INDUSTRY, COLLOID AND SURFACE CHEMISTRY 
GROUP (joint meeting with the London Section of the OU and Colour Chemists’ 
Association, at 14 Belgrave Square, London, S.W.1), at 6.30 p.m.—Mra 
S. M. Rybicka and Mr. A. F. Sherwood. “Surface Properties of Titanium 
Dioxide Pigments”. f 


Tuesday, January il 


INSTITUTION OF HLECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, W.0.2), at 5.80 Puen on 
““Alpha-Numeric Cathode-Ray-Tube Displays” opened by Mr. H. ©. A. 
Hankins, Dr. A, T. Starr and Mr. L. W. Whittaker. 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Royal 
Society of Tropical Medicine, 26 Portland Place, London, W.1), at 5.30 p.m. 
«Myr, S. D. Sutton: “The Purpose and Nature of Management”. T p m.— 
Ir. O. K. F. Bussemaker (Netherlands): “Theory of Tack and Factors In- 
fluencing this Property”. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
poacaga Walk, Westminster, London, 8.W.1), at 6 p m.—Mr. T. L. H. 
Butterfield: “Design and Development of Fighting Tanks”. 


INSTITUTE oF SoIENCE TECHNOLOGY, LONDON BRANOH (in the Manson 
Theatre, London School of Hygiene and Tropical Medicine, Keppel Street, 
Gower Street, London, W.0.1), at 6.30 p.m.— Discussion Meeting on “State 
Registration of Technicians’’. 


PLASTICS INSTITUTE, LONDON SECTION (at the Wellcome Buildi 
aoid. London, N.W.1), at 6.80 p.m.—Dr. D. E. Steele: 
edicine”. 


» Euston 
“Plastics in 


Wednesday, January 12 


INSTITUTE OF MATHEMATICS AND Irs APPLICATIONS (at Imperial College, 
London, §.W.7), at 2.15 p.m.—Symposium on “Gains to Mathematies 
Teaching from a Decision to go Metrig”. 


SooreTY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (joint meeting 
with the Society for Applied Bacteriology, at the Royal Society of Medicine, 
1 Wimpole Street, London, W.1), at 2.15 p.m.—Meeting on ‘Microbiology 
of Desirable Food Flavours”. 


GEOLOGICAL BOOIETY OF LONDON (at the Shell Centre, London, S.E.1), at 
5 p.m.—Prof. J. Tuzo Wilson: “On a Possible Explanation for the Crust’s 
Growth and Movements” (Nineteenth William Smith Lecture). 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT LE.R.B.— 
I.E.E. MEDICAL ELECTRONICOS GROUP (at 9 Bedford Square, London, W.C.1), 
at 6 p.m.—Discussion on “The Analogue Computer and its Application in 
Medical beeen opened by Mr. B., Hammond, Mr, J. R. Abrahams and 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMATIO CONTROL GROUP 
(at 1 Birdcage Walk, Westminster, London, S.W.T), at 6 pm —Dr. P. K. 
W Pherson, Mr. G. B. Collins, Mr. C. B. Guppy and Mr. A. Sumner: “Dynamics 
Analysis of a Nuclear Boiler”. 


PHARMACEUTICAL SOCIETY OF GREAT BRITAIN (at 17 Bloomsbury Squa re, 
London, W.C.1), at 6 p.m.—Dr. L. C. Payne: “The Impact of the Compu ter 
Age on Medicine”. 


SOCIETY OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineering 
Department, Imperial College, Exhibition Road, London, S.W.7), at 6 p.m. 
Dr, O. Bjorklung (Stockholm): “Principles Behind Standardized Shock 
and Bump Testing”. 


THE ASSOCIATION OF THE WILLIAM PENGELLY CAVE RESEAROR CENTRE, 
WITH IMPERIAL COLLEGE CAVING CLUB (in the Department of Physics, 
Imperial College, Prince Consort Road, London, 8.W.7), at 7.30 p.m. — 
Dr. G. Warwick: “The Origins of Caves”, - 


3 


Wednesday, January 12—Thursday, January 13 


INSTITUTION OF BLECTRIOAL ENGINEERS (at Savay Place, London, W.C.2), 
at 9.30 a.m daily-—Conference on “V.H.F. and U.H.F. Mobile Communica- 
tions Systems and Equipment”. 


Thursday, January 13 


MINERALOGICAL Sooty (at the Geological Soctesy of London , Burlington 
House, Piccadilly, London, W.1), at 5 p.m.—Sciertific Papers. 


INSTITUTION OF CIVIL ENGINEERS, TRANSPORTATION ENGINEERING GROUP 
(at Great George Street, Westminster, London, &.W.1), at 5.80 p.m,—In- 


aoa Discussion on “Liner Trains and Roundabout Trains’' introduced by 


. L. W. Ibbotson. 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
London, 8.W.7), at 6.80 p.m.—Dr. W, Marshall: “Investigations of Magnetic 
Materials Using Neutron Scattering” (further lectures on January 20 and 27).* 


CHEMICAL Society (in the Lecture Theatre, Sckocl of Pharmacy, Brans- 
wick Square, London, W.0.1), at 6 p.m.—Prof. M. O. Whiting. “The Nature 
and Reactions of Classical Carbonium Ions” (Tilden Lecture). 


INSTITUTION OF MEOHANIOAL ENGINEERS, STEAM PLANT GROUP (at I 
Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.—Discussion on 
“Automation of Large Steam Plant’. . 


TELEVISION Socrery (in the Conference Sulte, LT A., 70 Brompton Road, 
London, 8.W.3), at 7 p.m—Dr. F. P. Gloyns: “Problems Connected with the 
Use of Colour Film for Colour Television”. 


Friday, January 14 


ASSOCIATION OF APPLIED BIOLOGISTS (at the Royal Society of Arts, John 
Adam Street, Adelphi, London, W.0.2), at 10.50 a.m—Symposium on 
"Damp Grain Storage’. 
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INSTITUTION OF MEOHANIOAL ENGINEERS, EDUOATION AND TRAINING 
GROUP (at 1 Birdcage Welk, Westminster, London, S.W.) at 6 p.m.— 
Discussion on “How Should Engineering Education Take Account of 
Developments in New Materials ?—Fibre Reinforced Materials”, 


` 


Saturday, January 15 


INNER LONDON EDUOATICN AUTHORITY (at the Horniman Museum, London 
Road, Forest Hill, London, 8.8.23), at 3.30 p.m.—Mr. Brian Moser and 
Mr. Donald Tayler: ‘Fiestas and Forests—Two Aspects of Colombia”, * 


Monday, January 17 


INSTITUTION OF EILROTRIOAL ENGINEERS, EXLECTRONIOS . DIVISION {at 
ts cite London, W.0.2), at 2.30 p.m. and 5 p.m.—Colloquium on 
ctive rg”. 


SOCIETY OF OHEMIOAL INDUSTRY, PESTIOYDES GROUP (at 14 Belgrave 
Square, London, S.W), st 5.80 p.m.— Prof. A. J. Birch: “Some Naturat 
Anti-Fungal Agents”. 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi. London, W.0.2), 
at 6 p.m Prof. M. W. Thring: “The Present and Future Uses of Machinery”. 
=? e Cantor Lectures on “The Place of the Technologist In Modern 

ocie y”, 


INSTITUTION OF ELEC@RICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m.—Prof. 
M. G. Say: “Unusual Elect-ical Machines”. 


ROYAL GEOGRAPHIOAL S5OIETY (at 1 Kensington Gore, London, 8.W.7), at. 
815 p.m.-~—Major P. &. Boxall: “Island of Bliss”. 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before the 
dates mentioned: f i 

TECHNICIAN (preferably with O.N.C. or equivalent in mechanical engineer- 
ing, metallurgy or physics) IN THE DEPARTMENT OF PHysics, for work on the 
fabrication, malntenance and operation of crystal growing equipment—The 
Beene, University of Essex, Wivenhoe Park, Colchester, Essex (January 

COMPUTER OFFICER (wich a suitable university degree and experience in 
computer programming and operation) at the Tidal Institute and Observatory 
—The Registrar, The niversity, Liverpool, quoting Ref. CV/375/N 
(January 15). ; 

DEMONSTRATOR SENIOR DEMONSTRATOR IN THE SCHOOL OF PHysros—The 
Registrar, The University Newcastie upon Tyne, 2 (January 15). 

LECTURER IN HYDROLOGY IN THE DEPARTMENT OF FORESTRY AND 
Sida ReEsouRCcES—Tke Secretary, The University, Edinburgh (January 

ASSISTANT LECTURER (preferably with special interests in electrophysiology 
or entomology and insect physiology) IN ZooLo@y—The Secretary, Queen 
a pen Co oe (University of London), Campden Hill Road, London; 

; anusry 17). 

RESEARCH ASSISTANT IN Puysics—The Registrar, University College of 
North Wales, Bangor, North Wales (January 20). 

ASSISTANT LECTUEER IN PSYCHOLOGY (any branch of the subject}—The 
Registrar, The University, Sheffield (January 21). 

ASSISTANT LECTURER (with particular interest in experimental and 
applied psychology) IN PsyoHoLogy—The Registrar, University College of 
8 Singleton Park, Swansea (January 22). 

LECTURER or ASSISTANT LECTURER IN MATHEMATIOAL STATISTICS, to work 
with an existing graup of five members of staff—The Registrar, The Uni- 
versity, Manchester, 13, quoting Ref. 229/65 (January 22). 

LECTURER or ASSISTANT LECTURER IN STATISTICS IN THE DEPARTMENT OF 
MATHEMATICS—The Registrar, The University, Leeds, 2 (January 24). 

LECTURER/SENIOR LECTURER IN VETERINARY VIROLOGY IN THE DEPART- 
MENT OF VETERINARY PATHOLOGY AND BACTERIOLOGY, University of 
Sydney, Australia—The Association of Commonwealth Universities (Branch 
omea) a O E Pall Mall, London, 8.W.1 (Australia and London, 

anuary 28). 

ASSISTANT LECTURERS or LEOTURERS (with interests in the following: 
statistics and operational research; pure mathematics, especially geometry 
and algebra; applied mathematics, especially discrete and numerical systems; 
mathematical physics, especially nuciear and elemen particle theory) IN 
THE DEPARTMENT OF MATHEMATIOS—The Deputy Secre , The University 
of Southampton, Southampton (January 29). 

LECTURER IN THE SOIMNOE AND TECHNOLOGY OF PRIMARY METAL PRO- 
DUCTION IN THE DEPARTMENT OF METALLURGY—The Registrar, University 
College of Swansea, Singleton Park, Swansea (January 29), i 

LEOTUBER or ASSISTANT LECTURER IN APPLIED MATHEMATNS, in St. 
Salvator’s College—The Secretary, University of St. Andrews, College Gate, 
St. Andrews, Fife, Scotland (January 29) 

EMBRYOLOGIST (scientist with research experience in embryology or 
developmental genetics}—-The Director, The Poultry Research Centre, A.R.C.; _ 
West Mains Road, Edinkurgh, 9 (January 31). 

LECTURER IN APPLIEL: MATHEMATICS; and a LECTURER (with a special 
qualification and interestin microbial genetics) nt GENETICS-——The Secretary, 
The Queen's University, Belfast, Northern Ireland (January $1). 

LEOTURER or ASSISTANT LECTURER (preferably with a special interest in 
either sociological theory, or industrial sociology, or research methodology) 
IN THE DEPARTMENT OF SOOCIOLOGY—The Assistant Registrar, Faculty of 
Commerce and Social Science, The University of Birmingham, Birmingham 
15 (January 31). 

LECrURER (preferably with research interest in geophysics) IN PHYSICS 
at the University College, Dar es Salaam (University of Mast Africa}—The 
Inter-University Cauncil, 38 Bedford Place, London, W.C.1 (January 31). 

LECTURER (with a good honours degree in agriculture, agricultural botany, 
agricultural science, rural science or botany, and research experience in the 
field of piani breeding and/or crop ecology) IN AGRONOMY at the University 
of New England, Armidale, New South Wales, Australia—The Association of 
Commonwealth Untversizies (Branch Offices), Marlborough House, Pall Mall, 
London, S.W.1 (Australia and London, February 4). : 

CHAIR OF THEORETICAL CHEMISTRY—-The Deputy Secretary, The Uni- 
versity, Southampton (F2bruary 5). 

LECTURER or ASSISTART LECTURER (with research interests in any branch 
of physical chemistry) IN THH DEPARTMENT OF CHEMISTRY-~The Deputy 
Secretary, The University, Southampton (February 5). 


" North Ryde, Sydney, New 
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LECTURER or ASSISTANT LECTURER (with research interests in theoretical 
organic chemistry) IN THE DEPARTMENT OF OHEMISTRY—The Deputy 
Secretary. The University, Southampton (February 5). 

PROFESSOR OF GEOGRAPHY AT RHODES UNIVERSITY, Grahamstown, South 
Africa-——The Association of Commonwealth Universities (Branch Office), 
neea i House, Pall Mall, London, S.W 1 (South Africa and London, 

LECTURER or SENIOR LECTURER IN MATHEMATICS, and a LECTURER, 
SENIOR LECTURER of READER IN STATISTICS at the University of Tasmania— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Australia and London, February 11). 

POPULATION GENETICIST (with a Ph D. degree in a relevant field or post- 
graduate research experience of equivalent standard and duration supported 
by satisfactory evidence of research ability) IN THE DIVISION OF ANIMAL 
GENETICS, Commonwealth Scientific and Industrial Research Organization, 
South Wales, to work in the field of selection 
genetica—The Chief Scientific Liaison Officer, Australian Scientific Lisison 
Office, Africa House, Kingsway, London, W C.2, quoting Appointment No. 
675/162 (February 12). 

URNER AND NEWALL RESEARCH FELLOWS IN ENGINEERING, INORGANIC 
CHEMISTRY, PHYSICS AND ALLIED SUBJECTS—The Registrar, The University, 
Manchester, 13 (February 14). 

ASSISTANT DIRECTOR (with a degree in biological science, preferably mm 
nutrition, physiology, zoology or biochemistry, experience in research in 
nutrition, and preferably a reading knowledge of languages and editorial 
aptitude) OF THE COMMONWEALTH BUREAU OF ANIMAL NUTRITION, Rowett 
Research Institute, Aberdeen, Scotland—The Secretary, Commonwealth 
T Bureaux, Farnham House, Farnham Royal, Bucks (February 


DEPARTMENTAL DEMONSTRATOR IN BIOCHEMISTRY—~The Administrator, 
Department of Biochemistry, University of Oxford, South Parks Road, 
Oxford (February 15). 

CHAIR OF PURE MATHEMATICS at the University of Otago, Dunedin, New 
Zealand—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, 8.W.1, or The Registrar of the Uni- 
versity (New Zealand and London, February 28). 

LEOCTURER/SENIOR LECTURER (with a degree in veterinary, agricultural or 
general science with special training or experience in physiology, and pre- 
ferably some experience in teaching at university level) IN ANIMAL PHYSI- 
OLOGY IN THE VETERINARY SOIENCE DEPARTMENT, Lincoln College (Um- 
versity of Canterbury), New Zealand—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S.W.1 
(New Zealand and London, February 28). > 

SENIOR LECTURER or LECTURER IN GEOMORPHOLOGY at the Australian 
National University—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8. W.1 (Australia and 
London, February 28). 

WILLIAM JULIEN COURTAULD CHAIR OF HELMINTHOLOGY at the London 
School of Hygiene and Tropical Medicine—The Academic Registrar, Um- 
versity of London, Senate House, London, W.C 1 (March 11). 

ASSISTANT PROFESSOR OF CHEMISTRY—Head, Department of Chemistry 
and Chemical Engineering, University of Saskatchewan, Saskatoon, Saskat- 
chewan, Canada. 

BASIO GRADE BIOOCHEMIST to work in a Metabolic Ward under Prof. Dent 
(previous experience in a metabolic field is not essential—The Assistant 
Secretary, University College Hospital, Gower Street, London, W.C.1. 

FOREST PATHOLOGIST (national of the United Kingdom or the Republic of 
Treland, with a degree in forestry and relevant postgraduate experience) in 
Trinidad and Tobago, to carry out a survey of forest pathogens—The 
Appointments Officer, Ministry of Overseas Development, Room 301, Eland 
House, Stag Place, London, S.W 1, quoting Ref 324/178/03. 

HISTOPATHOLOGIST (with either a vetermary or medical qualification); and 
a TOXICOLOGIST or PHARMACOLOGIST (recent graduate in pharmacology, 
pharmacy or zoology) in the APPLIED PHARMACOLOGY DIVISION, to be 
concerned primarily with the pathology and toxicology of drug induced 
lesions in experimental animals—The Personnel Manager, Arthur D. Little, 
Ltd., Inveresk Gate> Musselburgh, Midlothian, Scotland. 

ORGANIO CHEMISTS and PHYSICAL CHEMISTS (with a Ph.D., a good honours 
degree, or H.N © qualification, and preferably under 30 years of age). The 
work is in many cases of a fundamental nature and every encouragement is 
given to publish the results and study for a higher degree—The Director, 
Arthur : Little Research Institute, Inveresk Gate, Musselburgh, Midlothian, 

cotlan 

Post-DOOTORAL BIOCHEMIST (Lecturer grade) for a research group working 
on isoenzymes in normal and malignant tissues-~Prof. D N. Baron, Depart- 
ment z Chemical Pathology, Royal Free Hospital, Gray’s Inn Road, London, 


RESEAROH ASSISTANT (preferably with experience of immunology or 
bacteriology) FOR A RESEAROH Proynct—tThe Secretary, Institute of Clinical 
a ae Middlesex Hospital Medical School, 40 Hanson Street, London, 


RESEARCH ASSISTANT (with a good honours degree) to work on bacterial 
genetica—Prof. G. G. Meynell, Guinness-Lister Research Unit, Lister Institute, 
Chelsea Bridge Road, London, 8.W.1. 

STUDENT TROHNICIAN IN THE DEPARTMENT OF FORENSIO MEDICINE, to 
assist (in a technical capacity) in a programme of research into the develop- 
ment of rapid methods of toxicological analysis—Dr, Harold V. Street, 
Ee ed aay zt Forensic Medicine, University New Buildings, Teviot Place, 

n urgh, . 


REPORTS and other PUBLICATIONS 


(not weluded in the monthly Books Supplement) 


~ 


` Great Britain and Ireland 


British Drug Houses, Ltd. ‘Union’ Carbide Molecular Sieves for Selective 
Adsorption. Third edition Pp. 43. Ion Exchange Resins. Fifth edition. 
Pp. 80. (Poole: British Drug Houses, Ltd., 1966. 1011 

Royal Observatory Bulletins. No. 100 Studies of the Globular Cluster œ 
Centauri. IIT. Proper Motions. By C. A. Murray, D. H. P. Jones, and M. P. 
Candy. Pp. E81-E98. 8s, net. No. 101° Studies of the Globular Cluster w 
Centauri. IV. Photometry of RR Lyrae Variables. By R. J. Dickens and 
Jennifer Saunders. Pp. B101-E123, 4s. net. (London: H.M. Stationery 
Office, 1965.) , {1011 

The Cotton Silk and Man-Made Fibres Research Association. Report of 
the Council and Statement of Accounts for the year ended 31st March, 1965. 
Pp. 40. (Didsbury, Manchester’ The Cotton Silk and Man-Made Fibres Re- 
search Association, 1965.) FIO1L 


+ 
Z. 

4 
> 
ey ~ 

aS 
rant 
L 
no 
~ 
£ 

La 
4 ive 
er * 

h 

i] 
“3 


a 
Li 1 a b i a 
- « 1 4 “+ + 
4 man ba an OT Rs -A y= yu i e 4, < t 
we ore 4 wh, v Y ¢ a ye 7 TR rf +S 4 z H 
=- = * t š 
+, 


ae! Toe E po^ ` j oo 
vi" *"" January ‘8, 1966 


+ 


LM i 
E ie ty 


6 = 
VOL. 209 
rae 


Other Countries 
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30 kr (Copenhague: Andr. Fred. Hast et Fils, 1965.) [911 
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mit 13 Tabellen im Text und 16 Abbildungen ım Anhang Bibhographien 
des Deutschen Wetterdienstes. Nr. 18. Beobachtungsergebnisse der Erd- 
bodentemperatur, Bearbeitet von Rudolf Aniol Pp, 15. (Offenbach a M.: 
Selbstverlag des Deutschen Wetterdienstes, 1965 ) [911 

South Australia Repor of the Museum Board, Ist July, 1963, to 30th 
June, 1964. Pp. 11. (Adelaide. Government Prnter, 1965.) [911 

Commonwealth of Australia: Department of External Affairs. Australian 
National Antarctic Research Expeditions ANARE Interim Reports, Series 
A. Publication No. 76: Last of Publications Resulting from the Work of 
Australian National Antarctic Research Expeditions. Compiled by M. R. O. 
Milleft. Pp. 48. (Melbourne: Antarctic Division, Department of External 
Affairs, 1965 ) [911 

Royal Society of Tasmama. Special Pubheation No. 2. A Glacial Map of 
Tasmania. By E. D. Derbyshire, M. R. Banks, J. L. Davies and J. N. 
Jennings. Pp. 11+map. (Hobart: Royal Society of Tasmania, 1965.) [911 

World Health Organization. Public Heal 
Family Mental Health in Europe. Contributed by D, Buckle et al. Pp. 123. 
(Geneva: World Health Organization, London. H.M. Stationery Office, 
19865) 5 Sw. francs; 8s. 6d., 1.75 dollars. {911 

Comité International des Poids et Mesures Comité Consultatif pour les 

Be Session, 1964 (28-29 oer 


talons de Mesure des Radiations Jonisantes, 
tembre). Pp. 106. (Paris. Gauthier-Villars et Cle., 1965.) 

Tokyo Astronomical Observatory. Tokyo Astronomical Bulletin, Second 
Series. No. 167 (January 5, 1965): Discussions of Occultations, Observed in 
Japan with the Photoelectric Equipments from 1960-1962. By S. Aoki, 
M. Takahashi and Y. Endo. Pp. 2053-2059 No. 168 (March 31, 1965). 
Photographic Observation of Comets. By H Hirose, K. Tomita and H. 
Kosai. Pp. 2061-2085. No. 169 (March 31, 1965): Data of Time Observa- 
tions and Variation of the Rotation Speed of the Earth By M Torao, 
S. Okazaki and S. Fujii. Pp. 2067~2077. No. 170 (March 31, 1965) Polar 
Tube Observations During 1964. By N. Sekiguchi, J. Matsumoto and F. 
Nemichi Pp. 2079-2080. Annals of the Tokyo Astronomical Observatory, 
Second Series. Vol. 9, No 2° A Method of Numerical Solution of Integral 
Equations Whose Kernels Have Almost Diagonal Forms. By N Sekiguchi. 
Pp. 111-121. Vol. 9, No. 3° Spectral Classifleation and Three-Color Photo- 
metry of A-Type Peculiar Stars By L. Osawa. Pp. 123-144. Mitaka, 
Tokyo: Tokyo Astronomical Observatory, 1965.) f [911 

Republic of Cyprus _ Annual Report of the Geological Survey Depart- 
ment for the year 1964. Prepared by Y. Hji Stavrinou. Pp. 63. (Nicosia: 
AE Survey Department, Ministry of Commerce and Industry, arth 
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International Journal of Cancer, Vol. 1, No. 1 (January 1966). Annual 
subscription (6 numbers)‘ 180s.; 25 dollars; 110 Sw. frans; 120 Fr. francs. 
(Geneva: International Union Against Cancer, 1966. Subscription orders to 
aoe Publishers, 47, Prags Boulevard, Copenhagen, S., To 
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United: States Department of the Interior: Fish and Wildlife Service. 
Bureau of Commercial Fisheries. Fishery Bulletin, Vol. 65, No. 1: Marine 
Decapod Crustaceans of the Carolinas. By Austin B. Williams. Pp. xi+ 298. 
(Washington, D.C,: Government Printing Office, 1965.) 2 dollars. {1011 

American Geographical Society. Serial Atlas of the Marme Environment. 
Folio 8. Zooplankton Indicator Species in the North Sea. By James H. 
Fraser. . 2+3 plates. The Trace Elements. By Robert Johnston. 
Pp. 4+2 plates. Folio 9 Meteorology of the North Sea. By Frank E., 
ay Pp. 3+9 plates. (New York, N.Y.: American Geographical Bose 

Coconut Research Institute, Ceylon. Bulletin No. 21: Biological Control 
of Coconut Leaf Caterpillar (Nephanizs serinopa Meyrick) in Ceylon. By 
Edwin Dharmaraju. . 46. Bulletin No. 22: Coconut Withering Disease of 
Ceylon-—a Report on the Survey ‘Made of the Affected Areas in December 
1962, Py Prof. T. A. Davis. Pp. 29. Bulletin No. 23 Studies on the 
Nutrient Status of Some Coconut Soils in Ceylon, 4: The ‘Lateritic Souls” on 
Ratmalagara Estate. By K. Santhirasegaram, Pp. 23. (Lunuwila, Ceylon: 
Coconut Research Institute, 1962, 19638 and 1965.) ‘(oi 

United States Department of the Interior: Geological Survey. Bulletin 
1140-C, Exchange Adsorption of Strontium on Clay Minerals. By J. 8. 
Wahlberg, J. H. Baker, R. W. Vernon and R. 8. Dewar, . +26. 15 
cents. Bulletin 1182-E; Investigations of Molybdenum Deposits in the Con- 
termunous United States, 1942-60. By Harold Kirkemo, C. A. Anderson and 
8 C. Creasey. Pp vi+90+ plates 1-7. Bulletin 1189: Geology and Ground- 
Water Resources of the Pica Area, Tarapaca Province, Chile. By Robert J 
Dingman and Carlos Galli O. Pp v+113+plates 1 and 2. 1.25 dollars. 
Bulletin 1191: The Black Canyon of the Gunnison, Today and Yesterday. 
By Wallace R. Hansen. Pp. vii+ 786. 50 cents. Bulletin 1198-B: Geo- 
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Bauxite and Kaolin Deposits of the Irwinton District, Georgia, By Walter 
B. Lang, Walter C. Warren, Raymond M., Thompson and Elizabeth F. 
Overstreet. Pp. iv+26+plate 1. (Washington, D.C . Government Printing 

_Office, 1965.) [2611 








Editorial and Publishing Offices of “NATURE” 


MACMILLAN (JOURNALS) LIMITED 
4 LITTLE ESSEX STREET, LONDON, W.C.2. 
Telephone Number Temple Bar 6633. Telegrams: Phusts London W.C 2 


Annual subscription: Inland £14, Overseas £13 [5s., payable 
in advance, postage paid to any part of the world. 


Advertisements only should be addressed to 
T Ġ, Scott & Son, Ltd., | Clement’s Inn, London, W.C.2. 
Telephone Number Holbarn 4743 
Registered as a newspaper at the General Post Office 


Copyright © Macmillan (Journals) Limited, January 8, 1966 


th Papers, No. 28: Aspects of: 


af 


-^ 


~ 


z 


2 


ve Pan . 
af -+ 
f oe a 
a 


no 5020 January 15, 1966 


Po 
See oe 


E National Plan*, covering all aspects of Britain’s 
economic development for the next 5 years, was 
prepared in full consultation with industry, as well as in 
close association with the National Economic Develop- 
_ ment Council. It analyses the problems to be overcome 
in order to achieve a 25 per cent growth in the national 
‚product between 1964 and 1970, and in his foreword the 
Secretary of State for Economic Affairs, Mr. G. Brown, 
sJlaims that the Plan is both a statement of Government 
policy and a commitment to action by the Government. 
7 It means also that industry itself must plan investment, 
manning and training to achieve this 25 per cent Increase 
in output and, above all, it requires an acceptance of 
change from all concerned. 

The Plan is outlined in an introductory chapter, fol- 
lowing which the basis of growth is discussed in seven 
consecutive chapters, which deal with output and pro- 
ductivity; manpower; industrial efficiency; investment; 

` prices and incomes; balance of payments; and regional 
. planning. Six chapters on industrial seczors follow, dealing 
with engineering and allied industries; construction; 
energy; transport; agriculture; and with other industries. 
Under “The Use of Resources”, there are eight further 
, chapters on the use of resources generally; consumers’ 
' expenditure; housing; public expenditure; defence; 
t health and welfare services; education; and benefits 
' and assistance. Although the Plan was published in 
“F | September, it was first presented to the House of Commons 
by Mr. G. Brown on November 3, when it was welcomed 
without division. It was discussed in the House of Lords 
on November 24, and it is in the light of these two debates 
that its features of scientific interest are appropriately 
considered. 

On November 3, Mr. Brown said that the Plan was 
designed to achieve four main objectives. Besides acceler- 
ating the rate of growth it was to rectify the balance of 

. payments. Thirdly, it was to secure a better regional 
) balance of development, and fourthly, it was to ensure 
that the fruits of future growth were nsed in accordance 
with the needs of a civilized and just society. An effective 

-. policy for productivity, prices and incomes was an 
essential key to these four objectives, and, although the 
Government hoped that voluntary effort would suffice, it 
would reinforce voluntary effort by legislative power, if 
necessary. Mr. Brown recognized that much more in- 
formation was required, but he hoped that by the middle 

of 1966 the councils and boards would be able to offer 
preliminary advice on how their regional resources could 

be better used, and on the broad policy objectives and 
strategy of development towards which regional planning 
should be directed. He referred to the large increase in 
population which could be expected between now and 


the end of the century, and emphasized the importance . 


of changes in the distribution of Britain’s industrial 
effort which could, meanwhile, accelerate economic 
growth. 

This would involve co-operation at all levels, including 
greater mobility of labour, and in this connexion he 
referred to the manpower situation. The Plan itself 
forecasts an increase of 390,000 in the working population 


>i 


* The National Plan. (Cmnd. 2764.) Pp. xviil +474. (London: H.M 8.0., 
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SCIENCE AND THE NATIONAL PLAN i 


between 1964 and 1970, apart from any special measures. 
It is estimated, however, that by such measures, including 
a reduction of 50,090 in the number of unemployed, it 
should be possible tc achieve an increase of about 600,000. 
Nevertheless, Mr. Brown said that consultations with 
industry had indicated that there would be a demand for 
some 400,000 people more than were expected to be 
available in 1970. Regional policies might reduce this 
deficit by half, but there would be a need to make much 
better use of manpower, particularly in those industries 
where, at present, over-manning and wasteful use of 
people existed. This was essentially a problem for industry 
itself. 

Mr. Brown did not refer specifically to trained man- 
power, although im its preliminary report (issued in 
November) the Willis Jackson Committee on Scientific 
and Technological Manpower indicated its close concern 
with the efficient use of such resources. The National 
Plan itself has three short paragraphs on scientific and 
technological manpower, and it estimates the number of 
scientists and technologists employed in manufacturing 
industry in 1965 to have been about 300,000. This figure 
does not include about 1-2 million technicians and other 
technical supporting staff. The present gross annual 
increase in the number of scientists and technologists of 
about 20,000 is expected to rise to nearly 28,000 by 1970 
and, here again, emphasis is placed on impreved deploy- 
ment and more effective use of such manpower; however, 
it is also anticipated that the Government’s defence 
policy will releese some technically qualified people for 
civil work. 

Here the Plan refers specifically to the work of the 
Willis Jackson Committee on Manpower Resources for 
Science and Technology, and to the important role of 
the technician. Besides an enquiry into training require- 
ments for graduate angineers in the manufacturing indus- 
tries, the Ministry of Technology is sponsoring a study 
of factors affecting the status of engineers in society, and 
is also planning a survey, in conjunction with the Engin- 
eering Institutions’ Joint Council, into the ways in which 
such personnel are employed. Clearly the long-term 
increase in productivity in Britain will depend heavily on 
the greater skill and technical proficiency of the labour 
force. There is a further reference to the manpower 
situation in the chapter dealing with education, where it 
is claimed that a great effort is being made to develop 
courses for technolcgists, technicians and others. 

The Plan envisages an increase in current expenditure 
on further education from the 1964-65 figure of £125-9 
million to £188-5 million by 1969-70, and in capital 
expenditure from £23 million to £46 million. It is expected 


- that recurrent grerts to the universities will rise, over 


this period, from £140 million to £209 million, and that 
non-recurrent grants will reach £356 million; building 
programmes in ths period will be concentrated almost 
entirely on provision for extra students. These figures 
contemplate more tnan 70,000 places in technical colleges 
and other institutions of higher education in 1969--70 and 
about 199,000 university places, with 98,000 places in 
teacher training colleges. 

This expansion itself represents a large demand for 
manpower, estimated at just more than 100,000 full-time 
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staff between 1964 and 1970, or a 25 per cent increase 
on that in 1964. This would represent nearly two-fifths 
of the increase during the period in the number of those 
with full-time higher education, apart from the sub- 
stantial increase in non-teaching staff, which, in the 
universities alone, could be almost 20,000. 
l It is recognized that the manpower situation may 
involve some limitation on the expansion that is planned, 
but this was not mentioned by Mr. Brown, nor was the 
question of trained manpower considered in either debate, 
although there were several references to the general 
manpower situation. This is the more surprising in that 
the manpower situation, and especially the supply of 
trained manpower, is the key to the whole Plan—as 
appeared to be implicit in some of the criticisms of the 
Government’s educational policy. Even if the forecasts 
for manpower are accurate and the net shortage is no 
more than 200,000, it should be remembered that this 
assumes both an industrial and a regional mobility 
of labour which has not yet been witnessed in Britain. 
It also assumes a geographical mobility of expand- 
ing industries to which serious obstacles exist, and 
also abstention from serious industrial disputes even 
by small minorities or groups. Mr. A. Albu, who 
wound up the debate for the Government in the House 
of Commons, admitted that the shortage of skilled workers 
was a much more serious problem than the total shortage 
of workers revealed by the projections of the Plan. He 
was content; however, to leave the remedying of this 
situation mainly to the Industrial Training Boards, with 
assistance from the Government in expanding training 
centres. He did not otherwise discuss the educational 
issue. } 

This issue was more prominent in the debate in the 
House of Lords. Lord Winterbottom from the start 


questioned the adequacy of the proposed increase in _ 


total expenditure on the universities, particularly in the 
light of the contemplated expenditure on drink and on 
entertainments and other services. 
also questioned by other speakers, such as Lord Drum- 
albyn and Lord Wade, but Lord Brown, the Minister of 
State at the Board of Trade, restricted himself largely to 
export questions, though admitting that the educational 
system had failed to bring home to young people the 
central importance of British industrial effort. In con- 
sequence, the ablest sixth-formers were still not suffici- 
ently attracted to industrial careers, nor was this always 
corrected in the universities. This has had a considerable 
effect on the leadership of industry, from which Britain is 
still suffering. 

This is indeed specifically recognized in the Plan, which 
states that the most intangible, and at the same time the 
most important, factor in improving industrial efficiency 
is the quality of industrial management. With the growing 
interest in management education, it is expected that 
expansion in this field, as well as improvements in quality, 
will make'an important contribution in raising standards 
of management; the increased mobility of managers and 
the wider use of professionally qualified consultants should 
also help. The Economic Development Committees must 
be concerned with all aspects of effective management, if 
they are to achieve their objectives. They will need to 
examine the adequacy and effective use of research and 
development, the training and recruitment of staff, 
design, control of stock and quality, and marketing. 
Some of the Committees have already started to examine 
these problems and the Government’s insistence on fuller 
disclosure in company accounts is stated to be aimed at 
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stimulating greater awareness of the scope for improving’ 
the performance of management. _ z 

Besides the two new graduate Business Schools at 
London and Manchester, and the similar facilities now 
being provided or planned at other universities or institu- 
tions of higher education, it is suggested that more needs 
to be done for the young non-graduate, for the older — 
manager, and for certain specialized requirements, such ` 
as small firms in the export market. A wider dissemination 
of the many special techniques, such as operational 
research, network analysis, value analysis, systems 
engineering, linear programming and other more advanced 
methods of appraising investment could also help. Interest _ 
in management questions within the Trade Unions is also 
growing, but while the Plan notes the two-week courses 
on production and management held each year at the 
Trades Union Congress Training College, and the other 
training arrangements in this field, it overlooks the effect 
on recruitment of the expansion of higher education which 
can significantly affect the quality of leadership unless 
officials are recruited toa larger extent from theuniversities. 

The rationalization of the industrial structure increases 
the need and opportunity for specialized management 
expertise, and the Government is justifiably anxious to 
do what it can to increase the numbers of professionally 
trained managers in control of industry and commerce. 
This applies equally to the administration of the Trade 
Unions, and the opportunities for efficient management 
can be restricted unless the leadership of the Unions is 
also effective and efficient and the implications of the 
growing opportunities in higher education are fully 
appreciated. British professional standards are respected - 
throughout the world, but if, in the past, industrial 
management as such has tended to remain somewhat 
outside the mainstream of professional life, an improve- 
ment in the efficiency and standing of management could 
do something to ease the whole question of labour relations 
and the reform of the Trade Unions themselves. 

This point was firmly pressed by Lord Peddie in the 
House of Lords on November 24, particularly in reference 
to the removal of restrictive practices. He pointed out 
that the responsibility here did not rest solely either on 
labour or on management. Nevertheless, the initiative 
for reform rested fundamentally with management, which 
must increasingly take labour into its confidence and seek 
to convey some understanding of the basic ideas behind 
policy. This was essential to secure full co-operation, and 
Lord Hanley fully supported him in this emphasis on 
co-operation and on the importance of management 
education. Lord Cohen, also, emphasized the importance 
of education, as did the Earl of Dundee and Lord Shepherd 
(the latter replying for the Government in the debate), 
but here the criticism was directed rather at the curtail- 
ment, even if temporary, of university building expendi- 
ture and the criticism was not effectively answered by Lord 
Shepherd. Earlier, Lord Eccles had also questioned the 
soundness of this pause, but he had been much more. 
concerned to refute any suggestion that education was not 
an end in itself, but an equipment for life, rather than, 
as the protagonists of the Plan seemed to imply, a tool 
for economic growth. 

Two other points of some scientific or technical interest 
in the National Plan were raised in the House of Commons 
debate. A section dealing with Government action, in the 
chapter on industrial efficiency, refers at some length to 
the work of the Ministry of Technology. After a reference 
to the effect of heavier competition in establishing a more 
dynamic and efficient economy, to the stimulation of 
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technological innovation and to increasing the efficiency 


- of the public sector, the Plan refers also to thé way in 


which mergers may assist technological development and 
increase the scope for co-operation in scientific and 
technical research. Where Government initiative can 
promote such developments, the Ministry of Technology 
is its chosen instrument, and, especially in the application 
of the results of research, the National Research Develop- 
ment Corporation. The powers of the Atomic Energy 
Authority to undertake research and development have 
also been extended with a like end in view. 

The application of technology depends largely on 
engineers, and many weaknesses,of British industries and 
their failure to meet foreign competition adequately can 
be attributed to a shortage of engineers and to insufficient 
attention to engineering design. Theres is evidence that 
both the profession of engineering and design activity 
generally are failing to attract sufficient of the ablest 
school-leavers and university graduates. In this con- 
nexion, also, the Ministry of Technology has been assigned 
the difficult long-term tesk of co-ordinating activities 
which will help to raise the status of engineers and improve 
their training and deployment in industry. Here the 
Ministry’s programme involves implementing the recom- 
mendations of the Fielden Committee on Engincering 
Design in co-operation with other Departments and 
organizations; in co-operation with the Confederation of 
British Industry, much has already been done to increase 
the awareness by management of the importance of 
design. The formation of the Engineering Institutions’ 
Joint Council is a further important and constructive 
step, and the Ministry is discussing with several univer- 
sities and colleges the establishmens of institutes of 
advanced engineering studies. The Science Research 
Council is also assisting by sponsoring advanced design work 
at the Universities of Cambridge, Glasgow and Liverpool. 

Besides this, the Ministry of Technology has been 
given responsibility for sponsormg the machine tool, 
electronics, communications and computer industries, and 
this responsibility has since been extended to the mech- 
anical and electrical engineering industries as a whole. 
While, in some areas of industrial automation, British 
invention is to the forefront, it is urgent that the present 
position should be improved and autamation technology 
developed and applied more generally. It is a major 
objective of the Ministry of Technology in the field of 
development to support projects which will demonstrate 
the technical and economic benefits of automatic operation 
and process control. Measures were also announced in 
March 1965 to give greater assistance to the computer 
industry ‘in developing both hardware and software, to 
support university research, and to provide advice on 
computer procurement in the public sector and else- 
where. A. short section of the Plan discusses some of the 
measures being taken to this end in the public sector 
generally. 

It should not be forgotten that the policy outlined in 
this chapter of The National Plan and the organization 
chosen to achieve that end rests on some assumptions 
regarding research and development that, far frora being 
generally accepted, are still the object of informed debate. 
Much of the structure established for civil research and 
development has as yet, to say the least, to prove itself. 
Nor are misgivings confined to scientific and technological 
circles. In its third report for the session 1964-65 the 
Estimates Committee was highly critical of the structure 
and competence of the Ministry of Technology (see Nature, 
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207, 1113; 1965). It is difficult to point to concrete 
evidence that the position has improved since the report 
was published in Jucy, nor has it as yet been discussed in 
Parliament. 

In this context, Sir Edward Boyle was fully entitled to 
ask in the House of Commons on November 3 if the 
Minister of State for Economic Affairs was really satisfied 
with what the Minister of Technology was doing, or should 
be doing, to further the application in industry of scientific 
and technical knowledge. Sir Edward questioned whether 
the new Ministry was any closer to industry than the 
Department of Scientific and Industrial Research had 
been, finding support for his view in that section of 
The National Plan which has been summarized here. 
He agreed that the Ministry should be striving to make 
the whole of industry more ‘science minded’, but it was 
obvious that Sir Edward thought that the Minister, if not 
the Ministry, lacked drive and, possibly, confidence. 
Nothing has since been said either in debate or public 
speeches to remove such doubts. 

The second point relates to fuel policy. This is con- 
sidered in the chapter of the Plan devoted to Energy, 
which was written in advance of the White Paper on 
Fuel Policy, publisned in October. So far as policy is 
concerned, it does no more than emphasize the importance 
of freedom of choice for the ultimate consumer in helping 
to keep down fuel costs and of the endeavour, in recent 
years, to moderate the impact on coal of competition 
from imported fuels. It admits that, in the long term, a 
major uncertainty is the part that natural gas will play 
and that further imports on a large scale or the discovery 
of large quantities in the British part of the North Sea 
Continental Shelf could radically change the energy 
position in Britain. Nothing in this chapter, however, 
gives any hint that any more vision and determination 
have gone into the National Plan in this vital sector than 
in the subsequent White Paper, and Mr. Jan MacLeod’s 
criticism on this paint in the House of Commons debate 
was largely justified It is not simply that the assumptions 
made by successive Governments in the field of fuel policy 
for many years hsve been consistently wrong. There 
has also been a persistent failure to face the difficulties 
and implications arising out of the clash of interests 
between Departments and the nationalized fuel industries. 

This is a criticism of all recent Governments and, in 
that sense, this is not a matter of party politics. It 
illustrates, however, the extent to which the issues 
arising in national planning are technical and factual and 
are not to be resolved by means shaped primarily to suit 
a political ideology. Fuel policy, in fact, brings us back 
to the real gravamen of the criticism which has been 
made of the Ministry of Technology. It is not simply 
that there are gooc reasons for questioning whether the 
soundest possible structure has been established for 
Britain’s effort in civil research and development. The 
structure might work, even if imperfectly, provided due 
regard were paid to the vital criteria for assessing the 
balance of the effort, the choice of projects and the 
conditions of effect-ve scientific work. These have been 
admirably set forth in papers by G. B. Kistiakowsky and 
Dr. A. M. Weinberg, which have been discussed recently 
in these columns (ature, 209, 1; 1966). 

What is disturbing is the lack of evidence in the Plan, 
or elsewhere, that these conditions are appreciated by the 
Government, or-thas it is prepared to make the continuous 
allocation of resources, free from limitations or ‘stop-go’ 
restraints, which are essential for Britain’s continued 
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advancement. Mr. Brown will find that the real test of 
the National Plan will lie in the way in which it channels 
the national effort, and not the least the way in which it 
affects the civil research and development effort, 


PANGLOSS OR PLOTINUS 


The Uniqueness of Biological Materials 

By A. E. Needham. (International Series of Monographs 
in Pure and Applied Biology. Division: Zoology, Vol. 25.) 
Pp. xix + 693. (London and New York: Pergamon Press, 
1965.) 100s. net. 


A FEW years ago those who followed in the footsteps 
of L. J. Henderson. and argued that the properties of 
elements and compounds were adapted, to an extent that 
was unlikely to be accidental, to the requirements of life 
and that therefore our form of life was likely to be the 
only one, had little reason to fear refutation. It takes 
rather more self-confidence to argue this case now, for 
space travel could produce contradictory evidence. Those 
who maintain that Henderson paid insufficient attention 
to the probability that, in evolving here in the way it 
did, life exploited the existing situation opportunistically, 
and could be different in a different environment, are still 
on reasonably safe ground; they can ‘have it both ways’. 
If organisms should be found on another planet that 
depend on a basic biochemistry similar to that used on 
Earth, it may mean no more than that both have come 
(or just conceivably have been sent) from a common 
source. If an alien form of life should be found, our case 
will be proved. The two (or more) systems might be called 
chthonobiclogy and xenobiology, and the investigation of 
the extent to which each is adapted to local conditions will 
make a fascinating study. 

While waiting for the possible start of this extreme form 
of comparative biochemistry, it is as well to survey the 
extent to which organisms have adapted themselves to 
local conditions and exploited all chemical potentialities. 
Needham attempts this comprehensibly and, on the 
whole, successfully. The Uniqueness of Biological Materials 
is not without faults: there is a great deal of matter in it 
with no obvious relevance to the theme, there are several 
factual errors, and the citing of references is capricious. 
Too many references are to secondary or even popular 
sources, and often relate to matter that is dealt with in 
text-books, whereas interesting, and sometimes im- 
probable, statements slip in with no authority. Neverthe- 
less, it is a serious and original attempt to deal with an 
important subject and represents the fruit of a vast amount 
of reading. 

Three-quarters of the book is devoted to carbon com- 
pounds. Those aspects of biochemistry that are nearly 
universal are outlined and some of the more intriguing 
by-ways are mentioned. Needham not only discusses the 
molecules that are used but also those that are not—or 
that are used rarely. This is fundamental to the proposition 
ımplied by his title. The frequent reappearance of the 
same molecules could arise because these are the only ones 
able to bring about the required reactions effectively; 
because the dependence of organisms on one another in 
food chains forces the later links in the chain to comply 
with the pattern defined by the first member; or because, 
once a molecule is established in a well-integrated enzyme 
system, natura! selection will tend to eliminate a variant, 
even if it uses a potentially better molecule, during the 
phase in which enzymes adapted to the new molecule are 
evolving. These points can be explored experimentally. 
Thus the diversity of phosphagens used in different phyla 
shows that different molecules can perform a similar 
function, but it is still by no means clear what advantage, 
if any, each has in the phylum in which it occurs. 

The general use of L-amino-acids In proteins is reason- 
ably satisfactorily explained by invoking food chains and 
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the greater instability of polymers containing both isomers 
compared to those containing only one. It is more 
difficult to explain the preference organisms show for the 
same twenty amino-acids. It would be interesting to 
know whether polymers containing some of the excluded 
amino-acids, for example, L-«-amino-butyric acid, have 
any anomalous properties in vitro that could justify the 
exclusion. It is well known that an amino-acid substitu- 
tion, azetidine carboxylic acid for proline, or valine for 
glutamic acid, gives rise to a significantly different protein 
—but still a protein. Before we regard the usual amino- 
acids as unique we should know whether a polymer con- 
taining a significant proportion of the excluded amino-acids 
would be a protein at all. 

The elements other than carbon are, naturally, con- 
sidered in less detail. The manner in which the properties 
of such elements as iron and caleium adapt them for their 
observed biological roles is outlined. These are common 
elements, so their general use is comprehensible; the rare 
use of such elements as barium, strontium and vanadium is 
more difficult to understand. Is this rarity simply a 
consequence of their patchy distribution on Earth’s sur- 
face; or are these elements, in spite of the antiquity of 
the species that use them, intrinsically less suitable ? 
This book gives no answer but, by presenting the evidence, 
it usefully calls attention to the existence of the problem. 
In the course of this discussion the conclusion is reached 
that biological processes do not alter the properties of the 
elements. That will be generally agreed, but it is surprising 
to find the issue discussed at all; one had thought the 
possibility was mooted only by those who think that the 
fluoride ion has different properties when coming directly 
from underground rather than from a bag, or that ‘fixed’ 
nitrogen differs in some way from that in dung. 

The biochemical aspects of biology depend, in essence, 
on the interplay between morphology and enzyme action. 
Jf we bear in mind the observed rate of dimensional 
change (4 per cent or more per million years), the plasticity 
and flexibility of proteins (exemplified by the ability of 
antibodies to conform to an immense range of antigens), 
and the 2,000 million years that have apparently been 
available for evolution, the observed congruence between 
chemical potentialities and the needs of organisms seems 
to raise no difficulties. The number of possible proteins is 
so vast that it is reasonable to expect them to cope with 
any chemical reactions that have possible ‘survival value’. 
On this view our present state may not yet be “the best 
in the best of all possible worlds”, but we are heading 
there. The rival view is that the congruence is improbably 
good; it leads to the concept of design, or to Plotinus’s 
thesis that organisms and the basic properties of the 
environment act reciprocally on one another. The observa- 
tions made so far do not seem to force on us so radical an 
overthrow of accepted scientific canons. N. W. PRE 


LUNG CIRCULATION 


The Lung Circulation 

By Prof. Domingo M. Aviado. Vol. 1: Physiology and 
Pharmacology. Pp. xxiv+1-590. Vol. 2: Pathologic 
Physiology and Therapy of Diseases. Pp. xix + 591-1405. 
(London and New York: Pergamon Press, 1965.) 300s. 
net, per set. 


NTIL recent years the pulmonary circulation was not 

a popular subject of investigation among either 
physiologists or clinicians. This was due, in part at least, 
to a lack of interest and the belief, generally fostered by 
text-books of physiology, that the pulmonary circulation 
is effectively independent of the nervous system or of 
any humoral control. It had been repeatedly shown from 
the late nineteenth century onwards that pulmonary 
vasomotor responses could be excited by both nervous 
and hormonal stimuli, but such evidence was generally 
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dismissed on the grounds that the responses were too small 
to be significant and that, in any case, since all blood must 
flow through the lungs, imposed changes in the resistance 
of the lung vessels would serve no useful purpose. This is 
still a difficult argument to meet, but, as readers of The 
Lung Circulation may see for themselves, it is possibly no 
longer of great importance. Now it is not so much a ques- 
tion of whether control exists but by what mechanism it is 
made effective. For this new attitude a great deal of 
credit must be given to both Liljestrand and Cournand, 
the former because of the post-war investigations initiated 
in his department on the pulmonary vasomotor effects of 
ventilation hypoxia and hypercapnia, the latter because 
of his influence and example in developing techniques for 
the examination of the pulmonary circulation in man. 
The great improvement in technical facilities and instru- 
mentation has undoubtedly also contributed to the 
increase in research on the circulation of the lungs. How 
accelerated this has been may perhaps be appreciated 
from the fact that the author of this book has quoted 
from about 7,000 papers, 80 per cent of which have 
appeared in the past 15 years. Those who knew how 
sparse was the pre-war literature on this subject will 
appreciate the contrast. 

The author of these volumes, Dr. Domingo Aviado, with 
his colleagues at the University of Pennsylvania, has 
himself made a distinguished contribution to the pharma- 
cology of the pulmonary circulation during the past 15 
years and, from his knowledge of the problems involved, 
both technical and theoretical, is well qualified to write 
about this subject. It is remarkable, however, that he 
should also have managed to write so informatively about 
many other aspects of the lung circulation in disease as 
well as in health. 

Containing more than 1,200 pages of text, the book is 
divided into two volumes comprising five sections. The 
first section (4) deals with the effects of ventilation 
hypoxia, the evidence for baro- and chemo-receptors in 
the lungs, the bronchial circulation and the evidence for the 
release of certain chemicals, 5-hydroxyiryptamine and the 
like, from lung tissues. Section B deals with the action of 
drugs which either imitate or alter the action of autonomic 
nerve stimulation. Section C takes up the actions of a 
comprehensive list of vaso-active drugs of clinical and 
scientific interest. Next (D) comes a discussion of acute 
pulmonary diseases and (Æ) of chronic pulmonary hyper- 
tension. ‘The discussion throughout the five sections is 
linked together by the emphasis placed in each on the 
idea that the blood vessels of the lungs behave as any 
other blood vessels in health and disease and are under 
similar controls. 

As a reference work, teachers and clinicians cannot 

help but find it a useful text. The information about the 
action of drugs must alone be considered a valuable 
contribution; but the account of the clinical observations 
made on the human lung in the past 15 years is equally 
valuable. For those who want to find out more about the 
use of such observations, and the techniques utilized, the 
book provides plenty of references. 
- Physiologists who have studied the problems treated 
in the first two sections may not agree with all the author’s 
ideas. One cannot help but feel that there has been too 
great a desire to bring all information under one 
theoretical umbrella. There are large areas of theory 
which have very little experiment to reinforce them. 
But whatever one may think about individual arguments 
and interpretations, the total structure built up is im- 
pressive and cannot fail to interest and stimulate other 
investigators in the field. 

A welcome subject of discussion in the book is the 
bronchial circulation. This adds greatly to its value. 
Except in some specialized anatomical treatises there are 
few accounts of this system of vessels, although, because 
of its nutritive function and because of its connexions 
with the pulmonary vessels, it has great functional 
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importance. As Daly showed over thirty years ago, for 
experimental inveszigations of the innervation of the 
lungs the bronchie. circulation must be maintained or 
the nerves will die. Extensive communications be- 
tween pulmonary and bronchial circuits also mean that 
haemodynamic events within either circuit may affect 
the other; this factor must be borne in mind when 
pulmonary vasomstor responses to any stimulus are 
under test. Thess are obviously good reasons why 
account must be taken of the bronchial circulation when 
planning experimerts on the pulmonary circuit, but a 
knowledge of the bronchial circulation is also of clinical 
importance. Its reactions and growth changes in pul- 
monary disease canstitute one aspect of its clinical 
relevance; another is the significance of the bronchial 
circulation as a nutritive system of vessels to a number of 
lung structures. Tae author should also be commended 
for giving a fair and balanced account of broncho-pul- 
monary anastomoses. It is sometimes a temptation to 
think that one function of pulmonary vasomotor control 
may be in the openmg and closing of precapillary anasto- 
moses between the two systems; maybe it will prove to be 
so; but, as the author emphasizes, the evidence that these 
connexions exist is still controversial. 

It is a disappointment that the chapter on the autonomic 
control of the pulmonary circulation is largely a discussion 
of drugs and that zhe direct evidence from experiments 
on the effects of stimulating the nerve supply of the lungs 
is given such cursory treatment. There is an extensive 
literature dealing with this question which goes back to the 
nineteenth century. and one cannot but wonder a little 
whether the author does not lack a sense of proportion 
when, as evidence that sympathetic nerve stimulation 
increases pulmonary blood flow and pressure and pul- 
monary vascular resistance, he quotes a paper of his own 
written in 1961 and another by a Japanese author written 
in 1962. It is here that one would expect I. de B. Daly to 
get honourable mention, but at this stage his work is 
quoted only in support of some minor points in the 
exposition. In any event, the title of the chapter is mis- 
leading, since the suthor evidently had no intention of 
discussing the innervation of the vessels as such. What is 
more serious is the superficial treatment of the pharmaco- 
logical evidence. The author concludes that the simplest 
concept is to regard acetylcholine as having a dilator 
action on all blood vessels, pulmonary and systemic, 
even though most of the classical evidence, including 
some quoted by him, shows that it can be both pulmonary 
vasoconstrictor and vasodilator in a number of species. 
Such theoretical treatment is not very helpful. 

In certain respeczs the presentation is confusing. The 
reader will very o-ten find it difficult to know which 
evidence has been obtained by Dr. Aviado himself and 
which is bemg qucted from others. Statements which 
seem to be theory cnly are made as if they were authen- 
ticated experimental fact. When, as I suppose will 
happen, this book comes to a second edition, these 
points might well be rectified. Similarly, it would 
be helpful if, undor figures taken from journals, the 
authors’ names wers quoted. Presumably most of those 
used were from Dr. Aviado’s own papers; even 60, 
it would be helpful to know. The figures would also be 
easier to understard if the tracings, such as those of 
Fig. 1.5, were always labelled. 

Line drawings appear in many parts of the text to 
illustrate or summarize methods or ideas. Some, such as 
Fig. 7.1, are moderazely successful but it must be admitted 
that many are less successful. In some cases this is simply 
because the lettering is insufficient or insufficiently 
explained (see Fig. 1.9) and the diagram itself is not 
inspired enough to help the reader over the difficulty. 
Other figures such as 5.9 seemed pointless to me; this 
one simply indicates a few of the well-known actions of 
histamine, suggests that it can be released in three parts 
of the circulation and from any one is likely to be carried 
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to either of the others. An elaborate diagram to make 
these points seems unnecessary. 

Fig. 6.3 deserves a special comment. It is a good idea 
to carry the same pressure-flow diagram through the book 
and to explain its meaning at the beginning. The idea 
would be even better, however, if it were made clear 
there and then that the symbols explained, but not used in 
it (Fig. 6.3), are the ones which will appear in succeeding 
diagrams of which it is the prototype. Otherwise, readers 
who like to understand each stage of an argument before 
going on to the next may spend more time than they 
should looking for the lost symbols on or around p. 330. 
‘Nevertheless this is a useful idea and should be com- 
mended. i 

Chapter headings have not always been well chosen. 
The one beginning “The Release of Chemical Substances” 
(Chapter 5) has comparatively little evidence about the 
actual release of the various substances discussed. It 
affords a lot of evidence suggesting that, if such agents as 
histamine, 5-hydroxytryptamine and others are released, 
then they would act on the pulmonary vasculature in 
various ways. Under certain circumstances some evidence 
of the release of histamine can be obtained, but it remains 
to be shown whether this normally happens in such a way 
as to produce responses of the lung muscle. Even less is 
known about the normal functions of the other substances 
: discussed, but the tone of the discussion here seems to 
imply that the various agents considered are in fact 
concerned in the regulation of the lung circulation. Far 
more evidence will be needed before these views can 
possibly be considered seriously. 

There are some inaccuracies, and signs that some of the 
papers referred to have not been read very carefully. For 
instance, it is implied on page 9 that Beyne was the first to 
test the effects of anoxia uncomplicated by asphyxia on 
the lungs. In fact, the credit for this should go to Plumier, 
whose experiments were published nearly forty years 
earlier. Again, on page 156, Duke et al. are quoted 
inaccurately and the point in their paper that excess CO, 
is not itself an adequate stimulus for the postulated 
chemoreceptors of the pulmonary artery is missed. It is 
a pity, too, that in dealing with the effects of anoxia the 
author fails to make clear to the reader the essential 
differences between experiments done on the completely 
isolated perfused organ and those done on lobes or single 
lungs perfused in situ. In the latter, not only the innerva- 
tion of the tissue but its bronchial blood supply is intact, 
and the influence of the heart on the venous pressure and 
drainage may introduce other haemodynamie variables. 

In the context of the total achievement of the book these 
criticisms are minor ones. It has to be remembered that 
this is the first book of the kind to be written about the 
pulmonary circulation and, whatever one may feel about 
some of his individual judgments, there is no gainsaying 
that the author has managed to present a coherent and 
logical account of the subject and that he is in full com- 
mand of his material throughout. Moreover, the discussion 
is generally lively as well as informative. Those who are 
interested in learning about the lesser circulation will find 
a great deal to the purpose in this book; others who are 
already indoctrinated will be grateful to Dr. Aviado for 
his extensive analysis of the recent literature and will find 
The Lung Circulation a useful addition to their book- 
shelves. ‘ CATHERINE HEBB 


VITAMIN ASSAY METHODS 


Vitamin Assay 

Tested Methods. By RolfStrohecker and Heinz M. Henning. 
Translated by D. D. Libman. Pp. 360. (Weinheim/Bergstr. : 
Verlag Chemie, G.m.b.H., 1965.) 48 D.M.; 12 dollars. 


HE subject of Vitamin Assay: Tested Methods must 
be of importance to many workers in laboratories, 
both industrial and academic, throughout the world. 
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The number of methods and modifications of methods 
advocated in the literature has reached a forbidding total, 
and many workers have their own favoured procedures 
which are often not generally available. It is useful, 
therefore, that tested methods in collected form should 
be made available to English readers, the more so since 
books on this topic appear to be surprisingly few. 

An accurate knowledge of the content of vitamins in 
drugs, foods and, feeding-stuffs has assumed great impor- 
tance at the present time. The assay of vitamins in drugs 
is relatively simple, since the free vitamin is normally 
present and the separation of concomitant and possibly 
interfering substances is not usually unduly complicated. 
In foods and feeding-stuffs the preparation of an extract 
containing essentially the free vitamin is often a much 
more protracted procedure than the actual estimation 
itself. 

Biological methods——the direct appeal to the animal— 
are probably the best in theory; but they have serious 
disadvantages in respect of time, space and cost, without 
concomitant compensations of precision and accuracy. 
Nevertheless, in some cases, notably that of vitamin D, 
it is still necessary to resort to biological methods. Chemi- 
cal and physico-chemical methods are more speedy and 
precise, and microbiological methods for the B group of 
vitamins are likely to be at least as precise and of higher 
specificity. Owing to the exacting requirements of 
microbiological assay, only a limited number of organisms 
is available, buy it is desirable, if possible, to use those 
which have similar nutritional requirements to those of 
man and animals. The increasing use of protozoa (for 
example, Ochromonas malhamensts for B2) is a step in the 
right direction. 

The limits of error in any of these methods are such as 
to cause some surprise to the academic chemist as they 
are often between + 5 per cent and + 10 per cent, and 
may range as high as + 20 per cent. Indeed, in a recent 
collaborative report the ‘between laboratories’ limits 
were no better than + 35 per cent. 

The authors describe in detail methods for the assay of 
all the vitamins likely to be encountered. Preliminary 
separations are given in full, and valuable recent tech- 
niques—spectrophotometric, polarographic, fluorimetric, 
chromatographic (column, paper and thin layer)—are 
called in to the aid of the analyst. An interesting variation 
~—‘streak’ chromatography on paper—is described in 
connexion with nicotinie acid, vitamin C and vitamin D, 
whereby larger volumes can be applied than im the case 
of the more usual ‘spots’, with better separation and more 
rapid working. 

The determination of the content of a given vitamin, 
adequate in the case of pharmaceutical preparations, can 
be subtly misleading where the real nutritional value of 
foods or feeding-stuffs in respect of vitamins is in question. 
For example, in the case of vitamin E, the assessment of 
a-tocopherol or of total tocopherols is scarcely adequate 
since to obtain a complete picture of vitamin E activity 
it is desirable to know the proportions of some seven or 
eight tocopherols, a sizeable analytical problem which 
has by no means reached a final solution. 

Example calculations, often regrettably omitted in 
original papers, are a valuable feature throughout the 
volume, although, somewhat surprisingly, there appear 
to be no indications of the importance of design of micro- 
biological assays, and subsequent statistical treatment of 
results. It is also surprising that there is no description 
of cup-plate techniques which have been widely used for 
routine determinations in Britain. 

Principal references are given at the foot of the appro- 
priate page and there is a short bibliography in the appen- 
dix. This also includes a comprehensive list of reagents 
and stock solutions required in microbiological assays 
and the composition of media in tabular form. 

The usefulness of this volume of tested methods, under 
the sponsorship of Merck AG, is not in any doubt and it 
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should find a ready welcome wherever vitamin assay is 
practised. It is finely printed and produced and includes 
clear diagrams, together with photo-reproductions in 
black-and-white, and good colour, notably of column and 
thin-layer chromatography. F. W. NORRIS 


DEVELOPMENT AT THE CELLULAR 
AND MOLECULAR LEVEL 


Molecular and Cellular Aspects of Development 
Edited by Dr. Eugene Bell. Pp. xi+ 525. (New York and 
London: Harper and Row, 1965.) n.p. 


To must be many who have been disappointed 
at the past failure of embryologists and geneticists to 
establish a common front in the battle for an understand- 
ing of the role of the gene in ontology. It looks now as if 
neither, but rather the molecular biologists, are going to 
be in the front line when the day of the breakthrough 
dawns. We may have been foolishly impatient in our 
expectations, overlooking the methodological hurdles 
in the way of such a straightforward synthesis of genetics 
and embryology. 

The minute analysis, both of the synthetic processes in 
the development and growth of a complex organism and 
of the chemical nature, spatial exposition and behaviour 
of the ‘gene’ had to await new and dramatic developments 
in biophysical and biochemical instrumentation, including 
the advent of the electron microscope. Only then could 
the stage be set for bridge-building. When this finally 
happened the molecular biologists naturally had to take 
the lead. 

The collection of fourteen chapters on the theme of 
Molecular and Cellular Aspects of Development, collected 
and edited by Dr. Eugene Bell of the Massachusetts 
Institute of Technology, represents an attempt at a 
synopsis by no fewer than eighty contributors of progress 
in the following fields: the study of cell association, 
induction, cyto-differentiation and cell division, the role 
of the nucleus, chromosome differentiation, genetic con- 
trol of differentiation, isozymes, enzyme regulation, 
RNA synthesis, the synthesis of cell-specific products, 
macromolecules as the basis of structure, hormones, 
growth substances and cell-virus interaction. The 
central topic of the book is cell differentiation, although a 
number of articles deal also with tissue and organ develop- 
ment. Each of the chapters is introduced by a résumé 
by the editor covering the problems which form its main 
theme. The papers themselves are reprints of published 
articles by outstanding representatives in the field in 
question. 

It is obviously impossible in a short review of such a 
complex work to deal with any of the individual contribu- 
tions. Nobody can deny the great difficulties in the dis- 
semination of scientific information, and any attempt to 
ease access to 1b ought to be welcomed. The alternatives 
are a comprehensive review by a single author from a 
central vantage point, or a herding together of system- 
atically related papers into a work like the present 
synopsis. 

The editor states that he has used this collection of 
papers for a first course in developmental biology at the 
Massachusetis Institute of Technology. This is remark- 
able in view of the rather advanced nature of most of the 
articles. In browsing through the various chapters, one 
becomes deeply conscious of the ebullient sense of adven- 
ture in present-day biology and of how goad it is to be able 
to witness all this. The challenge of attempting the near 
impossible that has to be accepted in experimental 
ventures into the realm of molecular happenings, the 
unfolding of undreamt-of complexities in the form of 
interlocking self-regulatory systems, the satisfaction to be 
gained in the design of ingenious experimental and 
intellectual stratagems, the continuous call for self- 
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criticism in the evaluation of inherently ambiguous 
observational and statistical results against the back- 
cloth of the great fundamental generalizations governing 
our theorizing about gene action in the synthesis of pro- 
teins and other ‘bio materials, the ordered chaos of tissue 
and organ determination in embryonic development—of 
all this the reader of this book is constantly and excitingly 
made aware. 

Extensive lists of references and 234 well-produced 
illustrations add to the value of the book, but, apart from 
a hst of contributers, there is no index. The editorial 
prefaces to the individual chapters read in sequence give 
coherence to what 2ould otherwise appear to be a rather 
haphazard collection of reprints. O. LOWENSTEIN 


COMPUTERS IN MEDICAL RESEARCH 


Computers in Biomedical Research 

Vol. 1. Edited by Ralph W. Stacy and Bruce D. Waxman. 
Pp. xxii+562. (New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1965.) 
160s. 


“TN the space-of a few years biomedical computing and 

automatic date processing have become a significant 
part of the biomedizal scientific effort...’ This assertion, 
carried on the dust-cover, is just. An increasing number 
of important probl=ms in molecular biology, physiology, 
cardiology and oth=r branches of medicine and its allied 
sciences are solubla only by extensive mathematical or 
numerical analysis. Many questions in clinical, social and 
administrative mecicine can be answered only by large- 
scale data processing. Within the past half-decade com- 
puters have become not only more powerful and more 
numerous, but, through the introduction of automatic 
programming languages, more easy to use. A few pioneers 
have shown the potentialities of computer science in a 
wide range of medical applications and have thereby 
kindled a flame which must grow rapidly in the years 
to come. 

Much of this-work has been difficult to follow for those 
not centrally engag=d on it. The publications are scattered 
and often assume considerable prior knowledge of com- 
puter science or tne particular field of application. A 
number of symposia have appeared recently, particularly 
from the United States, but the presentations have often 
been too sketchy. Computers in Biomedical Research, 
Volume 1, and its forthcoming companion, Volume 2, 
appear to provide the best set of expository papers so 
far. The range covered is wide and most of the topics 
are discussed m some depth. Even here, however, a 
reader like mysplf, on the fringe of the subject, is likely to 
have difficulty in entering fully into such diverse topics 
as enzymo systems, protein structure, statistical analysis, 
personality assessment and neural processes. The specialist 
in one of these topies, on the other hand, is likely to ask for 
more detail, particularly about computing procedures, 
than can be given in these chapters. Perhaps we now need 
a series of monographs, each treating one field of medical 
computation in full detail. è 

An excellent introduction by the editors is followed by 
22 chapters arranged in sections devoted to the life sciences 
generally, the simulation of biological processes, the 
analysis of specifie systems, and applications to neuro- 
physiology, clinica. medicine, psychology and psychiatry. 
It may be useful here to classify the chapters according to 
the use to which the computer is put. Three chapters 
describe extensive data-processing systems: in laboratory 
medicine (B. G. Lamson), in pre-symptomatic screening 
for many diseases simultaneously (M, F. Collen, L. Rubin 
and L. Davis) and for automatic personality assessment 
(H. P. Rome e} al.». Several chapters are concerned with 
complex calculations for diverse purposes: genetics (K-I. 
Kojima), protein structure analysis (C. L. Coulter), 


234 


statistical analysis (W. J. Dixon—it should be mentioned 
that the BMD programmes described here are written for 
the IBM 7090), and calculation of radiation dosages 
(I. D. Sterling and H. Perry). A group of chapters is 
concerned with the investigation, by calculation and 
simulation, of models of biological systems; mathematical 
aspects are discussed by G. B. Dantzig, simulation by 
D. Garfinkel, analogue computers by J. E. Randall, 
hybrid computers by W. Siler, neurotic systems by K. M. 
Colby, neural networks by B. G. Farley, and perceptrons 
by J. A. Daly, R. D. Joseph and D. M. Ramsey, and 
L. Uhr has a general chapter on model building. Two 
papers are concerned with cybernetics (F. S. Grodins) and 
computer-controlled experiments in psychology (G. A. 
Miller, A. S. Bregman and D. A. Norman). A group of 
chapters describes the use of computers for the processing 
of bio-electric signals: in neurophysiology (W. R. Adey, 
M. A. B. Brazier), cardiology (H: V. Pipberger), and foetal 
cardiology (E. H. Hon). Finally, L. B. Lusted has an 
excellent chapter on medical diagnosis. Many contribu- 
tions are, of course, broader in scope than is indicated by 
the above summary. 

This book is a stimulating guide to present-day 
American work on medical computing and the second 
volume will be awaited with interest. P. ARMITAGE 


CHROMOSOMES OLD AND NEW 


Cytology 

By Prof. C. D. Darlington. Part 1: A Reprint of Recent 
Advances in Cytology, Second Edition, 1937. Part 2: 
Recent Advances in Cytology, 1937-1964. Pp. xvi+ 
768+16 plates. (London: J. and A. Churchill, Ltd., 
1965.) 60s. 


HE two pre-war editions of Darlington’s Recent 

Advances in Cytology are undoubtedly classic texts, 
which were outstandingly successful in achieving what 
they were intended to do. This was the provision of a 
detailed account of chromosome form and behaviour, both 
normal and abnormal, in plants and in animals. They 
incorporated major syntheses of the literature of the field, 
built into a framework of interpretations and ideas 
developed by the author. They combined, in Prof. 
Darlington’s unique style of writing, information with 
interest, wit with wisdom. The essential uniformity of the 
chromosome mechanism in both plant and animal king- 
doms was emphasized throughout and an eye was always 
kept on the genetic roles of the chromosomes. The 
chromosomes contained the genes, indeed they were the 
genes, and were in turn subject “as individuals to the laws 
they enact as a body”: 

It is @ measure of the stature of Recent Advances, and 
the value of the author’s approach, that, despite its second 
edition being almost thirty years old—a great age for a 
book in a subject advancing as rapidly as cytology—it is 
a volume which must still be consulted by a practising 
cytologist as an authoritative basis for chromosome 
study. This continued demand has now been met, under 
the abridged title of Cytology, with a reprint of the second 
edition, originally published in 1937, supplemented by an 
appendix in which Prof. Darlington provides an assess- 
ment of the advances which have taken place in the field 
between 1937 and 1964. This very much shorter second 
section is not meant to have the detail and approach of 
the first section. Rather, it is a guide to those develop- 
ments during the past twenty-seven years which have been 
of particular interest to the author himself and which 
support, qualify or, occasionally, disprove information or 
predictions outlined in the first section of the book. This 
personal approach lends coherence to the two sections 
and yields a result which is in many ways preferable to an 
attempt to combine the two in an entirely re-written 
edition. For this is not really a book for the beginner in. 
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cytology: the wreatment of some topics is too detailed 
for this purpose and a number of introductory books, 
including some by the author himself, are more appro- 
priate for this purpose. No, this is a book for the more 
serious student of chromosome cytology, who will be able 
to trace within its pages the development both of this 
important branch of biology and of this important 
biologist. I feel sure that all who fall within this category, 
including many who already possess one of the earlier 
editions, will wish to avail themselves of this new oppor- 
tunity to survey the field from so respected a point of view. 
S. A. HENDERSON 


METEOROLOGY IN THE TROPICAL 
PACIFIC 


Cloud Structure and Distributions over the Tropical 
Pacific Ocean 

By J. 8. Malkus and H. Riehl. Pp. ix+229. (Berkeley 

and Los Angeles: University of California Press; London: 

Cambridge University Press, 1964.) 60s. 


HE wide expanse of the central Pacific is a fruitful 

region for research in tropical meteorology, un- 
hindered by the often overpowering effect of local 
orographic features. The two authors are well known for 
their published papers on the trade-wind regions. Whether 
they were wise to attempt a more detailed presentation 
in book form is questionable. For Cloud Structure and 
Distributions over the Tropical Pacific Ocean is simply a 
detailed account of observations made on three flights in 
1957; it has taken much longer to appear, and will, one 
suspects, attract fewer readers than would a briefer 
account in a scientific journal. The flights were made at 
low level in a single aircraft, and observations were 
accordingly limited. Synoptic scale analyses must be 
considered subjective, and it is the meso-scale features 
that carry most interest. 

The three tracks chosen were in a generally east-west 
direction just inside the Tropics; a north-south direction 
across the equator would have yielded results even more 
intriguing and difficult to interpret. However, the situa- 
tions described are full of interesting detail. For example, 
the familiar ‘lean’ of trade-wind cumuli was found to be 
indicative of weak convection at the shear level; a change 
to more intense convection occurred due to the building 
of 1 in 4 of the cumulus lines at the expense of others; 
the cloud streets were at times related to the upper shear 
rather than the low-level wind, indicating that cloud 
observations from satellites should not be used in wind 
analyses. 

On the larger scale, a remarkable feature of tropical 
Pacific meteorology is the high variability of flow pattern 
above the settled trade-wind flow. Data presented here 
seem inadequate for the theories advanced—Doppler 
winds from high-level aircraft were needed to supplement 
the scattered radar-wind reports. Nevertheless, the 
authors present a good case for relating the 250-150 mbar 
thickness tendency to large-scale development. I have 
noted that, on occasion, disturbances at 200 mbar are 
accompanied by unsettled weather, but more frequently 
there appears to be little association. More investigations 
of wind in the upper troposphere are needed in these 
regions. 

All the data are well presented with full documentation 
of observations, including cloud photographs, together 
with appropriate synoptic charts and radio-sonde reports. 
It is a relief to find that the stream-lines illustrated do not 
reproduce the rather fanciful patterns to be found in 
other studies of tropical meteorology. After reading of 
these three flights one realizes the wealth of meteorological 
knowledge which must be acquired by airline pilots and 
which so rarely seems to be channelled through to the 
meteorologist. P. GRAYSTONE 
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Science in Nineteenth-Century America 

A Documentary History. Edited and with an Introduction 
by Nathan Reingold. (American Century Series.) Pp. 
xii+339. (New York: Hill and Wang, 1964.) Cloth 
5.95 dollars; Paper 2.45 dollars. 


HIS collection of documents from nineteenth-century 
America is designed to help us understand the 
“present American eminence in the sciences”. - 

The documents are, for the most part, private letters 
and personal records not intended for public consumption. 
They begin with the writings of Benjamin Silliman, sen., 
and Nathaniel Bowditch—both essentially popularizers 
with an eye to the practical application of science. 

A majority of the American scientists during the nine- 
teenth century were natural historians and explorers. 
Their work was inspired by the needs of a new continent 
and of a young country. Geophysics and meteorology 
thus became estab'ished as separate disciplines. With 
the advent of Darwinian evolution, however, the natural 
historians turned into biologists. With the rise of modern 
physics towards the end of the nineteenth century in 
Europe, the American explorers charged their interest 
from the physical world to the world af physics. 

The founding of the National Academy of Sciences in 
the middle of the Civil War was undoubtedly a main 
event in the scientific life of the country. The Academy 
never played as important a part as the Royal Sociaty did 
in Britain; its difficult origins may have held back the 
growth of the Academy. 

Apart from Agassiz and Asa Gray, few of the American 
scientists were of international stature. It is only at the 
end of the century that native genius made itself felt. 
The physicists Newcomb, Rowland and Michelson were 
undoubted leaders in their field. Charles Sanders Peirce 
and J. Willard Gibbs are the two scientists who are out- 
standing in the originality and universality of their minds. 
Their genius has become recognized only in recent years. 
Peirce’s contribution to a wide range cf knowledge is not 
yet sufficiently appreciated, at least in Europe. 

There was a prevalence of practical and a dearth of 
theoretical scientists during the earlier period. The flower- 
ing of American science at the turn of this century—and 
ever since then—was caused by the fertilizing contact 
with European science. It would be wrong to be blind to 
the fact that science is, and always has been, inter- 
national. The present suecess of American scientists is 
built on, and impossible to divorce from, the achievements 
of the scientists of Western Europe and, indeed, of every 
part of the globe. E. H. HUTTEN 


Recent Advances in Selenium Physics 

Edited by European Selenium-Tellurium Commitzee. (A 
Symposium on Solid and Liquid State Selenium Physics 
arranged by the European Selenium—Tellurium Committee 
and held at the Chemical Society, Landon, June. 1964.) 
Pp. vii+ 160. (London and New York: Pergamon Press, 
1965.) 80s. net. 


ELENIUM is the oldest of semiconductors and is still 
widely used as @ rectifier material, in spite of the 
success of silicon and germanium diodes. One would 
imagine that the physical properties of selenium would 
have, by now, been fully understood but, in fact, they are 
still being actively investigated and it appears thet much 
work remains to be done. The symposium which is 
reported in this book allowed a large proportion of those 
who are engaged in selenium research to meet one another, 
relatively few of the participants having less than a 
direct interest in the material. Not unexpectedly, the 
discussion was particularly lively, and forms a most 
valuable part of the report. 
Most solid-state physicists nowadays are unhappy if 
they cannot work with single crystals, and four of the 
papers are devoted to the growth of crystals of hexagonal 
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selenium; the work of D. E. Harrison in this field has been 
exceptionally successful. Most of the remaining papers 
discuss transport and optical measurements and their 
interpretation. It is quite clear that many of the estab- 
lished semiconductor concepts must be discarded for 
selenium, because o? its very low carrier mobility. How- 
ever, it is probably an example of a wide class of materials, 
and, being an element, may make an excellent prototype 
for testing theoretical ideas. In summarizing the sym- 
posium, H. Gobrecht points out some notable deficiencies 
in the work to date. Most important, the selenium used in 
the experiments has often been of doubtful purity. Sur- 
prisingly also, the atomic weight of selenium is known only 
to two decimal placas. 
Although the sub-title of the book mentions liquid 
selenium, there is arly one paper devoted specifically to it 
(other than the consideration of its properties as relating 
to the growth of crystals). Only two of the papers discuss 
applications of selenium (in xerography and thermo- 
electricity, and in the latter field selenium is important 
only in compound form). It would not be unexpected, 
however, if the commendable encouragement of selenium 
research by the European Selenium—Tellurium Committee 
were to lead to new applications of a fascinating substance, 
H. J. GOLDSMID 


Evolution of Mathematical Thought 

By Prof. Herbert Jdeschkowski. (The Mathesis Series.) 
Pp. 157. (San Francisco, London and Amsterdam : 
Holden-Day, Ine., 1965.) 6.55 dollars. 


HIS translatior. of Evolution of Mathematical Thought 

adds to the number of books which attempt to explain 
the spirit and aims of modern mathematics to the intelli- 
gent layman. 

The Greeks begen the search for a discipline which 
should be abstract and general, but Prof. Meschkowski 
takes a long stride from Greek mathematics to the next 
significant stage, the discovery, early in the nineteenth 
century, of the plurelity of geometries by Gauss, Lobachev- 
ski and the Bolyais. Curiously, he scarcely notices the 
sequential but equally important work of Grassmann, 
Hamilton and Bacle, on the plurality of algebras—so 
seminal for modern formalist developments. The anti- 
nomies and paradcxes of Cantor’s theory of sets, and 
Brouwer’s dismissa: of the law of the excluded middle, 
lead to problems. of mathematical logic, which Prof. 
Meschkowski approaches from the geometrical side by a 
study of Hilbert’s axiomatic construction. The formalism 
which dominates sc much of present-day thinking about 
mathematics demands discussion of the consistency and 
completeness of an axiomatic system, and presents the 
‘undecidable’ praklems of mathematica] logic, with 
Godel’s proof that. the consistency of the formal number 
system cannot be established by means of the system 
alone, and Skolem’s theorem that a finite system of axioms 
cannot uniquely characterize the set of natural numbers. 
The account of this rugged domain is as clear as we could 
hope for; many readers will appreciate the quotation from 
André Weil: “God sxists since mathematics is consistent, 
and the Devil exists since we cannot prove it”. 

A further chapter on operative mathematics, based on 
papers by P. Lorenzen, will prove a severe test of the 
sophistication of ev2n the most intelligent layman. In an 
appendix, the euthor suggests that there are educational 
possibilities in modern mathematics which were only latent 
in the classical ninezeenth century developments, and that 
these could be mada to lead to a new unity in our educa- 
tional system. He remarks that the liberal arts might 
be better served ifstudents in technical institutes, instead 
of being compelled to attend lectures on literature, were 
encouraged to reflect seriously on the fundamentals of 
their own subjerts. Thus they would be led to see that 
poets, philosophers and scientists may indeed all have the 
same goal. T. A. A. BROADBENT 
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RADIONUCLIDE FRACTIONATION IN AIR-BURST DEBRIS 


By Dr. E. C. FREILING and M. A. KAY 


U.S. Naval Radiological Defense Laboratory, San Francisco, California 


HEN one considers world-wide fall-out, air bursts 

are of much greater significance than surface bursts 

for two reasons. First, because a much greater quantity 

of fission products has been produced by air bursts than 

by surface detonations and, secondly, because the entire 

amount of debris from an air burst goes into world-wide 

fall-out, as compared with some small but unknown frae- 
tion for a surface burst. 

Although a large amount of information has been col- 
lected on air-burst debris, relatively little has appeared 
in the unclassified literature. A few remarks on the nature 
of air-burst debris are therefore in order by way of back- 
ground. The particles from air bursts are almost exclu- 
sively spherical, although occasionally particles are found 
which consist of two spheres stuck together. The particles 
are small, rarely occurring larger than 20u in diameter. 
Lapple has estimated that these particles can only grow 
to 0-3u. by condensation and are probably no smaller than 
0-03u. (ref. 1). Therefore either the larger particlesmust have 
been formed by the coalescence of small particles when the 
debris was still in the molten state, or they were formed 
from debris which was never completely vaporized. In 
either case they probably consist predominantly of particles 
formed at the earlier times. The size-frequency distribu- 
tion has been measured down to 0-05u diameter and found 
to be approximately lognormal with a modal diameter 
less than lu (ref. 2). The densities of the particles vary from 
3 to 4:3 g/c.c. (ref. 3). They may be colourless, gold, 
yellow, orange, red, brown, green or black. Their chemical 
composition is usually a mixture of the oxides of iron, 
aluminium, uranium and plutonium. Radiochemically, 
their specific activity is much greater than that found in 
surface burst debris, as would be expected. Thus, while 
the more active particles from surface bursts contain of 
the order of 101 *Zr-equivalent fissions per gram *, air 
burst particles may have specific activities from 104 to 
10? times higher. Benson et al. have recenily determined 
that in larger particles from air burst debris Zr content 
varies as the 3-1-3-4 power of the diameter, while “°Ba— 
oLa content varies as the 2-3-2-6 power (ref. 4). 

Most of the samples investigated have shown a relatively 
small degree of fractionation. However, since most samples 
were collected with precautions to obtain as representative 
& collection as possible, one should not leap to the con- 
clusion that air-burst debris is fractionated to only a small 
extent. A large number of samples have also been obtained 
which showed large departures from the representative 
composition. The analytical data from these samples 
provide a wealth of material for analysing fractionation 
in air-burst debris. 

It is helpful to.draw a distinction between potential 
and actual fractionation when considering the extent to 
which air-burst debris is fractionated. By ‘potentially 
fractionated debris’ we mean debris for which the radio- 
chemical composition varies among particles, whether 


* Tn any given event, an equivalent fission of a fission product or induced 
activity is the ratio of the total quantity of product to the total number of 
aione and thus represents the average quantity of product formed by one 

ssion. 


because of their size, density, macroscopic composition 
or history in the fireball, even though these particles are 
intimately mixed so as to provide a representative com- 
position for any given cubic foot of cloud. For example, 
the work of Benson et al. already cited (ref. 4) clearly 
shows that the debris from an air burst is potentially 
fractionated, even. though the debris taken as a whole is 
obviously representative. In order to actualize this poten- 
tiality, a particle separation process must occur. If the 
separation is the result of unequal rates of sedimentation 
through the atmosphere, the process could extend over 
long periods of time, and the degree of actualization would 
increase as time went on. 

The correlation of radiochemical data from fractionated 
samples of air-burst debris throws light on the fundamental 
nature of the processes involved in debris formation: the 
nuclear processes of the primary fission products; the 
dispersion and subsequent nucleation, condensation and 
agglomeration of the carrier material; the incorporation 
of the primary fission products in the particle or their 
deposition on the particle surface. The correlative para- 
meters show the influence of matrix material on the charac- 
ter of the fractionation and provide input data for pre- 
diction schemes, such as the radial-distribution model*. 
A search of available radiochemical data on air-burst 
debris revealed thirteen detonations in which factors of 
ten or more were observed between the same radionuclide 
ratios in different samples from the same detonation. Two 
additional shots were included to extend the range of 
weapon yields. These detonations ranged in total yield 
over & factor of about 300. All the radiochemical data 
available from these fifteen detonations were used in this 
work. For each of these detonations, the investigators in 
charge of the analyses had estimated representative (that 
is, unfractionated) values of the radionuclide ratios 
obtained. Therefore, the ratios of fractionated radio- 
nuclides were converted to fractionation ratios (r;4) by 
simply dividing them by the representative values, as 
described in ref. 6. 

Standard statistical methods were used to analyse the 
correlations between ratios, to test the variation of the 
correlation parameters with total weapon yield, and to 
test the hypotheses that nuclides of certain groups do not 
fractionate from one another. 

To illustrate the range of fractionation observed in 
air-burst debris, Table 1 lists for each shot the ratio of 
the largest rsss; value observed to the smallest 149,95 
value observed. The shot numbers are assigned in order 
of increasing yield. The data show that air-burst debris 
can. be extremely fractionated. There is no evident trend 
of the ratio with yield. The wide variation in the ratio 
probably manifests nothing more than its dependence on 
the sampling conditions. The observed 7g9, 5, values ranged 
from 0-002 to 5-3, although few fell outside the range of 
0-1-3-0, : 

The next property considered was the relative ability 
of logarithmic and linear correlations to fit the data. The 
measure used for goodness-of-fit was the coefficient of 
determination (shat is, the square of the coefficient of 
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Table 1, RANGE OF OBSERVED fg9,55 VALUES FOR AIR BURSTS 


Shot No. (Tass08) MBX/(se,9s) TAIN 


7 
22 
19 
28 
26 

919 
43 
64 
70 

449 
10 
90 
19 

503 

5 
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correlation)’. These coefficients indicate the fraction of 
variance in the dependent variable accounted for by the 
best fit of the type indicated. Individual shots varied 
considerably and were about equally divided in their 
preference. Table 2 shows the cumulative coefficients 
(that is, coefficients obtained from treating all the data 
from all shots as belonging to a single population) for 
several important radionuclides which fractionate from 
Zr to varying degrees. With the single exception of 
141Ce, which shows no significant difference, the cumula- 
tive coefficients indicate a preference for the logarithmic 
correlations. Unfortunately, this preference is influenced 
to some unknown extent by the type of scatter in the data. 
Data which have about the same ‘relative’ uncertainty 
(as these do) will tend to follow a logarithmic correlation, 
while data which have about the sams ‘absolute’ uncer- 
tainty will tend to follow a linear correlation’. 


Table 2, CUMULATIVE COEFFICIENTS OF DETERMINATION FOR IMPORTANT 
FRACTIONATION-SENSITIVE NUOCLIDES 


Coefficient of determination 


Radionuchde Logarithmic fit Linear fit 
Sr 071 O51 
ny 0°35 0-60 
WICg 0 69 0:60 
Rg {(0:78)* (0 65)* 
110e 0-71 0-72 
NG 0:37 0°05 
2s Np 0-78 0°64 


* Slopes are yield dependent. 


The yield dependence of the slopes of the logarithmic 
correlation lines were calculated for the nuclides Sr, 
aY, Zr, Mo, 1370s, 4°Ba, 41Ce, 47Nd and 23°Np. This 
was done for both total device yield W and for log W. 
In most cases the regression slope for this dependence 
was equal to or less than the 95 per cent confidence limit. 
The results for those cases where the regression slopes 
exceeded, the confidence limits are shown in Table 3. 
The Ba slopes definitely appear to be dependent on 
yield, the dependence is in the expected direction, and 
the slopes themselves varied from 0-41 to 0-92. The 
**Mo slopes also appear to be dependent on yield. These 
ranged from 0:10 to 0-59. The cases for the other nuclides 
appear much less definite. 


Table 8. REGRESSION SLOPES FOR STATISTICALLY SIGNIFICANT CASES OF 
YIELD DEPENDENCE 


Radionuclide Correlation with W (kt) Correlation with Log w 
wy 000016 + 0-00015 earns $ 


“Mo 000019 + 0 00011 0066 + 0039 
WOBa 0:00016 + 0 00009 0-053 + 0 035 
Oe 0 00011 + 0 00007 coments 
WIN —0 00013 + 0 00010 vevirecanaccuee E 


* Slopes did not exceed confidence limits. 


We come now to the values of the regression slopes for 
logarithmic correlations of the data fram all shots treated 
as a single population. Because of our basis of presentation, 
these slopes are measures of the volatility of behaviour 
of the various mass chains. The cumulative slopes for the 
logarithmic correlations, their 95 per cent confidence limits, 
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and the number of data points involved, are shown for 
vanous important radionuclides in Table 4. Nuclides are 
listed in order af decreasing volatility (decreasing slope) 
for air bursts. Altkough not strictly admissible, because 
of yield dependence, **Mo and "Ba have been included 
to Indicate typical values for these cases. Listed for 
comparison are the cumulative results from high-yield 
surface bursts which have been taken from ref. 6 and 
converted to the present basis (that is, ratios are here 
based on Zr instead of ®Sr). 


Table 4 CUMULATIVE SLOPES FOR VARIOUS IMPORTANT RADIONUCLIDES 
High-yleld 
Radionuclide No. of čata points Cumulative slope surface bursts 

Sp by definition 1-060 1-000 

Sr £09 0-92 + 008 069 + 068 

ID, 90 6-00 + 0°09 1:07 + 017 

9D 280 0-80 + 005 ~0 05 + 0-09 

eg I94 0-67 t 008 — 

Ra £01 (0°62 + 0-04)* 0-57 + 009 

uy T92 056 + 003 — 

MICg 282 0'40 + 003 — 

Mo €00 (0:30 + 0-05)* -010 + 009 

Nd 193 0-22 + 0:04 — 

Ar By definition 0-000 0 000 


* Yield dependent. 


Table 5 shows the slopes of log 74; versus log Tasos 
for various nuclide pairs of similar behaviour. 


Table 6. SLOPES OF LOG r; 4 VERSUS LOG fg9,9s FOR CASES 


OF SIMILAR BEHAVIOUR 
Nuclide t Nuvlide 7 No. of points Slope 
Sr sSr 209 —0 08 + 008 
"Cp 190 ~0-10 + 0-10 
bidd 07- Sr 150 000 + 0-11 
mAg 132 —0 05 + 0-16 
y Np 185 0:00 + 0:02 
Fee 279 0-00 + 0-17 
Ag 250 000 + 0°02 
ncd 229 000 + 0-04 
uemOd 214 —0 09 + 0-08 
880g Ba 190 0 04 + 0°08 
238Py "Mo 85 —0°01 + 0-12 
-238Py i Nd 70 —0-09 + 0-09 
Ce 164 —0 05 + 0-20 
wmPr 188 — 0-10 + 0-03 
wiTh “Zr 156 004 + 0-05 
183m 159 0:03 + 005 
166A 175 000 + 005 
“ar 239 —0 03 + 003 


The simplified picsure of fall-out formation has visualized 
a yleld-dependent tame of condensation or solidification of 
debris, at which refractory elements were largely incor- 
porated in the particle matrix while volatile elements had 
either to cool further or to decay to refractory elements 
before they could condense on the available surfaces. 
Some of the results in the preceding section are unexpected 
from such a model, but it cannot be universally stated 
whether this disagreement lies with the fault of the model, 
of the basic nuclear data and its application, or in the 
accuracy and treatment of the radiochemical data. Each 
anomaly must be treated individually, compared with 
other correlations, and the relative contribution of all 
four possible causes evaluated. 

The insensitivity of correlation parameters to yield, in 
all cases except Mo and 14°Ba, simplifies the prediction 
of debris properties but is difficult to reconcile with the 
simplified model described here. Equally difficult to 
explain on a physicsl basis is why these particular nuclides 
should show the greatest yield dependence. Plots of 
correlation parameter versus yield show a great deal of 
scatter and the results here may simply reflect a larger 
number of data points (compare Table 4) and more 
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reliable results for these nuclides, rather Kr Se 
than signifying a real insensitivity for the 
others. 

The observed volatility of *8*Np, on 
the other hand, appears more real. Besides 
the magnitude of the volatility, the results 
are well supported by independent data. 
Thus, Np, #*7U and *°U are all present 
as uranium at condensation time and, as 
Table 5 shows, the data from these three 
nuclides are all in excellent agreement. 
Moreover, a similar, though less marked, 0.8 
behaviour has been reported for the sili- l 
cate surface bursts Small Boy and Johnie 
Boy in ref. 9. 

In using Table 5 to determine whether 
two nuclides do not fractionate from each 
other, the slope, confidence lumits, and the 
chemical and nuclear ‘properties of the 
precursors must all be considered. The 
following groups of nuclides fulfil well all 
these qualifications: *’U, #8*Np and 
2407] ; Ag and WsCd; Zp and azr: and 
1535m, tEu and 48Tb. The data also 
indicate that there is no reason for exclud- 
ing Ag from the silver group, that the 
silver group does not fractionate sensibly 03 
from the uranium group and that the 
zirconium group does not fractionate from 
the heavy rare earth group. As would be 
expected, "Cs and 14°Ba behave very 
similarly. The volatile nuclides *Sr, 
Sr and 18’Cs may also follow one another 
in air-burst debris and 145"Cd may follow 
115Cd, but the indication that they do is o 
marginal, to say the least. The data of 
Tables 4 and 5 indicate that 13Pr is more 
volatilely behaving than the heavy rare 
earths and that “7Nd behaves more vola- a 
tilely than 14%Pr. The confidence limits 
for 44Ce are too wide to establish its 
position among the other rare earths. 

Fig. 1 presents a visual comparison 
of the chain volatility inferred from 
fractionation behaviour with the parent thermody- 
namic volatility shown by Fig. 2 of ref. 10. In the 
latter, Bedford and Jackson show the predominant 
form of the condensed phase and its equivalent pressure 
at 2,500° K and 1 atm. O, for the fission-product elements 
and uranium. The correspondence between the two sets 
of data indicates that the thermodynamic equilibrium 
model for nuclear debris formation proposed by Miller?! 
may be applicable to air bursts and this possibility should 
be investigated further. 

Some of the results here were compared with those for 
silicate surface bursts in ref. 9. The comparison with 
results from high-yield surface bursts in Table 4 shows 
239Np to be the nuclide the behaviour of which differs most 
in these environments. The difference between the values 
for the 140 chain in the two cases is well within the 95 
per cent confidence limits as is the difference between 
values for the 137 chain. Diseussion of the differences for 
Sr and ®®Mo are best postponed until work in progress on 
additional correlations from high-yield surface bursts in 
the Pacific area is complete. 

In conclusion, it is evident that our understanding of 
the situations prevailing in the formation of air-burst 
debris is rudimentary in all phases: the basic theory is 
lacking; the models are crude and it is somewhat sur- 
prising that they work as well as they do; fundamental 
thermodynamic and nuclear data are unavailable; the 
environmental conditions during debris formation are 
inadequately defined; the particles are formed and grow 
and coagulate at different times, places and temperatures, 
the larger ones being probably the first formed; and the 
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subtlety of some of the effects sought appears to be beyond 
the accuracy of the data and the methods of correlation. 
For these reasons, no more detailed treatment has appeared 
to be warranted at this time. As correlation data accumu- 
late from other burst types, as fundamental data become 
available, and as basic processes are better understood, 
more sophisticated statistical treatment and interpreta- 
tion may prove fruitful. 

We are grateful to the U.S. Atomic Energy Commission 
for support of this work. The data were obtained from U.S. 
Air Force sources. Messrs. R. L. Ottinger and D. A. Monheit 
assisted in various phases of the work. 
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HIGHLY FRACTIONATED NUCLEAR DEBRIS RESULTING FROM 
THE VENTING OF A SOVIET UNDERGRCUND NUCLEAR 
TEST 


By Pror. SEITARO KOYAMA, Dr. TAKESHI SOTOBAYASHI and TOSHIO SUZUKI 


Department of Chemistry, Faculty of Science, Niigata University, Nligata, Japan 


HREE months after the first Chinese atomic bomb 

test the U.S.S.R. conducted a large-scale under- 
ground nuclear test on January 15, 1965, at Semipalatinsk 
in central Asia. The total yield of this explosion was 
roughly estimated to be 0-1-1:0 megaton of TNT. The 
high radioactivity was detected ın rain-water collected at 
Niigata on January 21. The total B-activity of the rain 
sample decreased with an apparent half-lfe of 23 days, 
whereas the total y-activity of the rain sample indicated 
an apparent half-life of 13 days, as shown in Fig. 2. It 
was reported by Murayama et al.1 that Wakkanai (Fig. 1) 
was also subject to radioactive rainfall on January 21 and 
22, and that the apparent half-lives of total B-activity of 
the rain samples were about 27 days, similar to the Nugata 
rain sample. On the other hand, highly radioactive dry 
fall-outs were observed at Fukuoka, Osaka and Sapporo 
meteorological observatories (Fig. 1) during the period of 
January 21-23, where no rainfall ocourred!. Their appar- 
ent half-lives of total B-activity were all 15 days. shorter 
than that of the Niigata rain sample. Such along apparent 
half-life of total fission-product f-acavity has not pre- 
viously been observed. within a week of explosion, from the 
point of view of fresh nuclear debris from an atmospheric 
or ground-level nuclear weapon testing. 

From the y-ray scintillation spectra for the Niigata rain 
sample, it will be seen that the principal y-emitting nuclide 
was barium-140 (-lanthanum-140) and that the peak at 
0-23 MeV showed the presence of a small fraction of 
tellurium-132 (~iodine-132), relevant to an underground 
nuclear test. The y-ray spectra, however, indicated no 
separate peak at 0-36 MeV of iodine-131—perhaps one of 
the most interesting fission products resulting Tom an 
underground test”. This lack of iodine-131 in the y-ray 
spectra may be explained by the differences in the follow- 
ing mass-131 and mass-132 fission-product decay chains: 


131 
go, x mT o(80 h) 


9% 181" 9(25 min) 


1329n(2-2 min)—>*Sb(2-1 min)—+!8Te(78 h)—>1821(2-3 h) 


That is, the selective deposition of fission products from 
an. underground nuclear test is greatly affected Sy their 
physical and radiological properties, including those of 
their precursors. The half-lives of tin-131 and tin-132 are 
comparable with each other and hence the activities of 
both nuclides decrease with a similar rate. The half-life 
of antimony-131 is more than ten tumes longer than that 
of antimony-132. Consequently, whea only a half of the 
antimony-131 is converted into tellurium-131, the con- 
version of antimony-132 into tellurium-132 is almost 
entirely completed. The boiling-point of elemental 
antimony (1,380°) is higher than that of elementel tellur- 
ium (990°), and, in addition, the specific activity of tellur- 
ium-132 is a few times larger than that of iodine-131. 
From such radiological properties of these nuclides and, 
further, the distance from Semipalatinsk to Niigata 
(5,000 km), it can be plausibly explained that the peak of 
iodine-131 was not identified in the y-ray spectra of the 
rain sample. However, it seems reasonable to associate 
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Fig.1. Locations where wet or dry fall-out from the Soviet underground 
test was cbserved during January 21-23, 1965 


the source of such a highly radioactive rain or dry fall-out 
with an accidental venting of the large Soviet under- 
ground test. 

As the testing cate and site of this test explosion are 
clearly known, ths debris is of interest as it demonstrates 
the radiochemical composition of nuclear debris from a 
distant underground test and the duration of atmospheric 
contamination caused by such a test. 

A. rain-wate: sample collected on January 21 (sample 
volume, 6:0 1.) was submitted to radiochemical analysis, 
and the results ara summarized in Table 1. The ‘meas- 
ured’ values ars shown by the activity contribution from 
each nuclide on January 30, 1965. The ‘expected’ values 
are also given by the contribution to be expected 15 days 
after the fission of uranium-235 by means of slow neutrons. 
The first striking feature of the results shown in Table 1 is 
that nuclear debris from the underground test indicated 
the occurrence of high fractionation during escape, trans- 
port or deposition, as demonstrated above by y-ray 
spectrometry. The main components of the rain-water 
sample were stronzium-89 and barium-140 (—lanthanum- 
140) and they reprasented 95 per cent of the total activity 
on January 30, 15 days after the explosion. The contri- 
bution from the remaining components, such as tellur- 
ium-132 (—iodine-132), ruthenium-103 (-rhodium-103) 
and rare earths, made up only 5 per cent of the total 


Table 1. RADIOORIMICAL COMPOSITION OF RAIN-WATER SAMPLE COLLECTED 
ON JANUARY 21, 1965 


Contribution to total activity (per cent) 


Nuclides ‘Measured’ on ‘Expected’ 15 days 
January 30, 1965 after fission 
Strontium-89 60 4 
Strontium-90 06 0 03 
Barium-140 16 12 
Lanthanum-140 18 14 
Caestum-187 0-2 0} 03 
Remainder 5 70 
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activity. It is considered that the selective release of 
strontium-89 and barium-140 into the atmosphere results 
from the fact that their precursors in the fission-product 
decay chains include inert gas elements, such as krypton 
and xenon, which have a half-life of more or less than 
l min. Nuclides with very short-lived precursors were 
not enriched in fall-out samples, although their precursors 
were inert gas elements. From this selective enrichment 
of some nuclides it is possibly to be expected that the 
contribution from strontium-90 and caesium-137 exceeded, 
by a factor of 10, that calculated in the case of thermal 
neutron fission of uranium-235. The ratio of caesium-137 
to strontium-90 was 0-5 and less than one-third of an 
averaged value of the ratios which have been reported by 
other investigators in Japan®-+. It should be noted that 
the debris from the underground test was enriched with 
strontium-90 in great excess as compared with caesium-137. 

A decay curve of the mixture sample plotted on semi- 
logarithmic paper is shown in Fig. 2. This assumes an 
artificial mixture sample containing strontium-89 and 
barium-140 (-lanthanum-140) with an activity ratio, 
strontium-89/(barium-140 + lanthanum-140), of 60/34 on 
January 30. From this graph it was assessed that the 
total B-activity of the mixture sample had an apparent 
half-life of 24 days during the period January 21—February 
10: its half-life was in good agreement with that of our 
rain-water sample of January 21. This agreement suggests 
that the rain samples collected at Wakkanai would also 
consist mainly of strontium-89 and barium-140 (—lan- 
thanum-140). 

The activity concentration of strontium-89 and the ratio 
of strontium-89 to strontium-90 during January 21-24 are 
presented in Table 2, together with their average values for 
the period January 21-31. All activity values in Table 2 
have been corrected for radioactive decay to mid-period 
of the collection. For the first half of January the average 
activity concentration of strontium-89 due to the first 
Chinese test had been reduced, on the average, to the very 
low level of about 1 pe./l. The rain on January 21, how- 
ever, showed the surprisingly high activity concentration 
of strontium-89 of 9,970 pe./l. Afterwards the activity 
concentration decreased rapidly, and on January 24 it was 
but a fiftieth of its value of January 21. The atomic and 
activity ratios of barium-140 to strontium-89 are also 
listed in Table 2, together with the fractionation coeffi- 
cient. The fractionation coefficient is equal to the meas- 
ured barium-140/strontium-89 ratio divided by the 
calculated barium-140/strontium-89 ratio for uranium-235 
thermal neutron fission. The activity ratio of barium-140/ 
strontium-89 was only 0-46 on January 21, and the ratio 
rose abruptly to 4:66 in the afternoon of January 22; 
however, its mean value over the period January 21-31 
was 2:12 because the individual values were averaged by 
pooling individual samples for 10-day periods. The 
strontium-89 activity was substantially enriched in tho 
first sample collected. The barium-140 activity clearly 
indicated a reverse trend of the enrichment. However, 
the average value of the fractionation coefficient was about 
1 for the period January 21-31. From the results de- 
scribed here, it seems probable that the radioactive cloud 
of strontium-89-rich nuclear debris, which escaped from 
the underground test, was carried on an easterly course, 


Table 2, CONCENTRATION OF STRONTIUM-89, STRONTIUM-89/-90, AND 
BaRtum-140/STRONTIUM-89 
Perlod of sgp 10 Basr 
collection Sample concen- Fraction- 
January, volume tration Ratio ation 
1885 (1) (pe.fl.) *Sr/Sr Atomic Activity coeff. 

1400, 21- 58 9,970 100 0-18 0°48 0-2 
1800, 21 P 

1800, 21- 21-0 2,480 98 0-70 2°72 1:0 
1200, 22 

1200, 22- 19-0 480 71 1°20 4:66 1:7 
1800, 22 

1800, 22- 205 372 48 
900, 28 

HE 195 195 20 

21-81 46-6 378 34 0°55 2-12 0-9 
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Fig. 2. 8- and y- decay curves of rain samples (I and H) colleeted on 


January 21, 1965, and the f-decay curve of an artificial mixture 


sample (Tit 


at the level of the rain-forming layers, and reached Japan 
within 5 days; moreover, in transit the strontium-89 was 
scavenged by the rain clouds. On the other hand, it is 
reasonable to assume that the cloud of barium-140-rich 
nuclear debris travelled towards Japan along a low-level 
course in the troposphere and that the cloud was brought 
down near the Earth surface by descending air flows 
associated with surface anticyclone. 


Table 8. ATMOSPHERIC MEAN TIME OF RESIDENCE OF STRONTTUM-89 
PRODUCED BY THE UNDERGROUND TEST 
Composite removal 
Period of constant Mean time of 
collection By ”Sr By ratio residence 
January, 1965 concentration °Sr/*°Sr From | m 
(år -+ Asr-88) concentration ratio 
1406, 21-1200, 22 248 (0-4) 
1800, 21-1800, 22 2-48 0-67 (0-4) 16 
1200, 22-0900, 23 079 0-41 1:3 25 
1800, 23-1400, 24 0-65 0-81 1:5 1:2 
Average 1-44+0°1 17405 


From the ratio of two consecutive values of strontium-89 
concentration, the nominal composite removal constant 
(Av + ìsr-g9) and the mean residence time of strontium-89 
in the lowest troposphere were estimated on the assump- 
tion that removal of strontium-89 activity from the 
atmosphere was an exponential function. The results 
obtained are presented in Table 3, where ìr is the nominal 
removal constant for the depletion process of strontium-89. 
The composite removal constant, which is listed in the 
column designated as ‘by ratio’, was also determined by 
means of two consecutive values of the ratio (Sr-89/Sr-90) 
in the same way as by the strontium-89 concentration. 
In this case, the strontium-89/strontium-90 ratio is 
regarded as the ‘amount of deposition of strontium-89 
activity’ corrected for an additional increase arising from 
the meteorological conditions. The mean time of residence 
of strontium-89 in the lowest troposphere, below the rain- 
forming layer, was estimated by the two different methods 
to be, on the average, 1-5 days. This value may suggest a 
measure of the duration of atmospheric contamination 
with downwind fall-out due to a distant underground test. 
It can be stated that the substantial air contamination 
with the fission-product activity continued for less than 
a week. 


? Murayama, N., Fujimoto, H., and Kamiyama, M., Seventh Ann. Meet. Japan 
Rad. Res. Soc., Tokyo, May 14-15, 1965. 


* Martell, E. A., Science, 148, 126 (1964). 
* Miyake, Y., et al., J. Rad. Res.,2, 25 (1961). 
+ Tzawa, I., ef al., J. Rad. Res., 2, 29 (1981). 
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SYMPTOMS AS AN INDEX OF BIOLOGICAL BEHAVIOUR AND 
| PROGNOSIS IN HUMAN CANCER 


By Pror. ALVAN R. FEINSTEIN 


Departments of Medicine and Clinical Biostatistics, Yale University School of Medicine, New Haven, and VA Hospital, 
West Haven, Connecticut 


OST concepts of the biological behaviour of human 
cancer depend on the morpholozy of the tumour. 

The evidence obtained by physical, surgical, roentgeno- 
graphic and microscopic examination is used to identify 
the site, size, cellular type, regional invasion and distant 
dissemination of the tumour. These identifications then 
form the basis for decisions about rates of growth, prog- 
nosis and treatment for the cancers of individual patients. 

From these morphological assessmenis, physicians have 
evolved the therapeutic concept that a cancer is most 
curable when discovered early and removed completely. 
In this concept, a tumour is ‘early’ if found before it has 
invaded any important regional strucsures or spread to 
distant sites; and the tumour is removed ‘completely’ 
if its anatomical situation permits excision of all the 
visible lesion together with a wide margin of normal tissue. 

These morphological principles of therapy have been 
repeatedly confirmed by the many cases in which 
prompt surgical resection has cured = patient of his or 
her cancer. Yet the rule has also beer violated by many 
exceptions. Some patients have died quickly despite a 
prompt and apparently ‘complete’ excision of a cancer 
discovered ‘early’. Other patients havs had long survival 
with cancers that were not removed either because the 
patient refused operation, or because the surgeon decided 
not to attempt resection. 

An explanation for this capricious behaviour of cancer 
has been proposed in a hypothesis called “biologic pre- 
determinism”!. According to this hypothesis, tumours 
with similar morphological appearance may nevertheless 
grow differently, and those with favourable biological 
growth are those most likely to be discovered ‘early’ in a 
state suitable for surgical cure. Although this hypothesis 
provides an attractive explanation for the observed 
discrepancies in behaviour of cancer, verification of the 
hypothesis has been difficult becacse of inadequate 
methods for identifying ‘favourable’ <eatures of growth 
of the tumour. ‘ 

Perhaps the main reason for the inadequacy of existing 
methods is that they identify form without identifying 
function. The conventional morphological data describe 
the appearance of the tumour and the structural damage 
it has produced. But morphology does not provide direct 
evidence of the functional effects of the tumour on struc- 
tures or systems that are not anatomically invaded, nor 
does the morphological appearance indicate how long the 
tumour has been present. The term ‘early’, used so often 
in discussions of cancer therapy, is generally applied 
inappropriately. Although ‘early’ refors to a dimension in 
time, the usual evidence assessed in the designation of 
‘early’ comes mainly from anatomy, not chronometry. 
The evidence depends on size, lymph nodes and metastatic 
dissemination, not on the length of time the tumour has 
been present. 

Additional evidence of the functional and temporal 
growth of a tumour is available in the symptoms the 
tumour produces in its human host. Yet symptoms are 
seldom formally analysed or correlatec in the therapeutic 
evaluation of human cancers. Although regularly noted in 
diagnostic decisions, and in the informal reasoning of 
‘clinical judgment’, symptoms are usually not specifically 
cited, categorized, and analysed in the evaluations of 


prognosis and therapy. One main reason for the neglect 
of symptoms has besn their variability. Because patients 
with the same morphological properties may have differnnt 
symptoms, physicians have often concluded that symp- 
toms are too psycnically subjective to merit scientific 
consideration. A second reason for ignoring symptoms 
has been their lack of a taxonomy. No formal system of 
classification has bean available for dividing symptomatie 
patients into sub-groups whose categories are consistent 
and reproducible. 

The purpose of this article is to demonstrate that 
symptoms can be ccassified, that variations in symptoms 
often represent functional variations in the tumour 
rather than mere psychic reactions of the host, and that 
symptoms are an important index of biological behaviour, 
prognosis, and therapy of human cancers. The concepts 
will be illustrated by data obtained from surveys of large 
numbers of patients with cancers of the lung and of the 
rectum. 


METHODS 
(I) Classification of Symptoms 


A disease (or pathological lesion) either does or does not 
produce symptams in its human host, and the symptoma- 
tic host either reaczs or does not react to the symptoms 
by seeking medical attention. These clinical humanistic 
aspects of a disease are the basis for classifying symptoms 
in a recently Gescribed system of clinical taxonomy?. 
The basic features of classification are the types of symp- 
toms and the manner in which the diseased patient came to 
clinical detection. 

A cancer can produce three main types of symptoms: 

(a) Primary symptoms. These symptoms can be 
attributed to the tumour at its primary locus or to in- 
flammation surrourding the tumour; none of the symp- 
toms per se implies dissemination of the tumour. For 
example, in cancer of the lung, the primary symptoms 
would be: a recent cough; haemoptysis; chills, fever or 
sweats of an associated pneumonia; recent dyspnoea; 
or appropriate tyres of chest pain. In cancer of the 
rectum, the primary symptoms would be: bleeding; a 
significant recent change in stool appearance or in bowel 
habits; ano-rectal discomfort; or appropriate types of 
abdominal pain. 

tb) Systemic symptoms. These symptoms arise as 
systemic effects remote from the primary site of the 
tumour, but the systemic symptom does not per se imply 
that the tumour kas spread beyond that primary site. 
For example, anorexia, significant loss in weight and 
fatigue are systemie symptoms in cancer of either lung or 
rectum. The joirt pains of hypertrophic pulmonary 
osteoarthropathy are systemic symptoms in cancer of 
the lung. 

(c) Metastatic sy-nptoms. These symptoms imply per 
se that the cancer has spread beyond its primary locus. 
For example, in cancer of the lung, invasion of the medi- 
astinum is implied by dysphagia, by hoarseness due to a 
non-moving vocal cord, or by the manifestations of the 
superior vena cave syndrome; dissemination of tumour 
beyond the thorax is implied by bone pain, by cutaneous 
nodules, or by neurological manifestations. In cancer of 
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the rectum, metastatic symptoms would be bone pain, 
ascites, jaundice, or an unequivocally enlarged, nodular, 
hard liver. 


(2) Attribution of Symptoms 


Two main problems in the categorization of symptoms 
arise from decisions about the sources of symptoms. The 
first problem is the decision whether a particular symptom 
is due to the tumour or to some other disease that may 
co-exist in the same patient. For example, if a patient 
has both chronic emphysema and a cancer of the lung, 
should his recent dyspnoea be attributed to the emphysema, 
to the cancer, or to both? Our classification policy in 
these situations has been to attribute a symptom to the 
cancer when the symptom could not clearly be attributed 
to some other disease. For example, the symptom of 
visual difficulty in a patient with cancer might have been 
caused by an ocular or cerebral metastasis of the cancer. 
These neoplastic causes of visual difficulty could be 
excluded, however, if the patient had a cataract or some 
other local condition that was clearly the cause of the 
ocular symptoms. In making these ‘attribution’ decisions, 
we ascribed a symptom to some other cause if the other 
disease existed and seemed unequivocally responsible for 
the symptom. Ifasymptom could not be clearly excluded 
as definitely due to some cause other than the cancer, we 
included and classified that symptom among those attrib- 
utable to the cancer. 

A second type of problem is the decision whether 
certain symptoms attributable to the cancer should be 
regarded as primary or metastatic. For example, the 
symptomatic entity of pleuritic chest pain could arise 
from inflammation of pleura in a pneumonia secondary 
to the obstruction by the tumour of its primary bronchial 
site. Alternatively, the symptom might be due to neo- 
plestic invasion of muscle, bone or pleura. In these 
situations, the symptoms are due to the cancer, and the 
problem is one of classification, rather than attribution. 
Any reasonable policy of categorization can be applied, 
so long as it is used consistently. Our policy has been 
to use the term ‘metastatic’, as defined earlier, for symp- 
toms that were unequivocally associated with metastasis. 
When the symptom did not per se indicate metastasis, it 
was arbitrarily assigned to the ‘primary’ category for 
these analyses. In more detailed analyses to be reported 
elsewhere at a later date, such symptoms have been 
further sub-divided according to the concomitant presence 
or absence of morphological evidence of metastasis. 


(3) Spectral Combination of Symptoms 


Of all the symptoms present in a particular patient, 
certain symptoms can thus be noted as attributable (or 
possibly attributable) to the cancer. Of those attributable 
{or possibly attributable) to the cancer, some symptoms 
will be classified as primary, some as systemic and others 
as metastatic. 

At the time a patient is first discovered to have a cancer, 
he may have none, one, two or all three types of these 
symptoms. Because the symptoms can occur alone, or 
in various combinations, the Venn diagrams of symbolic 
logic and set theory are a convenient way of illustrating 
the different components of the symptomatic spectrum. 
In the population of patients with a cancer, the seven 
possible types of sub-sets with different combinations of 
symptoms are shown in the Venn diagram of Fig. 1, which 
represents the complete clinical spectrum of a diagnosed 
cancer. An additional sub-set is provided by the patients 
whose tumour is discovered by accident while the patient 
is still asymptomatic. ‘The circumstances in which such 
asymptomatic accidental discoveries occur have been 
described elsewhere®3. (The remainder of the ‘universe’ 
of cancer of the lung, beyond these eight sub-sets, contains 
patients in whom the disease is present but not diagnostic- 
ally detected.) 
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(4) Prognostic Implications of Symptomatic 
Stages 


Of the eight sub-sets of patients just described, the four 
with metastatic symptoms (sub-sets 5-8) have a mani- 
festly poor prognosis, because the presence of the meta- 
static symptoms indicates anatomic spread of the tumour 
beyond the primary site. In the remaining four sub-sets— 
who have no metastatic symptoms—the presence of 
systemic symptoms in sub-sets 3 and 4 suggests a situation 
less favourable than in the patients of sub-sets 1 and 2, 
who have neither metastatic nor systemic symptoms. 

In sub-sets 1 and 2, whose symptoms per se have no 
unfavourable morphological or functional connotations, 
the duration of the symptoms can next be considered. 
For patients with primary symptoms only (sub-set 2), 
the duration of symptoms indicates a minimal time for 
the duration of the tumour—since the tumour has been 
present at least as long as its symptoms. Ifthe symptoms 
are of short duration, no conclusion can be drawn about 
the rate of growth of the tumour. The symptoms may be 
short because the tumour has grown rapidly, or the 
tumour might have grown slowly with an eventual ‘ice- 
berg effect’ in which symptoms did not appear until quite 
late in the course of the tumour. If the symptoms are of 
long duration, however, the tumour is likely to be slow- 
growing. The only way a patient could continue to have 
primary symptoms only, for a long time, without develop- 
ing systemic or metastatic symptoms, would be to have 
a slow-growing tumour. 

In the asymptomatic patients of sub-set 1, whose 
disease is discovered by accident during an examination 
performed routinely or for a complaint unrelated to the 
cancer, the duration of symptoms cannot be assessed 
since no symptoms exist. Jn such patients, the tumour 
has been present for unknown lengths of time and might 
have remained symptomatically silent for even longer 
lengths had the tumour not been accidentally discovered. 

With these considerations, the eight sub-sets of Fig. 1 
can be rearranged to create five main symptomatic groups 
or stages. In the new arrangement, which is shown 
in Fig. 2, sub-set 1 remains intact as the ‘asymptomatic’ 
group (Stage I). Sub-set 2 has been divided into two parts, 
according to whether the duration of symptoms was less 
than 6 months or at least 6 months: the ‘long primary’ 
group (Stage IT) contains patients with primary symptoms 
only, of duration 6 months or more; and the ‘short 
primary’ group (Stage IIT) contains patients with primary 
symptoms only, of duration less than 6 months. Sub- 
sets 3 and 4 have been combined to form the systemic 
group (Stage IV), and sub-sets 5, 6, 7 and 8 have been 
combined to form the ‘metastatic’ group (Stage V). 

From the foregoing discussion and from the hypothesis 
of “biologic predeterminism’”’, we can anticipate a prog- 
nostic gradient among these five symptomatic states. 
The survival rates should be best in Stages I and TI, 
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Fig 1. The clmical spectrum of a diagnosed cancer. This Venn diagram 

shows the ‘intersections’ of sets of patients with primary, systemic, or 

metastatic symptoms, occurring alone or m the various illustrated com- 

binations. The asymptomatic group—with none of these symptoms—is 

distinguished from the remainder of the ‘universe’ of patients whose 

cancer has not been diagnosed. The eight sub-groups (or sub-sets) are 
further described in the text 
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Hig. 2. Symptomatic stages of a cancer. The eight sub-sets of Fig. 1 are 
combined or divided to form the five mutually exclusive symptomatic 
stages shown here. For further details, see text 


declining through Stages III and IV to the worst results 
in Stage V. Yet these prognostic distinctions—particu- 
larly in Stages I-[V—-would not be discernible from mor- 
phological data, and could be detected only from analysis 
of symptoms. 


Cag 


(5) Selection of Patients and Methods of Survey 


The medical record files of both the Yale-New Haven 
and West Haven Veterans Administration Hospitals were 
searched for the names of all patients who had received 
the diagnosis of primary cancer of the lung or of the 
rectum during the years 1953-58. The latter boundary 
was selected to ensure at least a 5-year follow-up period 
for the survey, which began in 1963; the opening year 
coincided with the opening of the VA Hospital. The 
survey was restricted to patients in whom histological 
proof of the cancer had been obtained during life or after 
death. Patients with cancer of the lung had had various 
cellular types of tumour; ın cancer of the rectum, the 
type was exclusively adenocarcinoma. Records of 
the individual patients were then reviewed by methods 
described elsewhere*. 

For each patient, a complete chronology of the neoplas- 
tic illness was constructed, including all details pertinent 
to its earliest manifestations and extending for at least 
5 years beyond the index date. For this chronology, 
additional data were obtained as needed from the Yale— 
New Haven Tumor Registry and from communication 
with patients, relatives, physicians and other hospitals. 
These investigations provided a complete description of 
the entire subsequent course, for at least 5 years beyond 
the index date, for each patient in this survey. 

The index date selected as a common ‘zero time’ for 
all patients was the date of the first treatment. The 
‘zero time’ served as the point at which the 
clinical state of each patient was classified, 
and from which the antecedent duration of 
symptoms and other manifestations, and 
the subsequent duration of survival, could 
be measured. Treatment was defined as 
surgery originally intended to remove the 
primary tumour (regardless of whether the 
tumour was actually removed), or radio- 
therapy directed at the primary tumour, or 
the administration of a cytotoxic chemo- 
therapeutic agent. Patients who received 
only analgesics, sedatives, antibiotics or 
therapeutic measures other than one or more 
of the procedures just cited were regarded as 
having received no treatment. For such 
patients, ‘zero time’ was the date on which 
the physician (or patient) had decided 
against specific anti-neoplastic therapy. 
In patients who died before any therapeutic 
decision could be made, ‘zero time’ was 
the date of diagnosis. 
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RESULTS 


(1) Overall Survival 

Fig. 3 shows the 3-year survival rates for all patients 
in this survey, regardless of mode of therapy. In the 
596 patients with lung cancer, the total 5-year survival 
was 9 per cent, but the rates ranged from 32 per cent in 
symptomatic Stage I to 18 per cent in I, 10 per cent im. 
III, 8 per cent in IV, and 0-6 per cent in V. In the 201 
patients with cancer of the rectum, the total 5-year 
survival was 27 per cent, with rates in the different 
symptomatic sub-groups ranging downward from 67 
per cent in Stage I, to 49 per cent in II, 29 per cent in 
III, 16 per cent in IV, and 0 per cent in V. Thus, the 
prognostic gradient anticipated from symptomatic con- 
siderations was clearly evident in patients with two 
different cancers. In each cancer, the survival rates were: 
highest in Stage I and became progressively lower to a. 
nadir in Stage V. The distinctions among patients in 
Stages I-IV are pacticularly important, since the meta- 
static aspects of patients in Stage V are usually evident 
morphologically as well as symptomatically, but the 
differences among Stages I-IV can be discerned only from 
symptoms. 

For simplicity in the subsequent statistical analyses 
presented here, we have combined the results of Stages 
I and IT, and of Stazes ITI and IV, thus reducing to two 
categories the four symptomatic sub-groups of Stages 
I-IV. With these consolidations, the survival rate in 
cancer of the lung was 22 per ‘cent (28/127) for Stages I 
and II and 9 per cent (27/300) for Stages TTI and IV 
[y* = 12-4; P < 0-001]. In a similar comparison for the 
combined symptomatic sub-groups of cancer of the rectum, 
the rates are 50 per cent (31/62) in Stages I and II as 
compared with 19 per cent (24/124) in Stages ITT and IV 
[y? = 17-2; P < 0-001]. Both differences are highly 
significant statistically. 


(2) Five-year Survival after Surgical Resection 


Table 1 shows the five-year survival rates for patients 
whose tumours were surgically resected. The patients 
are classified according to the conventional notation of 
regional lymph node involvement, and are simultaneously 
categorized by symptomatic stages. The prognostic 
gradient previously noted for Stages I and II compared 
with Stages ITI and IV is still significantly present after 
surgery. The 5-year survival rate in these two sympto- 
matic categories afz=er resection of lung cancer was 37 
per cent compared with 22 per cent [y? = 4:6; P < 0-05]; 
for rectal cancer, the corresponding data were 55 per cent 
compared with 28 pər cent [y? = 9:3; P < 0-01}. 


5 YEAR SJRVIVAL 


CANCER OF RECTUM 
ALL CASES 55/201 (27%) 
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16/212 
(8 %) 






Fiz.3. Five-year survival, regardless of therapy, for the symptomatic sub-groups shown 
in Fig &. Denominators represent the number of patients Initially in each symptomatic 
stage, and numerators are the number who survived 5 years or more after therapeutic 
dezisions Although the rates for cancec of the rectum are consistently higher than ` 
those for cancer of the lung, the same descending prognostic gradient 3s present from 


symptomatic Stages I-V for both cancers 
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As expected, the patients without neoplastic involve- 
ment of regional lymph nodes had better results than 
those whose nodes contained tumour. In the total 
results for cancer of the rectum, the patients with ‘negative 
nodes’ had a survival rate of 51 per cent, compared with 
19 per cent in those with ‘positive nodes’, This difference 
18 statistically significant at P < 0-001 fy? = 15-0]. The 
‘corresponding values in lung cancer were 31 per cent and 
22 per cent—a difference of uncertain significance [y? = 
1:9; P > 0:2’, 

In each of the two lymph node categories for each of the 
two tumours, the patients in symptomatic Stages I and 
JI had better survival results than those in Stages ITI 
and IV. Although most of the numerical values in these 
‘sub-categories are too small for statistical significance, a 
significant distinction is present in the group with rectal 
cancer and ‘negative nodes’. In patients of this morpho- 
logical category. the 5-year survival was 68 per cent in 
symptomatic Stages I and II, and 40 per cent in Stages 
a and IV. This difference is significant at P < 0-05 
x? = 5-2). 


(3) 5-year Survival and Cellular Type in Lung 
Cancer 


All the rectal cancers in this survey were adenocar- 
cinomata. The cancers of the lung, however, had various 
cellular types. Table 2 shows the 5-year survival rates 
according to the symptomatic stage and cytological 
differentiation of the tumours. As expected, the survival 
rates were better in well-differentiated than in not-well- 
differentiated tumours. For the total series, regardless 
of therapy, the cellular distinction in survival rate was 
14 per cent compared with 4 per cent—a highly significant 
difference [y? = 17:1; P < 0:001]. Within the same 
cytological categories, however, patients in Stages I and II 
had higher survival rates than those in Stages ITI and IV. 
In the well-differentiated group, the two comparative 
pereentages—29 per cent and 13 per cent——-were signifi- 
cantly distinct at P < 0-01 [y? = 8-5]. 

In patients whose tumours were surgically resected, 
the survival rate for the well-differentiated tumours, 29 
per cent, was not significantly higher than the 20 per cent 
found with undifferentiated tumours [y? = 1:0; P > 0-3]. 
Yet, in each cellular category, the results of patients in 
Stages I and IT were similar, and higher than those of 
patients in Stages III and IV. The differences in post- 
operative survival between these two symptomatic cate- 


Table 1. FIVE-YEAR SURVIVAL AFTER SURGICAL RESECTION OF CANCERS 
OF LUNG OR RECTUM 


Cancer of lung* 
Regional Regional 


Cancer of rectum * 
Regional Regional 


lymph lymph ivmph lymph 
Symptomatic nodes nodes nodes nodes 
stages negative positive Total negative positive Total 
for for for for 
tumour tumour tumour tumour 

Land IT; (asyrmp- 21/51 7/24 28/75 23/34 7/2% 30/55 
tomatic and long {41) {29) (37) (68) (33) (55) 
primary} 

XTT and IV; (short 15/60 11/58 26/118 19/48 5/39 24/87 
primary and (25) (19) (22) (40) (13) (28) 
systemic) 

Y; (metastatic) 0/4 1/6 1/10 — 0/4 0/4 

(0) (17) (10) (0) (0) 
Total 36/115 19/88 65/203 42/82 12/64 54/146 
(31) {22) (27) (51) {19) (37) 


* Values in parentheses are percentages, 


Table 2. FIVE-YEAR SURVIVAL AND CELLULAR TYPE OF CANCER OF LUNG 
All types of therapy* After surgical resection * 


Symptomatic stages Well- Not well- Well- Not well- 
differen- diferen- diferen- differen- 
tiated tiated tiated tiated 
Y and II; (asymptomatic 23/79 5/48 23159 5/16 
and long primary) (29) (10) (39) (31) 
Ilt and IV; (short prim- 22/170 6/130 92/91 4/17 
ary and systemic) (13) {4) (24) (24) 
V; (metastatic) 1/79 9/90 1/8 0/2 
(1) (0) (13) {0) 
Total 46/328 se 46/158 9/45 
(14) 4) (29) (20) 


* Values in parentheses are percentages, 
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gories—regardless of cellular type—were previously noted 
in Table 1 to be statistically significant at P < 0-05. Con- 
sequently, as a harbinger of post-operative prognosis in 
cancer of the lung, the symptomatic stage distinctions 
were more significant than the cytological appearance of 
the tumours, and also, as noted earlier, than the invasion 
or non-invasion of lymph nodes. 


DISCUSSION 


These results confirm the expectations of traditional 
clinica] logic that have not previously been possible to 
demonstrate because the symptomatic components of 
clinical reasoning had not been given a formal structure 
that would permit quantified analysis. With the aid of 
Venn diagrams, the identified symptomatic ingredients 
can be arranged into a distinctive and suitable ‘tax- 
onomy’. 

Jt is apparent from the data that symptoms indicate 
aspects of the function and rate of growth of a cancer that 
cannot be discerned morphologically. Conversely, the 
morphological properties of a cancer denote anatomical 
features of growth that cannot be discerned from sympto- 
matology. To understand the biological behaviour of a 
tumour, and to appraise its prognosis and therapy 
effectively, both the morphological and symptomatical 
features must be appropriately classified and analysed. 

That patients with a long duration of symptoms often 
have a paradoxically good prognosis, despite ‘late’ treat- 
ment, has been repetitively noted in many therapeutic 
surveys of cancer. Among the most recent reports have 
been the results cited for Hodgkin’s disease and for 
cancer of the stomach®-§. Although the existence of a 
good prognosis for many such patients prompted Mac- 
Donald! to form his hypothesis of ‘‘biologic predetermin- 
ism’’, the hypothesis has seldom been adequately tested 
and has hitherto remained generally unconfirmed. In 
many surveys, the significance of the duration of certain 
distinctive symptoms has been obliterated because the 
investigators calculated duration as an average for all 
types of symptoms, instead of restricting the delineation 
to patients with primary symptoms only. In other 
investigations the data demonstrating paradoxically good 
prognosis for many patients discovered after a long ‘delay’ 
were usually dismissed as isolated peculiarities of the 
behaviour of cancer and man, and the biological signific- 
ance of the data was not further considered. 

A patient’s decision to seek medical attention is obvi- 
ously prompted by many different features of man or of 
disease. Different people, developing the same types of 
symptoms, will respond to those symptoms in diverse 
ways. Some people will seek medical attention promptly; 
others may wait. Nevertheless, few people will long ignore 
symptoms that are rapidly progressive, frightening, severe 
or incapacitating. On the other hand, many patients 
may not rapidly seek medical help when the early primary 
symptoms of the tumour are neither inconveniencing, 
dramatic, nor debilitating. Since slowly growing tumours 
produce symptoms slowly, such patients are often not 
motivated to visit a doctor until later in the illness when 
more significant symptoms have developed. In this way, 
many ‘favourable’ tumours are not detected until a long 
duration of symptoms has elapsed. If the tumour is 
discovered by accident before it has produced any symp- 
toms, it has an even greater likelihood of being slow- 
growing. 

This morphologic-functional interaction of tumour and 
host in human cancer has several other important implica- 
tions: 

(1) In selecting treatment for individual patients, 
physicians should not rely on morphology alone. A slow- 
growing tumour may be resectable for ‘cure’ even though 
it invades lymph nodes and is attached to contiguous 
structures. In many patients of the series surveyed here 
such tumours, left unresected because these features 
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made the tumours seem ‘inoperable’, eventually caused 
death not by subsequent widespread metastases but by 
their effects as ‘foreign bodies’ in the chest or abcomen. 
Death often resulted fiom a lung abscess that developed 
behind the intact tumour, from urasmia due to the 
compression of ureters by the tumour, or from massive 
haemorrhage as the tumour later invaded a blood vessel. 
Conversely, other patients with tumours that were clearly 
of rapid and unfavourable progression were subjected to 
fruitless operations and other therapy that increased the 
agony of the illness without affecting survival. 

(2) In the design of therapeutic trials, the clinical 
population should be stratified according to symptomatio 
as well as morphological stages. therwise the base 
populations will not be reproducible, and the results will 
contain inconsistencies that will add to controversy and 
dilemma in statistics of cancer therapy*. Suppose, for 
example, that two treatments A and B are equally in- 
effective, but that treatment A is given to a population 
consisting predominantly of patients from symptomatic 
Stages I and Il, while the population receiving treatment 
B consists mainly of patients from symptomatic Stages 
ITI and IV. If the patients have not been stratified for 
these symptomatic distinctions, the investigators will be 
unaware of these deceptive differences in two groups of 
patients that seem the same because they are morpho- 
logically similar. When treatment A is followed by results 
that are significantly better than those of treatment B, 
the difference may be erroneously ascribed to the treat- 
ment instead of to the disease. 

(3) In the research at present devoted to the aetiology 
and pathogenesis of cancer, investigators may apply 
many biochemical, immunological, chromosomal and 
other tests to human. neoplastic tissue. The results may 
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show a wide range of variation that appears to have no 
particular correlation with the morphology of the tumour. 
Yet, if the neoplasms were categorized by function as well 
as by form, many of the apparent ‘discrepancies’ might be 
explained. Laboratory research at present dismissed as 
valueless might actaally provide important new revela- 
tions if the neoplasms were more clearly and specifically 
defined for correlation. 

The complexity of man increases the difficulty of study- 
ing human disease, but also enables a diseased man to 
talk. His description of his symptoms gives crucial 
information about function of the diseased structures 
under investigation. 


This work was suvported in part by a grant, CA07155, 
from the National Cancer Institute. I thank Joyce A. 
Pritchett, Helen L. Bidwell, Carol R. Schimpff, Lorraine 
Macl. Phillips and H. Teresa. Hatch for technical assist- 
ance. Dr. Edgar W. Hull collaborated in obtaining some 
of the data dealing with cancer of the rectum. I also 
thank all the physicians, hospitals, tumour registries and 
medical record librarians who provided additional data to 
help complete the chronological information about many 
of the patients under survey. 
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NEWS and VIEWS 


Charles-Leopo!d Mayer Prize: Dame Honor Fell, F.R.S. 


Dame Honor FErL, director of the Strangeways 
Research Laboratory, Cambridge, has been awarded the 
Charles-Leopold Mayer Prize (valued at 100,000 francs) by 
the Academie des Sciences de l'Institut de France for her 
contributions to cell biology. These range from experi- 
mental embryological studies on limb bone rudiments to 
the analysis of the mechanism of action of vitamin A and 
other compounds on cell components and, in particular, 
the lysosomal apparatus. Dame Honcar has been director 
of the Strangeways Research Laboratory since 1929. In 
1964 she received the honorary degree of doctor of science 
from the University of Oxford and from Harvard Univer- 
sity; she was elected a foreign member of the Royal 
Netherlands Academy of Science, and an honorary Fellow 
of Somerville College, Oxford. She is also an honorary 
doctor of science of Smith College, Massachusetts, an 


honorary LL.D. of Edinburgh, and a Fellow of Girton 


College, Cambridge. 


Deputy Director and Keeper of the Herbarium and 
Library of the Royal Botanic Gardens, Kew: 
Dr. C. E. Hubbard, C.B.E. 


Dr. C. E. HUBBARD retired on November 30 from the 
post of keeper of the Herbarium and Library and doputy 
director of the Royal Botanic Gardens, Kew. Dr. Hubbard 
was born in 1900 at Appleton, Norfolk, and in 1916 
started work in the Royal Gardens at fEandringham where, 
except for a spell in the Royal Air Force during 1918-19, 
he remained until he joined the Gardens staff at Kew in 
April 1920. He entered the Herbarinm as a temporary 
technical assistant in 1923 and soon afterwards, under the 
guidance of Dr. O. Stapf, he started to specialize on the 


grasses (Gramineae), on which family he later became a 
leading world authority. In 1924 he made a plant- 
collecting Journey in southern and central Spain with the 
late Rev. E. Ellman, and in 1930 he spent a year in 
Australia studying grasses and travelling extensively in 
Queensland, where he made important botanical col- 
lections. In 1954 he was awarded the O.B.E. for his out- 
standing work an the classification of grasses. On October 
1, 1957, he succsedad the late Dr. W. B. Turrill as keeper 
of the Herbarium and Library and assumed the additional 
responsibility of tha deputy directorship of Kew in 1959. 
In 1960 he was.awarded an honorary doctorate of science 
by the University of Reading. He was advanced to C.B.E. 
in 1965. Dr. Hubbeard’s first major published contribution 
to the study of Gramineae was Part 5 of Volume 9 of the 
Flora of Tropical Africa (1930), written jointly with Dr. 
O. Stapf, including such difficult genera as Setaria and 
Pennisetum. In 1937 he alone wrote Part 1 of Volume 10. 
He contributed tke treatment of the grasses to both 
editions of Dr. J. Hutchinson’s Flowering Plants (1934, 
1959). He also contributed the key to the tribes and 
genera in Hutchinson and Dalziel’s Flora of West Tropical 
Africa (1936). In 1954 his Grasses, an admirably ilus- 
trated pocket-book dealing with those species occurring 
in Britain, was published by Penguin Books. In addition, 
he wrote numerous shorter papers, and many of them 
were published in the Kew Bulletin, mcluding no less than 
twenty-eight in tne series entitled “Notes on African 
Grasses’. Dr. Hubbard’s advice on the identification and 
classification of grasses has been sought by botanists and 
agriculturalists in many parts of the world, and his special- 
ized knowledge of grasses has also enabled him to give 
useful service on the Advisory Committee for Research on 
Sea Defence. 
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Mr. J. P. M. Brenan 


Dr. Hussard has been succeeded as deputy director 
and keeper of the Herbarium and Library by Mr. J. P. M. 
Brenan. Mr. Brenan was born at Chislehurst, Kent. He 
was educated at Tonbridge School and Brasenose College, 
Oxford, where he gained first-class honours in the Final 
Honour School of Natural Science (Botany) in 1940, later 
becoming M.A. He worked as a departmental demon- 
Strator and then as a University demonstrator in the 
Imperial Forestry Institute. During 1947-48 he travelled 
in Northern Rhodesia and Tanganyika, studying their 
woody plants, and was also a member of the Cambridge 
Botanical Expedition to Nigeria and the Cameroons, 
under the leadership of Prof. P. W. Richards. He joined 
the staff of the Herbarium at the Royal Botanic-Gardens, 
Kew, in 1958, working in the tropical African section, of 
which he was in charge from 1959 to 1965. In 1954 he 
was awarded a B.Sc. by the University of Oxford for 
work on the plant-geography of tropical Africa. In 1965 
he was elected botanical secretary of the Linnean Society 
of London. Mr. Brenan has specialized on the flora of 
tropical Africa, especially the families Leguminosae, Com- 
melinaceae, Sterculiaceae and Chenopodiaceae. His first 
major work was, in conjunction with Dr. P. J. Greenway, 
Check Liste of the Forest Trees and Shrubs of the British 
Empire, No. 5, Part 2, Tanganyika Territory (1949). He 
was responsible, with help from collaborators, for elab- 
orating the plants collected by the Vernay Nyasaland 
Expedition of 1946 (published in the Memoirs of the New 
York Botanical Garden, 1953-54). He has contributed 
various families to the Flora of Tropical Hast Africa, 
including Leguminosae Subfamily Mimosoideae (1959). He 
has also written numerous shorter papers on the flora of 
Africa, and also some on the flora of Britairi. Mr. Brenan 
translated into English Prof. P. Jaeger’s book Le Vie 
Btrange des Fleurs, published in 1961 as The Wonderful 
Life of Flowers. j 


Director of the Tropical Products Institute, London: 
Mr. E. S. Hiscocks, C.B.E. 


Mr. E. 8. Hiscooxs, director of the Tropical Products 
Institute of the Ministry of Overseas Development, will 
retire from the public service on March 31, 1966. After 
studying chemistry in the University of Wales, where he 
worked with J. A. V. Butler on physico-chemical proper- 
ties of solutions, Mr. Hiscocks joinéd the Civil Service in 
1926 in the then Department of the Government Chemist 
and for several years collaborated with Sir Robert Robert- 
son and Sir John Fox in researches on infra-red absorption 
spectra of gases and the preliminary work on the structure 
of diamond. He later did work on ultra-violet absorption 
spectra of organic compounds and, after serving in various 
of the revenue sections of the Department, transferred in 
1939 to the Raw Materials Department, Ministry of 
Supply. Here he set up, and ran, the technical branch of 
that Department. In 1944 he was appointed secretary 
of the National Physical Laboratory and remained there 
until 1957, when he became director of the United King- 
dom Scientific Mission (North America) and Scientific 
Attaché to the British Embassy, Washington, D.C. He 
returned from the United States at the end of 1960 on his 
appointment as director of the Tropical Products Insti- 
tute. During his period at the National Physical Labora- 
tory he was closely concerned with the adjustment of the 
Laboratory’s organization and work to the requirements 
of the post-war period.” During this time he wrote numer- 
ous papers-on various aspects of the organization and 
administration of scientific work. He also organized an 
international symposium. on the direction of research 
establishments, held at the Laboratory in 1956. In that 
year his book Laboratory Adminisiration was published. 
During the five years he has spent at the Tropical Products 
Institute, Mr. Hiscocks has been concerned not only with 
reorganization of the Institute’s work, to meet the changed 
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requirements of the developing countries of the Common- 
wealth, but also in extending its scope of operation to 
other developing countries in the Middle East, South 
America and the Pacific, during visits to those areas. He 
has also furthered collaboration between the Institute and 
various agencies of the United Nations Organisation. Mr. 
Hiscocks was a United Kingdom delegate to the Pacific 
Science Congress in 1961 and was United Kingdom delegate 
to the United Nations Committee for Industrial Develop- 
ment in 1964. 


Dr, P. C. Spensley 


Mr. E. 8. Hiscooxs will be succeeded as director of the 
Tropical Products Institute by the present deputy director, 
Dr. P. C. Spensley. Dr. Spensley was a foundation scholar 
of St. Paul’s School and of Keble College, Oxford, where he 
studied chemistry. His research after the Second World 
War in the Dyson Perrins Laboratory at Oxford was 
mainly concerned with the synthesis of organic compounds 
of possible therapeutic interest. Between 1940 and 1945, 
Dr. Spensley was on the staff of the Ministry of Supply, 
Royal Ordnance Factories, where he was concerned with 
explosives and ammunition production, smoke weapons 
development and standards. In 1950 Dr. Spensley joined 
the staff of the National Institute for Medical Research 
and, in the course of a working visit to East Africa, dis- 
covered a method by which a valuable, but minor, com- 
ponent of the sisal plant—hecogenin—could be extracted 
economically as a by-product of the sisal fibre industry. 
This process he developed further with the National 
Research Development Corporation and it is now operated 
commercially in Tanzania and Kenya to provide hecogenin 
for the production of steroid drugs. Dr. Spensley received 
a major inventor’s award for this work in 1963. In 1954, 
Dr. Spensley was appointed to the scientific staff of the 
Colonial Office in the Imperial Institute and becamé 
Scientifie Secretary of the Colonial Products Council. 
With the then director he was closely concerned with the 
planning which led to the evolution in 1958 of the Tropical 
Products Institute and soon afterwards he was made 
assistant director in charge of administration and develop- 
ment. In this post he has travelled widely and attended a 
number of international meetings. He assisted Sir 
William Slater in the organization of the British contribu- 
tion to the major United Nations Conference on the 
Application of Science and Technology for the benefit 
of the Less Developed Areas, held in Geneva in 1963. 


Plant Pathology in Queen’s University, Belfast: 
Prof. A. E. Muskett, O.B.E. 


Pror. A. E. Musxerr retired on December 31, 1965, 
from his chair in the Department of Mycology and Plant 
Pathology at Queen’s University, Belfast, and from his 
position as head of the Plant Pathology Division of the 
Ministry of Agriculture for Northern Ireland. A native of 
Norfolk, he graduated from the Imperial College of Science 
and Technology, where he studied under Sir John Farmer, 
and went to Belfast in 1923 on his appointment as a 
research assistant in the Seed Testing and Plant Disease 
Division of the Ministry and as an assistant in agricultural 
botany at Queen’s. He obtained his D.Sc. from London 
in 1938. His continued successes and promotion led to the 
formation in 1938 of a separate Plant Pathology Division 
of the Ministry, of which he became head, and led, in 1945, 
to his appointment to the newly created chair in the 
University. He was president of the British Mycological 
Society in 1948. In 1957 he was awarded the O.B.E. 
Prof. Muskett’s early publications on the control of 
American gooseberry mildew and apple scab led to the 
adoption of regular spraying programmes suitable for 
local conditions. The toxicity of lime sulphur sprays to 
apple trees and the efficiency of an excess-lime Bordeaux 
mixture were demonstrated. Further research naturally 
centred chiefly around the potato, oat and flax crops, with 
special reference to tuber disinfection with organic mer- 
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curials and to seed disinfection with organo-mercury and 
thiram-based chemicals. The value of thiram as a satis- 
factory dressing for flax seed was first shown in 1939 and 
was a most timely discovery, as it wes used on all flax 
seed saved in the United Kingdom during the Second 
World War. Following his work on the epidemiology and 
control of the Helminthosporium disease of oats, Prof. 
Muskett led research in the development of techniques 
for the exammation of seeds for the presence of seed-borne 
fungi, work which formed a basis for the investigation of 
biological techniques for the evaluation of fungicides. He 
also devoted much time to the health of the seed potato 
crop of Northern Ireland, special facilities being available 
for work on virus diseases at the Plart Pathology Field 
Station, erected in 1954. In 1947 he published, with Prof. 
J. Colhoun, The Diseases of the Flax Plant, and in 1964 
Dr. J. P. Malone and he published Seed-borne Fungi, two 
books which quickly found a wide circulation. Prof. 
Muskett was not only an enthusiastic and inspiring lec- 
turer, an energetic administrator during his term as Dean 
in 1950-57, a useful member of the Academic Council 
and University Committees and an apt adviser on plant 
pathology problems, but also a friend and counsellor to 
many students and members of staff who sought his 
advice and now wish him a happy retirement. 


University Grants 


In a written answer in the House of Commons on 
December 20, the Secretary of State for Education and 
Science, Mr. A. Crosland, stated that the Government 
was reviewing the quinquennial system of recurrent 
grants to the universities. In view of the difficulties 
which arose because of the fact that under the present 
system the universities did not know their recurrent grants 
for the new quinquennium until near the end of the last 
year of the old quinquennium, the Government, after 
consulting the University Grants Committee, had decided 
to make a provisional allocation of recurrent grant for the 
first year of the next quinquennium (1967-68) well in 
advance of the final settlement for the quinquennium as 
a whole. He hoped to be able to announce this allocation 
towards the end of 1966 and the University Grants 
Committee had assured him that this change in procedure 
would be acceptable to the universities. In a written 
answer on December 22, Mr. Crosland announced that he 
was authorizing, for starting in 1966-67, a university 
building programme (in terms of existing cost figures) of 
£40 million; for 1967—68, £30 million; for 1968-69, £25 
million; and for 1969-70, £25 million. He hoped that in 
future this could be made a rolling programme. The 
programme allowed a higher level of building starts in 
1966-67 and 1967-68 than that at present sanctioned, 
and it took account of deferment from the present year 
of some £15 million starts following the Government’s 
measures of July 1965. 


Welsh College of Advanced Technology 


Mr. CROSLAND also announced in the House of Commons 
on December 20 that, after considering the advice of the 
University Grants Committee, the Government had 
concluded that it could not support the establishment 
of the Welsh College of Advanced Technology as a separate 
degree-giving university. The invitation which the 
College had received from the University of Wales to 
become a full constituent member cf the University 
offered an alternative road to university status and the 
Government was confident that such an arrangement 
would contribute to the development cf the College as a 
centre of higher technological education. It also believed 
that the idea of an association between the College, 
University College, Cardiff, and the Welsh National 
School of Medicine could well be worked out within the 
framework of the University of Wales. He understood 
that the University would shortly be petitioning for the 
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amendments to its Charter necessary to deal with problems 
arising from its federal constitution. 


South-east England : Water Resources 


IN reply to questions in the House of Commons on 
December 20, the Mnister of Land and Natural Resources, 
Mr. Willey, said thst he hoped to have the advice of the 
Water Resources Board on the consultant's report on 
the water resources of the Great Ouse Basın fairly early 
in 1966, and would then consider the next steps. He 
would certainly consult the East Anglian Regional 
Economic Planning Council before putting a feasibility 
study on the Wash barrage in hand. The Minister of 
Housing and Local Government had received the report 
of the consulting engineers, Messrs. Binnie and Partners, 
on the water resources of the Great Ouse Basin. This 
report recommendec further study of a number of possible 
conservation schemes, including the use of the Wash as 
a reservoir. The Water Resources Board had been asked 
to consider the report in the context of their studies of 
the South-East as a whole and to advise in due course 
what action should be taken. The situation was being 
considered as expeditiously as possible but the advice of 
the Water Resources Board had first to be awaited. 


University of Birmingham—Royal Radar Establishment, 
Malvern: Work ng Association 


Tue University of Birmingham has recently concluded 
an agreement for a working association with the Royal 
Radar Establishment, Malvern. The agreement, which 
comes into effect early this year, provides for the co-option 
of up to six senior scientists from the Royal Radar Estab- 
lishment on to the University staff; they will have 
honorary University titles and will spend an average of 
1 day a week in the University, taking part in under- 
graduate and postgraduate teaching, research, depart- 
mental policy discussions, and the general life of the 
University. In the opposite direction, a corresponding 
number of members of the University staff will be co-opted 
on to the staff of the Royal Radar Establishment to 
spend an average or 1 day a week at Malvern, taking part 
in research and in research policy decisions. The arrange- 
ment will not extend to the whole of the Radar Research 
Establishment, part of which is engaged on work of 
military importance. On the University side, it will 
involve the followmg Departments: Electronic and 
Electrical Engineering, Electron Physics, Physies (especi- 
ally solid-state physics), Mathematical Physics, Physical 
Metallurgy. On the Malvern side the corresponding divis- 
ions of the Royal Hadar Establishment will be involved. 


The Barwell Meteorite 


A. LARGE meteorite fell at about 16.20 a.m.rt. on Decem- 
ber 24, 1965, at the village of Barwell in Leicestershire. 
It is possible that a wider area was involved, as material 
has now been reported from farther afield, but as yet this 
has not been examined. The Barwell meteorite has been 
identified as an ovine bronzite chondrite. So far, 
35-40 Ib. of this msterial has been collected, and this is 
being collated at ths British Museum (Natural History). 
Bona fide scientists wishing to investigate material from 
this meteorite should apply, in the first instance, to Prof. 
P. C. Silvester Bradley, Department of Geology, Univer- 
sity of Leicester. 


In-service Training for Science Teachers 

INCREASING awareness of the need for teachers of 
science and mathematics to be kept in touch through 
in-service training {or refresher courses) with modern 
advances in science moved the Royal Society to hold a 
conference of representatives of the interests concerned, on 
September 16, 1965. A report of that conference is now 
available (The Royal Society. In-Service Training for School 
Teachers of Science and Mathematics in England. Report of 
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a Conference convened by the Royal Society on 16 Septem- 
ber, 1965. Pp. 14. London: The Royal Society, 1965). 
Prof. H. W. Thompson was in the chair, and in the proceed- 
ings sixty-two people took part. The chief conclusions and 
recommendations which emerged were that a very con- 
siderable increase in in-service training for teachers of 
science and mathematics was urgent. The Department of 
Education and Science together with Local Education 
Authorities were urged to provide the necessary financial 
assistance; in-service training and the development of 
the science curriculum should go hand in hand; and further 
links should be established between the learned societies 
and professional institutes concerned and school teachers 
of science, to strengthen a sense of community. Those 
organizations already active in the field should be encour- 
aged to continue, with co-ordination when necessary, 
perhaps through the Schools Council—in this respect, what 
was already being done by the Schools Council met with 
general approval. The recommendations of the Jomt 
Mathematical Council were endorsed. Local Education 
Authorities, it was felt, should act generously in support- 
ing teachers who wished to attend courses; and the 
Royal Society should bring the report of the meeting 
to the attention of a wide range of public bodies, univer- 
sities and other interested groups. Hesitation about these 
conclusions came mainly from K. §. Tetlow, representing 
the teachers’ point of view. His enquiries had shown 
that no teachers were interested in courses of one term’s 
duration or more; there was no enthusiasm for courses 
held during the holidays; and the pupils would suffer if 
courses were held during term time. There was, however, a 
strong desire for more information about modern advances 
in science, as well as for courses of one or a few days’ 
duration, held at strategic times during the school year. 


Registrar General's Quarterly Return 

The Registrar General's Quarterly Return for the June 
quarter of 1965 shows that births in the first two quarters 
of 1965 were fractionally lower than in the corresponding 
quarters of the previous year (439,000 as against 449,000) 
(General Register Office. The Registrar Generals Quarterly 
Return for England and Wales—Births, Deaths and Mar- 
riages; Infectious Diseases; Weather; Population Estim- 
ates, Quarter ended 30th June, 1965. Pp. 40. London: 
H.M.S.O., 1965. 2s. 6d.). The seasonally adjusted birth- 
rate has also fallen shghtly. This is the first time during 
the past ten years that the figures have failed to show an 
increase, but it is difficult to draw any conclusion from 
this short period. The infant mortality rates continue to 
decline, and have fallen by 25 per cent during the past 
ten years. Marriages tend to be stable in number. The 
first provisional analysis of death in 1964 by cause, age 
and sex appears in the Return: deaths from lung cancer 
were 3:5 per cent up on the 1963 figures among men and 
nearly 6 per cent up among women; the increase in 
deaths due to motor vehicle accidents was nearly 15 per 
cent among both sexes. Nearly 45 per cent of the deaths 
of males aged 15-24 were attributable to this cause. The 
expectation of life at birth in 1962—64 was 68-1 years for 
men and 74:2 for women. 


Fuels for the Future 


“Man’s use of energy has progressed from wood and 
dung to coal and oil, is now taking a large contribution 
from gas and moving towards uranium, plutonium, and 
ultimately sea-water.’ This challenging statement 
appears towards the end of an entertaining and prophetic 
article by Keith Richardson entitled “Fuels for the 
Future” (Catalyst, 15; Autumn 1965. London: Shell 
Chemical Co., Ltd., Plastics and Rubbers and Industrial 
Chemicals Divisions). Mr. Richardson surveys the present 
highly competitive fields of coal, oil, electricity and gas; 
and the future impact of nuclear energy. Of the coal 
industry, he says that the main trouble is its great in- 
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flexibility. The over-riding question is, what is the future 
of the coal industry in our economic scheme of things ? 
At present, it produces 66 million tons a year from loss- 
making pits, mainly in Scotland, Wales and the North- 
East. Arguments in favour of keeping a strategic reserve 
of coal capacity—pits that can be opened if ever needed— 
are attractive, but impracticable; once a coal mine is 
closed it is closed for ever, because of rock-pressure and 
water flooding; if we are to be able to call on 200 million 
tons of home-produced coal in the future, that same 
amount must be bought now to keep the pits in being. 
Before coal is ever likely ‘to get into balance’, uneconomic 
pits must be abandoned. “The tragedy is that business 
which could profitably be won by Midlands coal at £2 a 
ton is lost to oil because the price structure is all wrong.” 
It is the oil industry that has damaged coal, but it has 
also spurred it to greater efficiency. Mr. Richardson con- 


siders that the oil supply situation looks as though it will | 


become tougher between 10 and 30 years from now, 
because costs of exploration and of extraction will rise; 
oil-bearing countries may grow reluctant to let so much 
of their resources be shipped to Britain as they now 
do; this, it is argued, is why the present North Sea 
explorations are so tremendously important. In the 
latter context, gas is now better envisaged as an offshoot 
of the oil industry, because the British Gas Council can 
make its own gas just as cheaply from oil as from other 
sources; “f... as surely as oil has won fuel business from 
coal, in time it will lose it back to electricity”. But the 
golden future thus predicted for electricity depends 
neither on coal nor on oil (including gas), but on atomic 
power. The advanced gas-cooled reactor now offers the 
cheapest means of generating electricity. By the 1980's 
fast breeder reactors should produce more fuel than they 
use. Two other intriguing possibilities for future fuels 
are briefly discussed in this article: one is the prospect 
of the fuel cell gradually replacing the petrol and diesel 
engine; the other is thermonuclear fusion. If the latter 
is a practicable source, it means power from sea-water 
‘tin virtually unlimited quantities”. Finally, there is that 
devastating machine called the ‘Thetatron’, “. .. which 
in six-millionths of a second can develop 12 million amps 
of current, and this has achieved momentary bursts of 
10 million degrees”. As Mr. Richardson naively says, at 
least it points the way. This is an extremely able essay 
into the complex problems of fuels for the future. 


Balancing Capacity and Sales 


Achieving Balance between Capacity and Sales, a booklet 
containing papers given at a conference on this theme at 
Birmingham during May 1965, is now available (Pp. 31. 
London: British Productivity Council, 1965). The con- 
ference was organized by the British Productivity Council, 
in co-operation with the British Institute of Management, 
the Centre for Inter-firm Comparison and the Birmingham 
and Coventry Productivity Associations. The introductory 
paper, by H. Ingham, director of the Centre for Inter- 
firm Comparison, stated that there are a few frequently 
occurring and typical patterns of co-ordination between 
sales and capacity, each of which can be described as a 
basic marketing objective with resultant typical oppor- 
tunities and risks. Companies of a similar type, although 
making different products, face broadly similar problems 
of balance, so that a firm can improve its methods of 
co-ordination by comparing them with those of other 
firms of its type. The co-ordination outlined in the type 
descriptions given can be used as ‘blueprints’. Ingham 
also discussed the influences of co-ordination practices on 
profitability. Three case studies were also presented to 
show typical major patterns of co-ordination: the first 
by H. A. Hollingsworth, chief production controller of 
Wilmot Breeden, Ltd.; the second by J. W. Fewless, 
director of the Heath Street Division of G.K.N. Screws 
and Fasteners, Ltd.; and the third by L. A. Williams. 
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head of the Operational Research Unit of Ferranti, Ltd. 
(Transformer Division). 


Brucellosis 

Food and Agriculture Organization Agricultural Studies 
No. 66 embodies the report of the jaint World Health 
Organization/Food and Agriculture Organization Expert 
Committee on Brucellosis (Food and Agriculture Organ- 
ization of the United Nations. Joint FAOJWHO Expert 
Committee on Brucellosis—-Fourth Report. Pp. 65. Rome: 
Food and Agriculture Organization of the United Nations. 
London: H.M.S.0O., 1964. 6s. 8d.; 1.25 dollars). Its 
fourteen sections discuss the epidemiology of brucellosis; 
speciation in the genus Brucella; media and methods for 
the primary isolation and further cultivation of the 
organism; the standardization and interpretation of the 
serum agglutination test; human, bcvine, caprine and 
porcine brucellosis and the disease in other animals; the 
United Nations brucellosis centres and future research 
needs. Nine annexes deal with various aspects of the 
immunology of Brucella infections. 


Engineering Aspects of Lubrication 


AN intensive course on “‘Engineering Aspects of Lubri- 
cation”, organized by Dr. A. Cameron, will be hela in the 
Department of Mechanical Enginecring, Imperial College 
of Science and Technology, during May 31—June 17. The 
various processes underlying the operation of bearings are 
often extremely complex and the aim of the course is to 
enable engineers and industrialists to have a better 
understand ng of them. In this way, they will be better 
able to design equipment and underszand failures. The 
content of the course will be as follows: First, classical 
lubrication theory will be developed snd compared with 
the practice of journal and thrust bearings, the importance 
of temperature being emphasized and a method produced 
for analysing its effect. The combined influence of pressure 
on viscosity and deformation of surfaces will then be dis- 
cussed and the method investigated sy which ball and 
roller bearings and gears are lubricated. The various 
theories of oil film break-down will bə considered and a 
reasonable theory of scuffing put forward. A number of 
Specialist lectures will be given by recognized experts. 
Full bound sets of lecture notes will be issued to every 
student attending the course. Furthsr information can 
be obtained from the Registrar, hnperial College, London, 
S.W.7. The fee for the course will be 46 guineas. 


Post Office : Postgraduate Awards 


THE Post Office is arranging to make each year a number 
of postgraduate awards to selected staff. These awards 
wil be tenable at universities which have facilities for 
research or advanced studies relevent to Post Office 
problems, initially in telecommunications science and 
engineering. In appropriate cases the awards wil enable 
the holders to qualify for M.Sc. or Fh.D. degrees. The 
primary objective, however, is to further research and 
develop expertise of special value to the Post Office. 


Prof. G. Macdona'd, C.M.G. : 
and Schistosomiasis 


Tae Editor has received the following communication 
from Prof. G. Macdonald: “I am happy to correct the 
statement on p. 30 of your January 1 issue that I have 
given up my directorship of the Ross Institute, a post 
which I retain and hope to enjoy fo> some years. The 
Ross Institute, under my direction, has been very inter- 
ested in schistosomiasis for several years, and in 1961 it 
received a substantial grant from the Rockefeller Founda- 
tion to study the medical and public health significance 
of this infection, the grant being further supported by the 
Ministry of Overseas Development and the World Health 
Organization. With this aid, a Schistosomiasis Research 
Unit under Dr. Forsyth has been working in East Africa 
since 1962, originally based on the East African Medical 


The Ross Institute, 
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Research Laboratory at Mwanza and now in Zanzibar. 
The World Health Organization* also sponsors work on 
this disease, and much research has been carned out by 
the staff of the Research Laboratory at Mwanza”. 


*WHO Technical Report Series No. 299 (price 5s. from H.M.S.0., P.O. 
Box 569, London, S.E 1) and Sat Control in the Prevettion of Buharziast 
(price 830s., from the same address). 


University News: 
Hull 


Dr. R. R. Batpwapy has been appointed to the second 
chair of chemistry as from January 1. 


Leeds 


Dr. E. Irvine has been appointed to a chair of geo- 
physics in the Department of Earth Sciences. 


London 


Tar following appointments have been made: Pro- 
fessorships, Dr. E. W. Horton (pharmacology, tenable at 
the School of Pharmacy); Dr. J. T. Stuart (theoretical 
fluid mechanics, tenable at the Imperial College of Science 
and Technology); Readerships, Dr. B. E. Plunkett 
(botany, tenable as Birkbeck College); Dr. E. Cohen 
(mineral technclogy, tenable at the Imperial College of 
Science and Technology). The following titles have also 
been conferred: Professor, Dr. J. Joseph (anatomy, in 
respect of his post at Guy’s Hospital Medical Sehool); 
Reader, Dr. T. H. Lambert (mechanical engineering, in 
respect of his post at University College). 


Swansea 


Pror. J. A. BEARDMORE, professor of genetics in the 
University of Groningen, has been appointed to the newly 
established chair o? genetics. 


Announcements 


A SERES of courses on subjects in the field of natural 
sciences will be held at the Scottish Field Studies Associa- 
tion’s Field Centre at Kindrogan, Perthshire, during 1966. 
Further information can be obtained from the Scottish 
Field Studies Association, Ltd., 141 Bath Street, Glasgow, 
C.2. 


A GENERAL Ciserssion of the Faraday Society on “The 
Role of the Absorbed State in Heterogeneous Catalysis” 
will be held in the University of Liverpool during April 
4-6. Further information can be obtained from the 
Assistant Secrezary, the Faraday Society, 6 Gray’s Inn 
Square, London, W.C.1. 


A MEBTING of the Hast Midlands Branch of the Institute 
of Mathematics and its Applications will be held at 
Loughborough College of Technology on January 18. A 
lecture on “The Mathematical Theory of Multi-variable 
Control Systems” will be delivered by Prof. H. H. Rosen- 
brock. Further irformation can be obtained from the 
Institute of Mathematics and its Applications, Maitland 
House, Warrior Square, Southend-on-Sea, Essex. 


A seriws of seminars for senior production executives 
will be held at the Northampton College of Advanced 
Technology during the first six months of 1966. Subjects 
under discussion will be as follows: the implications of 
economic and technological change for industrial relations 
(January 19}; PERT costing as a tool for higher manage- 
ment control of projects (February 16); financial analysis 
of projects involving capital expenditure (March 23); 
optimal replacement decisions: alternative approaches to 
the replacement of machines (April 20); the effects of 
organization on budgetary control in a manufacturing 
enterprise (May 13); operations research as an aid to 
factory location (June 22). Further information can be 
obtained from the Secretary, Department of Management 
and Social Sciences, Northampton College of Advanced 
Technology, St. John Street, London, E.C.1. 
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SCIENCE IN PARLIAMENT f 


University Accounts 


N moving, on December 7, that the House of Commons 
take note of the first, second and third reports from 
the Committee of Public Accounts in the Session 1964-65 
and of the Treasury minute on the reports, Mr. Boyd- 
Carpenter referred, more particularly, to the paragraphs 
in the reports which related to the denial of access by the 
Comptroller and Auditor-General to the books of the 
universities. While the Committee had before it much 
material in respect of the universities, that material was 
based mainly on information received from the Depart- 
ment of Education and Science and the University Grants 
Committee. Mr. Boyd-Carpenter questioned whether, 
with the increasing scale of public provision for the uni- 
versities and the changed position of the University 
Grants Committee, which now came under the Department 
of Education and Science and not directly under the 
Treasury, this exclusion could be justified and whether 
its removal would really involve interference with 
academic freedom. He pointed out that in recent years 
the Comptroller and Auditor-General had had access to 
the books and records of the Colleges of Advanced Tech- 
nology and of the Scottish central institutions. This 
access would cease when these institutions attain uni- 
versity status. The Committee of Public Accounts sug- 
gested, accordingly, that it might be appropriate to 
reconsider whether the exemption of this large and growing 
area, of expenditure from accountability to Parliament 
was still justified. Mr. Boyd-Carpenter merely suggested 
that the issue should be re-examined with an open- 
minded and clear realization of the implications and that 
the universities should have the opportunity to express 
their views. In this he was supported by Mr. T. Dalyell, 
who also raised the question of the costs of research, 
suggesting the appointment, apparently under the 
University Grants Committee, of a small executive body 
of scientists, seconded for 2 or 3 years to deal with 
expenditure on physics, engineering, chemistry and biology 
on @ national basis. 

The Financial Secretary to the Treasury, Mr. N. 
MacDermot, in replying on the debate, welcomed the 
Committee’s proposal to look further into this matter, 
but emphasized the importance of ensuring that academic 
freedom was maintained, while we obtained the greatest 
possible value for money. It did not follow that use of the 
most up-to-date techniques of control and management 
involved making the University Grants Committee 
responsible to Parliament and, without prejudicing thé 
question, he seemed more inclined to accept the advice 
and recommendation of the Robbins Committee. 


Manufacture of Enriched Uranium 


In a statement in the House of Commons on December 9, 
the Minister of Technology, Mr. F. Cousins, said that the 
Government had decided to modernize and reactivate the 
Capenhurst plant of the~-Atomic Energy Authority, 50 
that it might supply enriched uranium for the manufac- 
ture of fuel forthe second nuclear power programme. 
Owing to a decrease in the demand for enriched uranium 
for military purposes, and because the civil demand was 
then very small, it was decided, in 1962, that production 
of highly enriched material for military purposes should 
cease, and that of slightly enriched material for civil use 
be reduced to the minimum level needed to maintain 
gaseous diffusion technology. This decision was im- 
plemented by the end of 1963. For a nuclear power 
programme of 8,000 MW by 1975, using the advanced 


‘gas-cooled reactor design adopted for the Dungeness ‘B’ 


station, several hundred tons of slightly enriched uranium 
oxide would be required each year. The Authority had 
designed modifications to the Capenhurst plant that 
should greatly increase the efficiency of production and 


‘had advised him that the gap between. Capenhurst prices 
‘and those of the alternative United States source should 


narrow progressively: during the 1970s. Other factors to 
be taken into account included the obvious disadvantages 
of complete dependence on an overseas supplier, since 


‘nuclear power would. meet an increasing proportion of the 


total demand for electricity. Production in the United 
Kingdom would save imports costing some millions of 
pounds, and ultimately some tens of millions of pounds 
per annum. Closure of Capenhurst would make it impos- 
sible for Britain to maintain its expertise in this field, 
while manufacture in Britain would provide the Authority 
with opportunities to export slightly enriched uranium 
fuel. 

The Government had approved in principle plans involv- 
ing a capital expenditure of about £13-5 million, the first 
phase of which, to be started immediately, would cost 
about £7:5 million. These plans were expected to meet 
the initial requirements of the new nuclear -power pro- 
gramme, and it was envisaged that the plant could be 
further expanded as requirements increased, and decisions 
would be taken as necessary. Work would start im- 
mediately and the modernized plant would be in operation 
in time to supply fuel for the first advanced gas-cooled 
reactor of the second nuclear power programme, Dungeness 
‘B’. Mr. Cousins commented that, at present, the dif- 
ference between British and American prices for fuel was 
estimated at 10 per cent, but the electricity costs in 
diffusion were likely to fall, because electricity in Britain 
was becoming cheaper. The difference to the ultimate 
consumer was likely to be about 0-25d. in the pound. If 
Britain were to manufacture low-enriched uranium, and 
if various types of station were to be built around the 
world, it was possible that Britain would be in the market 
to sell to them. The Atomic Energy Authority also had in 
mind the possibility of supplying tailor-made fuel to 
tailor-made stations. Centrifuge plant might possibly 
make present methods obsolete, but it would probably be 
by the late 1970s before centrifuge plant became a pos- 
sibility. -All the information available at the moment led 
the Authority to believe that it need not worry about the 
position for the next 10 years. The method under discus- 
sion provided opportunity for a changeover at a later 
stage, if necessary. Non-industrial staff at Capenhurst 
at present numbered 455, and industrial staff 860. When 
the plant was in full production a further 200 industrial 
workers might be required. 

‘A similar statement was made in the House of Lords by 
Lord Snow, also on December 9, who, in reply to questions, 
affirmed that the Government was confident that the 
supply of enriched uranium could be increased to meet 
any foreseeable demand. 


Social Sciences Research Councll 


` In moving approval of the draft Social Science Research 
Council Order, 1965, in the House of Lords on November 
18, the Parliamentary Secretary to the Ministry’ of 
Technology, Lord Snow, said that the Government 
accepted, in general, the functions and powers proposed 
by the Heyworth Committee. These were embodied 
essentially in article 2 (1) of the ‘Charter and: in- the 
schedule to the Draft Order, which was drawn up in! terms 
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similar to those appearing in the Charters of other research 
councils. The Social Science Kesearch Council would be 
breaking more new ground than the other Research 
Councils, and its first task would be to decide in detail its 
own programme of activities and methods of working. 
It would not, for the time being, set up research units of 
its own and would probably concentrate initially on sup- 
porting research at present being carried out in the 
universities and elsewhere and on providing a focal point 
for co-ordinating and disseminating information. One of 
the problems facing the Council would be to define its 
own. sphere of operations; however, economics, sociology, 
social psychology, social anthropology and political 
science would be its immediate concern. The Council 
would assume some of the functions hitherto performed 
by the Human Sciences Committee of the Science Research 
Council and the Department of Education and Science in 
regard to awards to postgraduate students. Arrangements 
for discussion with the other bodies concerned would 
include the appointment of assessors from Government 
departments, as well as the representation of the Council 
on inter-departmental committees concerned with research 
in the social sciences, 

While regretting that the Council was not immediately 
to conduct research of its own, Lord Taylor welcomed the 
Order and emphasized the importance of the provision 
and operation of services for common. use in social science, 
urging that the proper place for the Government’s Social 
Survey was under the Social Science Research Couneil, 
where it would be available, not only for departmental 
investigations, but also for non-departmental studies. 

In introducing a similar motion in the House of Com- 
mons on November 22, the Secretary of State for Educa- 
tion and Science, Mr. A. Crosland, said that the Depart- 
ment now had research projects in this field to the value 
of about £1 million. Neither the Order nor the Charter 
mentioned the Heyworth Committee’s recommendation 
for a special board for educational research, but this did 
not mean that the recommendation had been rejected by 
the Government. They regarded it as a matter for decision 
by the Council itself, and, so far as special arrangements 
for the field of the “built environment’ were concerned, the 
Minister of Housing and Local Government was en- 
thusiastic about the objective; however, he did not think 
that the particular form of organization recommended by 
the Heyworth Committee was the most likely to achieve 
this objective. Mr. Crosland also said that the Govern- 
ment thought it was too early to decide on the exact 
relation between the new Council and the Council on 
Scientific Policy and also for the Government to reach a 
definite dacision about the amount of finance and the 
number of postgraduate awards. The Council would have 
the opportunity of making its own recommendations, and 
it was not proposed to decide on long-term finance until 
the Government had had the advice of the Council. Mr. 
Crosland also emphasized the importance of there being 
more than one source of finance for Social Science Re- 
search, and hoped that the establishment of the Council 
would not mean that there would be lass money available 
for, or less interest in, other sources of funds for such 


THE NUFFIELD 


HE report of the Nuffield Foundation for the year 

ended March 31, 1965*, which includes a tribute to 
Sir Hector Hetherington, opens by emphasizing once 
again that the two recurrent themes of the Foundation’s 
work are need and opportunity. The first does not decrease 
while men remain sensitive to possibilities of knowledge and 
human. benefits, and the second will also be present so long 


“The Nu Foundation: Report for the year ended 31 March, 1965, Pp. 
xIv+161. (London: The Nuffield Foundation, 1935.) 
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research. It was not the intention of the Government 
that the work az uriversities, financed from the University 
Grants Commitee or from other Government depart- 
ments, should be limited in any way in consequence of the 
establishment cf the Council. 

In the debate, Mr. D. Price commented on the greater 
difficulty of isolating a situation for detailed study in 
social sciences than in physical sciences. This difficulty of 
providing or eresting controlled conditions in social 
research meant: thst the quality of the people conducting 
such research migkt be even more important than in the 
physical and nstural sciences. This was one reason why 
he hoped that the Research Council would give particular 
attention to tha supply of trained research workers. He 
also emphasizec. the great importance of inter-disciplinary 
work, and suggssted that the immediate problem was for 
more research i2 the nature of ‘applied’ rather than ‘pure’ 
research in ths field. Mr. Price considered that this 
particularly applied in regional development and that 
industry would get a fairly rapid return from further 
expenditure in sponsoring applied social science research. 
Finally, he alsc urged the appointment of a Select Com- 
mittee on Scienze and Technology to examine the reports 
of other Research Councils, including those of the new 
ones. 

Mr. A. Blenk:nscp, agreeing that the quality of research 
workers in ths eld was of considerable importance, 
directed attention to the desirability of such workers 
having had experience in various fields of the social 
sciences; thes» should not be exclusively academic. 
Mr. R. Hornby-hoped that the new Council would be able 
to stimulate cceoperation within the universities, as well 
as the flow of idess for projects, and that it would have 
regard to the meeds of other specialized institutions for 
finance. Mr. G. Hcwe emphasized the importance of wide 
and effective dissemination of information on social 
science generally. Mr. E. S. Heffer referred to the need 
for more social scientists in local government and in 
industry and ako thought that all colleges of technology 
should have a cepartment which encouraged the develop- 
ment of the social sciences. Sir Edward Boyle agreed as 
to the assistance which the Social Science Research Council 
might give to -utmre Royal Commissions and the wider 
use which mighs be made of social science; he emphasized 
the danger of taking important decisions on inadequate 
knowledge. 

Mr. R. E. Prentice, in replying on the debate for the 
Government, acres that effective liaison and communica- 
tion were basic essantials. The co-ordination of relations 
between the Counral and the work being done in this field 
in the universities and smaller research institutions was a 
primary function of the Research Council. The Council 
had been incordorated by Royal Charter on October 29. 
The Heyworth Committee’s recommendation regarding 
the Social Survey was being studied by the departments 
concerned. He also agreed that it was important that 
Parliament shculd discuss the work of all the Research 
Councils and shus help to create an informed public 
Opinion which. would facilitate the application of the 
results of their-work. 
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as those who Eave good ideas and the determination to 
pursue them wil share their thoughts with the Foundation. 

Allocations during the year totalled £2,045,741. Of 
this £205,730 was for biological research and £26,000 for 
other scientificresearch; £317,100 was allocated for medi- 
cal research, £201,065 for social research, and £655,154 
for education. Grants for the Commonwealth overseas 
totalled £182,276 and for fellowship and scholarship 
schemes, £188,588. 
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The report expresses concern that the interest of the 
Foundation in ‘food safety’ has to some extent failed to 
communicate the importance and urgent interest of the 
subject. The Foundation believes that, with the increas- 
ing use of additives in food and of chemical and physical 
procedures in its preparation and storage, there is a 
corresponding need for more understanding of their 
biological consequences to ensure that they are not 
damaging to human health. Too little is known of the 
long-term biological effects, whether for good or for ull, 
and it is this programme that is described and delimited 
by the term ‘food safety’. 

During November 1964, the Foundation held a one-day 
conference to examine training needs and possible remedies 
in the pathology of laboratory animals, and the sum of 
£2,500 was allocated to meet the cost of a symposium of 
experts in this subject to be held in April 1966. £250 
annually is to be devoted towards the cost of specially 
arranged -lectures in universities on subjects relevant to 
the Foundation’s interest in ‘food safety’. A grant of 
£43,000 over 3 years was made to the Department of 
Physiology, University of Bristol. mostly towards provid- 
ing the equipment for recording and analysis of significant 
features of the apparently random wave-forms of the 
synaptic activation noise m the control of motoneurones 
by the brain. 

A grant of £9,200 over 3 years was made to the Depart- 
ment of Physiology and Biochemistry, University of 
Southampton, for research into the trophic factors con- 
trolling nerve-muscle functions, and one of up to £8,000 
for a pre-fabricated building for ecological research, in 
the Department of Natural History, University of Aber- 
deen. A further grant of £10,250, over 2 years, was made 
to the Department of Anatomy, University College, 
London, for continued research into the lipid composition 
of neurones. Other grants for scientific research include a 
capital grant of £20,000 to strengthen the working 
scientific fund of the International Council of Scientific 
Unions and a tapering grant of £6,000 over 3 years, to 
the Institute of Science Technology, to further its work 
in the education and training of science laboratory 
technicians. 

The report attributes a decrease in applications and 
grants in the field of social research to a reluctance to 
embark on major developments before the Hayworth 
Committee Report was received. It is anticipated that, in 
consequence, a more directed approach will now be 
forthcoming, and emphasis is laid on the importance of 
drawing more people of ability into the social sciences. 
Although the Foundation’s main concern in this field is a 
practical contribution to human well-being, it will also 
support fundamental projects which promise to give 
form and clarity to the social sciences and to indicate their 
scope and possible achievements. The Centre for Urban 
Studies, University College, London, has so far published 
six reports but it is difficult for the Centre to provide the 
necessary security for its research staff and carry out the 
continuing basic work of collecting and analysing data. 
The Foundation is accordingly making two grants of 
£20,000 over 2 years in the expectation that, by the 
start of the new university quingennium in 1967, funds 
will be available from public sources for the work of the 
Centre. A grant of £40,000 was made to the Bartlett 
School of Architecture, University College, London, for a 
study of the development of Central London since 1947, 
and a further grant of £13,000 over 3 years was made to 
the Department of Architecture, University of Edinburgh, 
for the continuance of investigations of quantity survey- 
ing in the planning of domestic housing. A. grant of 
£14,300 over 3 years was awarded to the Department 
of Sociology, University of Essex, for measurements of 
incapacity and disability, in a programme of research 
into the sociology of handicap, and a grant of £7,500 over 
the next 3 years was made to the Institute of Common- 
wealth Studies, University of Oxford, for collecting and 
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sorting records of all kinds from those who have served 
overseas in former British Colonies. A grant of £23,500 
was made to the Institute of Race Relations for its survey 
of race relations in Britain and a further grant of £30,000 
to the National Institute of Economic and Social Research, 
for the second half of its investigation into the cost of 
urban redevelopment, which is to be completed by October 
1966. 

In education, the development of the school curriculum 
remained a main interest, but the Foundation ıs now likely 
to play a diminishing part in sponsoring such work. 
The School Mathematics Project, which has been assisted 
by the Foundation over a number of years, has from its 
start been based on the University of Southampton, and 
two new projects announced in the report are being 
sponsored and organized by appropriate university centres, 
rather than directly by the Foundation; the Trustees are 
anxious to encourage this trend. Now that the new Schools’ 
Council for the Curriculum and Examinations has taken 
over the functions of the Secondary Schools’ Examination 
Council and also assumed a national responsibility 
for stimulating curriculum developments in all subjects 
at all school levels, the Foundation is likely to turn its 
attention to other growing-points in education. 

Apart from its continuing support for the Foreign 
Language Teaching Materials Project, the Foundation 
(in partnership with other organizations) is now sponsoring 
the work of a national Committee on Research and 
Development in Modern Languages which will act as a 
central co-ordinating agency, and a source of stimulus 
for further advance in this field. Meanwhile a further 
£528,000 has been set aside for the Science Teaching Pro- 
ject. Three ‘O’-Level programmes for the General Certifi- 
cate of Education in biology, chemistry, and physics were 
tested in 170 schools in Britain during the academic year 
1964-65. Arrangements were made for public examina- 
tions to be set at ‘O’-Level for pupils from the trial schools 
in the years up to and including 1967. A new programme 
was authorized durmg the year to develop a course for 
teaching science to non ‘Q’-Level secondary school 
children and, to cater for schools which wished to avoid 
the distinction between. physics, chemistry and biology at 
the beginning of the 5-year ‘O’-Level course, a short 
programme was started to develop a combined science 
course for the 11-13 age-group. Detailed work on science 
courses for the sixth form began during the year. In the 
Mathematics Teaching Project (5-13) a large-scale testing 
programme commenced in September 1965, with the 
feeding into the pilot schools of the draft materials for 
infants and first-year juniors. 

A further grant of £13,000 over 3 years was made to the 
Communications Research Centre, University College, 
London, for the appointment of four teachers of English 
with experience at various levels for the English Language 
Project. A grant of £34,500 over 3 years was made to the 
Cambridge School Classics Project which is concerned with 
teaching classics in the initial stages of the school course. 
A grant of £8,000 was made for a detailed feasibility study 
of the curriculum needs of the early school-leaver, includ- 
ing a survey of the work at present being carried outinsocial 
studies courses for pupils of average and less than average 
ability. A further allocation of £125,000 until September 
1966 was made for the work of the Language Teaching 
Materials Project in which the Spanish, Russian and 
German sections now have their own specialist consulta- 
tive committees. 

£100,000 was set aside for programmes recommended by 
the Committee on Research and Development in Modern 
Languages formed in September 1964, and sponsored 
jointly by the Department of Education and Science, the 
Scottish Education Department, the University Grants 
Committee, the British Council, the Federation of British 
Industries and the Foundation. A grant of up to £40,700 
over 4 years has been made to the Language Centre, 
University of Essex, for linguistic analysis of contemporary 
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Russian, and one of £20,000 over 3 years to the Language 
Research Centre, Birkbeck College, London, for a scheme 
of research into applied linguistics and the psychology of 
language learning. A grant of up to £20,700 over 3 years 
was made to the Department of Child Life and Health, 
University of Edinburgh, for investigations of the develop- 
ment of speech in young children. Grants to the new 
universities include’ one of £63,000 over 5 years to the 
University of York toward the development of a Language 
Teaching Overseas Centre. 

Grants for the Commonwealth overseas include a final 
grant of £15,000 over 6 years to the Plunkett Foundation 
for Co-operative Studies, for the development of residential 
training courses for staffs of agricultural co-operative 
departments and societies in East and West Africa. 
Further and final support is being given to the Economic 
Fellowships of the Overseas Development Institutes 
by a grant of £15,400 over 2 years, and one of £24,000 
was made to the Institute of Education, University 
College of Dar es Salaam, for the building of a Science 
Centre. A capital grant of £27,600 was made to the 
University College of East Africa, University College of 
Makerere Medical School, to build an extension to the 
medical library, while a grant of £8,250 was made to 
support, within the Serengeti Research Project, a 3-year 
study of animal ecology in the Tanganyika National 
Parks. The Starehe Boys’ Centre in Nairobi received a 
grant of £18,650 to provide a secondary school. A grant 
of £2,160 over 3 years was made to the University of 
Melbourne for continuation of investigations of the 
metabolism and water relations of Australian heath 
plants. A further grant of £30,000 to the University of 
the West Indies was partly towards providing guest-house 
accommodation for postgraduate visitors, and partly 
for the establishment of a centre for extramural studies 
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in the Leeward amd Westward Islands. One of £10,700 
was made towards she capital cost of developing the Fields 
Studies Centre of the University of Malaya, including 
the provision of acsommodation, and one of £25,500 for a 
3-year investigation of agricultural marketing in Mauritius. 

Awards for the United Kingdom in medicine and den- 
tistry continued unchanged, but the conditions for dental 
research fellowshics were slightly altered to facilitate a 
wider choice of candidates; one medical research fellow- 
ship and two ordinary fellowships were awarded and 
twenty-four schalarships ın tropical medicine. Two 
scholarships and, four bursaries were awarded in biology 
and four scholarstips in sociology. Under schemes for 
the Commonwealth, overseas travelling fellowships for 
graduates for ane year’s study were awarded. to scholars 
from Australia,.Ceylon, India, Pakistan and New Zealand. 
Two of these were in medicine, eight in the natural sciences 
and six in the humanities and social sciences. Shorter 
travelling fellowships for six months were awarded to 
three public officals and two Trade Unionists from 
Canada, and nine short-term travel grants were made to 
senior Canadian scholars (two being in the natural sciences, 
three in the humanities and four in medicine). The 
travelling fellowship for a Dominion practitioner was last 
year awarded to Canada; Dominion travelling scholarships 
were again awarded to two farmers each from Canada, 
Australia and New Zealand, and one each from Rhodesia, 
Zambia and Kenyz. The Foundation’s original grant of 
£50,000 over 10 years to the Royal Society and Nuffield 
Foundation Commonwealth Bursary Scheme was renewed 
for a further and fnal period of 5 years at the same rate 
of £5,000 a year and, in 1964, twenty-two awards were 
made. So far, 330 zrants have been made from the Eliza- 
beth Nuffield Hducational Fund, fifty-two being made 
during the year. 


PUBLICATIONS OF THE WORLD HEALTH ORGANIZATION 


HE World Health Organization, in accordance with 

its Charter, publishes a large number of authoritative 
books and pamphlets in various fields of public health, 
and in more specialized fields of medicine. The following 
recent publications will be of interest to a wide spectrum 
of workers in these fields. 

The Animal Health Yearbook for 1964 is the eighth 
issue of the series of yearbooks bearing this title pub- 
lished jointly by the Food and Agriculture Organization 
of the United Nations, the World Health Organization 
and the Office Internationale des Epizooties (FAO-— 
WHO-OIE. Animal Health Yearbook, 1964. Pp. vi+316. 
Rome: Food and Agriculture Organization of the United 
Nations; London: H.M.S8.0., 1965. 17s. 6a.; 3.50 
dollars). The present volume, like its predecessors, con- 
tains 316 large pages of detailed information about the 
incidence and distribution of diseases of livestock all over 
the world. Printed in English, Frerch and Spanish, it 
also gives the Latin names of the causative agents of all 
the diseases listed. A triumph of clear printing and classi- 
fication of the astonishing range of information collected 
from replies to questionnnaires sent to the veterinary 
services in all the countries represented, it constitutes an 
invaluable summary of the state of animal health all over 
the world. This year it includes information about the 
diseases of fish and bees and also an article on the live- 
stock disease position in 1964, and this issue contains for 
the first time a Russian glossary compiled at the head- 
quarters of the Food and Agriculture Organization from 
the veterinary literature consulted. An additional valu- 
able feature is the reference index at the end of the volume 
containing all the terms applied to the various diseases 
listed in the tables, together with secondary titles, 
synonyms and causal agents in English, French and 


Spanish and also other accepted international nomen- 
clatures. 

Another valnabie publication of the Food and Agri- 
culture Organization is the paperback volume entitled 
Fascioliasis and the Liver Fluke (Food and Agriculture 
Organization af the United Nations. FAO Agricultural 
Studies No. 64. Pp. xx1+234. Rome: Food and Agri- 
culture Organization of the United Nations; London: 
H.M.S.O., 1964 15s.; 3 dollars), the publication of which 
has been made possible by a generous grant from Ciba, 
Ltd., of Basle, as a contribution to the Freedom from 
Hunger campaign. Written by Dr. R. L. Taylor, who, 
until recently, was deputy director of the Central Veterin- 
ary Laboratory af the Ministry of Agriculture at Wey- 
bridge, Surrey, this volume carries all the authority of an 
author whose knowledge of the subject is derrved from 
many years of practical investigation of fascioliasis, in col- 
laboration with his colleagues at the Weybridge labor- 
atory. In this book, Taylor emphasizes the ecological 
aspects of the disease, which he regards as being a de- 
rangement of a naturally healthy relationship between 
grazing animals and the flukes. He presents the methods 
of control on farms as artificial adjustments which en- 
deavour to re-establish a normal situation rather than 
to eradicate a harmful parasite. Taylor does not discuss 
the serious disease that this fluke may cause in man and, 
no doubt, he would agree that human fascioliasis is any- 
thing but a normal healthy relationship between parasite 
and host. 

Discussing the grave losses caused among livestock by 
Fasciola hepatica, Taylor pomts out the great difficulty 
of assessing these accurately, but there is little doubt that, 
when severe outbreaks of fascioliasis occur, in any country, 
millions of sheep may be killed by it. He then describes 
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the anatomy of F. hepatica, and its biology, and in an 
interesting chapter he traces the development, step by 
step over the years, of our knowledge of the life-history 
of this fluke, from the first recorded reference to it by 
Jean de Brie in the time of Charles V of France. He then 
discusses in considerable detail the ecology, life-history 
and habitats of the intermediate host, the snail, Lymnaea 
truncatula, which is the chief intermediate host in Britain, 
although other species of snail are intermediate hosts in 
other countries. Succeeding chapters discuss the patho- 
genicity of F. hepatica, the pathology of fascioliasis, the 
clinical features of the acute and chronic forms of the 
disease, and its treatment. Next is discussed the rapidly 
fatal black disease of sheep, caused by Clostridium 
oedematiens infecting the liver when this has been 
damaged by F. hepatica.. Another chapter discusses the 
disease caused by Fasciola gigantica, the differentiation 
of this species from F. hepatica and the various species of 
Lymnaea that are its intermediate hosts, together with 
their biology, the losses caused by this species in Pakistan 
and Uganda and methods used for control of the disease. 

In a final chapter, Taylor discusses prospects for the 
future control of this very grave disease. A valuable 
bibliography concludes a volume which cannot fail to be 
of great value and interest to all agriculturists, especially 
those who are concerned with the rearing of sheep and 
cattle. Many readers will, no doubt, wish that it could 
have been issued in a more durable binding. 

Aspects of Family Mental Health in Europe (World 
Health Organization. Public Health Papers, No. 28. 
Contributed by D. Buckle ef al. Pp. 123. Geneva: World 
Health Organization; London: H.M.S.0., 1965. 5 Sw. 
franes; 8s. 6d.; 1.75 dollars), by ten European authors, 
has as its theme that mental illness cannot adequately be 
treated by confining treatment to the individual who is 
mentally ill, but must be dealt with in the light of the 
individual’s social environment and of disturbances which 
affect other members of his family. The papers deal with 
the work of the School for Parents which originated in 
Paris and that of the Hampstead Child Therapy Clinic and 
with family psychotherapy as it is practised in Czecho- 
slovakia. They demonstrate the complexity of the sub- 
ject and of the various approaches being made to it in 
different parts of Europe. 

Mass Campaigns and General Health Services, by C. L. 
Gonzalez (World Health Organization. Public Health 
Papers, No. 29. Pp. 87. Geneva: World Health Organ- 
ization; London: H.M.S.0., 1965. 4 Sw. francs; 6s. 8d.; 
1.25 dollars), gives the preliminary results of an investi- 
gation of thig complex subject. It is so complex that it 
is impossible to summarize briefly the contents of this 
volume, but it should interest everyone who has respons- 
ibility for health services in areas in which mass campaigns 
against particular diseases may have to be integrated into 
general health services. ; 

Nutrition and Infection—Report of a WHO Expert Com- 
mittee (World Health Organization. No. 314. Pp. 30. 
Geneva: World Health Organization; London: H.M.S.O., 
1965. 2 Sw. franes; 3s. 6d.; 0.60 dollar) discusses the 
effects of malnutrition on morbidity and mortality caused 
by infectious disease and experimental investigations of 
this. Other sections of the report discuss the effect of 
infection on nutritional investigations, mechanisms of 
synergism and antagonism and the education of physicians 
and public health workers. Other sections offer recom- 
mendations and suggestions for research. 

Special Courses for National Staff with Higher Adminis- 
trative Responsibilities in the Health Services (World Health 
Organization. No. 311. Pp. 31. Geneva: World Health 
Organization; London: H.M.S.O., 1965. 2 Sw. francs; 
3s. 6d.; 0 60 dollar) gives the views of a World Health 
Organization Study Group on the training required by 
those who adopt health services as a career. Annexes 
give details of existing training programmes in the 
University of Zagreb, the School of Hygiene in the 
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University of Toronto, the Johns Hopkins University, 
the National Institute of Health Administration and 
Education, New Delhi, and in the Staff Training Pro- 
gramme of WHO. 

Diabetes mellitus—Report of a WHO Expert Committee 
(World Health Organization. No. 310. Pp. 44. Geneva: 
World Health Organization; London: H.M.S.O., 1965. 
3 Sw. francs; 5s.; 1 dollar) discusses the natural history, 
detection, prevention and control of diabetes and the 
employment of diabetics, with suggestions for research on 
the disease. 

Vol. 19, No. 11, of WHO Chronicle (price 1s. 9d. from 
H.M.8.0., P.O. Box 569, London, S.E.1) discusses hos- 
pital organization in developing countries, the health 
problems of adolescence, the World Health Organization’s 
programme on nutrition and international non-proprietary 
names given to pharmaceutical preparations. In the 
“Notes and News” section there are notes on cholera out- 
breaks in Iran, Afghanistan and the U.S.S.R., on mycoses 
in Africa and on the collaboration between the World 
Health Organization and the London Zoo in comparative 
medicine. 

Dependence-producing Drugs (World Health Organiza- 
tion. No. 312: WHO Expert Committee on Dependence- 
producing Drugs—Fourteenth Report. Pp. 16. Geneva: 
World Health Organization; London: H.M.S.O., 1965. 
2 Sw. francs; 3s. 6d.; 0.60 dollar) contains an annexe 
which gives a list of drugs that are under international 
narcotics control. 

The August issue of the WHO Chronicle (price ls. 9d., 
from H.M.S.0., P.O. Box 569, London, 8.E.1) contains a 
report on the Proceedings of the eighteenth World Health 
Assembly held in Geneva in May 1965, an article on the 
work of the World Health Organization in relation to 
population problems, and another on activities assisted 
by the World Health Organization in the campaign against 
tuberculosis, an account of the report of the World Health 
Organization Expert Committee on nutrition in preg- 
nancy and lactation, together with the customary feature 
entitled ‘Notes and News” and short reviews of three 
World Health Organization publications. The September 
issue of this Chronicle contains articles on malaria eradi- 
cation in 1964, research on cardio-vascular diseases, work 
on tuberculosis assisted by the World Health Organiza- 
tion, the chemoprophylaxis of primary tuberculosis, 
and a useful article on changes in health legislation in 
various countries in Europe, South America, India and 
Australia. 

World Health Organization Technical Report Series 
No. 309 is a joint publication with the Food and Agri- 
culture Organization entitled Specifications for the Identity 
and Purity of Food Additives and their Toxicological 
Evaluation, Food Colours and some Antimicrobials and 
Antitowidants (World Health Organization. Eighth 
Report of the Joint FAO/WHO Expert Committee on 
Food Additives. Pp. 25. Geneve: World Health Organ- 
ization; London: H.M.S.O., 1965. 2 Sw. francs; 38. 6d.; 
0.60 dollar). It emphasizes the need for international 
establishment of specifications for the identity and purity 
of food-additives, which should not only protect the con- 
-sumer, but should also help the manufacturers and those 
who process foods. 

No. 26 of the invaluable series of World Health Organ- 
ization Public Health Papers, written by Prof. E. M. 
Blackett, of the University of Aberdeen, deals with the 
grave subject of domestic accidents, which, unlike the 
road accidents which are so often in the news, receive 
little publicity (World Health Organization. Domestic 
Accidents. Pp. 137. Geneva: World Health Organization; 
London: H.M.S.O., 1965. 6 Sw. francs; 10s.; 2 dollars). 
Yet in many countries deaths due to domestic accidents 
are comparable in number to those due to tuberculosis. 
The study of them on an international basis is complex 
and much of the literature about them is obscure, yet 
these accidents are, this publication suggests, likely to 
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become more and more a public heatth problem in the 
future. Control of disease and the resulting increase of 
the population are leading to increasmg numbers of old 
people and children, who are particularly liable to 
domestic accidents. Mechanization in the home also 
tends to increase their number and variety. — - 

No. 27 of the same series is entitled Trends in the Study 
of Morbidity and Mortality, and it contains articles on 
this subject by fourteen contributars (World Health 
Organization. Public Health Papers, No. 27: Trends in 
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the Study of Morbidity and Mortality. Dario Curiel and 
thirteen other authors. Pp. 196. Geneva: World Health 
Organization; London: H.M.S.O., 1965. 8 Sw. francs; 
13s. 4d.; 2.27 dollars). In general, the articles survey the 
methods now in use for obtaining statistics on morbidity 
and mortality in the United Kingdom, Europe, Romania, 
Japan and India, and the problems of making the data 
obtained internationally comparable. There is need for 
further research into methods of reporting and for the 
establishment of same degree of uniformity. 


RESEARCH FACILITIES AVAILABLE TO INDUSTRY AND THEIR 
INTER-RELATION 


LOSER. collaboration between industrial, govern- 

mental, academic and independent research estab- 
lishments was the principal theme and objective of the 
symposium arranged jointly on September 14, 1965, by 
the Scottish Office of the Ministry of Technology and the 
Arthur D. Little Research Institute, at the Royal Society 
of Edinburgh. The seven speakers at the symposium were 
ollowed by Sir Harry Melville, who cescribed the varied 
work of the newly formed Science Research Council, 
of which he is chairmen, this lecture teing the first of the 
Arthur D. Little 1965-66 series of Acorn Lectures on 
various scientific topics. 

Mr. P. M. Thomas (managing direcsor, William Beard- 
more and Co., Ltd.), in the chair for the morning session, 
directed attention to the necessity far industry to make 
proper use of research facilities and so be aware of the 
present status of any topic relevans to the particular 
industry and the appropriate place to which to direct 
problems. 

Prof. Manfred Gordon (Department of Physical Chem- 
istry, University of Strathclyde) said that his University, 
formerly the Royal College of Science and Technology, 
always had a technical bias and strong links with industry. 
For example, the idea of industrial liaison officers, whose 
purpose is to establish co-operation between an academic 
establishment and industry, originatec in 1956 at the then 
Royal College of Science and Technology. The University 
and the National Engineering Laboratory have special 
relationships and that some of the National Engineering 
Laboratory staff are registered as Ph.D. students. Many 
of the University staff act as consultants, but Prof. 
Gordon expressed the desirability of younger members 
spending a few weeks of the summer vacation in industry. 
Strathclyde now uses closed-circuit telavision for teaching, 
which could be a valuable technique to assist firms with 
their training problems. The computer service at the 
University was also mentioned. 

Dr. Magnus Pyke (manager, Glenochil Research Station, 
Distillers Co., Ltd.) recalled that a few years ago some 
firms believed in leaving the research staff alone, in the 
hope that profitable ideas and processes would emerge. 
This procedure was found very expensive and not very 
profitable. To-day, practical problems are chosen for the 
research staff. However, Dr. Pyke stressed that applied 
research should be tackled at an irtellectual cepth in 
order for the results to be financially worth-while and 
atimulating to the staff. Non-secret technical know-how 
should be more widely disseminated between firms by 
personal contacts and a new journal. 

The problem of assimilating the scientific literature 
could, he suggested, be solved by using computers to 
store information which would be released by ‘tele- 
phoning’. Dr. Pyke, like other speakers, deplored the 
gap between industry and academic establishments in 
Britain, a situation which does not occur to the same 
extent on the Continent or in the United States, 


and called for more industry-orientated projects for 
research students in order to counteract an ‘ivory tower’ 
attitude. 

Mr. F. D. Penny (deputy director, National Engineering 
Laboratory) gave a short historical survey of Government 
laboratories. Initially, during the seventeenth and 
eighteenth centurias, these were for defence purposes; 
later, civil laboratories were established, the Geological 
Survey being founded in 1835 and the Inland Revenue 
Laboratory in 1842. Others, of which the National 
Physical Laboratary was the first in 1900, were intended 
to determine fundamental end applied standards. In 1915 
the important White Paper setting up the Department 
of Scientific and Industrial Research, which represented 
a conscious effort by the Government, appeared to take 
responsibility for improving industrial progress. Research 
programmes were not evolved in isolation but were con- 
trolled by commutwzees of leading academics and indus- 
trialists. 

The National Engineering Laboratory was opened in 
1947, and, as with other Government laboratories, the 
work can be classified as follows: (1) particular problems 
—testing and long=r-term research (the latter represents 
10 per cent of the-total work at the National Engineering 
Laboratory); (2) sazety, for example, tests on gas cylinders; 
(3) problems applirable to & class of industry but not 
sponsored by any firm, for example, investigations of 
metal fatigue; (4) special facilities—testing of pumps 
and turbines; (5) research in a field of industrial im- 
portance in which the Government believes there should 
be a greater rate of innovation; (6) standards of goods 
for export; (7) advisory services. 

The National #ngineering Laboratory issues reports 
(8,000 total so far) and papers in scientific journals, 
welcomes visitors and holds open days. The total staff 
is 800, and they spend about half their time on research 
and half on appliration. 

Dr. H. P. Stout (director of research, British Jute 
Trade Research Association) pointed out how a research 
association benefits especially the smaller firms of an 
industry, since such firms usually cannot afford ade- 
quate scientific staff and, where facilities are available, 
may have difficulty in the recruitment of staff because 
there is no suitable environment for them. The research 
association can rrovide a scientific atmosphere, but 
there is still the problem of getting en rapport with 
the firms. Commenting on the statement sometimes 
heard that arts graduates were more use as management 
material than saence -graduates, he thought this was 
usually the result of the scientist being given a specialist 
function and not acquiring the broad traming and ex- 
perience which was given to the arts man. Dr. Stout 
noted that innovation costs money and manufacturers 
are unwilling to develop ideas where the market is small, 
even after the rezsarch association has done the ‘spade 
work’. He instanved new weaving machinery developed 
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. for the woollen and cotton industry which had not been 
' adapted for the jute industry because of its comparatively 
small size. 

Opening the afternoon session, the chairman, Dr. 
E. A. C. Chamberlain (divisional chief scientist, National 
Coal Board), questioned whether Britain was really 
research-oriented and said that Britain tends to ignore 
the real achievements which have been made. Personal 
contact is essential to break down the barriers of ignorance, 
laziness and snobbery between scientists, technologists 
and industrialists, and he therefore welcomed this sym- 
posium. 

Dr. F. N. Woodward (director, Arthur D. Little 
Research Institute) recalled the Jubilee Memorial Lec- 
ture given to the Society of Chemical Industry by Prof. 
J. W. Mitchell, in which he depicted the four sources of 
scientific information, that is, industry, academic institu- 
tions, Government laboratories and sponsored research 
institutes, as standing at the corners of a tetrahedron. 
In the United States, industry uses the four sources 
equally and there is free movement of people and ideas 
between them—to which is ascribed the fact that industry 
in the United States has a growth-rate twice that in 
Britain. He went on to describe the growth of sponsored 
research institutes, particularly those of Arthur D. Little, 
first in the United States and later in Europe. Enumer- 
ating the reasons for the rapid growth of sponsored 
research institutes, Dr. Woodward cited their independ- 
ence; the fact that they are professional business organ- 
izations without other ties such as teaching; and their 
versatility, speed of action and flexibility through a 
multi-disciplinary staff (which includes management 
skills). The sponsored research institute obviates the 
need for a firm to augment its own research facilities to 
deal with special problems. They have close ties with 
academic establishments and use academic consultants 
regularly. While working for a firm they make a point 
of trying to become a temporary but integral part of the 
management. 

Prof. W. E. J. Farvis (Department of Electrical Engin- 
eering, University of Edinburgh), while speaking of the 
relationships between industry and university engineering 
departments, complained about the difficulty of deciding 
on suitable student curricula in view of the changing face 
of the engineering industry. He supported the concept 
of colleges of advanced technology and the Diploma in 
Technology, and deplored the present desire, partly based 
on snobbery, for such colleges to become universities. 
Prof. Farvis wished to see a better liaison and under- 
standing between industry and academies. Thus, industry 
could help engineering departments and themselves by 
promoting research projects and releasing staff to help 
teach design. Next year, in the Department of Electrical 
Engineering at Edinburgh, design experiments will be 
included in the curriculum to help the student to feel 
that he is part of industry as well as of a university. Prof. 
Farvis would like suggestions from firms as to small 
problems, possibly of dubious solutions. Little would be 
lost financially if there were no satisfactory outcome, but 
meanwhile students were being trained while worrying at 
& practical problem in close contact with industry. 

W. S. Robertson (chief executive, Scottish Council for 
Development and Industry) spoke fluently about the past, 
present and future idustrial situations in Scotland. 
Industrial development in Scotland first ‘sheared off’ 
from the rest of the world during 1880-90 although the 
effects were scarcely noticeable until the 1920’s. Until 
25 years ago, industry in Scotland suffered from two 
weaknesses: (1) there was no production of engineering 
components in quantity; (2) there was little applied 
research. Scotland had only a weak technological push, 
there were many gaps in the industrial scene, and few 
opportunities for graduates. Since 1925 much progresss 
has been made in getting quantity production and fairly 
good progress in applied research. Mr. Robertson said 
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that distribution as well as number should be considered 
with regard to graduates. He defined: 


Expansive force = No. of scientists and engineers 
multiplied by communications 


The pattern of industry 1s closely associated with the 
distribution of Government defence spending. Thus, m 
south-east England there are many Government research 
laboratories; once these had been established, industry 
rose up to feed them. The benefits from the National 
Engineering Laboratory, founded m 1947 at East Kal- 
bride, have begun to mature and Mr. Robertson. predicted. 
that this area of Scotland will become one of the best 
engineering centres ın Europe. Such experience suggests 
the need for similar Government spending to stimulate 
industry in other parts of Scotland and the United 
Kingdom. For a thriving research community, com- 
munications, both physical and intellectual, are vital, and 
he instanced the growth of the electronics industry in the 
area around Edinburgh, well served by air and rail, which 
is expanding at a higher rate than anywhere else in 
Britain. The air service north of the industrial belt, 
however, is poor, and no direct communication exists 
between Scotland and the European Continent. 

Sir Harry Melville (chairman, Science Research Council), 
speaking on “Collaboration between Industry and 
Government in Fostering Scientific Research”, began by 
asking for better communications and exchange of per- 
sonnel between centres of learning, industry and Govern- 
ment laboratories. The Science Research Council, inaugu- 
rated in April 1965 following the replacement of the Depart- 
ment of Scientific and Industrial Research, has promoted, 
or will promote, research studentships, fellowships and 
industrial fellowships at academic institutions, and make 
grants towards research work undertaken in a research 
association, sponsored research institute or industrial 
laboratory, provided the work is of outstanding public 
and scientific interest and the recipient of the grant 
uniquely qualified to undertake it. 

The Science Research Council is paying about £4 

million a year in grants to universities for expensive 
equipment. Usually the Council stipulates that the 
equipment be shared with other departments and avail- 
able to outside users. An outstanding example is the 
Scottish Universities Reactor, which cost £500,000. How- 
ever, some equipment, such as particle accelerators, 
costing up to £10 million, is of little direct use to 
industry. 
_ Inthe United States the same proportion of the national 
income is spent on research as in Britain but the total ıs 
ten times as great. Hence, while in the United States 
some of the national income can reasonably be spent on 
pure research from which no practical results are expected, 
Britan should not, he believes, do so as a rule. The 
Science Research Council, however, does make exceptions, 
one of which is support for a very expensive space science 
programme. 

During discussions several deprecated the ‘gap’ between 
the industrial and academic spheres. It was generally 
agreed to be mutually advantageous for institutions of 
higher learning to undertake problems suggested and 
partly supported by industry and Government depart- 
ments; however, Prof. Farvis quoted Sir Edward Apple- 
ton’s remark that research, even if apparently trivial, 
serves to train the student into thinkimg in an original 
manner-—-which is what is required of the graduate in 
industry. There 1s need to attract creative minds into 
industry. The need for personal communication was 
emphasized: research workers should go out to non- 
scientists to persuade them of the desirability and appli- 
cation of particular research ideas. 

We look forward to translation of the sentiments of the 
symposium into action. 

A. C. Low 
A. J. Rostron 
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FUNDAMENTAL CANCER RESEARCH 


HE nineteenth annual symposium on ‘‘Fundamental 

Cancer Research”, sponsored by the M.D. Anderson 
Hospital and Tumour Institute of the University of Texas, 
was held at Houston, Texas, during March 4-6, 1965, the 
subject bemg “Development and Metabohe Control 
Mechanisms and Neoplasia”. The sassions at the Sym- 
posium dealt with the following topies: “Biosynthesis 
and Control Mechanisms”, “Molecular Basis of Early 
Development”, “Molecular Basis of Later Development 
and Control” and “Comparative Studies of Control 
Mechanisms in Normal and Neoplastic Tissues”. Several 
papers dealt with various aspects of the currently accepted 
sequence of events in biosynthesis, namely, DNA ~> 
RNA — protein, and especially aspects relating to develop- 
ment and differentiation. 

R. M. 8. Smelle (Glasgow) gave a review of the enzym- 
atic synthesis of nucleic acids in tactema and animal 
tissues, describing the various RNA and DNA polymerases 
involved. He pointed out that DNA 1s present in animal 
cells as a complex with protem, and that the mechanism 
by which it directs synthesis of new DNA remains to be 
determined. One function now generally assigned to 
histones is that of acting as gene repressors and they 
would accordingly play an important part in differentiation 
and development. Since different RNA fractions of the 
cell differ in their base composition, iz is possible that the 
action of RNA polymerase is restricted to transcribing 
certain DNA regions in the nucleus. One approach to the 
study of these problems is by investigations on the syn- 
thesis of RNA ın isolated nuclei and nucleoli the struc- 
tural organization of which is maintained as intact as 
possible. R. B. Hurlbert (Houston). working with such 
systems, has presented evidence that the base composition 
of the newly formed labelled RNA can be altered by pre- 
treatment of nuclei with different frantions of histone, or 
with trypsin to remove part of the histone originally 
present. The synthesis of the labelled RNA. is inhibited 
by actinomycin D, indicating that the RNA is formed on a 
DNA template. 

In the past few years a new approach has been developed 
in the study of the functions of hormones involved in 
development and growth. It is thought that their action 
is mediated through cellular mechanisms regulating 
nucleic acid and protein synthesis in their target tissues. 
It is possible that, in response to hormones, particular 
types of mRNA are formed; these then direct the coding 
of particular proteins, including enzymes which bring 
about specific developmental changes. This was discussed 
by J. R. Tata (London), who has shewn that RNA poly- 
merase of liver nuclei 18 increased by administration of 
thyroid and growth hormones. The effect is additive, 
indicating that each hormone enhances the formation of 
different fractions of RNA, including rRNA and mRNA. 
Also, incorporation of amino-acids into protein by mito- 
chondria) and microsomes is stimulated by thyroid 
hormone. Another example of the effect of thyroid 
hormone which was mentioned is the induced metamor- 
phosis in the frog. The effects of other hormones involved 
in development were also discussed. In insect meta- 
morphosis, the hormone ecdysone controls new difierentia- 
tion processes by regulating the activity of specific 
genes involved in these processes (U. Clever, Lafayette, 
Ind.). A similar conclusion is arrived at also from the 
work of J. D. Wilson (Dallas, Texas) on the binding of 
[*H]testosterone to chromatin fragmsnts of nuclei from 
duck preen glands; the hormone binds to the fragments 
which are the major sites of synthesis of RNA in the 


nucleus. 8. Cohen (Nashville, Tennessee) presented work 
on the isolation from mouse salivary gland of a protein of 
low molecular weight which stimulates epidermal growth. 
The stimulation of RNA and DNA synthesis in organ 
culture by this factor was also demonstrable. 

Comparison of mRNA templates m rat liver and hepa- 
tomata were discussed by H. C. Pitot (Madison, Wiscon- 
sin). Differences in the lifetime of templates for synthesis 
of enzymes concerned in amino-acid degradation were 
stated to occur in Aver and hepatomata. H. G. Wittmann 
(Tubingen) reported work that is being carried out on 
the correlation besween nucleotide changes in an mRNA 
and the resulting amino-acid replacements in the protein 
synthesized. This is done in tobacco mosaic virus RNA 
and its coat protem. An investigation of mutants of the 
virus obtained by treatment with mutagens has been 
carried out. 

Investigations of the RNA and ribosome content of the 
unfertilized amphibian egg and embryo by D. D. Brown 
(Baltumore, Maryland) have shown that, while ribosomes 
are present mainly as monosomes in the unfertilized egg, 
polysomes are predominant in the early stages of the 
developing embryo, indicating that either more mRNA is 
formed. or that its attachment to ribosomes is then initi- 
ated. Also the SRNA content of the egg is extremely small 
—possibly a further factor controlling protein synthesis. 
Modification of sXNA, which acts as an adaptor in 
protein synthesis cn polysomes, may occur prior to differ- 
entiation, as shown by the work of N. Sueoka (Princeton, 
N.J.), who found that, as a result of infection of Escherichia 
coli with phage, a modified type-of leucyl-sRNA is formed. 
S. Penman (New York) reported work on the relationship 
between. protein synthesis añd lipid metabolism in HeLa 
cells infected with polio virus. The polysomes of infected 
cells are found attached to lipoprotein membranes in con- 
trast to those of normal cells. The infection- is also 
accompanied by a stimulation of the lipid metabolism of 
the cell. . 

In a cell-free system in vitro, protein synthesis can be 
investigated by the rate of incorporation of labelled 
amino-acids; the presence of the necessary factors can 
thus be verified. The attachment of ribosomes to mRNA 
to form polysomes and the binding of aminoacyl-sRNA 
are prerequisites for polypeptide synthesis. The role of 
several factors imvolved in these processes, including 
enzymatic ones, has been discussed by R. S. Schweet 
(Lexington, Kentucky) and by H. Noll (Evanston, 
Illinois). The interchangeability of the various fractions 
from Novikoff tumour, rat liver and E. colt ın such in 
vitro systems has Leen studied by A. C. Griffin (Houston). 
The components of the systems included amino-acid- 
activating synthetases, ribosomes, transfer enzyme frac- 
tions, sRNA and F'Claminoacyl-sRNA. It is interesting 
that, in general, & much greater interchangeability was 
observed between the components of tumour and liver 
than between those of Æ. coli and the mammalian 
tissues. 

Aspects of metabolic regulations at the enzymatic and 
metabolic levels were discussed at the Symposium. 
Since the discovery, by Monod and his co-workers, of 
allosteric effects, many enzymes which show these 
properties have been described. Some enzymes exist in 
two configurations while others occur in sub-units which 
show reversible association and dissociation. A discussion 
of the characteristics. kinetics and behaviour of such 
enzymes towards substrates and inhibitors as compared 
with those of the more general type of enzyme was given 
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by C. Frieden (St. Louis, Missouri). Regulation of sub- 
strate concentration 1n the cell is another factor in control 
of biochemical reactions. Injection of creatine into chick 
embryo inhibits the endogenous formation of creatine by 
repressing the first enzyme involved in its biosynthesis. 
This inhibition is specific to creatine since its structural 
analogues are not offective (J. B. Walker, Houston). A 
simular negative feed-back control is found in the case of 
cholesterol synthesis by normal and regenerating liver. 
However, it is interesting that such a feed-back system is 
absent in all spontaneous and induced hepatomas tested 
(M. D. Siperstein, Dallas). Changes in the levels of 
substrates used as building-blocks in the synthesis of 
polysaccharides and in the activities of the enzymes 
concerned, and their correlation with different stages of 
differentiation of the slime mould, were discussed by B. E. 
Wright (Boston, Massachusetts). In another contribution, 
W. J. Rutter (Urbana, Illinois} discussed the two variants 
of fructose-diphosphate aldolase that have been found in 
animal tissues. During the development of the embryo 
there is a change-over from the predominance of one to 
that of the other. Two different metabolic roles are 
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suggested for the two enzymes. Since the enzymes have 
distinct differences immunologically and in their finger- 
print patterns, it is possible that they are coded by 
separate regions on the genome at different stages of 
cellular differentiation. 

The Bertner Foundation Award for Outstanding 
Achievement in the Field of Cancer Research was pre- 
sented to Prof. E. Chargaff (New York), who gave the 
Bertner Foundation Lecture at the Symposium on the 
topic: “On the Biological Consequences of Base-Pairing 
in Nucleic Acids”. He discussed problems relating to the 
study of the primary structure of DNA. Although the 
regularities in the base composition of DNA apply to the 
whole DNA molecule, it is not known how far this is true 
of any given segment of the molecule. Several chemical 
methods for partial degradation of DNA have been 
developed. Clusters of nucleotides from the DNA chain 
can thus be obtained and identified and this may consti- 
tute a valuable approach to base sequence studies. 

S. IrzHaKki* 


* Generous travel grants from the Wellcome Trust and the British Empire 
Cancer Campaign enabled me to attend this Symposium. 


POSSIBLE STRUCTURES FOR TRANSFER RIBONUCLEIC ACID: 
A TRIPLE-STRANDED MODEL 


By Dr. WILHELM GUSCHLBAUER* 


Institut de Biologie Physico-chimique, 13 Rue Pierre Curie, Paris 5 


LTHOUGH. considerable interest has been shown in 
the ribonucleic acid species called soluble, acceptor 

or transfer RNA (RNA) ever since its discovery?, 
few concrete suggestions have appeered as to its structure. 
It is now believed from hydrodynamic measurements, 
X-ray investigations and electron micrographs‘ that RNA 
is a rather rigid rod, although the evidence is not too 
convincing since these techniques are presently not 
refined enough to settle this point. Fresco et al. first sum- 
marized the experimental evidence existing and brought 
forward two structures which are the essential basis of all 
modus suggested to date. A chain bent back on itself in 
the form of a hairpin to form a helix, and a model with two 
hairpins joined together (V-model) were proposed. These 
authors believed that the helices in either model were 
interrupted to a varying degree by loops. A single 
completely helical (DNA-lke) hairpin was also proposed®-§, 
Brown et al.? also envisaged the possibility that the hair- 
pin and V model could be interchangeable. Sequence 
studies on unfractionated RNA! led to a model only 
about 70 per cent helical where the bend was expanded 
to œ large loop of about 15-20 nucleotides accom- 
modating the anticodon and the rare bases. Since by 
definition tRNA has two distinct properties, that is 
accepting and transferring amino-acids, and since the 
phosphate backbone will provide little specificity for recog- 
nition, two non-helical regions should be necessary which 
might or might not be separated by helical regions. 
Novelli and others"! suggested distinct acceptor and 
transfer sites, and recent work by Well et al.}* further 
supports the concept of two different operational sites, 
difficult to reconcile with the hairpin model, although 
evidence to the contrary has been presented tools! 
Spectral studies by Felsenfeld and Cantoni! point to a 
clustering of A-U and Q-C pairs in serine specific (RNA, 
similar to previous findings of Fresco", who first reported 
two-step melting profiles for amino-acid specific tRNAs. 
From difference spectra studies on these purified RNAs 
it was inferred? that each molecule contained two helical 


* Fellow of the Helen Hay Whitnoy Foundation, New York. Present 
address: Département de Biologie, Centre d'Etudes Nucléaires de Saclay, 
B.P. 2, 91 Gif-sur-Yvette, France. 


regions which melted separately and co-operatively. 
These data suggested that the ratio of A-U to G—C pairs 
was always considerably lower in the higher melting 
region. 

All these reports have centred on a highly helical double- 
stranded structure of the Watson—Crick type, although no 
rigorous evidence has been presented so far for or against 
double strandedness in tRNA. In this article a triple- 
stranded model for RNA will be offered to emphasize 
that other than double-stranded structures cannot be 
ruled out a priorit at present. Evidence will be brought 
forward which will demonstrate the feasibility, advan- 
tages and disadvantages of such a structure as compared 
with various double helical models. 








Fig 1._ Three variations of the proposed triple-stranded model for ‘RNA 
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The possibilities for a triple-strandad model for RNA 
are shown schematically in Fig. 1. Model I involves three 
equally long strands, hydrogen bonded to each other and 
connected with each other by two loops of at least three but 
probably not more than five or six nucleotides. The Gp 
end of the molecule could be hydrogen bonded too, as 
well as the pOpCpA amino-acid acceptor terminal. 
Neither, however, needs to be bonded. This would place 
the amino-acid acceptor end in close vicinity of the loop 
A, which could serve as the attachmant and recognition 
site for the amino-acid RNA synthetase. 

The second loop B would contain the anticodon (either 
a triplet?** or 'a doublet?!) to attach to the messenger 
RNA. In the present model the methylated purines are 
placed on the first and last position of each loop (M, 
Fig. 1), where they could serve as punctuation bases 
because of their incapacity to form hydrogen bonds*. 
Pseudouridine residues, because of their strong hydrogen- 
bonding capacities’, are pictured to be on the ends of the 
strands in the helix (4, Fig. 1), acting [ke clamps and hold- 
ing together the rather short helices of 20-30 triples. 
-U and the methylated purines would thus be immedi- 
ate neighbours in the sequence. It is interesting to note 
that several investigators*® have found oligonucleotides 
containing one )-U residue and one methylated purine. 
In either model the rare bases would occur in the centre 
third of the molecule in agreement with the results of 
Nihei and Cantoni**. The completely triple-stranded 
model I should be considered as a special case of the more 
general model II. 

In mode! IT one strand is shorter than the two others, 
so that only part of the helix is triple stranded, while the 
rest is double stranded. The two loops as well as other 
features are essentially similar to model I. Another -U 
residue might be pictured on strand B close to the area 
where the Gp terminal could be bonded. It is clear that 
looping out in either one of the three strands could be 
envisaged to accommodate non-fitting bases**, as depicted 
on model IIT. 

Either of these models could serve as the ‘adaptor’, 
combining the properties suggested for the double- 
stranded models for the attachment to the messenger 
RNA with the additional feature that the acceptor site 
of the model will also be specified to accommodate the 
enzyme for the attachment of the amino-acid to the (RNA. 
This would also be the cause with the double-stranded 
V-shaped model. However, the latter would not be a 
single rigid rod, since its centre loop will permit free 
rotation of the two arms. The second loop would also be 
rather far away from the amino-acid accepting end, except 
if the centre loop would serve as the aztachment or coding 
site. One of the main advantages of the present model is 
its compactness, which would render it less susceptible to 
attack and degradation. Í 

Several years ago Stent?! and Zubay*’ had already shown 
in their investigation of the possible arrangement of 
messenger RNA. during its synthesis on DNA that triple- 
stranded nucleic acid helices are feasible on spatial grounds. 
The fact that a single strand of RNA cen be accommodated 
in the large groove of the Watson—Crick helix with ample 
possibility for hydrogen bonding to the already existing 
base pairs without distortion of their errangement to form 
triples seems unlikely to be fortuitous in Nature. Such a 
scheme can essentially be applied ta the present triple- 
stranded model (substituting U for T). Zubay*®’ suggested 
two models, each involving four different triples. Each 
triple consists of a Watson—Crick base pair plus an addi- 


Table 1. BASE TRIPLES 
(After Zubay (ref. 27)} 


Model A Model B 
Wateon-Crick pair Third strand Watson-Crick pair Third strand 


U+A g U+A A 
A+U g A+U g 
O+G U O+¢ Q 
G+C A G+0 C 
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tional base in the *shird strand’. They are summarized in 
Table 1. 

Although there is experimental evidence from poly- 
nucleotide studies tor only two of the complexes of model 
B **.28 so far, modal A cannot be excluded a priori. 

After melting of the third strand a double helix of about 
20 base pairs willremain®*. Either strand A or strand C 
in Fig. 1 could beaopologically the third strand. A priori, 
there seems to be no reason to assume that, if, for example, 
the acceptor strand, A were the third strand in one amino- 
acid specific tRNA, it should not be so in all types of 
tRNA. The experiments of Monier and Grunberg- 
Manago*! point indeed to a structural differentiation. 
among different ~ANAs. 

The difference spectra studies of Fresco et al.” make 
model I less probable. Three results of this work must be 
taken into account: (a) the co-operativeness of the melting 
of each region (which seems to be unequivocally proven 
by these experiments); (b) the length of each region is not 
equal; (c} there are less A~U containing complexes (pairs 
or triples) in the izher melting region. This latter region 
seems to be always shorter in the three types of i1RNA 
studied (between 30 and 45 of the total helix) than the 
lower melting one. This, however, need not necessarily 
be true for all other ‘RNAs. The absolute molar extins- 
tions of the difference spectra of the various transitions 
of the G-C series are at present not sufficiently exactly 
known to allow arry definite conclusions so far as stranded- 
ness is concerned. In addition the shapes of the difference 
spectra between tke transitions 2 to 1 and 3 to 2 strands 
are quite similar®**®, which could reconcile these results 
even with model I. In addition, the additivity of com- 
ponent difference spectra, which seem well documented 
for long chains of DNA?’ and RNA ** might not neces- 
sarily hold exactly for short RNA helices. Model IT would 
be in agreement with these findings. 

There might also be another, at first sight less attractive, 
possibility for the melting of the third strand which will 
not always lead to a Watson—Crick type double helix. 
Donohue": showed that 29 different base pairs are possible, 
several of which rould appear in a helix with Watson- 
Crick dimensions. Some distortions of the bases would, 
however, be necessary to form a double helix after removal 
of the third strand. Such unconventional base pairs 
would probably be present only in smell amounts. The 
difference spectra studies of Fresco!* exclude extensive 
bindings of this kind. Fresco and Alberts? also showed 
that looping out would be the preferential arrangement for 
non-complementary bases. Recent work by Bautz and 
Bautz, however, suggests that non-complementary bases 
could as well be accommodated simply by stacking in 
the helix, without hydrogen bonding. Model-building 
studies®® make several other triples quite possible which 
do not have a Wetson—Crick base pair as basis, and might 
even involve other bases like I. It is clearly not to be 
expected that difference spectra studies will distinguish 
single pair or tripe arrangements of this type. 

All macromolesular and biological features of «RNA 
known so far can-equally well be applied to the suggested 
triple-stranded model as to the double-stranded forms. 
There are, however, several findings which would be 
difficult to reconcile with a double-stranded model, but 
would be expected in a triple helical structure. 

(1) The reluctance of polyribonucleotides to form 
double-stranded ssructures makes heavy demands on a 
double helical model of RNA. It has been shown that 
mixtures of poly A and poly U can form both double- 
and triple-stranded helices, depending on the condi- 
tions!*?8, In the GO series only recently attempts to 
form a double-stranded structure were successful®®. A 
triple-stranded complex poly (@+C+(C) will be formed 
exclusively, however, if short chains are involved in the 
helix formation. Helices of poly X with poly A or poly U 
are only triple-stranded, as well as all complexes involving 
5-substituted poly U with poly A**. Poly JU seems 
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to form an unusually strong triple helix with poly A ™4 
and probably also with other homopolymers. Recently, 
however, the RNA of Rheo virus has been found to be 
double-stranded and several reports on double-stranded 
RNA have appeared since*?-?9, 

(2) I'wo-step heating curves!* would be expected for the 
triple-stranded models of ‘RNA. The implications of the 
difference spectra studies!? have been discussed here. 

(3) Holley eż al.4° and Cantoni et al.*! have shown. that 
the base composition and sequence of purified amino-acid 
specific RNAs does not always reflect a complete Watson— 
Crick scheme. The recently published complete sequence 
of alanyl-t-RNA shows clearly that only a loop-containing 
modelit could reconcile the sequence with a Watson—Criok 
double helix. It can be accounted for in terms of a triple- 
stranded structure with a minimum of non-helical bases**. 

(4) Marciello and Zubay‘** examined the reaction of 
formaldehyde with the amino groups of A, G and O of 
tRNA which do not react, if they are bonded in a helix, 
as & function of temperature. Additional attacking sites 
were freed at lower temperatures because of the denaturing 
effect of formaldehyde. The extent of the reaction in- 
creased stepwise and it was concluded that there are three 
groups of bases according to their reactivity. The authors 
estimated that the last group (the least reactive and 
strongest bound bases) ‘comprised about two-thirds of 
the total bases or about 24 base pairs, which is in excellent 
agreement with the number of base pairs and the relation 
te the total molecule for the second double-stranded 
region in the present model®*, A V-shaped model with one 
longer, G—-C rich branch would also account for this result. 

(5) The fact that only recently have satisfactory X-ray 
diffraction patterns’? of what supposedly was ¿RNA °% 
been obtained, and this only after special pre-treatment? 
which involved chain breakage, clearly shows that 
tRNA can be obtained in a DNA-like structure only 
under very special conditions, if at all, while several other, 
double-stranded RNAs 7 have given very satisfactory 
X-ray pictures. Unfortunately the only existing X-ray 
data on triple-stranded polynucleotides (poly I) are 
rather inconclusive*?, It is clearly evident, however, 
that all other physico-chemical techniques, except very 
refined X-ray work, will not solve the problem. 

(6) Monier and Grunberg-Manago*! showed. that poly- 
nucleotide phosphorylase (PNPase) attacked unfraction- 
ated tRNA to only about 30 per cent at 37 degrees. The 
acceptor activity for several amino-acids was unchanged, 
indicating that these {RNAs were not attacked at all. This 
finding is apparently incompatible with a non-hydrogen- 
bonded pOpCpA amino-acid acceptor end, since PNPase 
should remove these three nucleotides first on all mole- 
cules, if they are not hydrogen bonded. Only the V- 
shaped model“! could account for this finding among the 
double-stranded models. In a triple-stranded model 
attack by PNPase will be possible only if the pCpCpA 
carrying branch A is the third (lower melting) strand. 
If strand C (with the Gp terminal) will melt lower, no 
attack by PNPase would be possible, since this enzyme 
does not act on the 5’-phosphate end of the polynucleotide 
chain. Such ‘RNAs should be resistant to the action of 
this enzyme up to-about 60°, where in the cases tested so 
far the second helical region will start to melt, thus 
freeing the acceptor terminal too, which now can be 
attacked by the enzyme. When phosphorolysis is carried 
out at 60°, complete digestion is indeed obtained“. 

From the foregoing it is clear that a triple-stranded 
model for ‘RNA is feasible and cannot be excluded a 
priori. It should, however, be pointed out that, although 
less attractive, even a double-helical structure could 
form a triple-stranded arrangement under suitable con- 
ditions, and vice versa, if both schemes of Zubay?’ (and 
possibly the base pairs of Donohue**) are considered. 
Such changes in conformation could possibly happen 
during the transition in vivo-in vitro, particularly since the 
formation of an artefact is known to occur in the case of 
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TMV-RNA, as pointed out by Timasheff et al.4*. A change 
in conformation of this kind might also distinguish charged 
from uncharged tRNA. molecules. Although no differences 
in molecular weight (determined hydrodynamically) 
have been found**, there is some, admittedly sketchy, 
evidence that {RNA might have different shapes under 
different conditions*’’. Here again, only X-ray techniques 
can be invoked, to settle the question. Therefore, even & 
complete nucleotide sequence’? of an amino-acid. specific 
tRNA will not clear the problem of im vivo secondary 
structure. In addition to the several double-stranded 
models proposed by Holley et al.*° (which incidentally do 
involve some base pairs other than A-U and G-—C), at 
least two rather satisfactory three-stranded structures 
can. be constructed with a few loops and little complexing 
other than in the schemes of Zubay*. 

Of several double-stranded models suggested the V- 
model or some variation of it®* has the most experimental 
support. Particularly an arrangement where the anticodon 
triplet is envisaged between the two branches’ would 
also account for most of the results in the literature. 

Considering the aforementioned results, triple-stranded 
arrangements could also be involved in other conforma- 
tional problems of RNAs. Although double-strandedness 
has now been well documented for Rheo virus™ and 
several other RNAs’, triple-strandedness might be 
invoked for the structure of the RNA of spherical 
viruses and of ribosomes where close packing would be 
favoured by stabilized hydrogen-bonded structures. 
Another case which might involve triple-stranded hydro- 
gen bonding is the ‘three body problem’ ribosomes— 
messenger-tRNA. Since, as shown by Zubay’’, for any 
base pair more than one triple could be possible, the third 
base could be any one of the four bases (Table 1). This 
might be a clue to the degeneracy of the genetic code. 

I thank Dr. Marianne Grunberg-Manago and Prof. 
Jacques R. Fresco for their advice. I also thank Drs. 
R. Baldwin, J. Brahms, M. D. Kamen, V. Luzatti, J. 
Massoulié, F. Melchers, A. M. Michelson, R. Monier, 
E. G. Richards, A. S. Spirin, M. N. Thang, H. G. Zachau 
and B. H. Zimm for their criticism. 


1 The following abbreviations are used: ‘RNA—transfer (soluble) ribonucleic 
acid; A, G, U, C, T—the five common bases; I—hypoxanthine; »U— 
pseudouridine; 65-met-C’—5-methyl-cytosine, A-U and G@-C—the 
Watson-Crick base pairs; PNPase—polynucleotide phosphorylase; 
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GENETICALLY DETERMINED VARIATION OF ADENYLATE KINASE IN MAN 
By Dr. R. A. FILDES and Pror. HARRY HARRIS 


Medical Research Council Human Biochemical Genetics Research Unit, The Galton Laboratory, University College, London, W.C.I 


DENYLATE kinase (AK), also known as myokinase, 
is & phosphotransferase (EC 2.7.4.3) which catalyses 
the reversible reaction: 


2 ADP = ATP + AMP 


The enzyme has mainly been studied in muscle!. How- 
ever, it is also known to oceur in other tissues*, and red 
cells in particular have been found so show considerable 
activity**. We describe in the present article a procedure 
for the detection of the enzyme after starch-gel electro- 
phoresis, and report the results obtained with human red 
cell lysates and muscle extracts. It has been found that 
several isoenzyme components wish adenylate kinase 
activity occur, and that there are also person to person 
differences in the pattern of components present. These 
differences are genetically determinad. 

Horizontal starch-gel electrophoresis was carried out at 
10 V/em for 4 h im the laboratory. using metal cooling 
plates with circulating tap water. Samples were ex- 
amined at pH 7-0 using a discontinuous buffer system 
(gel buffer 0-005 M in histidine, Lridge buffer 0-41 M 
in citric acid: both adjusted to pH 7-0 with sodium 
hydroxide). The inserts were made from Whatman 
No. 3 filter paper. Following electrovhoresis the gels were 
sliced and then covered with a 0-75 >er cent agar solution 
at 45° C made in 0-1 M tris buffer pH 8-0 and containing 
glucose 10 mM, magnesium chlorice 20 mM, adenosine 
diphosphate (ADP) 1:0 mM, nicotinamide adenine 
dinucleotide phosphate (NADP) 0-4 mM, phenazine 
methosulphate (PMS) 0-012 per cent, tetrazolium salt 
MTT (ref. 6) 0-012 per cent, glucose-3-phosphate dehydro- 
genase (G6PD) 0:04 units/ml., and hexokinase 0-08 
units/ml. The agar ‘overlay’ was allowed to set and 
then the gel was incubated at 37° C for up to 2h. The 
reaction mixture was designed to lozate AK according to 
the reaction sequence shown in Fig. 1. At the sites of 
AK activity ADP is converted into AMP and ATP. The 
ATP so formed reacts with glucose in the presence of 
hexokinase to produce ADP and glucose-6-phosphate 
(G6P). The latter is oxidized by G6PD to 6-phospho- 
gluconate (6PG) with the concomitant reduction of 
NADP. The reduced NADP in the presence of PMS, 
which is thought to act as an electron carrier, causes 
the reduction of MTT to give a biue-coloured insoluble 
formazan. which is thus deposited at the sites of AK 
activity. 


Red cell lysates (prepared by mixing one volume of 
packed cells with two volumes of water) from a large 
number of different individuals have been examined by 
this procedure. Three distinct types of electrophoretic 
pattern have been recognized (Fig. 2), and they will be 
referred to as AK 1, AK 2-1, and AK 2. About 90 per 
cent of mdividuals in the English population have the 
AK 1 phenotype and about 10 per cent the AK 2-1 
phenotype. AK 2 is very uncommon, and so far only a 
few individuals with this phenotype have been. identified. 
In AK 1 two major components are seen. The more 
active of these does not migrate appreciably at pH 7:0, 
while the other is negatively charged end migrates 
towards the anods. Besides these, at least two, relatively 
much less actrve, components also occur and they migrate 
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Fig. 1. Sequence of reactions for detection of adenylate kinase followm 
starch gel electrophoresis. In this system ADP 1s used as substrate, id 
the other componerts underlined are contained in the reaction mixture 
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even more rapidly towards the anode. In AK 2-1 com- 
ponents with mobilities of each of those present in AK 1 
are found. However, there is in addition a further major 
component which is positively charged and migrates 
towards the cathode. This component is somewhat less 
active than the component present on the origin, but 
more active than any of the anodically migrating com- 
ponents. In AK 2 most of the activity is concentrated 
in a single positively charged component which has the 
same mobility as the cathodically migrating component 
of AK 2-1. Other components with mobilities similar 
to those seen in AK 2-1] are also present, but they are 
relatively very much less active. Artificial mixtures of 
equal volumes of haemolysate of type AK 1 and AK 2 
give an electrophoretic pattern indistinguishable from 
AK 2-1. It has also been shown using serially diluted 
haemolysates that the component on the origin and the 
main anodically moving component present in AK 2-1 
are on the average appreciably less active than the 
components with similar mobility in AK 1. 

Adenylate kinase in skeletal and heart muscle has also 
been examined by this procedure. The muscle samples 
were obtained post mortem. Extracts were prepared by 
homogenizing in an equal volume of water and, after 
centrifuging, diluting the supernatant 1 in 10 with buffer. 
All the zones of activity seen in the haemolysates were 
observed in the muscle extracts. Furthermore, the dis- 
tinctive AK 1 and AK 2-1 patterns were found in muscle 
samples obtained from different individuals. In every 
case the AK phenotype observed in the muscle extract 
was the same as the AK phenotype found in red cells 
from the same individual. The muscle extracts utilized 
for electrophoresis were generally more active than the 
haemolysates, and they usually showed several additional 
weak zones of activity migrating relatively rapidly 
towards the anode. Similar zones have occasionally been 
observed with haemolysates. 

Evidence that the zones of activity seen under these 
conditions are indeed attributable to adenylate kinase 
activity may be summarized as follows: 

(1) If ADP is omitted from the reaction mixture none 
of the zones develops. Increasing the concentration of 
ADP in the reaction mixture up to at least 10 mM results 
in an increasing rate of development of the zones. 

(2) The reaction catalysed by adenylate kinase is freely 
reversible and it has proved possible to detect the zones 
of activity using ATP and AMP as substrates instead of 
ADP. For this purpose a 0:75 per cent agar solution at 
45° C made in 0-1 M tris buffer and containing ATP 
1-0 mM, AMP 1:0 mM, reduced nicotinamide adenine 
dinucleotide (NADH,) 0-3 mM, phosphoenolpyruvate 
(PEP) 1:0 mM, potassium chloride 0-1 M, magnesium 
chloride 0:04 M, lactic dehydrogenase (LDH) c. 1-0 
units/ml., pyruvate kinase c. 0-1 units/ml., is poured over 
the starch gel, allowed to set and then incubated for up 
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Fig. 2. Diagram showing electrophoretic patt-rns of three different 
human adenylate kinase phenotypes 
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Fig. 3. Sequence of reactions for detection of adenylate kinase following 

starch-gel electrophoresis. In this system ATP and AMP are substrates, 

and the other components madeelied are contained in the reaction 
ture 


to 2 h at 37° ©. This reaction mixture was designed to 
locate AK according to the reaction sequence shown in 
Fig. 3. The ATP and AMP react at the sites of AK 
activity to give ADP, which is then phosphorylated by 
PEP under the action of PK to yield ATP and pyruvate. 
Lhe pyruvate is reduced by LDH with the concomitant 
oxidation of NADH, to form lactate and NAD. The 
sites of AK activity appear as zones of absorption (NAD) 
on a fluorescing background (NADH,) when the gels are 
examined in ultra-violet light (Hanovia lamp with peak 
transmission 3660 A units). Despite the quite different 
reagents and reaction system utilized in this procedure, 
the patterns of activity observed were the same as those 
found with the procedure using ADP as substrate. 

(3) It has been reported’ that AK is noticeably stable 
to acid conditions. We have found that red cell lysates 
adjusted to pH 2-0 with 2 N hydrochloric acid and then 
after 10 min at room temperature neutralized with 2 N 
sodium hydroxide still gave the same AK electrophoretic 
pattern. Other enzyme electrophoretic patterns such as 
lactic dehydrogenase and 6-phosphogluconate dehydro- 
genase were destroyed by this treatment, which also 
resulted in a heavy precipitate of denatured haemoglobin. 

(4) A comparison has been made between a purified 
crystalline adenylate kinase preparation made from rabbit 
muscle obtained commercially, and a crude rabbit muscle 
extract made by homogenizing the muscle in an equal 
volume of water. The crude extract diluted 1 in 10 with 
gel buffer was subjected to starch-gel electrophoresis 
under the standard conditions side by side with a suitable 
dilution of a crystalline AK preparation. Identical 
patterns of activity were obtained. There were at least 
three zones and they had the same mobilities in the two 
preparations. The mobilities were different from those 
observed using human material. 

Haemolysates from 960 unrelated English people have 
been examined. Among 540 males there were 60 (11-1 per 
cent) who were AK 2-1, and among 420 females there 
were 35 (8-3 per cent) who were AK 2-1. The difference 
between the sexes is not statistically significant and one 
may conclude that AK 2—1 occurs with a frequency close 
to 10 per cent in the general population. Only one 


Table 1. AK PHENOTYPES AMONG 136 CHILDREN OF 54 MATINGS WHERE 
ONE PARENT WAS AK 1 AND THE OTHER AK 2-1 


Children 
F Parents No. of AK J AK 2-1 Total 
ather Mother matings Males Females Males Females 
1 x 21 28 28 17 14 16 70 
2-1 x 1 26 17 15 17 17 66 
54 40 32 81 33 136 















MRC 232 


Fi ig. 4, Pedigrees of two families in which the uncommon phenotype 
a AK 2 was found fo occur 

instance of AK 2 (a female) was observed in this popula- 
tion sample. Family investigations make it clear that these 
henotypic differences are genetically determined. Table 1 
amarizes the findings among the offspring of 54 matings 
hich one parent was AK 1 and the other AK 2-1. 
ng the 136 children tested, 72 were AK 1, 64 AK 2-1 
ere were no examples of AK 2. This is in striking 
st to the findings in 62 families where both parents 
AK 1. Here all the 141 children tested were also 





1S! demonstrated that, in culture, multi-nucleated 
it. cells could be formed by fusion of blood mono- 
i ow supported by many other workers since 
eviews in refs. 2 and 3). Willist states crisply the 
pinions at present most widely held regarding some of 
the possible sources of giant cells in vivo, namely: “Some 
_. workers believe that foreign-body giant cells may develop, 
not only by fusion, but also by amitotic nuclear division 
-= o «of macrophages, but from the appearances observed it is 
= clear that fusion is their main, if not their only, mode of 
—— formation”. Objective proof of these views is, however, 
z still lacking. 
-oo o During the course of recent radioisotope investigations 
oe of the histo- and cyto-genesis of fibrous tissue in wounds 
— and around implanted foreign bodies, evidence emerged 
that at least one type of multi-nucleated giant cells, 
related to fibrosis around foreign bodies, is formed by 
fusion of cireulating blood mononuclears (that is, lympho- 
ytes and/or monocytes) after they have emigrated into 
njured tissues. 
The experiments were of two types, namely: (1) 
ited thymidine was injected intravenously into adult 
ther at 18 h or at both 18 and 5 h before wounding 
aplanting foreign bodies (Millipore filters or poly- 
} subcutaneously and/cr intraperitoneally ; 
odies were removed at various times from 
fter implantation; (2) previously unlabelled 
identical types, of excised. wounds and 
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AK 1. These resw ts ‘end ales a 
several quite extensive pedigrees 3S £ a | 
ences may be atitibuted to a- pair of autosom: 
genes (AK! and 4K?*), AK 1 individuals bein; 
azygous (AKAK and AK 2-1 individuals hetero 
(AK'AK?), If this were so the gene frequency 0: 
the English popuation should be about 0-05, a 
homozygote AK? 4K* might be expected to occur in 
l in 400 of the pepulation. It seems probable th 
uncommon phenctype which we have designated. AF 
represents the homozygous genotype AKAK. Athong zh 
only one individual with this phenotype was encountered 
in the series of 966 unrelated individuals mentioned here, — : 
three other examples of the phenotype have been en- 
countered in the eourse of our family investigations. The 
relevant parts of the two pedigrees in which they: occurred — 
are shown in Fig. 4. In both these families the difference a 
between the AK 2 and AK 2-1 electrophoretic patterns 
was quite clear cat and there was no difficulty in diffor- —__ 
entiating the two phenotypes. The segregation. of the 
phenotypes in these families is clearly consistent with 
the hypothesis that AK 2 individuals are homozygoti 
AK*AK*, Howewer, further family data are obvior 
needed on this pot. 

The preparations of adenylate kinase, glucos 
phate dehydrogenase, hexokinase, pyruvate kir 
lactate dehydrogenase were obtained from Bo 
Corporation (London), Ltd. 
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implanted foreigs bodies (intraperitoneally ie 
cutaneously), received, only post-operatively, a 
intravenous injection of tritiated thymidine jug 
before killing and removal of the wounds and fo 
bodies. In all the experiments, touch or imprint: prepar : 
tions were made cf portions of each of the excised wounds es a 
and foreign bodies*. To avoid chemiograms, it was found | a 
necessary to fix the imprints in C.P. methanol for 24h. | 
Then, after coating with liquid emulsion and exposure for 
14-92 days, the imprint preparations were developed and 
stained by modifications of the Giemsa method originally 
described by Speirs ef al.*. Autoradiographs were also 
made of serial paraffin sections of these same wounds and 
foreign bodies. The imprint preparations provided the 
most striking and reliable cytological pictures because of . 
minimal cell shrinkage; Giemsa staining also permitted 
direct morphological « comparison of the cytology of cells 
in the imprints with those seen in smears of the bone —.. 
marrow and circulating blood prepared by accepted = 
standard haematological methods and treated in the sam 
way as tissue imprints. On the other hand, aut 
graphs of the secssons permitted both precise loc 
of all labelled cells and determination of their relat 
pre-existing and newly formed vessels and fibro 
The results of these two. sets of experiments > 
ferent although complementary. Multinucleated 
cells, containing 5-20 nuclei, were commonly 
imprints and sections, and appeared as early a as A 
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post-operative day. Those multi-nucleated giant cells, 
found in the rats which had received isotope only prior 
to the operation, had many of their nuclei labelled (Figs. 
1, 3 and 4). The same cells from animals flash-labelled 
only post-operatively, that is, just 2 h before killing, had 
completely unlabelled nuclei (Figs. 2 and 4). i 

Volkman and Gowans’:* showed clearly, in Rebuck-type 
skin windows, that labelled cells, which they named 
macrophages (whether or not they contained phagocytosed 
material), appeared in large numbers 24 h after operation 
only in rats that had received isotope 18-24 h pre- 
operatively. We have confirmed and extended these 
observations by showing that, within the first 1—4 days 
post-operatively, the greatest number of labelled mono- 
nuclear cells is obtained in wounds and implants by 
injecting rats with tracer 18-24 h before operation. 
By giving two pre-operative isotope injections, thet is, at 
18 and 5 h before operations, we could label between 60 
and 80 per cent of the mononuclears found 24-48 h post- 
operatively in excised wounds and around implants. 

There seems no reason to doubt that these lymphocytes 
and monocytes, in the inflamed and fibrosing tissues, were 
derived from the blood, especially since, at the time of 
operation and of killing, relatively few cells were labelled 
in the untraumatized connective tissues in comparable 
sites in the same rats. Many labelled lymphocytes and 
monocytes (5-15 per cent), as well as granulocytes, were 
enay seen in the blood smears taken from these 
rats. 

‘Round cell’ (mononuclear) emigration is a recognized 
sequel to the initial neutrophil infiltration seen in the 
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Fig. 1. Multi-nucleated foreign body giant cell and several round cells 

in an imprint of a 4-day-old subcutaneous sponge from a rat that had 

received 1 wc. per g body-weight of 7H-thymidine intravenously at 18 

and 5 h before operation only. Note clear labelling of at least two 

giant cell nuclei and of several of the round cells, Autoradiograph, 
Giemsa counterstain (x e. 703) 





ae. 5 Gent cell similar to that in Fig. 1, but from a 5-day-old sub- 

cu sponge from a rat that received one injection of the same 

dose of label but only 2 h before death. No nuclei labelled. Auto- 
radiograph, Giemsa counterstain (= e. 703) 
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Figs. 3 and 4. A very large giant cell from another rat injected once 

only, 18 h before operation with the same dose of isotope. These two 

figures, of the same cell, at two different levels of focus, show how many 

nuclei were labelled. Note also label in nuclei of adjacent neutrophils. 

The findings indicate formation of giant cells by fusion of labelled round 
cells, Autoradiograph, Giemsa counterstain (x e. 703) 


early stages of any inflammatory response, including that 
preceding fibrosis in wounds and around foreign bodies. 
The fact that not all nuclei in the giant cells were labelled 
in rats injected pre-operatively with tritiated thymidine 
is to be expected, since 20-40 per cent of mononuclears in 
skin windows’:* and infiltrating injured tissues, in our 
experiments, were unlabelled. 

Such giant cells, with a proportion of their nuclei 
labelled, were frequently found even 14 days after the 
operation, and hence 14 days and 18 h (or 14 days and 
5 h) after the last pre-operative injection of isotope. 

The total absence of nuclear label in any of the nuclei of 
giant cells, in rats injected only post-operatively, that is, 2h 
before being killed (Figs. 2 and 4), suggests that these 
nuclei were not synthesizing DNA. This fact, taken in 
conjunction with the labelling of some, but not all, giant 
cell nuclei in rats injected pre-operatively (Figs. 1 and 3), 
indicates that multi-nuclear cells were probably derived 
by fusion of both labelled and unlabelled local or, more 
likely, emigrated blood mononuclears. 

Shelton and Rice? described the presence, within histio- 
cytes, of many lymphoma cells cultured in vivo in ‘Milli- 
pore’ chambers. In fixed material, such histiocytes could, 
in all probability, have been taken to be one type of multi- 
nucleated giant cells. It is also possible that, in our 
experiments, the presence of many labelled nuclei within 
a single giant cell could also have arisen by ‘ingestion’ of 
labelled blood lympho- or mono-cytes by tissue macro- 
phages around the foreign bodies. It is interesting to 
note that, as shown in Figs. 1, 3 and 5, the size and 
other characteristics of the nuclei of the giant cells 
indicated that they were primarily lymphocytic rather 
than monocytic in origin. This was especially so in the 
subcutaneous giant cells. In the peritoneum, however, 
the giant colls were either attached to the peritoneal 
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Fig. 5. Another very large giant cell, similar to shat in Figs. 3 and 4 but 
in an imprint from a 7-day-old sponge from a rat injected with isotope 
sen a h before death, Note, again, absence of any nuclear label indicating 
probable absence of active DNA synthesis during genesis of the many 
nuclei in this cell which was therefore probably formed by fusion of un- 
labelled round cells. Autoradiograph, Giemsa counterstain (x e. 703) 


implants or were floating freely in the peritoneal fluid; 
they often contained large bi-lobed nuclei reminiscent of 
monocyte nuclei. Similar monocytoid (or paramonocytic)’ 
giant cells, often resembling Reed—Sternberg cells, were 
a feature of the lymphomata produced in rats treated 
chronically with trypan blue'®. These cells, also, may 
well have been derived from the circulating ‘polymorpho- 
nuclear type’ blood monocytes so common in these rats!!!" 
and in which lympho- and mono- as well as erythro- 
phagocytosis was shown to be a consistent finding in 
lymphoid tissues and liver, 

These observations from our labelling experiments 
would seem to leave little doubt that at least the foreign- 
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body-type muiltixucleated giant cells seen in these 
experiments were derived from previously labelled blood 
mononuclear cells either by their fusion, once they had 
emigrated into tissues, or through their being phagocytosed 
by locally resident macrophages. Our findings that, during 
the first 3 days post-operatively, a far higher percentage 
of infiltrating mononuclears were labelled if rats were 
injected with isotcpe many hours before operation than 
when isotope was given post-operatively confirm 
Volkman and Gowans’s reports. However, we have here 
extended their observations to show that, once they have 
entered injured tissues, many of these labelled inflam- 
matory cells may remain there for days, or even for 2 weeks 
post-operatively, where, in appropriate circumstances, 
they may fuse to form foreign body giant cells. The further 
implications of these findings for the possible origins of 
fibroblasts, as wel as giant cells, has been discussed 
elsewhere':14, 
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VARIABLE AND INVARIABLE COMPONENTS OF THE ANTICOAGULANT 
FRACTION OF INCUBATED FIBRINOGEN 


By Pror. E. TRIANTAPHYLLOPOULOS and Pror. D. C. TRIANTAPHYLLOPOULOS 


Department of Physiology, University of Alberta, Ecmonton, Canada 


RIANTAPHYLLOPOULOS! and Niewiarowski and 
Kowalski? showed independently, and it was later 
verified by others, that the breakdown products of fibrino- 
gen possess anticoagulant properties. Most of the anti- 
coagulant activity is exhibited by the protein which is 
precipitated between 25-50 per cent ammonium sulphate 
saturation. Since this fraction was originally isolated 
from solutions of incubated (spontaneously lysed) fibrino- 
gen, it was called the anticoagulant fraction of incubated 
fibrinogen (AFIF)*. In 1962 we showed that AFIF can 
be separated by continuous-flow paper electrophoresis 
into two main sub-fractions which we found able to pro- 
long the thrombin clotting time of intact fibrinogen to the 
same extent’. We later demonstrated that in human 
AFIF the larger of these sub-fractions is 70 per cent 
thermolabile, while the smaller is completely thermo- 
stable’. Since, however, both the thrombin time prolong- 
ing effect and the thermoresistance’ of AFIF have 
been shown to vary considerably with the length of the 
incubation of the parent fibrinogen solution from which a 
sample is isolated, it became necessary to investigate the 
effect of incubation on the activity and thermosensitivity 
of each electrophoretic fraction and estimate the extent to 
which each of these constituents is responsible for the 
variations observed with unfractionated AFIF prepara- 
tions. 
Human fibrinogen was isolated from outdated Red Cross 
by saturation to 25 per cent with ammonium 
sulphate and reprecipitation of the protein by 50 per cent 


saturation with sodium chloride, as described earlier‘. 
Bovine fibrinogen was prepared by the method of Laki’. 
Only preparateons with a clottability of at least 92 per 
cent (human) or & per cent (bovine) were used. 
Solutions of human fibrinogen at 10 mg/ml. in physio- 
logical saline (8-5 der cent w/v), buffered to pH 7-4 with 
0-025 M imidazole and containing 0-028 M sodium citrate, 
were sterilized by passing them through Seitz filters and 
were incubated at 37° C. Bovine fibrinogen solutions in 
0-3 M potassium chloride similarly buffered and citrated 
were digested at 37° C by a streptokinase-activated human 
fibrinolysin preparation (Thrombolysin) which was added 
at 0-12 casein anc 60 casein activator units/ml. of final 
solution. As soon as each of the fibrinogen solutions 
became compiete-y unclottable by thrombin (human 
fibrinogen was hysed spontaneously within 3-5 days, 
that of bovine origin within 30-80 min), aliquots of 
60-100 ml. were removed at various intervals and frac- 
tionated with ammonium sulphate. Pancreatic trypsin 
inhibitor (‘Inipref of the Choay Laboratories, Paris) 
was added to each fraction at a final concentration of 
100 anti-Schwert—Takenaka® units per ml. before fraction- 
ation. The 25-50 per cent precipitates (AFIF prepara- 
tions) from the successive samples were collected and an 
aliquot of each was subjected to either continuous-flow 
paper‘ or column electrophoresis. In the latter case, the 
Porath electrophoresis apparatus 3340 of the L.K.B. Co., 
Stockholm, was used. Munktell’s cellulose powder 
especially developed for zone electrophoresis was pur- 
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ffect of the length of the incubation on the thrombin time 
ability of the main electrophoretic fractions of AFIF. ‘The 
on of each fraction was adjusted to 4 and that of fibrinogen to 
‘hrombin times were determined at room temperature (25° C) 


m Grycksbo Paperback A.B., Sweden. The 
-veronal 0-02 M, pH 8-6. The ‘sample (3-5 ml. 
mg/ml.) was stained with bromphenol blue and 
against 3-4 h changes of the veronal buffer 
tinuous stirring, before electrophoresis. The 
1s applied at 17 m.amp and œ 560 V until the 
wed band reached the bottom of the column 
The flow rate of the eluting buffer was adjusted 
p/10 see and the fractions were collected at 20- 
als. All operations were carried out at 2°-4° C. 
jon of each fraction at 280 mu was measured 
kman DB spectrophotometer and the protein 
as calculated from a curve which was prepared 
F solutions of known concentration. The 
attern was the mirror image of that obtained with 
uous-flow paper alortrophoreii: 36 since the most 
















coe ee “The central fractions Beloaga to each main peak 
woro pooled together and concentrated by lyophilization. 
<- The dry powders were dissolved in saline and dialysed 
- against it until free of veronal (no absorption at 240 my). 
Their effect on the thrombin time of intact fibrinogen 
‘was tested as described in an earlier publication’. 

ces Thrombin time prolonging effect of the electrophoretic 
fractions as a function of the incubation stage. Seven series 
rimonts were performed, five with human and two 
vine AFIF fractions. Separation of bovine 
fractions under the conditions of these experi- 
as never so good as that obtained with human 
ons. In the majority of cases it was not possible 
o small-fraction material free of large-fraction 
iation i in quantities sufficient for these investiga- 
-these experiments were not taken into account. 
bation period of each sample was expressed as a 
go of the clottable period (initial stage of incuba- 
g which the fibrinogen was still clottable by 
in order to facilitate the comparison of the 
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to the progressive decrease in the activity of the l 
fraction, there were instances where this fraction < 
more, equally or in rare cases less active than the small EARS 
fraction. The results obtained with the two series of > — 
bovine fractions (Fig. 1, upper part) indicate that the > — 
activity of the large fraction of these preparations was 
similarly reduced during advanced stages. However, 
the reduction was not as great as with human specimens 
and this fraction seemed to remain significantly more... 
inhibitory than the smaller one at all stages. Some ofthe *” 
large peak fractions which were obtained from samples 
isolated at about the end of the period during which 
clotting could take place showed a lower antithrombic 
effect than their parent non-electrovhoresed preparations 
although the opposite was expected. This indicates tha 
the large peak fractions of this period are labile and ce 
lose part of their activity during electrophoresis, lyophi 
ization or dialysis. 

Thermosensitivity and relative concentration of 
electrophoretic fractions of AFIF as a function of 
incubation period. Aliquots of the two fractions we 
heated in a water bath at 60° C for 15 min. The pre: 
cipitates were removed by centrifugation and the protem 
content of the supernatants was determined together 
with the concentration of an unheated aliquot of each 
preparation by Kingsley’s biuret method for total protein". 
The thermostable protein was then calculated as a per 
centage of the amount present before heating. Small pea, 
fractions (upper half of Fig. 2) were found to remain 
completely thermoresistant throughout incubation. The 
resistance of the large peak moiety (middle left of Fig. 2), 
however, and the relative concentration of the small. 
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Fig. 2. Effect of the Inewhation period on the thermoresistance and 
relative concentration of the electrophoretic fractions of AFIF. The 
thermostable protein is expressed as a percentage of. SEW larget conen- 
tration of the lees samples, SF, Smal LF fraction; ty . 
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fraction in human AFIF (lower left of Fig. 2) seemed to 
increase appreciably -with incubation. One group of 
experiments with bovine fractions indicated that: (a) the 
stability of the large fraction of thess preparations in- 
creased very little with incubation; (b) the ratio of the 
two fractions remained constant after 140 per cent of the 
clottable period. (Small fractions from bovme AFIF 
were never obtained at earlier periods under the conditions 
of these experiments.) So far as the ability of the heated 
fractions to prolong the thrombin time was concerned, 
the small fraction retained all its activity throughout, 
while the larger one was completely inactivated, for all 
practical purposes, at all stages. 

It becomes obvious from the results of these experiments 
that both the increase in thermoresistarce® and the reduc- 
tion of the abihty of AFIF preparaticns to prolong the 
thrombin time during advanced stages of incubation? 


are the result of the same factors: (a) appearance and 


gradual increase in relative concentration of the resistant, 
less active small fraction; (6) change in the quality of the 
larger fraction with mcreasing incubstion. The latter 
factor is probably the most significart considering the 
higher relative concentration of tha large fraction, 
especially between 100 and 200 per cent of the period 


NATURE 


267 


during which clottucg could take place when the sharpest 
changes in the activity and thermoresistance of AFIF 
occurred. Both the change in the quality of the large 
peak and the inercese in the concentration of the small 
peak are minimal with bovine preparations but quite 
pronounced with human samples: this explains the greater 
variability of human AFIPS, 

This work was stpported by grants from the Alberta 
Heart Foundation, the Medical Research Council of 
Canada and the U.S. National Institutes of Health. We 
thank the Canadiax Red Cross Society (Edmonton) for 
the generous supply of outdated blood. 
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PERCEPTION OF MOVEMENT BY THE CRAB 
By Dr. G. A. HORRIDGE and P. R. B. SHEPHEARD 


Gatty Marine Laboratory and Department of Natural History, University of St. Andrews 


ERCEPTION of movement describes, in essence, a 
relation which is derived from two successive intensity 
changes at nearby points in the visual field. When a 
contrasting edge moves, a simple means of determining 
the movement would be to remember the old position 
and compare it with the new one in a system containing 
an absolute spatial representation of the retina. The 
following experiments on the crab Carcinus suggest that, 
in this animal, this may well be an important part of the 
mechanism for the perception of slow movement. 

The eyes of a crab are on stalks and normally they will 
follow the movement of a striped drum placed around the 
animal. Over a range of drum speeds the eye moves 
more slowly than the drum, leaving a residual slip speed 
which maintains the stimulus for the eye movement?. 
The percentage following, defined as the ratio of eye 
speed to drum speed multiplied by a hundred, varies with 
the speed of movement and is low for very slow or very 
fast shifts of the drum. With the crab out of water, the 
eye is capable of following drum movements down to 
about 0-002 degrees/sec, that is, several times slower than 
the hour hand of a clock, which is 0-0083°/sec. 

A crab was placed with one eye as the centre of a 
striped drum. The movements were recorded by a photo- 
cell activated by a narrow infra-red beam and the other eye 
was kept covered. In our experiments, the drum radius 
was 8 in., and the repeat pattern of the stripes subtended 
28-7° at the eye, but the details of the pattern, so long 
as it is large, or its exact regularity and illumination are 
of little importance for the experimert described here. 
The crab was left undisturbed for 15 min and the light 
was then turned out. Movements of the drum now pro- 
duced no response. During an adjustakle period in dark- 
ness the drum was moved through a controlled angle. 
When the light was switched on again, the eye swung to 
è new position by moving in the direcion in which the 


- drum had been turned. In all experiments, 3 min was 


allowed for the eye to reach its new equilibrium position. 
It was possible to show a directional response to a move- 
ment of 0-5° over a dark period of 2 min or of an angle 
of 1° over 15 min. A response to 1-5° over 40 min was 


achieved. Lower thresholds and longer times could not 
easily be reached in single trials because the eye moved 
and drifted in the dark, and switching on the light sud- 
denly after long periods in the dark may have caused 
flicking or retractiaox of the eye or leg movements so that 
it was necessary to discard the result. 

Results for differont drum movements are shown in 
Fig. 1. The ordinate percentage following is the ratio of 
eye movement to drum movement, expressed as a per- 
centage. When the light was switched on, the drum was 
stationary, so that during the eye movement the stripes 
moved across the eye as if the drum had been moving 
in the opposite diraction, but this did not appear to 
inhibit the actual percentage following so much as the 
time taken to reach the final position. 

Movement of the drum in the dark by one black-white 
repeat distance caused no response, showing that it was 
the stripes which were perceived. Movement through half 
this angle, so that white replaces black, also caused no 
response. In this instance no clue as to the direction of 
the movement was given. It is curious that for some 
degrees on each side of this position the direction of the 
slope of the curve ın Fig. 1 suggests that a black-white 
edge is confused with a white-black one. Large angles 
cannot be tested with a striped drum, but when a single 
black-white edge was moved around the eye in the dark, 
responses to much lerger angles occurred when the illum- 
ination was resumec. For angles up to 180° the results 
are shown in Fig. 2, for a period of I min in the dark. The 
actual angle of the rasponse increased for rotations up to 
about 160°, showing that the crab took a measure ,of 
these large rotations. It seems most unlikely that in- 
tegration is limited to subjacent ommatidia. The per- 
centage following is:low, as it always is for a continuously 
illuminated single contrasting edge, and actual eye move- 
ments are less than 1°. 

As the period of intervening darkness was lengthened, 
percentage following by the eye progressively fell off. 
Results up to 10 min are shown in Fig. 3, but a directional 
response could still be obtained when a movement of a 
few degrees was made before the light was switched on 
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Fig. 1. 
of 1 min through different angles as plotte 


realized. The line B shows the maximum observed percentage following for a 1-min period of darkness (69 per cent), 
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Drum 


Eye movements, to right and left yee vertically, as a response to drum movements which were made during a period of darkness 
horizontally. The line A shows where eye movement would equal drum movement, which is never 


The line C 1s drawn with 


the same slope through the point at the half period of the pattern 
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Fıg. 2. Responses to a movement, which is made during a dark period of 

1 min, of & single black-white edge through various angles 8p up to 180°. 

The solid circles, with linear scale on the left, show actual angles 0 x of 

the eye response, averaged for left and right movements. The open 

circles, with logarithmic seale on the right, show the ratio of eye move- 
ment to drum movement (converted to a percentage) 
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Figos. The percentage following by the eye of a striped drum which is 

re-illuminated after different periods of darkness as shown, during which 

time the drum 1a moved throngh any angle up to 5°. The curve shows 

the exponcitial decay from 80 per, wn to £0 per cent with a time constant 
0 sec 


w 
after a period of 40 min in the dark. Quantitatively con- 
sistent results, however, were not obtained over periods in 
the dark of longer than 10 min. 


In a previous papér!, it was shown that the eyestalk of 
the crab would give à directional response which was a 
N 


reasonably accurate measure of an observed drum speed 
comparable with that of the Moon across the sky. Besides 
eliminating models of the mechanism of movement per- 
ception which have small time constants, the present 
results show that the crab can perceive movements at this 
speed of a contrasting object which is obscured for up to 
10 min. 

A second experiment which we carried out showed that 
movements of large contrasting areas rather than their 
edges predominated in governing a response, so that the 
response could be in a direction opposite to that in which 
a continuously illuminated edge moved. 






movement 


er ae | 
response 


Fig. 4. An outer striped drum moves to the mght around the outside 
of a fixed drum which has slots between each white and black stripe. 
All edges seen by the crab move to the right and the response 1s in that 
direction also. The drums are drawn in three dimensions for clarity 
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An outer movable drum of equal stripes closely sur- 
rounded an inner movable drum which was slotted as well 
as striped. Both drums had repeat patterns which sub- 
tended the same angle at the eye, in our case 28-7°. The 
first arrangement is shown in Fig. 4. Under continuous 
illumination the outer drum was moved from position (a) 
to position (c) in a controlled period of time, passing 
through position (b). Each black stripe of the inner drum 
thus lost a band of black on its left and gained one on 
its right. The time over which the movement occurred 
was varied between 1 and 900 sec, and the angle of 
response by the eye in the same direction as the outer 
drum is shown in Fig. 6A. After the end of the move- 
ment, 3 min was allowed for the eye to reach equilibrium. 
Clearly, the movement was well perceived over a wide 
range of drum velocity. 

The experiment was repeated with the black and white 
stripes of the outer drum reversed in position (Fig. 6). 
While illuminated, the outer drum moved from (a) to (c) 
in the same range of controlled periods. Each inner 
black stripe now had a diminishing black area moving 
away from its right and a different growing black area 
moving towards its left side. At the half-way stage (b) 
there was a symmetrical situation with half the edges 
moving to the right and half stationary. The curious 
fact was that, from the beginning, the response was in 
the opposite direction to the movement, although in 
other experiments the movements of 2dges which were 
separated by these distances were clearly resolved with a 
sensitivity down to 0-1° of movement. 

The eye movements, in the opposits direction to the 
drum movements, were plotted as percentage following in 
Fig. 5B. In the range 1-10 sec for a 3-6° movement, the 
form of the response and the percentage following was 
the same as in Fig. 54; indeed, the human eye would 
respond to instantaneous movements af Figs. 4 and 6 in 
the same way as did the crab. The experiment of Fig. 6 
showed that each of the inner stripes together with its 
adjacent slot could be considered as a unit. While the 
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Fig. 5, Percentage following by the eye of ouster drum movements 
occurring over different periods of time (4) Movements as in Fig. 4; 
(B) movements as in Fig. 6 


100 400 1,000 


NATURE 


269 





movement 





nr 
response 


Fig. 6. Asin Fig. 4, but with the black and white stripes of the outer 

drum reversed. Half the contrasting edges move to the right but the 

centres of the black and white areas (including all within the adjoining 

slots) move at an equal rate to the left, which 1s the direction of the 
eye response 


outer drum moved to the right, the ‘centre of whiteness’ 
of the white inner stripes, and the ‘centre of blackness’ of 
the black inner ones moved at an equal rate to the left. 
At low speeds, the eye of the crab started off in the 
opposite direction tc the outer drum with a short latency 
as the drum began to move. Evidently, therefore, it 
followed the centres of large contrasting areas and hed 
no need to compare Fig. 6c when it came to rest with 
the memory of Fig. 6a, although this must have been 
the mechanism at high drum speeds. At low drum 
speeds the crab eye movements fell off in Fig. 5B moro 
than in Fig. 5A, perhaps because the moving or stationary 
edges interfered witk the response, or because the response 
depended on a momdry which faded. 

Summarizing, our first experiment showed that the 
time could be long over which intensity changes were 
integrated before an inference of movement was made, 
and that intervening large changes in general illumma- 
tion were of na consequence. The second experiment 
suggested that the eye follows not edges, but centres, of 
large areas. Both experiments were difficult to reconcile 
with present-day views on vision by the compound eye 
1 Horridge, G. A , and Sandsman, D. O., Proc. Roy. Soc., B, 161, 216 (1964). 
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= ORRELATIONS have been demanstrated between 


degree of lipoid solubility and rate of penetration of 
various substances across biological barriers, including 
the intestinal barrier?. These observations were used, 


initially, to make inZerences concerning the nature of the 
biological barrier in terms of the penetration of organic 
cormpounds’. By circuitous reasoning, similar observa- 
tions have been used to formulate the generalized con- 
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Fig.1. Absorption of 2-PAM salts in the rat in vwo as a function of time. 
All compounds were administered to wn mvo intestinal loops of rats in 0'5 


mi. of a solution of 8x 107 M concentration of 2-PAM (2-PAM-tartrate 
contains 2 moles of PAM to 1 mole of tartrate). @, 2-PAM-I, O, 
2-PAM-CH,S0,; x, 2-PAM-H,PO,; O, 2-PAM-Cl; A, 2-PAM- tartrate 


clusion that organic compounds would readily traverse a 
barrier, such as the intestinal barrier, only if the com- 
pounds were lipophilic; as acids and bases m aqueous 
solution are involved ın protonic equilibrium between a 
charged species which is considered to be lipophobic and 
an uncharged species which is considered to be lipophilic, 
this generalization was extended to exclude from the 
readily traversing compounds those which exist largely in 
the charged form at physiological pH (ref. 2). (Note 1. 
Various compounds, such as thiopental, aniline and 
salicylic acid, were judged lipoid soluble on the basis of 
chloroform/water partition coefficients of 2-6 to > 100 
and were found to be absorbed to 50 per cent or more from 
the small intestine; compounds, such as barbituric acid 
and sulphaguanidine, with chloroform/water partition 
coefficients of 0-008 to < 0-002, were judged lipoid 
insoluble and were absorbed to less than 5 per cent.) 
However, many strongly acidic compounds and strongly 
basic compounds, as well as some quaternary ammonium 
compounds, all of which exist entirely or almost entirely 
in the charged form at physiological pH, are known to be 
absorbed from the gastrointestinal tract, albeit ineffici- 
ently’. 

This article presents results of investigations of intestinal 
absorption of a number of mono- and bis-quaternary 
pyridmium aldoxime salts, including pralidoxime (2- 
formyl-1-methylpyridinium chloride oxime, 2-PAM). The 
mono-quaternary members of the group are unique among 
charged compounds of non-biological origin in their rapid 
and near-complete absorption from the small intestine. 

The degree of intestinal absorption was determined 
in vivo using a single-loop preparation in non-fasted, male 
rats of the Sprague~Dawley strain, weighing 180-210 g 
(ref. 3). Hach compound was injected quantitatively 
into the intestinal loop in a total volume of 0-5 ml. of 
experimental solution. At the end of an experiment the 
entire loop of gut and its contents were prepared for 
chemical analysis and determination of the quantity of 
unabsorbed aldoxime. Before any compound was used 
in the absorption studies, investigations were undertaken 
in vitro to determine whether or not any degradation of 
the compound occurred within the intestinal loop’. 
None of the compounds was found to be degraded; this 
permitted equating loss from the intestinal loop with 
amount absorbed from the loop. 

The ultra-violet spectrographic method used for the 
determination of the various aldoximes was that of 
Creasey and Green‘, adapted for each different compound. 
The specificity of each adaptation was verified by ultra- 
violet spectral analysis of acid, neutral and alkaline solu- 
tions of compound present in the gut compared with 
corresponding standards. For each experiment, both 
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reagent and tissue blanks were run and the spectrophoto- 
metric readings were corrected for these blanks. 

The results of in vivo absorption investigations with five 
salts of 2-PAM are shown in Fig. 1. The percentages of 
absorption of the methanesulphonate, phosphate, chloride 
and iodide salt were not significantly different from each 
other (by Student’s t-test) at any time-interval. However, 
the percentage absorption of the tartrate salt was signifi- 
cantly lower than that of the other four salts at 1 h and 
significantly lower than that of the iodide at 1-5 h; there 
were no significant differences in absorption among any 
of the salts at 2h. Thus, 2-PAM tartrate was absorbed 
more slowly, although ultimately as completely as the 
other four salts. 

To determine whether the observed difference in rate 
was specific for the molecular species, 2-PAM tartrate, 
or was the effect of the presence of the tartrate ion 
per se, absorption rates were measured for several com- 
binations of 2-PAM iodide or tartrate with added iodide- 
ion or tartrate-ion. l-h absorption periods were used 
for the latter investigations, since this was the time 
of greatost difference between the amount of absorption 
of the iodide and tartrate salts of 2-PAM. Fig. 2 shows 
the regression lines calculated for each of four different 
sets of experimental conditions. The calculations were 
made on the basis of individual values, that is, the per- 
centage absorbed in 4-8 animals at each of five concentra- 
tions (between 0 and 64 x 10 M) of added tartrate or 
10odide-ion. AJl regression lines were found by analysis of 
variance to be significantly different from straight lines 
(P < 0-05). The slope of each of the regression lines was 
significantly different from zero (P < 0-05). The two 
lines of negative slope (C and D) represent the results 
of adding potassium tartrate to 2-PAM-iodide and 2-PAM- 
tartrate; the addition of potassium tartrate progressively 
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Fig. 2. Effect of added salt on absorption of 2-PAM-I and 2-PAM-tar- 


tratem 1h. Regression lines calculated for each set of conditions All 
compounds were administered to in vivo intestinal loops of rats in 0 5 ml. 
of solution. Concentration of 2-PAM salts in terms of molarity of 2-PAM 
-+~>, 2-PAM-tartrate, 4x10 M, with added potassium iodide, 
» 2 PAM- tartrate, 8x107 M, with added potassium iodide, 
, 2ePAM-TI, 8x 10-3 M, with added potassium tartrate; 
2-PAM- tartrate, 8 x 10` M, with added potassium tartrate 
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PARAMETERS OF REGRESSION LINES OF THE PERCENTAGE ABSORPTION OF 
XTACE 


2-PAM ON CONCENTRATION OF SALT ADDED TO OX 
Y=bX +a 
Line n b+ So at Sa 
A 20 6-24 + 2:24 64°1 + 4-62 
B 94 3-2 + 0 956 58-8 + 3-57 
g 20 — 3:22 + 0 795 7734358 
D 24 — 2 7441-21 8082+417 


b, Slope of linear regression line; Ss, standard error of the slope; a, inter- 
cept of line on F axis; Sa, standard error of the intercept; n, No. of 
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depressed the rate of absorption of both the iodide and 


tartrate salts of 2-PAM. In Fig. 2, the upper two lines , 


(A and B) represent the results obtained on addition of 
potassium iodide to two different concentrations of 2- 
PAM-tartrate; the addition of iodide-ion progressively 
increased the absorption of 2-PAM-tartrate, the iodide- 
ion Overcoming the adverse effect of tartrate. The positive 
slopes of limes A and B were found to be insignificantly 
different from each other, as were the negative slopes of 
lines Cand D. This latter finding coupled with the relative 
positions of the lines suggests that: (1) there is a common 
ion effect of tartrate acting independently to adversely 
affect, in some unknown fashion, the transfer system 
for 2-PAM, and (2) there is a competitive effect of iodide- 
ion to overcome the effect of tartrate-ion. The slopes of 
regression lines (not shown in Fig. 2) for the absorption of 
2-PAM-iodide in the presence of increasing concentration 
of the common anion, iodide (administered as potassium 
or sodium iodide), were found to be insignificantly different 
from zero. Any influence of the presence of increased 
concentrations of inorganic cation was also eliminated 
from consideration sincethe addition ofsodium or potassium 
chloride, at 64 x 10-3 M, had no effect on the absorption 
of 2-PAM-iodide. Therefore, the observed differences in 
rate of absorption of 2-PAM when it was administered as 
an iodide or tartrate salt can be directly related to the 
presence of the respective anion. 

Investigations carried out to determine the effects of 
dicarboxylic and hydroxycarboxylic acids have shown 
that addition of succinate, malonate, lactate, malate 
and citrate did not alter the absorption of 2-PAM- 
iodide. Therefore, the effect of tartrate on the absorption 
of 2-PAM cannot be attributed to any fragment of its 
structure and would appear to be specific. In at least one 
other case, the presence of organic anions has been shown 
to influence the absorption of a quaternary ammonium 
compound: butyrate, propionate and acetate increased 
both final percentage and initial rate of absorption of 
the non-aldoxime, benzomethamine, from in vivo intestinal 
loops of rate‘. 

The degree of intestinal absorption of other mono- 
aldoximes, in addition to 2-PAM, and of a number of 


Table 1. INTESTINAL ABSORPTION OF ALDOXIMES IN THE RAT 


All compounds administered to in vivo intestinal loops of rats in 0-5 ml. of a 
solution containing 8 x 10-1 M aldoxime 
- Percentage ab- 


sorbed in 3 h 
Structure pKa Mean+stan- 
dard deviation 
CHÚ SS 1-(8-PAM) 8 
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bis-aldoximes also nas been determined. The results of 
some of these investigations are summarized in Table 1. 
All the mono-aldoximes, including 3-PAM and 4-PAM, 
were extremely well absorbed. Time-course investiga- 
tions with these compounds indicated that their absorp- 
tion was like that cf 2-PAM, that is, rapid initial absorp- 
tion within the first hour and then a continuous decrease 
in rate between 1 end 3h. On the other hand, the bis- 
aldoximes (including TMB-3) were incompletely absorbed 
compared with the mono-aldoximes. The total amount 
absorbed and rats of absorption of the 67s-aldoximes 
were similar to those of another b7s-quaternary ammonium 
compound, hexamethonium, that is, the rates of absorption 
of both the bis-aldoximes and hexamethonium were 
relatively constant over the 3-h period studied’. Partition 
coefficients were calculated for each aldoxime from the 
distribution of the compound after shaking an aqueous 
solution of the aldoxime, buffered at pH 6-5, with chloro- 
form for 30 min af 22° C. Using this distribution as a 
model of lipoid solubility, all the aldoximes were judged 
to be lipoid insoluble since all the partition coefficients, 
in the chloroform/ouffer system, were less than 0-002; 
in this system, no marked differences were noted among 
the various compounds? (see Note 1 above). 

The quaternary pyridinium aldoximes are weak acids 
which can dissociste to bipolar ions. However, their 
pKa values, which are all quite similar (Table 1), are so 
nigh that at pH 6-5 they exist almost entirely in the 
protonated form. Therefore, the differences in absorb- 
ability between the mono- and the bis-aldoximes cannot 
be related to either marked differences in lipoid solubility 
or in pKa. The mono-quaternary pyridinium aldoximes 
represent a class of compounds that appears to be effici- 
ently absorbed from the rat intestine despite the fact 
that its members are hydrophilic and carry a full positive 
change. 

The large discrepancy between effective oral and intra- 
venous doses of many quaternary ammonium drugs has 
been. shown to be, in part, due to incomplete absorption 
following oral administration®»®. Pralidoxime given by 
the oral route also is not so effective therapeutically as 
when. given intravenously’. In view of the evidence for 
complete absorption of pralidoxime, at least in the rat, 
it would appear that the extent of absorption 1s not an 
important factor in this divergence. Hence. the reduced 
effectiveness of pralidoxime via the oral route is most 
likely a rate-depecdent phenomenon, with the rate of 
delivery of the oxime to the circulating blood being too 
slow to compensate fully for its normal rate of loss by 
elimination or mesabolic destruction®. 

We thank Drs. A. Kondritzer and B. E. Hackley, jun., 
for supplying samples of test compounds. 
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|B ee and immediately after the Second World 
War extensive programmes of anti-fouling research 
were carried out, notably in the United States and in the 
United Kingdom}. The results of the research, especi- 
ally those of American investigators!, have provided a 
fertile source of information on the economics of the 
fouling problem, the biology of fouling organisms, the 
chemistry and physics of anti-fouling paint ingredients, 
and the prevention of fouling on ships. The research also 
enabled an insight to be gained of the mechanism of action 
of anti-fouling compositions and the liberation of poisons 
from the films. 

The theory, derived from the research, for the mode of 
action of anti-fouling compositions can be summarized as 
follows: (1) An anti-fouling composition (containing a 
copper compound as the poison) will prevent fouling so 
long as the leaching rate is greater than 10 ug copper/em?/ 
day. (2) The liberation of poisons can be explained by 
assuming the existence of two types of anti-fouling 
compositions—soluble and insoluble-matrix types. 

In practice, however, the fouling problem was not solved 
efficaciously. It has since been shown that the theory 
cannot be used to explain many of the phenomena‘ ® 
observed in the study of anti-fouling compositions. 

The evidence presented in this article is considered to 
show the necessity of amending both parts of the theory. 

A critical evaluation of testing methods for anti-fouling 
compositions used by American and British investigators 
shows that the usefulness of the results obtained is more 
limited than was origmally thought. 

The results of raft trials, for example, have a definite 
value, but only for comparative tests. The advantages 
are the controlled conditions of exposure and the accessi- 
bility of test panels. A disadvantage is that the ageing 
proceeds in a way which differs quantitatively and qualita- 
tively from practice—on the hull of a ship*. This differ- 
ence may be explained by the greater rate of flow of sea- 
water along the hulls of ships compared. with the flow at 
raft sites. 

On the other hand, patch tests on hulls of ships also have 
disadvantages. Reproducibility is almost impossible since 
conditions of test vary from one ship to another, for 
example, weather conditions during application and drying 


of compositions, the substrate and its pre-treatment, sail- E 


ing routes, speeds of ships, fouling organisms encountere 
and the number of days spent in port. Laj 
the patches as soon as the ship is out 
another disadvantage, and the environ; 
is not always condug 










Laboratory tests®1 offer the possibility of obtaining 
quantitative data under carefully controlled conditions; 
an ideal test should lead to a quick evaluation of the 
potential behaviour of a composition. A suitable method 
would consist of accelerated ageing preceding a biological 
method for an evaluation of the remaining anti-fouling 
action. The first requisite for accelerated ageing is that 
it should be comparable, qualitatively, to practice. The 
methods used hitherto for chemical ageing—the glycine 
test and acid-alkal test—do not meet this stapulation. 
Leaching rate determinations cannot give more than a 
superficial indication of the anti-fouling properties of a 
composition at the moment of determination®*. Any 
biological test should also be comparable to conditions in 
practice. 

The results from two types of experiments carried 
out at the T.N.O. Laboratories indicate the necessity 
of amending the foregoing theory. The first series of 
results were obtained with a rotor apparatus for the 
accelerated ageing of anti-fouling compositions®-34 used in 
conjunction with methods for investigating quantitatively 
the progressive ageing of compositions. The rotor appara- 
tus consists essentially of à cylinder on which test panels 
are fastened. The cylinder can be rotated at a peripheral 
speed of up to 40 knots. The second series of results were 
obtained in experiments in which arbitrary scales of rating 
for fouling organisms were not used. The method of 
assessment consisted of measuring and counting accur- 
ately the numbers of organisms per unit area. This 
method could be used with ease in raft tests. For ship 
tests, separate panels were fastened on to bilge keels; 
this method has the advantages that in addition to being 
available for examination in the laboratory, the panels 
can be prepared under carefully controlled conditions 
and can be collected, if necessary by a diver during the 
voyage. 

When using the rotor apparatus for the ageing of 
compositions, it was shown that they are affected in the 
same way as in practice but at an accelerated rate® 4, 
Compositions of moderate quality very scon—after one 
day—-showed defects such as cold flow, inter-coat flaking 
or flaking of the whæggipaint system from the substrate. 

atiy on on the release of copper from 
ns was obtained in two ways 
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of the tests demonstrated that the erosion, if any, of a 
composition by water flow was very limited even when the 
water speed was as high as 40 knots'*®. Also, that the 
difference between the release of poisons from soluble- 
and, insoluble-matrix types of compositions were not so 
pronounced as was previously thought”. 

In both types of compositions, copper was liberated in 
the sea-water mainly by diffusion through the matrix. 
Further, it was shown that the differences in the lives of 
the two types of compositions could be explained by the 
formation of a copper-containing surface deposit in the 
exhausted matrix of an insoluble-matrix composition. 
The surface deposit was not detected in the soluble-matrix 
compositions. The bluish-green deposit which forms 
on many anti-fouling compositions after ageing may 
consist of a very insoluble product from the reaction of the 
paint-ingredients and sea-water; its exact composition 
is still unknown, although many authors consider it to be 
basic copper carbonate. It was not possible, however, 
to detect any carbonate group in the surface deposit when 
using attenuated total reflexion. The surface deposit is 
considered to have a very favourabls effect on the hfe 
of an anti-fouling composition because of its regulating 
effect on the release of copper from the film. 

Studies were also made of the relationship between the 
composition of the paint film and she release of cop- 
per® 14,39, It appeared that a better understanding of this 
relationship could be obtained by introducing the concept 
of ‘total soluble’—the total amount of all sea-water 
soluble or otherwise sea-water-sensitive materials in the 
dry paint, expressed as a percentage cf the volume of the 
dry film. The closer the percentage of ‘total soluble’ ap- 
proached the volume of a continuous contact structure, 
the better was the release of poison from the interior 
of the film. The concept of ‘total soluble’ is very useful 
in formulating anti-fouling compositicns based on copper 
or other poisons. For a full understanding of these pheno- 
mena, additional investigations into the solubilities of 
the ingredients in. sea-water are necessary. 

Wisely" considers there are three distinct mechanisms 
by which an anti-fouling composition can prevent fouling: 
(a) the fouling larvae are repelled and move away; (b) the 
fouling larvae become moribund befare attachment and 
leave no trace on the paint (pre-attathment mortality); 
(c) the fouling larvae attach themselves to the paint and 
die during or shortly after metamorphosis (post-attach- 
ment mortality). 

Wisely2*-1§ has given examples of organisms which are 
repelled or which show pre-attachmenat mortality, while 
post-attachment mortality has been described by Crisp 
and Austin’® for Balanus balanoides (L.) and Elminius 
modestus Darwin, and by De Wolf? for Balanus crenatus 
Bruguiére and Balanus amphitrite Broch. These three 
observations only differ as a result o? the differences in 
the rate of loss of copper from an ageing anti-fouling 
composition; in the case of Balanus crenatus, for example, 
a very high rate of release of copper acts either as a repel- 
lent or by means of pre-attachment mortality, while at 
lower rates of release, post-attachment mortality prevails. 

Many authors state that, as a result of their experi- 
mental work, cuprous oxide anti-fouling compositions 
wil prevent fouling so long as copper leaches from the 
film at a rate greater than 10 ug/cm?/day (refs. 1, 3 and 15). 
This statement is open to criticism, however, since the 
leaching rate is determined under well-defined conditions 
of temperature, flow, aeration, salinity and surface-to- 
volume ratio. On the other hand, fouling occurs under 
conditions which may differ considerably from the condi- 
tions of the leaching rate determinatiors in the laboratory. 
A leaching rate of 10 ug/em?/day can only be used as an 
indication of conditions for the prevertion of fouling?®. 

Results published previously! have shown that a value 
of 10 ug/em*/day is not always a reliable guide. Table 1 
demonstrates that even at very low leaching rates, a 
considerable proportion of compositions do not foul. 
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An explanation of these phenomena has been proposed 
by De Wolf% usirg the assumption that the release of 
copper from an anti-fouling composition’ during leaching 
rate determinations or in raft tests is not homogeneous 
over the surface of the test panel. Indications that this 
assumption is correct are to be found by the examination 
of cross-sections of films. In an aged anti-fouling composi- 
tion. the layer of rasidual cuprous oxide shows consider- 
able variations in thickness; the thickness of the layers is 
not constant if the film is applied by brush. This effect 
will be exaggerated still further if the composition is 
applied by roller on a relatively rough surface such as a 
ship’s hull. This could explain, at least in part, why an 
anti-fouling composition on a ship’s hull is always superior 
in performance woen applied on a specially prepared 
patch of relatively small size compared with its perform- 
ance over a whole ship. Results obtained by the accurate 
counting of barnacles on aged anti-fouling test panels and 
controls also suppart this assumption. 

Over-dispersion of various species of young metamor- 
phosed barnacles on non-toxic surfaces has been noted 
by several authors**-*4, and Wisely? has described the 
same effect of spacing-out of individuals from each other 
for the polychaetous worm Spirorbis borealis Daudin. 
In all these cases the dispersion of the animals is signifi- 
cantly more even than a dispersion according to a Poisson 
distribution with tne same mean value. 

Adult barnacles on a relatively smooth non-toxic 
surface may also ke overdispersed; it has been observed 
that dispersion of adult barnacles on smooth aged anti- 
fouling compositions is nearly always significantly more 
uneven than a dispersion according to the corresponding 
Poisson distribution. This was found for Balanus amphi- 
trite on bilge keel panels and for Balanus crenatus on raft 
panels. This under-dispersion cannot be explained by an 
inter-individual variation in sensitivity to copper since 
this would require the assumption that, during the process 
of settlement, a barnacle cyprid would be influenced by 
its neighbour’s sensitivity to copper. 

A variation in the release of copper over the surface, 
on the other hand. can easily explain the occurrence of 
under-dispersion in the barnacle population. The assump- 
tion in this case is that post-attachment mortality of 
barnacles will be most pronounced at places where the 
release of poison is highest. The barnacles present will 
then serve as indicators for locating where the release of 
copper is lowest—a kind of biological chromatography. 
The result would be that the final distribution of barnacles 
would be governed both by the original distribution of the 
settled larvae and the distribution of the poison over the 
surface of the aged composition. 

It has been. shown. that barnacle cypris larvae are very 
insensitive to copper?®-28, and post-attachment mortality 
of barnacles is possible by contact poisoning; the copper 
diffuses directly from the anti-fouling composition into 
the metamorphosing barnacles®°, and not via the sea-water. 
This fact ıs in good agreement with the hypothesis formul- 
ated here since poisoning by direct contact stresses the 
importance of distribution of poison. 


Table 1. RELATION BETWEEN LEACHING RATE OF PAINTS AND FOULING 


WITH. Balanus crenatus IN RAFT TESTS 


Leaching rate of copper Total No, of No. of panels 

in ug/cm4/day panels exposed fouled not fouled 

<1 16 11 5 

1 17 7 0 

2 6 4 2 

3 11 8 8 

4 8 6 0 

5 8 1 2 

6 8 3 5 

7 3 1 2 

8 5 0 5 

9 8 4 2 

10 4 3 i 

11 2 1 1 

>12 22 0 22 

non-toxic controls 41 41 0 


274 


The work referred to in this report forms part of a 
programme on the fouling and corrosion of the hulls of 
ships, executed by the Paint Research Institute T.N.O. 
and the Central Laboratory T.N.O. (Biology Department) 
in collaboration with the Netherlands Research Centre 
T.N.O. for Shipbuilding and Navigation. The work is 
being sponsored by a number of composition manufac- 
me the shipowners and the shipyards in The Nether- 
ands. 


We thank Mr. A. Partington for correcting the English 
text. 
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MEASURING THE DENSITY AND DIRECTION OF MOLECULAR 
FLOW IN HIGH VACUUM USING AN 
IONIZATION GAUGE 


By L. HOLLAND and C. PRIESTLAND 


Central Research Laboratory, Edwards High Vacuum International Ltd., 
Crawley, Sussex 


HE unit of pressure, that is force per unit area, is 

widely used to express the state of the residual gas 
in a high vacuum system. However, the most commonly 
used vacuum instruments are ionization devices which 
respond to gas density and are ‘pressure’ calibrated at a 
given temperature. Vacuum workers are concerned with 
kinetic systems in which gas is continuously evolved and 
removed from an envelope and the density must vary 
with position (even when the gas temperature is uniform) 
and the true pressure at any place will depend on direction. 
A single ‘pressure’ reading is usually insufficient to express 
the true state of the gas in a vacuum vessel, particularly 
if gas is evolved from a localized source. The important 
characteristics of a high vacuum for most uses are the 
gas composition, molecular mean free path and surface 
mmpingement rate. To determine the latter for a known 
gas one must measure its density, preferred flow, if any, 
and temperature. 

There has been a tendency to treat the gas in a kinetic 
vacuum system as if it were static for measurement 
purposes and therefore vacuum workers have generally 
ignored the effect of gas beams on the response of their 
gauges. We have recently been measuring gas density 
and flow within a vacuum vessel using a Bayard—Alpert 
(B.A.) ionization gauge, and the effect of the gauge 
tubulation and orientation on its response is discussed 
here. 

Gas molecules with a density n in an element of volume 
may be composed of a number ne with a chaotic dis- 
tribution and a balance ns with a preferred direction of 
flow. If an ionization gauge is exposed to both components 
then a total ion current will be indicated given by 
I = Ie + Is. If the gauge has been calibrated in terms 
of prossure then one reads a total pressure P = Pe + PY, 


where P? is a hypothetical quantity equal to that a 
molecular beam of density ns would have if its preferred 
direction was replaced by chaos. 

Should a gas beam impinge on a plane, then the true 
pressure P g due to the beam is a function of direction and 
composed of two components. The impact of the beam 
at normal incidence produces a pressure nsmur*, where m 
is the mass of the gas molecules and vpr their root mean 
square velocity. As the re-emitted molecules leave in 
random directions their reaction thrust on & receiver at 
the gas temperature is n.mvr'2/3. Therefore, Ps = 
nsmvr*5/3, and as P? = namur]? we obtain 5P? =P. 

When an ionization gauge is used to measure beam 
density its response will depend on the shape and con- 
ductance of its tubulation. If the gauge envelope has a 
small opening in a thin plate of area A normal to a 
parallel molecular beam then gas will stream directly into 
the head, but to leave, it must find the opening by a 
random process. Thus, the gas density ne of the beam 
within the enclosure is given by the equilibrium equation 
Anss = Anede/4, where ös and de are the average mole- 
cular velocities; when the temperature is constant 
Pe = 4 P?. This effect was used by Stern! to enhance 
the detection of a molecular beam by a pressure mano- 
meter. Later, Frisch and Stern? used a canal to obtain a 
higher pressure factor. 

Huntoon and Ellett® have used an ionization gauge for 
detecting weak mercury-beams with a long canal aperture. 
However, in general vacuum work the gauge tube must 
usually have a full bore opening to avoid sorption within 
the head affecting the pressure reading, and it is necessary 
to determine the enhancement factor of such a head 
before it can be used to measure beam density. 
Molecular flow arising from localized desorption in high 
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vacuum systems may occur in any direction over 
a large solid angle. Thus the beam detector must 
be capable of translation and rotation. 

The high vacuum system used by us had a 
vessel (19 in. diam., 24 in. high) made of stainless 
steel exhausted by a diffusion pump, charged with 
silicone DC.704 and fitted with a water-cooled 
baffle valve. The baseplate pumping aperture 
was 12 in. diam. and the horizontal valve plate 
9-5 in. diam. The baffled pump speed was 690 
l./see. A circular plate was inserted in the vessel 
to divide it into two compartments and the air 
pressure in the upper compartment controlled by 
a needle valve. The lower compartment had a 
height which was about equal to its diameter 
(as shown in Fig. 1). Pressures were measured 
by a Penning gauge P, in the high-pressure com- 
partment and a B.A. gauge P, in the low-pressure 
compartment; both gauges were calibrated against 
a McLeod gauge. The beam detector was mounted 
in the lower compartment with its filament 
electrodes always normal to its plane of movement 
to preserve symmetry when varying the incidence 
angle. 

The B.A. electrodes of the beam detector were 
mounted in a stainless-steel tube of 1§ in. diam. by 
2} in. length, as shown in Fig. 1. The grid was 
# in. diam. and because ion collection was limited 
to ions formed within this region the resolution of 
transverse density variation was determined by 
the grid rather than the tube diameter. The 
sensitivity of the beam detector in terms of ion to 
electron current ratio was 15/torr and equal to 
that of the 10n gauge P, which had the same 
electrode arrangement. The amplifier used with 
the beam detector had a backing-off facility 
allowing the measurement of ion currents of about 
10- amp on a background level of 10-* amp; 
values of P? = 10-? torr could be measured in 
the presence of Pe = 10-* torr. 

Initial measurements were made of the density 
at different incidence angles produced by gas 
effusing from the high-pressure vessel through 
an aperture (2:26 cm diam.) in a thin plate. 
The beam intensity for free molecular flow at 
a distance l from the source is given by n.d = N 
cos 0 cos o/nl*, where N is rate of molecular effusion 


and § and ọ are the angles of incidence at the emitter and 
receiver planes, respectively. N = A n, 3/4, where n, is 
the density of gas in the upper vessel and A is the 














aperture area. 
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[x6-7-+ 10-7 torr] 


if O | 2 3 4 5 


Plane front gas beam, (€=20cm) 


g= 


P, 
2 5 x l0itorr 


{c) Varying gauge incidence with peralle! gas beam. {4=22cm) 


Fig. 2 


10-3 corr, P = 5 x 10-" torr, and the beam 
detector at 0 = 90°, the beam current could be set at 


zerD as cos 90° = 0. When the detector 
was turned around the gas source the 
expected cosine dependence of ion current 
on incidence angle was obtained (Fig. 2a). 
Using the same beam conditions the 
tutular detector was closed at one end 
to deflect the streaming gas back into 
the head and this doubled the ion current 
as shown in Fig. 2a. The gas molecules 
beaming into the detector at go = 0 
are scattered by collision with the end- 
cover and pass, on average, once more 
through the ionizing region. P, did not 
vary with the detector position because 
of she apparatus design. Pe was equal 
to she equilibrium pressure P, given by 
the relation Q = PS, where Q was 
the quantity of gas entering the system 
in unit time and S its volumetric rate of 
removal. 

Having established that the beam 
detector gave an ion current propor- 
ticnal to ns for ọ = 0, experiments were 
made at a constant beam density and 
varying detector incidence. To provide a 
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parallel beam of uniform intensity a plate } in. thick 
by 2 in. diam. was drilled with 68 holes 4 in. diam. 
so that the individual gas streams formed a single uniform 
base. The ionization detector was initially traversed at 
normal incidence across the molecular beam with 1 
constant and this showed a central region of uniform 
beam density of 1-5 in. diam. comparable with the 
diameter of the detector tube. 

The detector was then rotated in the uniform beam 
region to vary 9 with / constant. The results plotted in 
Fig. 2c show that the closed gauge gave readings only 
approximating to a cosine function of » When the 
detector end-cover was removed the sensitivity in terms 
of beam density decreased as expected, but the J; versus 
ọ curve had a maximum either side of p = 0. When the 
beam was incident normally the stream passed directly 
through the open tube, but for 9 > 0 the molecular 
beam struck the tube wall and was re-emitted into the 
ionizing region. When the detector was turned on 
its cylindrieal axis to bring the filament into the 
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plane of incidence the J; versus ọ curve became asym- 
metric. ; 

It follows from the foregoing that a B.A. gauge with a 
tubular envelope of high conductance can be used to find 
the components of gas density with a random distribution 
and preferred direction, that is, ne, ns and , respectively. 
However, it is first necessary to determine the beam 
enhancement factor as a function of the inlet incidence 
g angle for the particular gauge used. The instrument 
cannot show whether a direction of greatest density flow 
arises from a single beam or a combination of beams with 
different directions, because it does not measure molecular 
velocity in any direction. However, the device may find 
use in systems exhausted at high pumping speeds, for 
example, by a cryopump, or in apparatus used for 
measuring the speed of pumps or calibrating vacuum 
gauges. 

? Stern, O., Z. Phystk. 39, 759 (1926). 


* Frisch, 0. R., and Stern, 0., Z. Physik, 85, 4 (1833). 
* Huntoon, R. D., and Ellett, A., Phys. Rev., 49, 881 (1936). 


A SYSTEM OF MESOPIC PHOTOMETRY 


By Dr. D. A. PALMER 
National Physical Laboratory, Teddington, Middlesex 


O the dark-adapted or scotopic eye, lights of different 

spectral power distributions, say #,(v) and £,(v) 
per unit wavenumber interval, will have the same 
luminosity if: 

fH) V’w)dv = [f £.(v)V (dy 

where v is the wavenumber of monochromatic radiation, 
and V’(v) is the scotopic luminosity function, such as that 
defined by the Commission Internationale de Éclairage 
(C.I.E.) for the ‘standard eye’. A similar equation holds 
for matches with the light-adapted, or photopic eye, 
except that V’(v) is replaced by V(v), the appropriate 


C.I.E. function for this condition. V and V’ are analogous - 


to the response functions of photoelectric cells, and may 
be defined as the reciprocal of the power of monochromatic 
radiation of wavenumber y, required to produce a certain 
degree of visual sensation under the appropriate conditions. 
The scale is usually such that V or V’ = 1 at the wave- 
number for which the function is greatest*. However, 
in what follows, the functions will be normalized so that 
their integrals will give a direct measure of the equivalent 
luminance of the test source when compared with the 
standard full radiator source at 2,042° K. That is, two 
integrals may be defined: 

S = f H(v) v’(v)dv 

P = f Ev) v(v)dv 
where S is called the ‘scotopic equivalent luminance’, 
P the ‘photopic equivalent luminance’ of the source, 
and v’(v) and v(v) are the normalized scotopic and photopic 
functions. 

Now .in general, because of the difference in shape 
between v’ and v, a light of spectral power distribution 
other than that of the standard white itself may not 
have the same values for S and P. For example, a red 
light, originally matching the standard at a low level, 
may look some hundred times brighter than the standard 
when both lights are increased in the same physical 
proportions so as to be in the photopie condition. This 
18 an example of the Purkinje effect'. The problem is to 
predict the photometric relation between lights in the 
mesopic range, that is, between true scotopic and true 
photopic conditions. 

Solutions to this problem have been bedevilled by the 
notion that there ought to be a series of functions appro- 


priate to the mesopic eye, intermediate in shape between 
v and v, and of the same integrating properties. That 
this applies approximately in some cases at least has been 
reported by the C.LE. committee on mesopic vision’, 
but in general the method is not satisfactory (see, for 
example, the comments of Bridgman? and Wright’). 
Even if this approach works perfectly, the appropriate 
function cannot be precisely known until after measure- 
ment of the light source, and must therefore be found by 
a tedious iterative method of successive approximations. 

Another approach which seems to work within an 
observer’s experimental precision may be illustrated by 
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Fig. 1, which represents the v’ and v functions. Consider 
a monochromatic green light taken at the wavenumber 
where the curves intersect. Obviously the light has the 
same scotopic and photopic luminances S and P. That 
is, S = P = L, where L is the luminance of the matching 
standard. Consider also the purple light composed of 
two monochromatic radiations, a red at a wavenumber 
where v is much greater than v’, and a blue at a wave- 
length where v’ is much greater than v. Obviously the 
components may be adjusted to give this purple the same 
values for S and P as the green light, the blue component 
contributing most of the scotopic luminance and the red 
most of the photopic luminance. Thus these purple and 
green lights, together with the white standard. iluminant 
itself, if adjusted to match each other at scotopic levels, 
will also match at photopic levels when they are all 
increased physically in the same proportion. It seems not 
unlikely that they might also keep in match in the mesopic 
range, approximately at least. If this were so, then by 
extension the same property would probably be found 
in a huge family of purples, greens and whites of various 
spectral types, monochromatic and continuous, all 
characterized by S = P. The next obvious generalization 
is that the photometric behaviour of lights in the mesopic 
range could possibly be characterized by their pairs of 
integrals S and P (or by other pairs of functions derived 
from these) where, unlike the above examples, S has not 
necessarily the same value as P. Experiments were there- 
fore made to test this hypothesis. 

An immediate difficulty in the design of the experiments 
was that the C.LE. V’ function is defined for a 20° 
field eccentrically fixated as in Crawford’s® original 
work, while the V function is defined for a 2° field centrally 
viewed. Hence, an experimenter wishing to bridge these 
conditions must decide how to change his method of 
viewing systematically through the mesopic range. 
Fortunately, the C.I.E. has recently suggested a photopic 
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function for a 10° fiald centrally viewed?, so it was decided 
to use a similar field throughout, in the hope that the 
V’ function wauld not be totally inappropriate to this 
condition. This choice was underlined by the use of the 
National Physical Laboratory’s trichromator®’ on which, 
indeed, Stiles had measured the new 10° photopic func- 
tion. l 

The next problem was the choice of conditions for 
heterochromatic photometry. As is well known, hetero- 
chromatic matching by direct comparison is not particu- 
larly additive at photopic levels‘, and additivity, or 
something like it, is desirable in all photometry. On the 
other hand, flicker photometry, although additive at 
photopic levels, is not satisfactory in the mesopic range* 
because the flicker is then difficult to see. Therefore to 
compare these conditions it was decided that one observer 
(D. A. P.) should make both flicker and direct comparison 
matches at several levels (see later). 

The central tier-cf the trichromator was used to provide 
thirty different iast lights, which included fourteen 
monochromatic radiations of the purity reported by 
Stiles*:’?, and eight combinations of two or more of these. 
The remaining eignt test lights had continuous spectral 
distributions and were obtained by removing the central 
slit and mask and inserting coloured filters. Since the 
trichromator is an excellent double monochromator, the 
relative spectral rower distributions of the test lights 
could be measured by running a slit through the spectrum, 
while recording ths output on a photomultiplier whose 
spectral response had been measured in the Radiometry 
Section of the National Physical Laboratory. - 

The relative scectral power distributions per umt 
wavenumber interval of the test colours together with the 
numerals used in the diagrams are given in Table 1 (the 
colour names are mtended only as rough guides to the 
appearance of the lights). It was convenient to express 
the radiation in wevenumbers because Stiles had already 


SPECTRAL SPEOIFIOATIONS OF THE TEST LIGHTS 


The fourth digit in each value is an index representing the manly ine power of 10. Where appropriate, the values are normalized to 100 (1-00 + 2) at 
: 500 em- 


Monochromatic test lights 


4 5 6 7 
16,375 17,250 18,125 
11 12 


13 
24,250 





Light No. | 1 2 
Wavenumber, em~ 13,750 14,625 
Light No. 8 9 
Wavenumber, em 19,875 20,750 





19,000 


14 
22,500 23,375 | 25,125 


Test lights with more than one monochromatic component 
Relative powers of components 
















Light No. and colour name 








Component i rt at | ty Nt tt 
wavenumber, 16 17 18 19 20 
cm~? yellow yellow red purpie purple ' 
15,500 1-00 + 2 100 + 2 100 + 2 1006 +2 
17,250 == — — — 
19,000 1-16 + 1 422 +40 maa — 
20,750 — — m — 
22,500 _ 146 + 1 650+ 1 
SS eit 
Test lights with continuous spectral distributions- 
Relative spectral powers per unit wavenumber interval 
Light No. and colour name- 
Wavenumber, a nt Rt tt Nt A A A 
cm~! 23 24 25 26 27 | 28 29 30 

red purple yellow green blue white blue standard 

297 + 2 5:66 + 2 246 + 2 217 +3 1-44 + 3 2-62 + 2 319 + 5 2:46 + 2 

177+ 2 331 + 2 1-58 + 2 7°42 + 2 539 + 2 1-61 + 2 533 + 4 1-61 + 2 

1:00 + 2 100 + 2 1:00 + 2 1:00 + 2 1:00 + 2 1:00 + 2 1-00 + 2 1:00 + 2 

3-08 + 1 1:03 +1 6-28 + 1 1:89 + 2 274 + 0 4:31 + 1 000 + 0 6°38 + 1 

1:07 + 0 6-08 + 0 3-33 + 1 B71 + 2 1:89 + 0 2-56 + 1 0-00 + 0 3°62 + 1 

0:06 + 0 +68 + 0 1:90 + 1 “107 + 3 2-09 + 1 271 +1 0-07 + 0 249 + 1 

0-02 + 0 7-30 + 0 7-88 + 0 ‘B49 + 2 8:44 + 1 2°85 + 1 1-88 + 3 165 +1 

0:00 + 0 147 + 1 2-29 + 0 5:21 + 2 1:37 + 2 1:66 + 1 259 + 4 1:04 + 1 

0-00 + 0 3-05 + 1 0-77 + 0 1:91 + 2 125 + 2 1:08 + 1 6-67 + 4 6-32 + 0 

0-00 + 0 3°88 + 1 0-01 + 0 3-15 +1 8-65 + 1 6-61 + 0 7°43 + 4 3°67 + 0 

0-00 + 0 272 +1 0-00 + 0 3-61 + 0 4-76 + 1 Sif + 0 397 +4 1-81 + 0 

0:00 + 0 1:60 + 1 0-00 + 6 086+ 0 176 + 1 1:57 + 0 1-07 + 4 1-02 + 0 

0:00 + 0 8-15 + 0 000 + 0 0-07 + 0 7-38 + 0 073 + 0 1:53 + 8 0-36 + 0 

000+ 0 210 + 0 0-00 + 0 000 + 0 1°89 + 0 023 + 0 167 + 2 0-11 + 0 
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used the instrument in this way®:?, Some of the chosen 
wavenumbers are Stiles’s primames, the rest are inter- 
polated to give fourteen evenly spaced points through the 
visible spectrum. Included among the lights is a white 
(light no. 30) corresponding as closely as possible to a 
full radiator at 2,042° K. This is the standard source 
recommended by the C.I.E. for photometry?, so that 
physical measurements of its power may be taken as a 
direct measure of its luminance. In fact, the actual source 
had an equivalent colour temperature of about 2,060° K, 
and its chromaticity (x = 0-520, y = 0417, z = 0-063 
in the C.I.E. 2° system) fell on the green side of the locus, 
the red and blue regions of the spectrum being slightly 
deficient. This slight variation from the ideal standard 
does not invalidate the principle of the method described 
here, and a correction can be applied to relate the data to 
the ideal radiator (see later). 

The luminance L of the standard field was measured 
at several levels with a Macbeth illuminometer pre- 
viously calibrated against a standard lamp at 2,042° K. 
The corresponding outputs from the photomultiplier 
were measured to establish a scale for L. The photocell 
and associated equipment had been found to be linear 
to within +2 per cent over the large 
range used. In the data, the field bright- 
ness will be expressed in trolands enter- 
ing the eye from the aerial pupil, the 
dimensions of which were about 1-0mm 
horizontally by 1-5 mm vertically. 

The standard and other test lights 
could be attenuated neutrally over the 
enormous range required by means of 
gauze screens and an iris, through 
which the light from the lemp fell 
on to & translucent diffusing screen in 
front of the entrance slit of the instru- 
ment. Some stray light at low levels, 
no great problem in a good double 
monochromator, was removed with W 
baffles. Es 

The field was circular, 10° in sub- 
tense, with a dark surround. It was 
divided horizontally for the direct 
comparison matches, the test lights, 
including the standard white, appear- 
ing in the upper half of the field. They 
were matched in turn against: another 
white light in the lower half, of nearly 
the same chromaticity as the standard, 
but*the spectral distribution of which 
was not so closely known. However, 
this knowledge was not strictly neces- 
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known, it was possible to calculate the values of the 
integrals S and P for each light in match with the stan- 
dard of luminance, L. The C.I.E. scotopic function was 
used to compute S, and the proposed C.L.E. 10° photopic 
function was used to compute P. 

The observers made matches at levels selected from the 
following: (1) 620 trolands; (2) 62 trolands; (3) 6-2 tro- 
lands; (4) 0-62 trolands; (5) 0-062 trolands; (6) 0-0062 
trolands; (7) 0:00062 trolands. At the lowest level, which 
is only some three times greater than the visual threshold, 
and at levels 5 and 6, the observers were dark-adapted 
for 1 h before making matches. At level 4, half an hour’s 
dark adaptation was deemed sufficient, and for the other 
levels there was no adaptation from the normal room 
illumination. Even at the lowest levels, the deep mono- 
chromatic reds, below 16,375 cm~, still retained their 
reddish appearance. Only a selection of the test lights was 
used at the highest and lowest levels, which were done 
merely to ensure that true photopic and scotopic conditions 
had been reached. Miss B. J. W. used only a selection 
throughout. i 

The observers’ ages were; Miss B. J. W., twenty-one 
years; J. F. C., twenty-three years; D. A. P., thirty years. 
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Fig. 2. Logarithmic plots of the photopie laminance, P, against the scotopic luminance, S, 
or each test light matching the standard at level 1, 620 trolands, and at level 2, 62 trolands 
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technique, the test colours were in fact 
compared with a standard which 
occupied the same part of the visual 
field as themselves. For flicker photo- 
metry & similer substitution method 
was used except that the test lights 
and the intermediary white now 
occupied the whole field successively. 
After each match had been made, the 
observer removed his head from the 
dental impression and forehead rest, 
to permit measurements of the 
amounts of light on both sides of the 
match with the calibrated photomulti- 
plier in the manner described by 
Crawford, 

From these measurements and from 
the photomultiplier response, the 
spectral power distributions being 
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The observers allowed their eyes to roam freely, but made 
their final matches while looking towards the centre of 
the field, judging it as a whole. They were not troubled 
by any apparent non-uniformity in the field. Fifteen to 
twenty matches were made for the important comparisons 
between the standard white and the intermediary, and 
three to five matches for the other test lights. The 
arithmetical average of each set was used to plot the dia- 
grams. 

A convenient and descriptive way of displaying the 
results is to plot log P against log S for the set of test 
lights matching the standard at a given luminance, D. 
If the hypothesis holds, then lights matching the standard 
and having the same ratio between S and P should all 
fall together in the diagram at the same point. In other 
words, the locus of log P against log S for a given value 
of L should be unique. 

The experimentally determined points are shown in 
Figs. 2-6. The luminance-level and conditions of match, 
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whether by flicker or direct comparison, are given 
in the diagrams. The curves have been shifted 
along the 1 in 1 line by an arbitrary amount in 
order to display each observer’s results soparately. 
This may de done with a logarithmic scale, of 
course, without distorting the shape of the 
graphs. Tha point where S = P = L, representing 
the luminance of the standard white at which 
each curve was obtained, is shown as a lozenge (©). 

If the hypothesis holds, the loci should pass 
through this point, as indeed they generally do. 
The loci ere very distinct with no great spread 
of points about themselves. The excoptions, 
the direct comparison results (D. A. P.) at the 
highest levels, apparently display non-additivity. 
The more saturated the colour, the less is required 
for @ match against the standard white than would 
be expectad from the computations from the 
v(v) curve tthe Helmholtz—Kohlrausch effect). 

In general, however, the standard deviations 
of all the points about the mean loci, averaged for 
the three observers, are + 7:6 per cent at level 2 
(flicker, photopic), + 7-1 per cent at level 3 
(flicker, masopic), + 8-8 per cent at level 4 
(direct comparison, mesopic), + 6-6 per cent at 
level 5 (direct comparison, mesopic), + 8:5 per cent 
at level 6 (direct comparison, scotopic). These figures 
illustrate that the precision of this method in specifying 
luminances in the mesopic range is comparable with what 
is found in photopic (flicker) and scotopic (direct compari- 
son) photometry. Indeed, the deviations must largely 
reflect the precision of the observer since there is no 
systematic tendency to set particular matches above 
or below the mean locus, with the exceptions just 
noted, 

On the other hand, if ‘mesopic luminosity functions’ 
are derived from the monochromatic matches, and used 
to predict the matches for the test lights of more than one 
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primary, then the standard deviations of the errors 
become much larger, for example, some +20 per cent at 
level 4. The purples fare particularly badly with this 
method. For example, from J. F. C.’s results at level 4, 
the discrepancies are — 15 per cent for light No. 19, +27 
per cent for No. 20, +22 per cent for No. 21, +29 per 
cent for No. 22, —28 per cent for No. 24, compared with 
discrepancies of 0, +3, +6, —2 and —4 per cent for the 
same matches plotted on the 8, P diagram. 

The expected shape of the loci will now be discussed. 
For an ‘additive’ eye, scotopic conditions should produce 
a series Of rectilinear loci parallel to the log P axis, and 
similarly, photopic conditions should produce rectilinear 
loci parallel to the log S axis. Approximations to such loci 
are found, but there are important deviations from the 
ideal scheme. The scotopic curves, for example, are still 
curled at the red end, even at the lowest level (see, for 
example, J. F. C.’s level 7), which is lower than that at 
which Crawford® determined the scotopic function. The 
effect is almost certainly due to the observers’ viewing the 
field centrally, thus usmg more cones than did Crawford’s 
observers. However, the loci are well defined in the red 
end (for example, the deep red test light No. 23 with a 
continuous spectral distribution fits well with its neigh- 
bouring monochromatic lights), and in any event it is 
fruitless to search for a series of parallel lines in the reds 
at scotopic levels, as the deep reds, notoriously, never 
appear to settle down to true scotopic conditions‘. 
Another peculiarity is the tail on each locus at the violet 
end, which means that the photopic function is too low 
there by a factor of two or more. Probably since the 
present observers are younger than the mean age of 
Stiles’s® observers (to whom the photopic function is 
due) they have not yet acquired so much yellow pigment 
in their ocular tissues, and hence are more sensitive to 
violet light. If the photopic function were adjusted to 
eliminate the tails, the loci would still double back on 
themselves (similar loops are found at the red end). 
These are because the v’ function at first falls less quickly 
than v, but then starts to catch up, with the roles of 
the functions reversed at the red end. The loops are 
found on most loci, whether photopic, mesopic or scotopic, 
but as they affect only the extremities of the spectrum 
they are probably not very important practically. 

In short, the C.I.E. scotopic function and the proposed 
10° photopic function serve well for the computation of 
S and P for the three observers, with the reservations 
just noted. The agreement between direct comparison 
and flicker photometry 1s not perfect, especially at the 
ends of the spectrum (for example, D. A. P.’s results in 
Fig. 4), but for most test lights the discrepancies are not 

` great. 

In the mesopic range the shape of the loci can be found 
only by experiment. The main point of the experiments is 
that mesopic loci can indeed be determined, as definite 
as those for photopic and scotopic conditions. A system 
of mesopic photometry based on the S, P diagram is 
therefore possible. 

In this connexion, the most interesting families of 
hghts are the greens, purples and whites which lie so close 
to each other in the diagram, showing that colours of 
different chromaticities may behave similarly in photo- 
metry, provided that their S, P co-ordinates are similar. 

The reds, oranges and yellows also show this, together 
with the complementary phenomenon that colours of the 
same chromaticity need not lie near to each other in the 
S, P diagram. For example, the yellow light No. 25 
falls some distance from the monochromatic yellow No. 5 
of similar chromaticity, while No. 18, of almost the same 
chromaticity as the red No. 23, falls closer to the yellow 
No. 25. 

These observations illustrate that the integrals S = 
jv (vy) E(v)dy and P = fvr(v) H(v)dv are not the same as 
their mathematical analogues in colorimetry: 

X= (Hv) E(vjdv; Y = [g(v) E(}v)dy; Z = fzv) B)dv 
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although of course v(v) = g{v) in some systems. These 
resemblances and differences between S, P and X, Y, Z 
were pointed out by Mr. J. N. Greene. 

To sum up, the experiments suggest a simple and accurate 
system of mesopic photometry, which corresponds to 
what observers actually see, and which takes im the 
scotopic and photopic conditions as special cases. As 
an example of the system in practice, only two photo- 
cells would be required, corrected to appropriate scotopic 
and photopic luminosity functions. The equivalent 
luminance of any source could then be measured by com- 
paring responses on the cells with those for the standard 
light-source at 2,042° K. These measurements would 
yield S and P, which would then be plotted as a point on 
an S, P diagram with loci determimed for the ‘average’ 
observer. The equivalent luminance L of the unknown 
source would then be read off directly by interpolation 
between the loci of constant L, whether L lay in the 
scotopic, mesopic or photopic ranges. 

As mentioned earlier, it may not be necessary to have a 
perfectly ideal source at 2,042° K in order to make the 
measurements for the ‘standard observer’. Provided that 
he obeys the laws apparently in evidence here, it would 
be permissible to use the results to compute the luminance 
of the ideal radiator when compared with the standard 
actually used, and from this computation, to refer all 
other sources to the ideal. This mathematical process is 
like a transformation to ideal primaries in colorimetry. 
The points representing the ideal source computed from 
the present data are shown as crosses (+) in the S, P 
diagrams. 

A better theoretical argument than the heuristic 
approach sketched out in the introduction will now be 
attempted. The sufficiency of only three integrals to 
define chromaticity has always been taken as strong 
evidence for three types of retinal receptor mediating in 
the perception of colour. Thus the present requirement 
of only two integrals S and P to define equivalent lumi- 
nance, which are mathematically similar to the 
chromaticity integrals, might by analogy imply the 
existence of only two types of receptor to mediate in the 
perception of luminosity, even if not more were known. 
But of course the scotopic and photopic functions are 
already assumed, from other evidence, to represent the 
activities of the rods and the cones—very plausible 
candidates for the role of luminance detectors. The inte- 
grals S and P could therefore be regarded as representing 
the basic responses of the rods and cones, which are 
combined by the eye in a proportion depending on the 
level, to give the perceived luminosity. At low levels the 
rods alone would contribute, and at high levels only the 
cones, with both types effective at mesopic levels in the 
proportions implied by the loci of constant luminance in 
the S, P diagram. It follows that lights stimulating the 
rods and the cones in the same ratio before the summation 
process is considered would exhibit identical photometric 
behaviour at all levels. From this point of view, the 
phantom mesopic luminosity functions vanish. 

Of course the scheme is complicated by the existence 
of three types of cone, which presumably causes the 
discrepancies already noted in direct comparison matches 
at high levels. However, the present photopic results, 
measured by flicker photometry, agree well (except at 
the violet end) with Stiles’s proposed 10° function derived 
from colorimetry which is, after all, another form of direct 
comparison matching. This suggests that an additive 
photopic luminosity function may be independent of the 
method of its measurement. Extensions of the present 
experiments could probably yield information about 
summation processes from pure cone and pure rod re- 
sponses, but it is not intended to pursue this further here, 
but merely to demonstrate and to justify a practical 
method of mesopic photometry. 

Of course, several questions remain unsettled. For 
example, is 10° the best field size? Can the difference 
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between flicker and direct comparison matching be 
bridged more satisfactorily? Is thera sufficient agree- 
ment between normal observers to justify setting up a 
defined average ? Should the measurements be done mono- 
cularly with a restricted artificial pupil, as in the present 
experiments, or should more natural binocular vision 
with unrestricted pupils be specified? The latter case 
involves, of course, the effect of pupillary contraction, 
and the great differences known to occur between ob- 
servers in this respect. Do the scotopic and photopic 
luminosity functions need revision? It would be absurd, 
for example, to define a standard mesopic observer who 
was youthful scotopically and middle-aged photopically. 
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It is hoped that further experiments will resolve these 
questions. 

This work was undertaken as part of the official research 
programme of the National Physical Laboratory. I 
thank Mr. J. N. Greene for his help. 
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WIND DRAINAGE OFF THE HIGH PLATEAU OF 


EASTERN ANTARCTICA 


By K. B. MATHER and G. S. MILLER 
Geophysical Institute, University of Alaska, College, Alaska 


T is well known that coastal stations on or close to the 
steep ice slopes of Antarctica experience strong down- 
slope (katabatic) winds, the direction of which accords 
with the direction of maximum slope of the ice surface if 
allowance 1s made for the easterly component introduced 
by Coriolis acceleration. The mecharics of the air layer 
on a sloping surface under conditicns of temperature 
inversion have been discussed by varicus authors, notably 
by Ball!-3. Quantitatively, the accelerations involved have 
the magnitudes Ay œ~ ga AT/T and A, = 2QV sing, 
respectively, where g is acceleration due to gravity, 
a the surface slope, T the potential temperature, AT 
the inversion strength, Q the Earth's angular velocity, 
V the wind speed and ọ the latitude of the observing 
station. Superimposed on the katabatic component, in 
general, will be the acceleration due to the horizontal 
pressure gradient, Ap = AP/p. Tha fact that most, if 
not all, coastal stations located at the foot of the steepest 
slopes record consistently downslope drainage during 
most of the year means that Ax is considerably greater 
than Ay. Moreover, it can readily be shown? that this 
result is quite plausible by making numerical estimates 
of Ay and Ap using reasonable values of AT and for the 
synoptic gradient. 

However, coastal stations present a rather special case, 
with conditions weighted heavily in favour of the katabatic 
component because of the steep slope; « tends to average 
between 1 in 20 and 1 in 30 for the first 10 km inland, and 
may reach I in 10 within a kilometre or so of the shore. 
Further inland, the slope generally declines to 10~? well 
within the first 100 km, although notable variations occur. 
(The most extensive fetch of steep slope is the hinterland 
of the Princess Astrid Coast, where « apparently averages 
about 10- for 400 km inland.) Across much of the central 
plateau of Eastern Antarctica a approaches 10-3. For 
these much smaller values of slope, Az can still be signifi- 
cant and possibly comparable with Ap, especially as 
severe inversions can be expected, Sut it has not been 
known whether the katabatic component is sufficient to 
manifest itself in the wind pattern in some recognizable 
form when cyclonic variations are superimposed. For 
instance, is there a general drainage off the high plateau 
to the coast and low-lying areas? 

A provious attempt to answer this question’-* was 
based on an examination of wind data from around the 
vast depression in the plateau caused by the Lambert 
Glacier and Amery Ice Shelf. The argument ran as 
follows: the direction of maximum slope around the 
Lambert Glacier changes radically within a dimension 
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of 500 km, whichis small compared with the size of the 
continent. Whereas a ‘prevailing anticyclone’ over eastern 
Antarctica would tend to produce an anticlockwise 
circulation (not aléogether inconsistent with what had 
been observed at a number of stations), it would be 
difficult to concoct a synoptic pattern that required 
winds to blow from the south at the south of the Lambert, 
from the west at tne west of it, and from the east at the 
east of it, that is, a synoptic pattern which would match 
the expected gravity drainage. In fact, all available 
observations have confirmed that the Lambert Glacier 
is a ‘sink’ into which cold air drains from the surrounding 
plateau to the eass, south and west, including slopes for 
which g was much less than 10-*. The results established 
that the katabatis regime encompassed a much more 
substantial area of Antarctica than a narrow coastal 
strip. 

Ne ow, however, as a result of more numerous station 
and traverse-party observations during and since the 
IGY, there is much more evidence bearing on the katabatic 
question. The purpose of this article is mainly to present 
accumulated data on the gross drainage pattern, with 
emphasis on the high plateau of Eastern Antarctica, 
though not exclusively so. Data have been analysed from 
McMurdo, Hallett, d’Urville, Charcot, Wilkes, Mirny, 
Pionerskaya, Komsomolskaya, Vostok, Sovietskaya, Davis 
(and precincts), Mawson (and precincts), Syowa and the 
vicinity of Lutzow-Holm Bay, Norway Base, Maudheim, 
Molodezhnaya, Lazarev, Novolazarevskaya, Halley Bay, 
Shackleton, Ellsworth, South Ice, Amundsen-Scott, 
Little America, Eyrd, Roi Baudouin, and from various 
traverse parties and a few ship’s observations offshore. 
For the most part the data consist of surface meteorological 
observations, supplemented on the traverses by sastrugi 
directions, which are useful indications of prevailing 
winds?*, 

Fig. 1 shows wind roses (frequency of oceurrence of 
wind as a function of direction) in relation to plateau 
contours. The short arrows elsewhere on the chart repre- 
sent traverse data obtained in passage; they are not Jong- 
term averages. Concerning the coastal stations, it is 
essential to knæ the exact siting of the observation 
point with respect to the foot of the ice slope. Some 
stations are on is_ands offshore, some are on ice shelves, 
others are on ice-zree expanses of rock. As the katabatic 
wind peters out a few kilometres from the foot of the ice 
slope, such stations may not register the downslope 
drainage even though it is well developed on the ice slopes 
along that same stretch of coast. (By the same token, of 
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course, these stations are rather more useful for synoptic 
analyses.) Examples are McMurdo, Davis, Lazarev, 
Maudheim, Halley Bay, Shackleton and Little America, 
all of which can be disregarded in katabatic studies. 
Syowa, situated on East Ongul Island 4 km from the 
nearest ice slope, presents an interesting borderline case’. 
Hallett is also a special case because of its location near 
the tip of the long Hallett Peninsula, together with a 
complicated drainage zone due to the peaks of the 
Admiralty Range. Wilkes is about 3 km from the ice 
slope and the station is partly sheltered by low hills; the 
gravity drainage seems to be considerably impeded’. 
The broad conclusion from Fig. 1 is that the wind 
régime of most of Eastern Antarctic is consistent with an 
interpretation in terms of an appreciable katabatic con- 
tribution. With the exception of one station, nowhere are 
the most frequent station winds contrary to the down- 
slope direction, modified for Coriolis deflexion. The best- 
documented portion of the inland is that from the Mirny- 
Wilkes coast to the Soviet stations on the plateau, and 
this affords another remarkable example, like that of the 
Lambert depression, in which gross changes in contour 
directions are matched by a complete reorientation of the 
prevailing wind. On the line from Komsomolskaya via 
Pionerskaya to Mirny, the drainage is downwards towards 
Mirny. The three stations Vostok, Komsomolskaya and 
Sovietskaya, all within 540 km of one another, are dis- 
persed around the eastern end of the (approximately) 
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3,500-m contour of the high plateau in such a way that the 
direction of maximum surface slope changes by nearly 
180°. As shown in Fig. 1, the wind swings correspondingly 
from approximately west at Vostok to south at Komsomol- 
skaya and to east at Sovietskaya. The essentially opposite 
but collinear wind vectors at Vostok and Sovieiskaya, on 
opposite sides of the ridge, have been noted also by Russian 
meteorologists’, who interpreted the behaviour as due to 
katabatic ow. Even more interesting, perhaps, is the fact 
that Vostok and Sovietskaya, are only 420 km apart, 
which would seem to imply that katabatic winds can 
develop in quite a short stretch of slope, that is, the flow 
at any point reflects only the very local conditions of 
slope and inversion. Notice also the shift in direction in 
the course of a very short distance from Komsomolskaya 
on the traverse to Sovietskaya. 

Although there is still little information about the winds 
on the western part of the plateau, for example, between 
the South Pole and the Princess Astrid and Princess 
Ragnhild Coasts, it now seems fairly certain that wind 
drainage must occur outwards from all parts of Eastern. 
Antarctica, even where the slopes are ~10-*. This alone 
does not prove that the flow is due to gravity but the 
pattern is strongly suggestive of a gravity contribution 
in Many areas. 

Some examples of inland slopes are: Pionerskaya 
29 x 10-3, Komsomolskaya 1-7 x 107, Sovietskaya 
and Vostok about 1-5 x 10°. These figures are all 
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Fig. 1. Wind roses and sastrugi orientation. The onentation of snow dunes has been included on some 
traverses, for example, Mirny~-Vostok. Since panes are the result of cyclonic winds, their orientation varies 
widely 
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rather uncertain; the Antarctica contcurs are not suffici- 
ently reliable to allow accurate interpolation. However, 
it is unlikely that the error would exceed 50 per cent for 
any one of the stations named, and this is sufficiently 
accurate to show that a gravity component of the wind can 
rival the pressure gradient component. Assuming an 
inversion strength AT = 10° O, which is quite moderate 
for the plateau, and a temperature T = ~—30° C (that is, 
summor conditions; the annual mean semperature on the 
high plateau is about — 55° C), then for a = 1:5 x 10-9 
we obtain A, = 6 x 10-*msec~*. This would be equalled 
by a pressure gradient of 6 x 10-? mb km~ at the 700 mb 
level, which is approximately the pressure height of the 
Soviet inland stations. Such a pressure gradient is not 
particularly strong, but one can certeinly draw the con- 
clusion that even for very strong gracients the katabatic 
term cannot be ignored so long as there is a surface in- 
version of typical strength. Notice shat the slope will, 
for some inland stations, be twice the value adopted above. 
Moreover, the inversion AT can be much larger at times, 
especially during winter when it may lie between 20° and 
30°. During mid-summer months it may be only a few 
degrees, and the probability of its being destroyed tem- 
porarily by cyclonic intrusions is greater, but throughout 
most of the year there is a well-developed surface inversion 
for which 10° is a fair representation in the first few 
hundred metres of height. 

If Ay and Ay are comparable, the direction of inland 
winds can be expected to vary widely from day to day 
according tocyclonic conditions. A low-pressure movement 
across the plateau generally brings steeper pressure gradi- 
ents and also more cloud cover which inhibits the tempera- 
ture inversion. The wind direction will then tend towards 
the geostrophie pattern. The wind roses of Fig. 1 show 
that the inland stations do indeed experience a wide 
range of wind directions. However, the predominance of 
the downslope direction means that. averaged over the 
year, Ax is significantly greater than Ap across the inland 
regions. 

The one exception mentioned earlier is Amundsen- 
Scott, where the most frequent wind is obviously not in 
agreement with the general picture. The wind direction 
appears to be oross-slope or even uz-slope, rather than 
down-slope. According to Dalrymple et al.° the mean 
slope of the terrain surrounding the Pole is (1:76 + 0:26) x 
10-3, with an up-slope bearing of about 152°. Strong in- 
versions have been registered at the South Pole and it 
would therefore be phenomenal if a gravity component 
played no part in the equation of mction. However, it is 
quite possible that a katabatic wind :s obscured by larger 
influences. Dalrymple et al. have ziven an interesting 
interpretation of the cross-slope flow ab the Pole, summariz- 
ing their conclusions thus: “‘. . . the air motion in the lower 
atmosphere is controlled by surfase friction, and by 
geostrophic motion in the free atmosphere above the 
inversion layer, modified by thermal winds due to hori- 
zontal temperature gradients which result from the 
general slope of the terrain”. 

The proximity of Amundsen-Scott to the Ross Ice 
Shelf and the persistent strong cyclone over the Shelf 
and the Ross Sea are probably important in this case. 
Comparing the traverse data (Fig. 1, small arrows) from 
South Ice to the Pole and thence to MsMurdo, it seems that 
æ fairly sharp change in wind direction occurs in the 
region of the Pole. Moreover, the winds on the Shelf are 
not very different in direction from those on the plateau 
to the west of the Shelf where they tand to be cross-slope. 
We are inclined to the view that Amundsen-Scott shares in 
the influence of the Ross Shelf cyclone, that is, Ap > Ak 
in this area. 

In principle, one should instrument a station to obtain 
accurate and frequent monitoring of the temperature and 
wind profiles in and above the surzace inversion, along 
with other meteorological parameters. One could then 
determine the magnitudes of the several force terms in the 
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equation and observe the actual change in wind speed 
and direction with respect to the relative magnitudes of 
the terms. Rarely. if ever, has the full instrumentation 
been maintained sc that a systematic study can be con- 
ducted. In our anelysis, using chiefly surface data colles- 
ted at Antarctic stations without much anticipation for 
the present problsm, the approach in pursuing the 
matter further has been to look for characteristic ‘sig- 
natures’ of a katakatic component, for example, diurnal 
cycles, sudden onsets accompanied by surging, and cor- 
relations of wind characteristics with temperature, pressure 
and cloud cover. We have transferred much of the 
available meteorological data to punched cards for com- 
puter processing. One result from this approach is 
described. here. 

The diurnal vaziation of katabatic winds at coastal 
stations is a famibar experience. To see whether this 
same cyche behaviour could be detected at inland stations, 
power spectral analyses have been obtained from wind 
speed data. The spectral programme was modified from 
that of Munk et al.” and computations conducted on an 
IBM 1620; 32 periods were used for 0-5-16 days. To test 
the programme it was run on a year’s data (6-hourly 
observations, 1958) from Mirny, which is a known kata- 
batic-prone environment. 

Fig. 2 shows the power spectrum for Mirny for a range 
of periods 0-5-5-5 days. The dominant broad peak cen- 
tred at about 3:5-4-0 days presumably represents the 
average time laps between successive cyclonic events 
and is not of interest in the present analysis. The Pioner- 
skaya spectrum shown in the same figure, which is also 
based on a full year of 6-hourly data, shows the same 
‘cyclonic’ peak. 
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Fig. 2. Spectm of one year’s data (6-h observations, 1958) 


More important is the occurrence of the 1-day peak on 
both the Mirny and Pionerskaya spectra. Its amplitude 
relative to background is about the same for both stations, 
but its amplitude relative to the cyclonic peak ıs rather 
smaller for Pionerskaya, that is, the cyclonic influence on 
wind speed is relatively more important at the inland 
station, as would be expected. 

Thinking that che diurnal variation inland ought to be 
more pronounced for near-summer months, as it certainly 
is on the coast, we have also derived power spectra for 
either the three months January-March or October- 
December, 1958. (This is not an ideal choice for ‘summer’; 
it was made because of the availability of an unbroken 
sequence of data.) The amplitude of the daily cycle of 
insolation decreases as winter approaches, and in fact falls 
essentially to zero for stations within the Antarctic Circle. 
The incidence of cloud and storm is also greater in winter, 
emphasizing the cyclonic peak in the spectrum. For these 
reasons, to obtain the most sensitive detection of any 
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diurnal component which exists far inland, we have used 
only the summer data for Komsomolskaya, Vostok and 
Sovietskaya. 

The summer spectra for four stations are shown in Fig. 3 
on an expanded time-scale covering the periods 0-5-2-0 
days. As anticipated, the 1-day peak is now more pro- 
nounced on the Pionerskaya spectrum, compared with 
background. Komsomolskaya shows an unmistakable 
diurnal cycle, and in the case of Sovietskaya some diurnal 
effect is at least credible. Vostok is the least convincing. 
Thore is a slight hump at about 1 day but a similar hump 
occurs at about 1:4 days. (Actually several of the spectra 
show minor peaks at ~1-3-1-6 days. It is not known 
whether this is fortuitous, an artifact introduced by the 
particular power spectral programme used, or real. The 
spectrum from Roi Baudouin, among others, also shows 
this.) If Vostok has a genuine diurnal variation it would 
probably be revealed by concentrating on strictly summer 
months, say December and January. All the spectra, 
when extended beyond 2 days, show the cyclonic peak. 


0 45 


0-40 


0-35 


0°30 


0 25 


PIONERSKAYA 


015 


Relative power 


KOMSOMOLSKAYA 


0:07 
0-13 


0°10 SOVIETSKAYA 


007 
0-13 

VOSTOK 
010 


0:07 
05 1 1:5 2 
Days 


Fig. 3. Summer spectra (January-March or October-December, 1958). 
(Note that Komsomolskaya and Pionerskaya are on the same scale) 


There is, of course, one point in Antarctica where no 
daily cycle of insolation occurs (ignoring any preferred 
direction due to the plateau surface slope). This is the 
South Pole itself, where the Sun maintains the same 
elevation throughout any one day. We have derived the 
power spectrum of winds recorded at Amundsen-Scott but 
have failed to find any trace of a 1-day peak, even though: 
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(1) the average wind speed considerably exceeds that at 
Komsomolskaya, Vostok and Sovietskaya; and (2) the 
cyclonic peak (~4 days) is again clearly evident. This 
implies that, not only is the South Pole lacking its own 
‘eyclic driving function’, it is also uninfluenced by diurnal 
variations which must exist in the drainage of wind from 
other regions, for example, between the Pole and the 
4,000 m summit of the plateau. 

The significance of the above observation is that one 
should not regard the high plateau as a ‘breeding ground’ 
from which gravity winds drain radially outwards across 
the rest of the continent. Rather, the wind is generated 
locally, as in the case of glacier and valley winds, according 
to local conditions of slope and inversion, and its con- 
tinued flow downstream depends wholly on the existence 
of similar favourable generating conditions downstream, 
not on the inertia of the air mass. Other observations, 
such as the very limited offshore penetration of the coastal 
katabatic wind {<10 km) and the sensitive response of 
wind direction to small-scale changes in surface contours, 
also indicate that the scale of the katabatic process is 
quite small. We have also found that variations in the 
wind speed at the inland stations, Komsomolskaya, 
Vostok and Sovietskaya, show very little interdependence. 
These investigations will be discussed more fully else- 
where; for the present it is sufficient to note that the 
absence at the South Pole of a diurnal influence from other 
parts of the plateau is quite plausible. (It would be 
interesting to determine where, between Amundsen-Scott 
and the plateau summit, a diurnal component begins to 
manifest itself.) 

The main conclusions from this work are: (1) a com- 
pilation of all available surface wind data from eastern 
Antarctica shows that the predominant direction of wind 
dramage is generally consistent with an interpretation in 
terms of katabatie flow, even where surface slopes are 
~ 10-2, Remaining uncertainties are due chiefly to poor 
information on surface contours. (2) Notable exceptions 
to downslope flow, all coastal, are due to the location of 
stations offshore, beyond the range of significant katabatic 
effect. (3) Drainage into the Lambert Glacier and away 
from the high ridge where the Soviet inland stations are 
located are two notable examples of localized flow specific 
to the pattern of surface contours. (4) The effect of 
pressure gradients due to cyclonic development is very 
marked, especially inland, but it is not sufficient to 
obscure the downslope flow over a prolonged period of 
observations. (5) The diurnal cycle of wind speed, which 
is a characteristic feature of coastal katabatics, can be 
traced to inland stations also, using methods of power 
spectral analyses. (6) No diurnal variation has been 
detected at the South Pole. 

Meteorological data have been drawn from many 
sources, too numerous to quote individually. We thank 
the various national Antarctic expeditions represented by 
the stations on Fig. 1 for their help. The co-operation of 
the National Weather Records Center, Asheville, N.C., is 
particularly appreciated. This work was supported by 
the Office of Antarctic Programs, National Science 
Foundation, grant GA-28. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Prediction of the Dates and Intensities of 
the Next Two Sunspot Maxima 


THERE is still no satisfactory method of predicting 
sunspot activity beyond the current cycle, but two recent 
papers have provided new evidence that sunspot activity 
may be controlled by the positions of the planets. This 
possibility was discussed more than 50 years ago by Brown}, 
and later by Schuster?, and was adopted as a basis for 
prediction by others. The recent evidence has been pro- 
vided by Jose? and by Wood and Wood’. Jose? has shown 
that the rate of change of the angular momentum of the 
Sun about the centre of mass of the solar system exhibits a 
178-year periodicity which can plausibly be correlated with 
sunspot activity. Jupiter and Saturn are the planets 
mainly responsible. Wood and Wood‘ have suggested that 
the rate of change of angular acceleration of the Sun, 
which is controlled mainly by the inner planets, shows 
resemblances ın detail to the sunspot numbers. These 
new results, although not immediately useful in predicting 
solar activity, do point towards the conclusion that varia- 
tions in solar activity have a causal basis. If so, an empiri- 
cal law for the variation of sunspot numbers should 
eventually be found. 

Dates of sunspot maxima and minima. In an article in 
1963 I suggested predicting the dates of solar maxima and 
minima by means of a seven-cycle recurrence tendency 
in the rise-time tr from minimum to maximum activity, 
and a similar recurrence tendency in the quantity tr/T, 
where T is the total cycle-length. 

The ‘official’ date of the 1964 sunspot minimum is not 
yet known because it depends on 12-monthly running 
means, but it seems very likely to have been in August 
or September 1964. This is reasonably close to the value 
predicted by the soven-cycle recurrence method‘; so the 
method has not been invalidated, and can be applied 
again to give revised dates for the next sunspot maxima 
and minima. 

The values found by this method for the rise-time tr 
in each of the next two cycles (cycles 20 and 21) are 3-4 
years and 3:8 years respectively, and the corresponding 
values for tr/T are 0-34 and 0-36 respectively. If the 1964 
minimum is taken at 1964-7, the predicted dates for the 
next two sunspot maxima, are 1968-1 and 1978-5, and for 
the next two minima, 19747 and 1985-3. 

Although Jose’s paper? is primarily concerned with 
long-term solar activity, he gives predictions for the dates 
of the next two maxima, namely 1967 and 1984. The 
predictions in the previous paragraph give no indication 
of the very lengthy cycle implied by Jose’s date of 1984 
for the maximum of cycle 21. In another recent paper, 
Bell and Wolbach® apply Danjon’s formula, based on the 
brightness of the eclipsed Moon, for predicting the dates 
of sunspot minima. They obtain 1974-9 and 1985-7 as 
the dates for the next minima: these agree well with the 
predictions in the preceding paragraph, 1974-7 and 1985-3. 

Intensities of sunspot maxima. The maximum smoothed 
monthly sunspot number in each cycle, Rm, shows wide 
variations with little sign of regularity’. We require to 
find a parameter which depends on Rm, but remains fairly 
constant. In the previous paper’, the parameter chosen 
was Rm trê, which usually has a value near 1750 (if tris 
m years}; and Xanthakis® has adopted rather a similar 
approach, suggesting that Rm ~ 81 + O01 (tr — 6-25)’, 
with some corrections which he specifies. In both these 


treatments, however, the exceptionally strong maximum 
in 1957 has to be excluded as a freak. It seems better to 
devise an expression which includes the 1957 maximum. 

The relation previously suggested, namely Rm tr? ~ 
1750, has therefore been modified by subtracting a term 
strongly dependent on Fèm, so as to destroy the uniqueness 
of the 1957 maximum, and by changing Em tr? to 
(Rm — 16) trè, which keeps the numerical value within 
narrower limits. Qn inserting values of Rm and tr for the 
past ten cycles, baez to the year 1860, we find. 


(Rm — 16) tz? — 10-5 (Rm — 100)* ~ 1401 (1) 


with a maximum error of only 70, that is 5 per cent, on 
the right-hand side. Equation (1) is satisfied by all the 
ten sunspot maxima since Wolf introduced the concept of 
sunspot relative number in 1848. Some of the earlier 
cycles do not satisfy equation (1), but the values of tr 
and Rm (particularly the latter) are of doubtful accuracy 
in the years prior to 1848. Nevertheless the success of 
equation (1) in futare cycles cannot be guaranteed. 

Fig. 1 shows the variation of Rm with tr given by equa- 
tion (1), with the values from the past ten cycles’ plotted 
as circles. The observed values are remarkably close to 
the curve in Fig. 1, thus strongly indicating a causal 
link between tr and Rm. Indeed, Fig. 1 may be just as 
good as many of the empirical relationships which have 
in other subjects served as forerunners to the development 
of true physical laws. 

Fig. 1 is not ideal for use in predicting Rm, because two 
values of Rm are possible if tę 1s between 3-3 and 3-6. 
However, since only one of the ten observed values lies 
on the upper branch of the curve (above Rm = 170), the 
lower part can be regarded as normal and is to be preferred 
for prediction. If the value of tr already obtained for the 
present cycle, 3-4 years, is correct, Fig. 1 suggests that the ` 
highest monthly smoothed sunspot number at the maxi- 
mum in 1968 will be about 140 (with Rm = 190 as a less 
likely alternative if the upper part of the curve applies). 
If Ru = 140, the present cycle may resemble the cycles 
with maxima in 1870 and 1947, and solar activity may, 
at maximum, reach the level prevailing in late 1959. 
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If the rise-time in the subsequent cycle is 3-8 years, the 
maximum Rm in 1978 should be about 110. 
The predictions may therefore be summarized as 


follows: 
Cycle 20 Cycle 21 


Date of maximum sunspot number 1968-1 19785 
Intensity of maximum, Rm 140 110 
Date of subsequent minimum 19747 1985 3 


The validity of the prediction methods used here is of 
course disputable, and there can be no certainty that the 
predictions are even approximately correct. However, 
it is certain that the problem of predicting future sunspot 
numbers cannot be shirked, because the lifetimes of near- 
Earth satellites? are controlled by upper-atmosphere 
density, which is strongly affected by solar activity. The 
theory of satellite lifetime estimation cannot be placed 
on a sound basis until better predictions of solar activity 
are available, and the prediction of the date and intensity 
of the next sunspot maximum is also a matter of practical 
importance. -For example, the U.K.3 satellite is intended 
to fly in a circular orbit at a height of 500 km, and its 
lifetime in orbit would be reduced by a factor of up to 
10 if, at the time of launching (probably 1967), sunspot 
numbers were very high rather than slowly climbing 
towards a low maximum. As a second example, the Echo 1 
satellite would probably not survive a vigorous sunspot 
maximum, but could last for 10 years “longer if the next 
maximum is very weak. Plans are being made for geodetic 
triangulation programmes utilizing Echo 1, and the date 
of its decay affects the planning. For these and various 
other practical reasons (see, for example, refs. 5 and 10), 
the prediction of sunspot numbers must be attempted, 
and out of the chaos of discredited methods a correct one 
may well emerge. 

D. G. Kine-HELE 

Royal Aircraft Establishment, 
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ASTROPHYSICS 


Lightning, Solar Flares and Radio Galaxies 


In 1925, when it was still believed that a potential of 
n x 10° V was necessary to cause a lightning flashs, 
C. T. R. Wilson put forward the suggestion that the soft 
cosmic rays up to about 10° eV might be accounted for by 
runaway electrons in thundercloud fields”. When it was 
pointed out that a lightning flash can occur with a total 
thundercloud potential of n x 107 V (refs. 24), the 
suggestion ceased to have much significance as applied 
to thunderclouds. However, in presenting a paper on 
these long leader strokes at the Belfast meeting of the 
British Association in 1952, I pointed out® that the 
Wilson mechanism might apply in the much longer 
cosmic electrical discharges, in which relatively large 
electric fields must be built up by the short-circuiting of 
these much more extensive electric fields by the leader 
stroke of such discharges as solar flares. 

In an earlier communication”¢, it was emphasized that 
temperatures of the order of 108 °K must be reached in 
these last electrical discharges, and in a later communica- 
tion it was pointed out that observational evidence had 
actually been obtained for the association of such tempera- 
tures with outbursts of solar flares. 
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The velocity of the jets of gas generated by these 
discharges is of the same order as that of the thermal 
velocities of the ions, namely, about 108 cm/sec, and thus 
accounted for the delay of about 1 day between the solar 
outburst and the main magnetic storm at the Earth. 
The associated electron velocities will be about 40 times 
this value or about 4 x 10° cm/sec, and it is now suggested 
that some of these electrons become the runaway elec- 
trons which account for the arrival at the Earth of a 
soft cosmic ray component about half an hour after the 
observed solar outburst. Their average speed is thus 
about 101° cm/sec, so they would only require to be 
accelerated by a factor of about 2 in the solar electric field. 

This consideration would confirm the view arrived at 
from an investigation of cometary phenomena” that the 
polarity of the solar field is the same as that of the thunder- 
storm field; that is, the regions farthest out in the gravita- 
tional field become positive. 

This view of the existence of two major velocities of 
propagation of two different types of activity, a high- 
speed electron component and a plasma jet, has interesting 
possible applications in the investigation of radio galaxies, 
in which the same two components may be expected to 
occur. Observations on the gas velocities made by Sey- 
fert? of about 4 x 108 cm/sec suggest the existence of 
plasma jets at temperatures of about 4 x 10° °K (ref. 27). 
Associated with these we should expect to find active 
haloes due to the runaway electrons from the main dis- 
charges and reaching dimensions of the order of ten times 
the latter. This is just what is observed, and in the case 
of Virgo A (NGO 4486) “the general direction of the 
extension is the same as that of the ‘jet’ which optical 
observations have shown issuing from the nucleus of 
NGO 4486” (ref. 4a). Shain writes in the same contribu- 
tion that ‘‘when angular sizes of a number of radio galaxies 
are determined, any optical search for associated galaxies 
must extend to galaxies having one-tenth or less of the 
radio diametera’’*. 

C. E. R. Bruce 
The Electrical Research Association, 
Cleeve Road, 
Leatherhead, Surrey. 
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PHYSICS 


Formation of Straight Whiskers on 
Sublimating Single Potassium Chloride 
Crystal 


NANNICHI has reported on the formation of silicon 
whiskers on a sublimating surface?. The specimen had in 
this case been kept at least 200 h at 1,000°~1,250° C in an 
initial vacuum of less than 10-® torr. The whiskers were 
bent and whirled but their tips were at the height of the 
original surface. Matter is transported away from the 
neighbourhood of certain places by thermal erosion so 
that what is left is thin enough to be called a ‘whisker’. 

In an investigation of the effect of annealing on the 
cleavage surface, straight whiskers were found on single 
potassium chloride crystals annealed at 600° C for 5-23 h 
in a vacuum of about 0-1-1 torr. They were first found 
lying on the crystal surface (Fig. 1). A closer investiga- 
tion revealed that there were also whiskers at right angles 
to the (100) surfaces (Fig. 2). The white dots marked 
with arrows in Fig. 1 are due to upright whiskers. 

Different surface features are formed during the heat 
treatment?:*. Abnormal features, for example plateaux, 
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Fig. 1. Whiskers of about the same length, but of different thickness, 
lying on an annealed (5 h at 600° C) potassium chloride crystal. The 
white spots marked with arrows are upright whiskers 





Fig. 2. Whiskers and pillars on an annealed (23 h at 600° C) potassium 
chloride crystal 
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Fig. 3. Pillarsformed in rows parallel to the cleavage steps on an annealed 
(5 h at 600° C) potassium chloride crystal 


are traceable to impurities like silica eompounds*. These 
cover the original surface in some places and inhibit sub- 
limation. ‘The widening of thermal etch pits is in certain 
places slowed down by these impurities. When a pit deepens 
the sublimation steps reach the edge, thus forming steep 
sides. When the pits combine around a poisoned place, 
pillars of different cross-sections are formed. The pillars 
are sometimes formed in rows parallel to cleavage steps 
(Fig. 3). This indicates that the impurities may easily 
attach themselves to some critical places formed in the 
cleavage process. The sides of the pillars are not perfect 
and thus sublimation takes place on them. The less 
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perfect sides sublimate more rapidly and thus the thinning 
pillar seeks for itself a position with more perfect sides. 
Whiskers are known to sublimate slowly®* because of 
their perfect sides. Thus the pillars formed with better 
sides are left on the sublimating surface, becoming 
longer and thinner until totally sublimated. Because the 
whiskers in Fig. 1} are nearly of equal length they have 
fallen down after the heat treatment. 

The part played by impurities (higher carbohydrates 
originating from the vacuum pump and greased joints’), 
adsorbed on advencing sublimation steps, which could 
govern the steepening of the sides of the pits, is not clear. 
It is probable that they may be disregarded; all that is 
needed is for poisoned places to lie on the original cleavage 
surface, and for the whiskers formed to have a high thermal 
strength. 

I thank Prof. M. Kantola for extending the facilities 
of the laboratory. This work was supported by Suomen 
Kulttuurirahasto. 
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Estimation of Moisture Content by Neutron 
Scattering : Effect of Sample Density and 
Composition 


SINCE it was first developed about 1950"? the technique 
of estimating moisture content by neutron scattering has 
been extensively used in the determination of soil mois- 
ture. In recent years, workers in several countries have 
extended the metaod to other materials*, utilizing in 
some instances the surface probe technique developed by 
Pawliw and Spinks for concrete*. The basic assumptions 
in all these measurements have been (a) that the thermal- 
izing power of hycrogen is so great in comparison with 
other elements that the slow neutron flux measured by the 
instrument can be ascribed solely to the hydrogen present 
in the sample*, and (b) that there is a unique relationship 
between hydrogen content and slow neutron flux except 
when elements of high capture cross-section for neutrons 
are present*4, 

We have examined the response of a commercial surface- 
type instrument to changes of moisture content in a 
number of building materials. Fig. 1 shows the results 
obtained with four specimens. These were (a) a concrete 
made with Portland cement, sand and basalt, with oven- 
dry density 2-23 g/s.c., (b) a concrete made with Portland 
cement, sand and expanded shale, with oven dry density 
1-41 g/e.c., (c) foamed Portland cement; oven dry density 
0-99 g/e.c., (d) foamed Portland cement; oven dry density 
0:50 g/c.c. The thermal neutron count is expressed as a 
fraction of that obtained on a standard paraffin wax block 
(‘relative thermal neutron count’). The total water 
content includes bound water. It can be seen that the 
curves are essentially parallel, but are displaced from one 
another to such sa extent that the same neutron count 
corresponds to much more water in specimen d than in 
specimen a; for example, at a relative neutron count of 
0-25, the water comtents vary almost in the ratio of 2: 1. 
The relative positions of these curves suggest that the 
density of the material has a large effect on the response, 
although the coinesdence of the curves for samples b and c 
shows that density alone is not the deciding factor. A 
similar density effect has been reported recently by 













ron iese observations it appears that the thermalizing 
er of atoms other than hydrogen cannot be neglected 
d that it is necessary to consider both the density and 






ype of the other atoms present. 
seems that the assumption of the overwhelming 
ializing power of hydrogen has arisen from con- 
siderations at thermal and near-thermal levels where the 
“nueroscopic slowing-down power (defined as € os where 
-Eis the average logarithmic energy loss of the neutron per 
collision and o, the scattering cross-section of the nucleus 
concerned) is very much greater for hydrogen than for 
other atoms. For example, at 0-025 eV the ratio of the 
_ microscopic slowing-down powers of hydrogen and oxygen 
is 72: Land of hydrogen and carbon 45 : 1. However, 
“Varies with neutron energy and, although £ is approxim- 
ately constant for each atom below 100 keV, above this 
energy there is a reduction in its effective value as the 
-scattering becomes anisotropic. The percentage change in 
- € is greatest for hydrogen but is of a similar order of mag- 
ude for all of the atoms with which we are concerned 
e, that is, the differences in this latter effect for the 
is atoms are sufficiently small for them to be neglec- 
n calculations such as those which follow. Fig. 2 
the variation of the total cross-sections of hydrogen 
“oxygen with neutron energy. For these elements 
tal cross-section is essentially the scattering cross- 
1. Although the cross-section of hydrogen is much 
than that of oxygen at very low neutron energies, 
erence diminishes as the neutron energy increases 
bove 3 MeV, the cross-section of oxygen actually 
that of hydrogen. 
hese higher energy ranges, where the effect of atoms 
ian hydrogen is appreciable, a significant propor- 
of the total number of collisions needed to cause 
malization occurs; slightly more than 20 per cent occur 
een 5 MeV. and 100 keV. From the data in Table 1 
pears that over this energy range the hydrogen con- 
& concrete specimen (b) may be responsible fer 
about half the total slowing down. At lower energies 
ogen will have a proportionately greater effect, 
ontribution of the other atoms will still not be 
For example, between 100 keV and 1 eV the oxygen 
of this specimen should produce about one-fifth 
e slowing down produced by hydrogen. Conse- 
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Fig. i. Relationship of neutron count to water content for different 
materiais, x , basalt concrete, 2-23 g/c.c.,a; C), shale concrete, 1-41 g/e.c., 
6; ©, foamed cement, 0-99 g/e.ec., c; A, foamed cement, 0°50 gi/c.c., d 
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Fig. 2. Varlation of total cross-section of hydrogen (broken line} and 
oxygen (solid line) with neutron energy 


quently it is only to be expected that any major change m. 





density or in the composition of the non-aqueous part of = == 
the specimen will change the slow neutron flux correspond: — ae 


ing to a given moisture content. 

Our experimental data, however, suggest that the initial 
collisions of the fast neutrons (for example, between 5 
MeV and 100 keV) may have an even greater influence on 
the thermal neutron flux than would be expected from the 
foregoing argument. The slow neutron flux from a given 
source should be directly proportional to the sum of the 
microscopic slowing-down powers of the components of 
the test material suitably averaged over the whole energy 
range from emission (5 MeV) to thermal energies (say 
0-025 eV). 


Table 1, 


ENERGY Loss BETWEEN 5 MeV AND 100 key ae 
Microscopic Macroscopic 


Mean 
Atoms per scattering slowing-down slowing-down 
Element ee x 10-*° cross-section power power 
(N) 5 MeV-160 ke¥Y 5 MeV- 5 MeV- 
(Gs) 100 keV 100 keV 
barns Exo Nx x oy 
H 84-4 1-006 57 5-7 196 
C 2-3 158 2-8 0-44 iat 
Q 261:5 0:120 52 O62 162 
Al 9-7 0-072 a4 0-25 2:4 
Si 94-2 0-070 33 023 29 
Ca PAANI 0-049 2-3 1} 25 
Table 2. OBSERVED AND CALCULATED RELATIVE THERMAL NEUTRON 


Counts AT DIFFERENT MOISTURE LEVELS 


Observed Calculated 
Specimen Speeimene Specimen d 
0-127 0-127 mr 0-128 
0-179 m= O-172 0-170 
0-266 0-259 0-226 0-250 


We have calculated the theoretical instrument response 
on this basis using the mean scattering cross-section for 
the range 5-100 keV, that is, calculating as if the relative 
cross-sections remain at their average value over the first 
20 per cent of the thermalizing collisions for all subsequent 
collisions. Since the constant of proportionality is not 
known, one was selected arbitrarily so that the caleulated 
value for specimen b at a moisture content of 0-05 g/e.c. 
agreed with the observed value. The results are given in 
Table 2, from which it can be seen that the correspondence 
between observed and calculated values is good, that is to 
say, the observed slow neutron flux varies as if it were 
greatly influenced by the initial collisions of the fast 
neutrons during which the scattering cross-section of 








CONTRIBUTIONS OF THE VARIOUS COMPONENTS OF SPECIMEN $ ` A 2 
(EXPANDED SHALE CONCRETE, WATER CONTENT 0-05 giec.) TO NEUTRON Po 
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hydrogen 1s of the same order of magnitude as that of many 
of the common atoms. 

Agreement to within 20 per cent has been obtained 
between the calculated and observed responses from a 
number of other materials containing various amounts of 
water or other source of hydrogen, namely, wood, sand, 
sand-sugar mixtures, and gypsum, and hence the same 
dependence of the thermal neutron flux on atoms other 
than hydrogen has been found over a range of composition 
and density. Allowance must, therefore, be made for this 
if neutron seattering is to be successfully used for moisture 
estimationsin materials of density or composition different 
from that with which the instrument was calibrated. 


E. H. WATERS 
G. F. Moss 
C.S.I.R.O. 
Division of Building Research, 
Melbourne, Australa. 
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Propagation of Stress Pulses across the 
Interface between Two Immiscible Liquids 


PREVIOUS experiments have been described by me and 
others}? in which pulses of compression and of tension 
have been propagated through a liquid column. This 
communication reports some experiments in which stress 
pulses were propagated across the plane boundary 
between two liquids which da not mix. 

For this purpose, a cylindrical steel tube was used to 
contain the liquids. This tube was 3 ft. long, internal 
diameter 7/8 in. and external diameter 1-25 in. It was 
fitted with a steel piston at its lower end and a pressure 
pulse was generated in the liquid by firing a lead bullet 
of 0-22 in. ealibre so as to strike the lower end of the 
piston normally at its centre. The pressure changes in 
the hquid were measured by means of a horizontal pressure 
bar mounted in a ‘porthole’ below the liquid surface. 

In this series of experiments, water occupied the steel 
tube to a level of 5 em or so above the pressure bar; 
about 50 cm? of transformer oil were then added. If we 
refer to the water and the oil as media {1) and (2), 
respectively, their acoustic impedances are A, = 1:49 x 
105 g cm~ sec? and R, = 1-28 x 10° g cem sec-?. Thus, 
for a stress pulse incident on the water-oil boundary 
from the water below we have the results: 








Transmissivity, tja = = 1-076 
Ys bye REFR, 
oe R,—R 
Reflectivity, Pia == e—a = — 0-076 
© ivity u= Roth 


Similarly, for a pulse incident on the boundary from 
the oil, we have: 





a Leete = 0-924 
as RFR, 
R,—-f, 

Yor = 2 == 0-076 
21 R, +R, 


Let us now consider what happens when a compressional 
pulse, of peak pressure P;, is incident on the interface 
from the water. The pulse transmitted into the oil ther 
has a peak pressure of P; = 1:076 P;, and at the upper 
free surface of the oil it is reflected as a tension pulse of 
peak value P’, = — P: = — 1-076 Pi. When this down- 


NATURE 289 


going pulse in the oil reaches the interface a tension pulse 
of peak value P”; = 0-924 P's = — 0-995 P; is propagated 
down. into the water. In these experiments P; is of the 
order of 100 atm. so that the peak tension P”, to be 
expected in the water 1s of the same order. All this 
reasoning is based, of course, on the assumption that no 
cavitation occurs. 

In a number of records taken the maximum tension 
recorded in the water was about 7 atm. This is the same 
as the value obtained when the steel tube contained water 
only and reported earlier by Rees and me. The most 
surprising thing is that it is possible for a tension wave 
to be propagated at all across a well-defined plane inter- 
face like that between these two liquids. Certeinly the 
result is surprising from a ‘macroscopic’ view of stress- 
wave propagation and brings to mind Hopkinson’s? 
celebrated work on the pressure-bar. In these experi- 
ments Hopkinson used a pressure-bar which had a 
detachable end-piece wrung to one end and he found that 
compressional pulses could be transmitted across the 
plane boundary between the bar and end-piece but that 
tension pulses could not. The present arrangement is 
rather similar in. the sense that the water column is like 
the pressure-bar and the oil column like the end-piece in 
contact with it. These experimental results certainly 
emphasize the fact that pulse propagation in liquids is 
more accurately described by means of a ‘microscopic’ 
approach, that is, in terms of the motion of the individual 
particles of the medium. 


- D. H. TREVENA 


Department af Physics, , 
University Collage of Watés, 
Aberystwyth, Curdiganshire. 
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GEOLOGY 


Pumice from the South Sandwich Eruption 
of March 1962 reaches New Zealand 


On March 14, 1962, H.M.S. Protector encountered an 
extensive raft of lerge and small pumice fragments in the 
neighbourhood of Zavodovski Island in the South Sand- 
wich Islands}. Itis believed that this pumice was erupted 
on March 5 from a submarine voleano which forms a 
shoal, minimum cepth 15 fathoms, 55-9° S, 28-1° W., 
lying some 35 miles north-west of Zavodovski Island. 
Towards the end of 1963, fragments of pumice up to 3 ft. 
in diameter were noticed washed up on the south-west 
coast of Tasmania and these have been tentatively corre- 
lated with the South Sandwich occurrence’. 

On January 24, 1964, H.M.N.Z.S. Pukaki collected 
pea- and marble-sized pieces of pumice floating in abund- 
ance south of Macquarie Island at 60° S., 160° E., and 
these, together with a larger block carrying barnacles, 
were forwarded to the University of Otago. During the 
southern autumn and winter of 1964 abundant blocks of 
pumice were noticed at Mason Bay, on the west coast of 
Stewart Island off the south tip of South Island of New 
Zealand and in the general area of Foveaux Strait, 
which separates Siewart Island from Soydun Island. In 
August of the same year abundant ea of pumice up to 
1 ft. or more in diameter were obsezved by us on the 
western shores of Bluff Peninsula in’Foveaux Strait. 

Since then we have been given numerous specimens 
of identical pumice that were collected at similar or even 
earlier dates, for example, one large block said to have 
been collected 20 miles south of Dunedin in January, 
1964, and two larga blocks, representative of many found 
during March 1964, in Lyttleton. Harbour, Banks Penin- 
sula, about 330 mites north-east of Bluff on the east coast 
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of the South Island. Furthermore, a reliable observer 
reports pumice on Foveaux Strait beaches as early as 
August 1963. Late in September 1964 many pieces were 
collected on the west coast of the South Island near 
Greymouth, 340 miles north of Foveaux Strait. No 
pumice had been found on the same beach previously, and 
furthermore, hke the Bluff Peninsula blocks, those from 
Greymouth, carried live colonies of the barnacle Lepas 
anatifera (identified by Dr. E. Batham of the Portobello 
Marine Biological Station, University of Otago). The 
approximate date of arrival on the beach is thus clear. 

By December 1964 fragments, often carrying live 
colonies of Lepas, began to arrive in abundance on many 
South Island beaches, both on the east and west coasts 
(for example, Waimairi Beach near Christchurch; Spit, 
Warrington and Akatore beaches near Dunedin; Big Bay, 
Jackson Bay and Karamea on the West Coast) while a 
block of about 1-5 ft. diameter was observed on D’Urville 
Island at the western entrance of Cook Strait separating 
the North and South Islands of New Zealand. Previous 
searches of Warrington Beach had failed to yield any 
pumice although considerable quantities of pumice had 
been reported from Waimairi Beach about one year 
previously—a statement not incompatible with the 
collection from Lyttleton Harbour. In places, for example, 
Akatore, January 1965, pea-size and smaller (very coarse 
sand) grains have been noticed floating like scum on the 
water. 

Like the South Sandwich materials the New Zealand 
specimens are pale grey to whitish in colour, with occa- 
sional darker streaks and inclusions. On being broken 
open, a number of them give off a distinct sulphurous 
smell, as was also recorded by Gass ef alt. The pumice is 
intensely vesicular consisting of a fine, delicate mesh of 
glass with larger cavities that not uncommonly contain 
a filigree of glass fibres. They contain small scattered 
crystals of several minerals. 

The refractive index of the pumice in the South Island 
and Pukaki collections shows little variation. Determina- 
tions on about 20 fragments (for example, OU 19796- 
197808) range from 1-493 to 1-496 + 0-002, though usually 
near 1-493. This is in fair agreement with the figure of 
1-496 + 0-002 given by Gass et al. for floating pumice 
collected near Zavodovsky Island in March 1962. Speci- 
mens from near the original site, forwarded to us by 
Dr. P. G. Harris, have refractive index 1-494 + 0-002. 

The commonest phenocrysts and microphenocrysts are 
plagioclase which often shows oscillatory zoning, the 
maximum variation observed being An,, to An,,. Hexa- 
gonal bipyramids of quartz, 1-2 mm in diameter, are not 
uncommon in the pumice grounded on New Zealand 
beaches, and although not mentioned in the account of 
Gass et al.1, they do occur in the specimens forwarded to 
us by Dr. Harris. The most abundant mafic mineral is 
greenish-brown hypersthene in prisms up to 2 mm long 
containing fluid inclusions and acicular apatite. The 
refractive index, y, is commonly in the range 1:720- 
1:733 + 0-002, the crystals sometimes being noticeably 
zoned. Augite (8 1-704-1-706 + 0-002) is subordinate to 
hypersthene and occurs as scattered green prisms. Mag- 
netite is also present as scattered grains, often partially 
included in the microphenocrysts of pyroxene. The 
assemblage.of mafic minerals in the drifted pumice is 
indistinguisheble from that in the South Sandwich 
pumice provided by Dr. Harris. Small xenoliths, including 
one of hornblende hornfels, were observed. Another 
feature common to the South Sandwich and South 
Islands specimens is -the relative abundance of halite 
cubes and other soluble\salts even in the interior of quite 
large blocks. 

The data presented here, firmly establish the correlation 
of the drift pumice with that of the South Sandwich 
eruption. In contrast it may be noted that the refractive 
index of the glass, the relatively anorthite-rich range of 
plagioclase compositions and the presence of quartz, 
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contrast rather sharply with the sub-recent pumices of 
the North Island of New Zealand’. 

To reach Foveaux Strait the first flush of pumice to 
arrive in abundance has travelled a net distance of about 
7,000 nautical miles in 850 days in the West Wind Drift 
at an average net rate of about 8 nautical miles per day. 
The earliest South Island drift pumice we have checked 
microscopically has travelled the distance in 680 days at a 
rate of 10 miles per day, while some pumice, presumably 
from the same eruption, would appear to have completed 
the journey in about 530 days at an average net rate of 
about 13 nautical miles per day. The drift rate for the 
coarse and fine pumice encountered by H.M.N.Z.8. Pukaki 
and for the 1963 groundings on Tasmania is also about 
10 miles per day. Since then pumice has been more 
slowly distributed to east coast beaches by the coastal 
Southland current*. 

Previous data on the velocity of the West Wind Drift 
appear to be scanty, but Deacon’ notes the eastward 
drift of bottles and of jetsam at about 8 miles a day. 
Russellt gives a list of recent papers that reported a rapid 
daily drift; he notes numerous examples from the southern 
seas with drift rates of 11-13 miles a day. It may be 
noted, in comparison, that Richards’ has shown that 
pumice from the 1952 eruption of Isla San Benedicto, 
off the coast of Mexico, travelled to points as far westward 
as the Marshall Islands at rates ranging from an average 
of 4-7-14:7 nautical miles a day, while Krakatoa pumice 
drifted westwards across the Indian Ocean at rather 
similar rates. 

In addition to the light they throw on the drift of 
materials floating in the surface layers of the sea, these 
instances provide graphic evidence of the manner in which 
certain pyroclastic materials can be transported for very 
great distances, ultimately no doubt to be incorporated 
in sedimentary rocks deposited remote from the site of 
any voleanic activity. 

We are grateful to many individuals for specimens and 
information; in particular, Dr. E. Batham, Mr. J. W. 
Brodie, Mr. J. D. Campbell, Prof. 8S. W. Carey, Mr. D. R. 
Gregg, Mr. W. F. Lindqvist, Mr. W. J. Smolenski, Dr. R. P. 
Suggate, Dr. W. A. Watters and Mr. D. Young. 


D. 5. Coomss 
C. A. LANDIS 


Department of Geology, 
University of Otago, 
New Zealand. 
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Changes in Level of Lake Naivasha, Kenya, 
during Postglacial Times 


STRANDLINES high above the present levels of three small 
lakes in Kenya provide some of the earliest-recognized 
evidence for past climatic changes in tropical Africa. The 
terraces above Lakes Nakuru, Naivasha and Elmenteita 
were studied intensively by Nilsson? more than 30 years 
ago, and are one of the major bases on which the pluvial 
theory of Pleistocene climates in Africa was constructed. 
Despite later disagreements on the number and interpreta- 
tion of these strandlines, it is still generally accepted that 
they provide good evidence for at least one pluvial period 
(the Gamblian) and two lesser post-pluvial wet phases 
(the Makalian and Nakuran)*:4, 

The three lakes lie in adjacent closed basins in the 
Eastern Rift Valley, between latitudes 0° 15’ and 0° 650’ S., 
and longitudes 36° 0’ and 36° 30’ E. They have fluctuated 
sensitively during the past 50 years in accordance with 
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both yearly changes and more long-term trends of rain- 
fall. 

In December 1960 and January 1961, Robert Kendall 
and I raised a 28-m core from the deepest part of Lake 


“© Naivasha, a submerged crater near the eastern shore. 


At that time the crater was 13 m deep, and was almost cut 
off from the main body of the lake by its slightly elevated 
outer rim (Crescent Island). During past periods of lower 
water, the crater must have been comp-etely isolated. 
Core analyses of diatoms, pollen, chemistry and 
mineralogy have been carried out in collaboration with 
Dr. D. A. Livingstone, and three carbon dates have been 
provided by the Yale Radiocarbon Laboratory. An 
extremely rapid average rate of sedimentation has 
characterized that portion of the history of-the Lake 
covered by the core, the total age of the section being 
9,200 + 160 years. This is insufiicient to provide evid- 


%ence regarding the Gamblian Pluvial, which is believed 


ea 


to have ended 10° or 12 x 10° years ago‘, but the core has 
supplied a very detailed record of changes in this basin 
during most of the supposed time-spar. of the Makalian 
and Nakuran wet phases. 

The lower half of the section was much more homo- 
geneous than the upper in gross appearance, chemistry 
and mineralogy; and the diatom assemblages of this 
region, though variable, always contained euplanktonic 
species (for example, Strephanodiscus cstraea) as impor- 
tant constituents, together with more littoral forms. 
These lines of evidence indicate a lake of medium size 
in which the crater was freely confluent with the main 
lake. A date of 5,650 + 120 years before 1950 fixes the 
end of this relatively stable phase in the history of the 
Lake. 

Metres 14-8-20 represent & second phase, during which 
the Lake shrank and the crater portion was reduced to a 
weedy pond. Percentages of organic master and carbonate 
were higher in this part of the core, and sharp changes in 
the diatom assemblages suggested thet the crater was 
isolated from the main lake as far back as the middle of 
metre 12. This phase was terminated abruptly by a 
complete drying of the crater basin, as indicated by a 
partially weathered, impermeable, sandy layer extending 
from metre 8-20-7:80. The sharp interface between this 


layer and the underlying lake mud suggests that during ` 


this dry period the water table never lay more than 
40 or 50 cm beneath the surface (that is, approximately 
21-7 m below the water level at the end of 1960). A date 
of 3,000 + 60 B.r. has been obtained for the portion of 
metre 8 just above the dry zone. 

The remaining few upper metres of the core were, when 
wet, very colourfully banded in many parts, and all the 
analyses suggest a lake the conditions of which were 
rapidly fluctuating, often more concertrated chemically 
than it is to-day. This lake was usually (if not always) 
smaller than it has been in historic times. 

These stages of Lake Naivasha are compared in Table 1 
with a recent chronology* of the post-pluvial wet phases, 
in which the dates were approximated from cultural 
evidence and from a presumed relationship between these 
phases and postglacial climatic evente in Europe. The 
new evidence from Naivasha corresponds quite closely 


Table 1. PRESUMED HOLOCENE CLIMATIC SEQUENCE IN EAST AFRICA WITH 
ESTIMATED DATES (ADAPTED FROM COLE‘), COMEARED WITH CARBON-14 
DATED STAGES OF LAKE NAIVASHA 


Years Years 
Climatic phase before Natrasha before 
1950 (est.) 1950 (O**) 
Q (0) 
Nakuran wet phase Small, fluctuating lake 
2,750 $,000+ 60 
Dry interval Dry 
4,450 Shrinking 
5,850 + 120 
Makalian wet phase (2) Lake larger than at 
; 7,458 present 
Drier 9,200 + 160 
9,450 
Makalian wet phase (1) ? (No*evidence) 
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with the previously established picture, but indicates that 
the latter must be medified in one important respect. The 
Nakuran wet phase was described from a strandline at 
Lake Nakuru which Nilsson and others believed equivalent 
to a Naivasha strandline 23 m above the 1960-level of the 
Lake. If the core interpretation is correct, the Lake 
could not have been this high for almost 5,000 years, and 
the Nakuran wet phase must thus be back-dated con- 
siderably. The present investigation produced results 
which agree with suggestions that there has been a return 
to wetter conditions in the past 3,000 years, but this 
shift has been more-modest than hitherto supposed. 

The core has alsa >rovided evidence that more sharply 
seasonal climates characterized the Naivasha watershed 
until about 2,500 years ago. Varves were found through 
most of the section below metre 7, but not above. In 
most of East Africa to-day the climate is characterized 
by one rainy and one dry season yearly, but a narrow 
equatorial belt that includes Naivasha exhibits a more 
muted seasonality, with two moderately rainy and two 
moderately dry periods per annum. The more seasonal 
rainfall pattern at present occurs within 65 km of 
Naivasha,-and no great migration of climatic belts— ‘ 
probably just a slignt accentuation of the monsoon, in 
fact—need be postulated for periods when this more 
seasonal régime occurred at Naivasha. 

Modern trends of total yearly rainfall have not been 
uniform throughout East Africa. It has been shown that 
various parts of Kenya alone can follow persistent opposing 
rainfall trends over periods of 30 years or more®. There- 
fore the possibility cannot be dismissed that the relatively 
moderate changes m size of Lake Naivasha during the 
past 9,000 years reflect quite local climatic shifts. Evid- 
ence from other investigations in Africa, however, makes 
this seem unlikely Two sharp changes in a pollen 
curve from Mount Kanya‘, 140 km north-east of the Lake, 
seem clearly to comcide with the onset of the shrmking 
stage and of the dry period at Naivasha. Changes in 
the level of the Lake cannot be correlated so closely with 
a pollen profile fram the Cherangani Hills’, 240 km 
north-west of Naivasha, but the latter investigation is not 
contradictory. Farther afield, climates deduced for dated 
levels at Kalambo Falls? and in- “north-eastern Angola’, 
1,000 and 1,850 kmxouth-west respectively, are consistent 
with those that could be inferred contemporanecously at 
Naivasha. Broadly similar climatic trends, although 
perhaps asynchronous by a thousand years or more, may 
even be traced during this period in the Chad basin”, 
far to the west. These comparisons suggest that wide- 
spread climatic phenomena, particularly the warmer 
temperatures of the elimatic optimum, were at least partly 
responsible for the changes in size of Lake Naivasha. 

I thank Dr. S. D.Heron and the Department of Geology 
at Duke University for assistance with the mineralogical 
investigations; Dr. Minze Stuiver and his colleagues at the 
Yale Radiocarbon Laboratory for the valuable absolute 


dates; and the Natianal Science Foundation for providing 


financial support for Dr. D. A. Livingstone and myself. 
This material formed part of a doctoral thesis submitted 
to the Graduate School of Arts and Sciences at Duke 
University. 
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CHEMISTRY 


Tetrakis (Triphenyl Phosphite) Nickel (0) 
as an Initiator of Polymerization at Room 
Temperature 


ORGANO-METALLIC compounds in which the metal is 


in a low (preferably zero) oxidation state, in the presence ` 


of a suitable organic halide, can initiate the free-radical 
polymerization of vinyl monomers’. The metal carbonyls 
and their derivatives, and the hexaphenylisocyano? 
complexes of group VI metals have been most studied 
from this point of view. Recently we have studied the 
compound tetrakis (triphenyl phosphite) nickel (0) 
(TTPN), described in the literature earlier this year; 
our observations on this material, which shows unusually 
high activity as an initiator, are reported here. From a 
practical point of view this derivative has the advantage 
of possessing a comparatively high stability in the solid 
state (it melts fairly sharply at 146° C)—an unusual 
attribute for a material which is an effective initiator at 
room temperature. 

As a ligand, triphenyl phosphite belongs to the same 
class as carbon monoxide and phenyl isocyanide; however, 
the double-bond character of the phosphorus to metal 
bond arising from the back-donation of electrons from the 
d orbitals of the metal to the ligand is much less and 
consequently the ligand is more readily displaced. 

Tetrakis (triphenyl phosphite) nickel (0) was prepared 
by the reaction of the pure ligand and freshly sublimed 
nickelocene in boiling benzene under anitrogen atmosphere, 
according to the method of Olechowski, McAlister and 
Clark’, and purified as described by these authors. 

The derivative alone is not an effective initiator of the 
polymerization of methyl methacrylate at 25° C, but it 
initiates readily in the presence of a low concentration 
of a suitable organic halide such as carbon tetrachloride. 
The dependence of rate of polymerization on carbon tetra- 
chloride concentration is remarkably similar to that 
observed with the-metal carbonyl! and phenyl isocyanide 
derivatives?; the rate, almost zero for [CCl] = 0, at 
first rises rapidly with increasing [CCl] but ultimately 
reaches a plateau value, so that for [CCL] > 0-02 mole 1.4 
it is independent of [OCL]. With nickel carbonyl the 
era rate is reached only at higher values of [CCL] 

ref. 4). 

In bulk methyl methacrylate at 25° C the rate of poly- 

merization is given by: 


(1) 


(M represents the monomer). The free-radical nature of 
the reaction is indicated by the half-order in initiator 
concentration in (1) and also by the fact that the kinetic 
parameter kpk? (kp, k: being propagation and termination 
coefficients, respectively) calculated from mean rates 
and degrees of polymerization has the normal value 
for the free-radical polymerization of methyl methacrylate 
at 25° C. The order in monomer concentration is 1-5 
(with benzene as diluent), showing that the monomer 
enters into the initiation step; this has been found with 
some carbonyls, for example, molybdenum carbonyl}. 
We believe that a similar mechanism holds in all these 
systems—the metal derivative reacting with monomer 
to form a complex which afterwards yields radicals on 
reaction with the halide. 

Tetrakis (triphenyl phosphite) nickel (0) does not show 
the marked inhibition observed with nickel carbonyl}, 
so that the relationship (1) is obeyed over the whole range 
of concentrations investigated (up to 2-9 x 10-3 mole 1.73). 
Initiation at 25° C is much more rapid under comparable 
conditions of concentration than with nickel carbonyl 
particularly at high initiator concentrations when inhibi- 
tion in the nickel carbonyl] system is very marked. Even 
at low concentrations the difference amounts to a factor 


— ~az = 1:02 x 10- [TTPN]?/8 mole 1.-* sec- 
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of nearly 100 in the rate of initiation. These results, 
therefore, are consistent with the view that tripheny! 
phosphite is a more labile ligand. 

Triphenyl phosphite acts as a mild inhibitor of the 
polymerization, the effect being very small compared to 7 
the inhibition by carbon monoxide encountered in the 
corresponding carbonyl system. (Triphenyl phosphite is 
not a retarder ih these reactions, nor does it affect the 
free-radical polymerization of methyl methacrylate initia- 
ted. by azo-bis-isobutyronitrile.) This may indicate that 
the initial reaction of the nickel derivative with monomer 
is not readily reversible, or that the greater part of the 
process involves addition of monomer without scission of a 
triphenyl phosphite ligand. 

Use of polyvinyl trichloracetate (PVTCA) as the halide 
in place of carbon tetrachloride leads to very rapid 
gelation at 25° ©. Thus with [PVTCA] = 3-84 x 10- base 
mole |.-! (weight average molecular weight 88,000) and» 
[TTPN] = 6-15 x 10-4 mole 1.-? the gel time is 10 min, 
approximately. As already shown‘, this implies that 
radical formation takes place by abstraction of a halogen 
atom from the halide by the metal derivative, giving an 
organic radical (for example, -CCl, from CCI) capable of 
initiating polymerization. 

Work is in progress to investigate the effect of changes 
in the structure of the organic ligand on the activity of 
these initiating systems. 

We thank Joseph Crosfields and Sons, Ltd., for financial 
support of one of us (K. H.). 
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Effect of Zinc Chloride on the Velocity 
Coefficients in the Polymerization of 
Methyl Methacrylate 


Ir is well known that the reactivity of the propagating 
species in ionic polymerization is greatly influenced by 
the proximity and character of the gegenions and by 
complex formation. As a rule, free radical reactions are 
comparatively insensitive to the nature of their environ- 
ment, although there are references in the literature to 
changes in the rate of free-radical polymerizations, and 
the nature of the polymers formed, which have been 
attributed to the participation of radicals in complexed 
forms. The investigation of the structure and reactivity 
of radical complexes in polymerization is a field which 
has not been surveyed systematically, but which, never- 
theless, may contain interesting features. We have 
embarked on an investigation of the absolute rate co- 
efficients in the ‘free-radical polymerization of vinyl 
monomers in the presence of possible complexing agents 
and report here some results for the methyl methacrylate— 
zinc chloride system. The only measurements of a similar 
type recorded in the literature appear to be those of 
Bamford, Jenkins and Johnston!, on acrylonitrile in 
NN-dimethylformamide solution in the presence of 
lithium salts. Kargin, Kabanov and Zubov? considered 
that the presence of zine chloride during the polymeriza- — 
tion of methyl methacrylate affects the microstructure of 
the polymer, but this finding was not confirmed by 
Bovey®. More recently, Imoto, Otsu and Harada‘ have 


` 
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investigated the steady-state polymerization of methyl 
methacrylate in the presence of zine chloride and have 
shown that at 60° © the rate of the reaction initiated by 


«,. &Zz0-bi8-isobutyronitrile is increased by addition of zine 


chloride, the ratio kp/ V kt also being increased (kp, kt are 
the velocity coefficients for propagation and total bimole- 
cular termination, respectively). 

In our work, kp/k; was measured at 25° C by the 
rotating sector technique, with light of wave-length 
3650 A and azo-bis-isobutyronitrile as photosensitizer. 
The geometry of the sector was such that the dark periods 
had twice the duration of the light periods. Rates of 
polymerization were determined dilatometrically; it was 
shown that the relation between, the contraction in volume 
and the extent of conversion is not changed by the 
presence of zine chloride. In all cases less than 10 per 


p cont of the incident light was absorbed. 


The treatment of Matheson et al.5, in which allowance 
is made for a finite rate of initiation in the dark, was used 
in evaluating kp/k:. (Note that we define k: so that the 
rate of mutual destruction of radicals is k;[R-]*, where 
LE-] is the radical concentration. Matheson et al.5 write 
2k:LR-}* for the same quantity.) An approximate estimate 
of Rp/(kL)t was made by comparing plots of V3. Rp/ Rý 
against log,,ft, with the appropriate theoretical curve. 
Values of log, [R,/(k:I)t] corresponding to each experi- 
mental point in the steeply sloping region of the curve 
were then found, and hence the mean value and the 
standard error of log,[Rp/(keT)t]. (Rp, Rp are the rates 
of polymerization under constant illumination and inter- 
mittent illumination with the duration of a light period 
tı, respectively.) Fig. 1 shows the plots obtained in the 
presence and absence of zine chloride; clearly the salt 
changes the value of Rj/(kZ)t. The derived values of 


kpk: in Table 1 indicate that the presence of the salt at 
a concentration of 1-42 mole 1.-} increases the ratio by a 
factor of approximately 2-5. 





~ L0f1o é Rp 
Fig. 1. Results obtained by the rotating sector technique. The ratio of 


the dark rate to R; is 0-14. ©, Zinc chloride absent; @, 1-42 moie 1. 
zine chloride 


The magnitude of the ratio kp/ V k: (required to evaluate 
the rate coefficients separately) was obtained from mole- 
cular weight and rate determinations. Number average 
molecular weights were estimated from intrinsic vis- 
cosities. For this purpose allowance was made for the 
fact that termination occurs both by disproportionation 
and combination. If, with ordinary nomenclature, the 
relation : 

[n] = K Ms (1) 
applies to a ‘disproportionation’ polymer, it may be shown 
that, if y is the ratio of combination to disproportionation : 


2+Y 1+-y (1+ «/2) 
m= Ki Gt) Ae) o 
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Equation (2) was used to evaluate M, from [n], using 
the values of K, « given by Fox et al.*, and taking y = 0-47 
at 25° O (Bevingtorret al.’), Finally, kp/ Vk: was evaluated 
from equation (3). 
kp Ea 24y N? (3) 
Vig [MS =? X(1+y) 

in which Rp is the rate of polymerization corresponding to 
a number average dagree of polymerization Pp. 

Equations (2) and (8) are only valid if transfer is 
negligible. Imoto et al.t, using the Mayo equation, derived 
a value of 278 x 10-3 for the transfer constant of zinc 
chloride at 60° C. However, the Mayo relation should not 
be applied to systems in which the rate of polymerization 
or the velocity coefficients are functions of the concen- 
tration of the transfer agent. A plot of the reciprocal of 
Py (determined from equation (2)) against Ep at constant 
[ZnCl,] is linear and passes close to the origin, and is, 
therefore, consistent with the occurrence of only a very 
small amount of transfer. The transfer constant of zinc 
chloride must be less than 10-4 for [ZnCl,] = 1-42 mole 1.-; 
use of equations (2) and (3) is therefore justifiable under 
our conditions. The degrees of polymerization were cor- 
rected to allow for transfer. 
Table 1. EFFECT OF ZINT OHLORIDE ON THE RATE oe oe ae IN THE 


POLYMERIZATION OF METHYL 3 ORYLATE AT 25° 


Concentrations of the components of the reaction mixture, other than mono- 
mer, are shown. Photosensitizer azo- -bis-isobutyronitrile (AZDN) 


kp/ V Be 10-kp 107k: 
[ZnCl] 1O{AZDN] IFkpfkt (mole {mole (mole: 
(mole 1.) (mole 1.1) 14 sec") l.sec7?) l.sec-t) 
° £831 10-6 40-9 005140001 25203 23406 
1°42 3°05 =,” Ş i i 
ris Bet 272430 00128+0002 61410 224068 


The values of kp! Vke and the individual values of 
kp and ke are exhibited in Table 1. It is of interest that 
while kp is increased markedly by zinc chloride, ks remains 
virtually unaffected; in this respect the results resemble 
those obtained earlier with acrylonitrile and hthium 
chloride!. Our observations in the absence of zine chloride 
are in good agreement with those of Matheson et al.5. 

The solution of zine chloride in monomer has a high 
viscosity—about 73 per cent higher than that of pure 
methyl methacrylate» (MMA) at 30° C. Imoto et al. 
showed from infra-red observations that the salt and 
monomer form a complex, which they formulated as 
ZnCl,.MMA. It seamed likely to us thet the complex 
might exist in polymeric form in solution, and thus give 
rise to the high viscosity. Measurements of the depression 
of the vapour pressure of the monomer are consistent 
with this and indicate a mean degree of association of 3:3. 
Probably some chains considerably longer than this are 
built up, with both zine chloride and monomer acting as 
bifunctional units. Solutions of zine chloride in ethyl 
acetate also show a similarly increased, viscosity. 

The marked increase in the velocity coefficient of chain 
propagation in the presence of zine chloride could arise 
in several ways: (1) the salt might complex with the 
propagating radicals in such a way as to increase their 
reactivity to methy. methacrylate; (ii) the monomeric 
complex ZnCl,.MMA may be more reactive than the 
monomer; (iii) chains of zinc chloride and MMA units 
may have the latter anits arranged sterically in a manner 
suitable for polymerization. 

Imoto et al.‘ carried out copolymerization experiments 
with vinylidene chloride at 20°-25° C., and, as these 
workers point out, their measurements of the reactivity 
ratio 7, (vinylidene ehloride is monomer 2) suggest that 
(ii) is important. However, the decrease in r, produced 
by the presence of the salt is larger than would be 
anticipated from our measurements of kp alone; this may 
indicate complexing of the MMA radicals, which might 
well decrease kpg in. addition to increasing kp,,. (It is 
assumed in this argument that neither the vinylidenc 
monomer nor radical is affected by zinc chloride.) 


- 
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The constancy of the termination coefficient is consistent 
with the view that the high viscosity of the solution arises 
from the presence of a low concentration of polymeric 
chains. 

We thank B.LP. Chemicals, Ltd., for the research 
scholarship awarded to one of us (8. B.). 

; C. H. BAMFORD 
S. BRUMBY 
R. P. WAYNE 


Department of Inorganic, Physical and 
Industrial Chemistry, University of Liverpool. 


1 Bano: a Jenkins, A. D., and Johnston, R., Proc. Roy, Soc., A, 241, 

*Kargin, V. A., Kabanov, V. A., and Zubov, V. P., Vysokomol. Soedin, 2, 
785 (1960). - 

3 Bovey, F. A., J. Polym. Sei., 47, 480 (1960). 

t Imoto, M., Otsu, T., and Harada, X., Makromol. Chem., 85, 180 (1963). 

5 Matheson, M. S., Auer, E. E., Bevilacqua, E. B., and Hart, E. J., J. Amer. 
Chem. Soc., 71, 497 (1949). 

‘ Ee ake ea J. B., Mason, H. F., and Schuele, E. M., Polymer, 3, 

? Bevington, J. ©., Melville, H. W., and Taylor, R. P., J. Polym. Sei., 12, 
449 (1954); 14, 463 (1054), 


Electron Spin Resonance Spectrum of N HS0; 


CHANGES in the electron spin resonance spectra of 
various carbon} * and nitrogen’-* centred x-radicals on 
cooling to low temperatures prompted us to re-examine 
the spectra of the radical NH}SO; trapped in irradiated 
sulphamic acid’. From the earlier work of Rowlands and 
Whiffen‘ it appears that at 300° K there is rapid re-orienta- 
tion of the NH? group between two equivalent positions, 
so that the two protons are equivalent for all orientations 
of the radical in the magnetic field of the spectrometer. 
At 77° K a marked increase in the magnitude of the 
hyperfine interaction of the unpaired electron with the 
uN nucleus was noted for the orientation H, parallel to 
the crystallographic b-axis. It was suggested that this 
might be due to changes in the radical geometry. 

In order to establish if this were indeed the case we 
examined the spectra at 4° K, at which temperature 
rotational motion no longer occurs. Furthermore, in 
order to improve the resolution of the spectral lines the 
radical has been generated in sulphamic acid enriched to 
over 95 per cent in the isotope “N. This material was 
purchased from Merck, Sharp and Dohme, Ltd., Montreal. 
Single crystals of sulphamic acid were grown from aqueous 
solution; they belong to an orthorhombic system® having 
a= 8:100 A,b = 8-049 A,and c= 9-228 Å, and form hexagonal 
tablets on (100). Both X- and y-irradiation facilities 
were used, at 300° K and at 77° K, in an attempt to 
minimize the formation of KO}, the presence? of which 


partly obscures the spectra of NH{SO;. None of these 
experiments had any effect on the relative concentration 
of the two radicals. The electron spin resonance spectra 
were examined with a Varian V-4502 spectrometer 
previously described‘. Room temperature data were 
obtained from & crystal mounted on a two-circle gonio- 
meter®; the low-temperature data were obtained from 
crystals mounted on quartz rods and immersed in Dewar 
vessels containing liquid nitrogen (77° K) or liquid 
helium? (4° K). 

The proton and ™N-hyperfine tensors determined from 
the spectra of NHSO; at 300° K are given in Table 1. 


Table 1. HYPERFINE TENSORS zon NH‘SOs 'IN SULPHAMIO ACID AT 


Tensor * in abe Principal 
Nucleus  axis-system (Mejs) values Principal directions 
uy 718 63-6 25 146-8 (+0°631, +0727, +0269 
636 786 346 48°5 A 0-525, +0146, +0 839 
3 84-6 447 0-0 +0571, —0 671, +0 474 
Protons 641 -6-0 15-9 62°7 (+0667, +0715, +0210 


—6-0 717 —1l4 f ~ 0-489, +0207, +0847) 
159 -11-4 5b1 85°1 + 0-562, —0-668, + 0-488) 
* These tensors refer to one panana site; the tensors for the other three 
sites are obtained by changing the signs of the off-diagonal elements in pairs, 
with appropriate sign changes in the fourth column. All four tensors have 
the same principal values. 


~~ 
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The principal values agree well with those previously 
reported’, when allowance is made for the different nuclear 
moments of SN and 4 N (y15/y:4= 1-403). Within the 


experimental error both tensors are diagonal in an axis-. 


system defined as follows: perpendicular to the radical 
plane (ty=147 Mc/s, tg =63 Mojs); parallel to the S—-N 
bond (ty = 0 Mc/s, ta = 85 Me/s) and the mutually perpen- 
dicular direction (ty =48 Mc/s, tg=39 Mc/s). From the 
crystal structure of sulphamic acid® it may be calculated 
that an S-N bond in the undamaged crystal has direction 
cosines (0-537, — 0-743, 0-399) and that this vector makes 
an angle of cos-! 0-993 or 6-9° with the largest principal 
value of the proton tensor. It is clear that at 300° K 
the radical NH{SO; is a typical x-electron radical. 

At 77° K the reorientation of the amino group had 
slowed to a frequency comparable with that of the 


hyperfine interaction, and consequently lines in the-. 


spectra arising from radicals the proton spins of which 
were antiparallel had broadened. Moreover, because of 
the anisotropic nature of the hyperfine interaction, this 
broadening was dependent on orientation. A complete 
analysis of the spectra at 77° K was not possible for this 
reason and, since our results add little to those of previous 
workers®, no data are presented for 77° K. 

At 4° K rotational motion of the amino group has 
ceased so far as the electron spin resonance experiment 
is concerned. All the lmes in the spectra were sharp, 
and the two protons were distinguishable. As the mag- 
netic field explored planes perpendicular to the ortho- 
rhombic axes two magnetically distinct sites, each giving 
rise to an eight-line spectrum, were apparent. Analysis of 
the spectra was made more difficult by the strong, and 
rather broad, signal from SO}, and by the very small 
g-factor anisotropy in the spectra from NHjSO; radicals. 
For these reasons no reliable estimate of the off-diagonal 
elements of the tensors can be offered. In Table 2 the 
observed hyperfine splittings of the three nuclei are listed 
for H, parallel to the three crystal axes. These splittings 
enable us to place an upper limit on the isotropic hyperfine 
interactions. The averages of the three diagonal elements 
listed in Table 2 are 109-5 Me/s for the SN nucleus, and 
64:6 and 66:6 Mc/s for the two protons. Since the 
off-diagonal elements of the 1N tensor are not small, it is 
estimated that the isotropic hyperfine interaction cannot 
be greater than 95 Mojs, or less than 75 Mo/s. 


Table 2. HYPERFINE SPLITTING OF NHESOs IN SuLpHanro ACID AT 4° K 
Hyperfine splitting (Mc/s) with Hy 
slong axis 


Nucleus 
a b e 
uN 109-0 129:7 898 
Proton 54°5 82-0 67°3 
Proton 03-2 82-0 24°97 


With regard to the possibility of a change in radical 
geometry at low temperatures, it will be recalled that 
the effect of changing the hybridization at the nitrogen 
atom from sp? to a non-planar configuration in which the 
hybrids used in bonding remain equivalent is to put s 
character into the orbital containing the unpaired electron. 
The fractional amount of such s character is 2cot*0, 
where 6 is the angle between the half-ocenpied orbital 
and one of the hybrids used m bonding?®. Recently 
tabulated!!! SCF-AO data indicate a value for d3,(O) 
of 4-770 a.u. for nitrogen, and hence a hyperfine interaction 
of 2,161 Mejs for an unpaired electron in an N 2s orbital. 
It may be calculated that a distortion of 5° from planarity 
(9= 85°) would give a contribution to the isotropic 5N 
hyperfine interaction of 33 Me/s by this mechanism, and 
a distortion of 10° a contribution of 134 Mejs. Such a 
contribution would add to that produced by spin 
polarization. 

It is clear, however, that if the present estimate of 
85+10 Me/s for the isotropic interaction at 4° K be 
accepted, ® significant increase over that pertaining at 


300° K (65 Mc/s) is apparent, and this may be due to a 


_ 
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distortion of ~ 5° from a planar skeleton at the nitrogen 
On the other hand, an increase of compat able 
itude may well be due to the crystal field effects 


sdiscussed by Rowlands and Whiffen’. 
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Equilibrium at the Solid-Liquid Interface 


Ward and Brooks? in 1952 provided the only experi- 
mental justification for the much used assumption of 
concentration equilibrium at the interface during solid 
dissolution investigations. Using both Lamm scale and 
Rayleigh interferometer measurements of concentration 
gradients they calculated interfacial concentrations equal 
to the saturation values for the dissolution of salicylic 
acid and of n-butyl acetate in water. They also reported 
robable saturation for the benzoic acid-water system 
although the calculated concentration at the interface 


*=variod somewhat with the experimental method. It 


s 


t that a more appropriate instrument for such 
measurements would be the Mach-Zender interferometer, 
which permits the direct measurement of concentrations 
in the vicinity of a solid surface*. For the present work 
an interferometer was constructed similar to that de- 
scribed by Caldwell for diffusion studies*. The continuous 
light source was replaced, however, by a high-intensity, 
short-duration spark discharge* to provide better photo- 
graphic resolution of the rapidly changing concentrations 
in the vicinity of the interface. This instrument was then 
used to investigate the dissolution in water of benzoic 
acid and of acetanilide. 

e The diffusion cells constructed for this investigation 
had two separate compartments arranged s0 that each 
was intersected by one of the interferometer light beams. 
The upper (reference) compartment was then filled with 
distilled water only, while the lower one contained both 
the solid under investigation and the water solution in 
which that solid was slowly dissolving. Powders of the 
appropriate solids were compressed into blocks in a 
hydraulic press under an applied pressure of approx- 
imately 10,000 Ib./in.*. The compressed solids were then 
carefully machined to fit into the cells and to provide 
flat, horizontal interfaces. Distilled water was permitted 
to fill the cell and overflow slowly. The water flow was 
then halted and a series of interferograms taken at con- 
venient time intervals. 

Fig. 1 is a typical set of interferograms. Parallel and 
vertical fringes on these photographs indicate 4 region of 
pure solvent. The number of fringes crossed while 
traversing downwards along a vertical path towards the 
interface gives the ‘fringe shift’ (F.S.) at any location. The 


~*eoncentration may be evaluated from the fringe shift at 


any point and the reference concentration as follows: 


Ao 
0 — 0, = 7; (PS) 
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Fig. 1. Interferograms for dissolution of benzoic acid in water. Time of 
contact: a, 2,340 sec; 6, 2.850 sec; ¢, 3,360 sec; d, 4,020 sec; 8, 5,040 sec; 
f, 3320 sec; g, 6,300 sec 


where 2, is the wave4ength of the light beam in vacuum, 
L is the optical path length, and k is the concentration 
coefficient of refractive index. In this investigation the 
reference concentration, Cr, was always zero. 

Interfacial concentrations were determined by meas- 
uring the maximum fringe shift from the undisturbed 
region to the interfaces by means of a Hilger microcom- 
parator. Table 1 lists sypical interfacial concentrations as 
well as saturation concentrations and calculated inter- 
facial fluxes for both systems. The fluxes were obtained 
from the time-dependent concentration profiles m | 


for each system. 


Table 1. INTERFACIAL CONCENTRATIONS AT 25°25° C 


Measured Measured 
interfacial saturation Interfacial 
System concentration concentration flux 
(gäl ) gil.) (g/em*-see) 
Benzoic acid-water 3°33 3:370 19x107 
Acetanilide-water 6-908 6-390 1:83 x 107 


Because the observed interfacial concentrations are 
slightly less than the saturation values, it should be noted 
that the measured ccncentrations are distance averaged 
values along the optical path. Although care is taken to 
make the solid surface parallel to the interferometer beam, 
the camera cannot desect depression of the far side of the 
solid. The effect of any such surface misalignment or 
irregularity will be to reduce the apparent interfacial 
concentration by a slight amount. Thus, the measured 
deviations from equilibrium must represent a maximum 
value for this quantity with the possibility that the true 
deviation is somewhat smaller. 

An interfacial transfer coefficient, 8, was evaluated in 
the manner proposed by Drickamer*: 


flux, J = B (Crtn — Ct) 


For the conditions in Table 1, ® assumes a value of 
1:93 x 10-2 cm/sec fer benzoic acid in water and 7-51 x 
10-3 cm/see for acetanilide in water. Since these para- 
meters are nearly a thousand times greater than the 
respective diffusion coefficients, they far exceed the limits 
set by Drickamer for 20 measurable effect at the interface. 
Thus it is unlikely that a measurement of net mass flux 
between phases woud detect any interfacial effect for 
either system, even if the departure from equilibrium 
reported for benzoie acid is realistic. 
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articles and F 
ie Hux ratio does not o 
h & passive system, interaction must be occurring 
en molecules of substrate passing through the mem- 
< By using a thermodynamic argument based on 
i transport? it is possible to relate the deviation from 
/ssing relationship to the minimum number of 
les that interact without reference to the mechanism 
rolved. 

Consider two chambers I and II separated by a passive 


























ki Mistri = kr mut 


(1) 


418 the specific activity of the substrate in cham- 
ki is the specific activity of the substrate in 
aber IT, mii is the flux of substrate from chamber 
TT, and myrr is the flux of substrate from chamber 
o Í. 

$ equilibrium is approached the free energy required 
transport Am’ moles of radioactive substrate from 
amber I to II becomes: 


fu Cr ku 
(er In fi Cir ky 

© Æ is the electrical potential difference between 
aber I and II (E positive if chamber I is positive), 
the number of positive electrical charges on one 
cule of substrate, fr is the activity coefficient of sub- 
ite in chamber I, fri is the activity coefficient of sub- 
rate in chamber II, R is the gas constant and T is the 
solute temperature. This expression is derived on the 
sumption that the energy associated with radioactive 
id non-radioactive molecules is the same, and from a 
onsideration of the entropy changes based on the prob- 
lities of the systems. The free energy made available 
en Am moles of non-radioactive substrate pass from 


chamber I to II is, on the other hand: 











= ZEF) Am’ (2) 
















fr Gr À 
RT n a + ZEF ) Am 3 
e ( fu Gn T y (3) 
© Sinee the energy to transport the radioactive substrate 


< molecules must have come from the movement of non- 
-© radioactive substrate, it follows that if Am molecules of 
- non-radioactive substrate transport Am’ molecules of 
one radioactive substrate from chambers T to IT: 


P c ý 
ae (er In fat + ZEF ) Am > 
iif tI 4 


í _ fu Cu ku 178) Ava? 
RT Inep 7 EE) Am (4) 


Am + Ag’ 






Ape then from equations (1) and (4): 
vt. ’ DONA Fa 

MII Z fi Cr e? EF) RT) (5) 
FAILI fiu Cu 


Consider the process involved in the interaction (for 
ample, a polyvalent carrier or a long pore). + If one 
dioactive substrate molecule takes part at any instant 
in the process it is probable that all the other substrate 
molecules at the same instant are non-radioactive since 









bey the Ussing relation- 













© Molecules a 
Hence r mm 

















It is possible for the interaction to be such that tl 
radioactive substrate molecules are induced to: tr 
the opposite direction to the movement of non-r addi 
molecules. In this case, equation (2) has a negative 
and if Ami Am’ = r’: a 
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r is the average number of non-radioactive molecules. 
associated with the movement of one radioactive molecule 
in the opposite direction. Again, if an equality is assumed ` 
in equation (6) the experimental value of r’ will represeng 
the minimum number of particles. * 
The flux ratio criterion may be applied to chemical. 
reactions® and similar arguments may also be used con ie 
cerning the number of interacting particles. | 


H. G. BRITTON. 
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Use of Acidic Degradation forthe 
Determination of the Distribution of a 
Pyrimidine Nucleotides in Deoxyribonucleic 
Acids : 


Acipic degradation has been widely used to determi 
the distribution of the pyrimidine nucleotides in deoxyribo- 
nucleic acids (DNA; I). Two main methods have been 
used; in one the DNA was treated with 0-1 M sulphuric 
acid at 100° for 35 min, and in the other, 67 per cent formic 
acid and 2 per cent diphenylamine at 30° for 17 h wer 
used?. In both procedures it appears that the first stage 
is the hydrolysis of the purine glycosidic linkages to give 
apurinie acid (IT). F 
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It is claimed by the authors of the two methods that 
the next stage is the degradation of the apurinic acid to 
give products with the structure (pyrimidine nucleoside), 
phosphate,,, (TT). | 
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It is apparent, however, that the results obtained by 
ese two methods are not the same, and also that there 
greater degradation of the DNA by formic acid and 
phenylamine than by 0-1 M sulphurie acid under the 
ditions used?*. The question arises as to which, if 
cher, procedure gives the correct result for the distribu- 
mn of the pyrimidine nucleotide residues in DNA. As 
} were interested in applying these procedures to some 
dized deoxyribonucleic acids, we have made a detailed 
parison of the two methods. 

zhly polymerized calf-thymus DNA was treated with 
ulphurie acid at 100° for 35 min as described else- 
. The purines were removed from the hydrolysate 
ption on a column of ‘Zeo-Karb 225° and the 
of pyrimidine oligonucleotides examined by paper 
tography in propan-2-ol-ammonia (sp. gr. 0-88)- 
- (70: 6:30) for 18 h. Only very small amounts of 
urines could be detected. The whole of the pyrimi- 
oligonucleotide-containing zones were eluted from 
aper and analysed for purines. Only 1-3 per cent of 
denine and 1-8 per cent of the guanine of the original 
DNA remained in the oligonucleotide fraction. When 
if-thymus DNA was treated with 67 per cent formic 
id and 2 per cent diphenylamine at 37° for 18 h (the 
iginal authors used 30°; we found it more convenient 
use 37°, which gave essentially the same degradation) 
id, the produets were examined as already outlined, the 
onueleotide fraction contained 0-7 per cent of the 
ine and 1-8 per cent of the guanine of the original 





‘hese results showed that in both methods the purine 
glycosidic linkages were essentially completely hydrolysed. 
A large-scale hydrolysis of DNA (320 mg) with 0-1 M 
sulphuric acid at 100° for 35 min was then carried out and 
the hydrolysate exhaustively dialysed against distilled 
water. It was found that 18-4 per cent of the phosphorus 
did not diffuse through the dialysis membrane and that 
the material that did not diffuse contained 1-15 moles of 
< eytosine and 1-71 moles of thymine/4 g atoms phosphorus 
and negligible amounts of purines. On treatment of the 
= material with pure prostatic phosphomonoesterase, 28-7 
per cent of the phosphorus was converted into inorganic 
phosphate, showing that, on the assumption that each 
oligonucleotide chain carried two terminal phosphate 
< groups, the material had an average chain-length of six 
ucleotide units (seven phosphate groups). 
ese resulfs showed that only five bases per seven 
shate groups were present compared with the six 
required by structures of the type (pyrimidine 
dejn phosphate,,., (IIT). It appeared, therefore, 
eoxyribose units were present which were not 
y linked to purines or pyrimidines. That this 
firmed as follows. 
iffusible material was treated with the 
mine reagent? (the solutions were heated 
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for 4 min instead of the 10 min gin 


typical blue colour given by 2-deoxyribose and pu: 


. 


deoxyribonucleosides was obtained. ‘The amount of co! 
(after allowance had been made for the small amo 
produced from pyrimidine nucleosides) corresponded 1 
the presence of 1-11 2-deoxyribose residues per sevi 
phosphate groups. te 
(b) The non-diffusible material was treated with mtesse 
tinal phosphatase (a saixture of phosphomonoesterase and con 
phosphodiesterase) axd the mixture examined by paper _ 
chromatography in butan- 1-ol~ethanol—water (4: 1:5) and pe 
the 2-deoxyribose-comtaining compounds detected by the 
use of a cysteine-sulphuric acid spray®. In addition to — 
thymidine and deoxyvytidine, a spot corresponding. to 2- ae 
deoxyribose was detested. o 
(c) When the non-diffusible material was treated with 
67 per cent formic acid and diphenylamine at 37°, the 
characteristic blue eclour (which appears when DNA isoo 
treated with the reagent) was produced and 4-7 per cent _ 
of the total phospherus was converted into morganic _ 
phosphate. Onn CU Ten Age 
It appeared, therefore, that the ‘free’ 2-deoxyribose units 
were randomly distributed in the oligonucleotide chains ee 
because, if they were all end groups, the hberation f 
inorganic phosphate would have been about 14 per ce 
and if they were all sngle residues within the chain t 
would have been no inorganic phosphate. ae 
The diffusible material was then examined by pap 





































thymidylic acid and thymidine-3’,5’-diphosphate, \ 
also deteeted. These were not identified, but their spe 
indicated that they probably contained pyrimidines. | 


treatment of the ENA with the 0-1 M sulphuric: 






phosphate. 

A similar investigation was then made of the actio 
DNA of 67 per cent formic acid and 2 per cent diphe 
amine at 37° for 18h. In this case only 10-1 per cent o: 
phosphorus of the DNA did not diffuse through the dia 
membrane and the mon-diffusible material contained. 
moles of cytosine ancl 2-18 moles of thymine/4 g at 
phosphorus. The average chain-length was 6-7 phosp 
groups. This showed that in this case no 2-deoxyri 
residues were present which were not glycosidically be 
to pyrimidines. This was confirmed by the fact that t 
material gave no reaction for 2-deoxyribose with t 
Dische diphenylamine reagent; moreover, after treatmen a 
with intestinal phospnatase, thymidine and deoxycytidine. = 
could be detected bit no 2-deoxyribose. E 

The diffusible material contained a small amount — 

‘<1 per eent) of thymidylic acid and deoxyeytidylic 
acid, no thymine was present and the amount of cytosine | 
present was only 1-2 per cent of the total present in the ~ 
DNA. There were 2o ultra-violet-absorbing components — 
running between thymidylic acid and thymidine-3’,5’-. 
diphosphate on the propan-2-ol-water-ammonia chro-— 
matograms. The ameunt of inorganic phosphate produced. 
during the reaction with formic acid and diphenylamine 
was 28:3 per cent. 

These results show that treatment with 0-1 M sulphuric =o 0 
acid at 100° for 35 min does not completely degrade DNA => 
to pyrimidine sequences of the type (pyrimidine — > 
nucleoside), phosphate,., (III), whereas with 67 per cent ~” 
formic acid and 2 per cent diphenylamine at 37° for 18h 
it appears that the degradation to (ITT) is essentially = 
complete and specifie. This explains why, in the former © 
procedure, a greater amount of the longer nucleotide 
sequences was appsrently present than with the latter. 
The degradation of these higher sequences (produced by 
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the action of 0-1 M sulphuric acid by a subsequent treat- 
ment with formic acid and diphenylamine) is therefore a 
specific degradation and not non-specific as has been 
claimed‘. (It should be noted that a sequence of the 
type (pyrimidine nucleoside), phosphate,,, cannot be 
degraded to two shorter sequences of the same type with- 
out liberation of a pyrimidine base or pyrimidine nucleo- 
side.) Furthermore, the treatment with 0-1 M sulphuric 
acid liberated a considerable amount of cytosine. This 
may explain why sequences of four or more cytosine units 
were not found using this method, but were found when 
the other method was used’. This formation of cytosine 
also indicated that it was unlikely that the procedure could 
be improved by increasing the time or temperature of the 
reaction. 

It can be concluded, therefore, that the method of 
choice for the determination of pyrimidine nucleotide 
distribution in DNA is the uso of formic acid and diphenyl- 
amine; the results obtained here confirm those of the original 
authors and show that the method is highly specific. 

We thank Prof. M. Stacey for his advice and the Depart- 
ment of Scientific and Industrial Research for a student- 
ship (to J. R. T.). 

A. 8. JONES 
J. R. Trrrensor 
R. T. WALKER 
Department of Chemistry, 
University of Birmingham. 
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BIOPHYSICS 


Possible Mechanism of Thrombus Formation 


Ir has often been observed that after trauma (and 
possibly under other conditions) the thrombi which form 
in the vascular system consist of a small white head (the 
white embolus) and a longer red tail!. The predominant 
constituent of the embolus is generally aggregated plate- 
lets, and some recent experiments may throw light on the 
mechanism of formation of the red tail, which consists 
primarily of red cells. 

It is well known that when a suspension of rigid, 
neutral-density particles flows down a tube the mean 
velocity of the particles is slightly greater than that of 
the transporting liquid*. Thus when a suspension is first 
drawn through an empty tube there is an increase in the 
concentration of particles at the leading interface as it 
moves along the tube*. Blood behaves in a similar way 
to a suspension of particles in this respect*, red cells 
congregating at the leading interface. Moreover, lower 
transit times (corresponding to higher velocities) have 
been measured in vivo for red cells than for plasma’, 

We have now been able to show that if, into a suspen- 
sion of rigid particles flowing down a tube, a sphere 
is introduced the diameter of which is very near to that 
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of the tube the concentration of particles immediately 
behind it increases, while that immediately ahead falls. 
Fig. 1 shows the result of introducing a polystyrene sphere 
of diameter 1-8 mm into a tube of diameter 1-9 mm down 
which a neutral-density suspension of polystyrene spheres, 
0:35-0:42 mm in diameter, is flowing at a mean volume 
concentration of 5 per cent. 

The reason for the concentration changes is that the 
wall exclusion effect which is the primary cause of the 
difference in mean velocity between the particles and the 
liquid is only important over a limited range of particle/ 
tube diameters. It disappears when the particles are very 
small (that is, less than about 1/30th of the tube diameter)* 
and also when the diameters of the particles and the tube 
approach equality. The particle sizes for the experiment 
are chosen so that the small spheres try and overtake the 
large sphere but are unable to squeeze by it so that their 
concentration rises immediately behind the sphere and 
falls immediately ahead of it. 

From the observed similarities in the flow behaviour 
of neutral-density spheres in a liquid and red cells in 
plasma which was mentioned earlier, there are good 
grounds for expecting that the concentration changes 
observed in a suspension adjacent to a close-fitting 
sphere in a tube would be paralleled by changes in the 
distribution of red cells near white emboli moving in 
vessels of appropriate diameters. The differential flow 
velocity of red cells and plasma should reach a maximum 
in the range of diameter of human blood vessels of about 
15-50u, so that vessels of this size would be most affected. 
Vascular occlusion would be most likely in vessels pos- 
sessing a minimum of branches, and the chances of 
complete stasis would increase with decreasing elasticity 
of the vessel wall. The plug would be identified by a 
reduced concentration of red cells in the plasma imme- 
diately ahead of it and by a white head which practically 
filled the lumen. It would be interesting to discover 
whether occlusions of this type have, in fact, been 
observed. 

The experiments described were made in the course of 
an investigation which is being financed by the Nuffield 
Foundation, which T thank for its support and encourage- 
ment. 

R. L. WHITMORE 


Department of Mining Engineering, 
University of Nottingham. 
' Bergentz, S-E., Proc. Fourth Intern, Congr. on Rheology, 4 (Symp. on 
Biorheology), edit. by Copley, A. L., 581 (New York: Interscience, 1965). 
* Maude, A. D., and Whitmore, R. L., Brit. J. Appl. Phys., 7, 98 (1956). 


* Whitmore, R. L., Rheology of Disperse Systems, edit. by Mill, C. C., 49 
(London: Pergamon Press, Ltd., 1959). 


t Fahraeus, R., Acta Medica Scand., 161, 161 (1958). 


* Grocm, A. C., Roberts, P. W., Rowlands, S., and Thomas, H. W., J. Physiol., 
146, 17 (1959). 


BIOCHEMISTRY 


Separation of Urinary Isoamylases on 
Cellulose Acetate 
A NUMBER Of electrophoretic investigations have been 


carried out on human «-amylases (E.C. 3.2.1.1.). Paper?*, 
agar™t, and polyacrylamide gel* have been used as media. 





Fig. 1 
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Fig. 1. 
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Electrophoresis of (A) pancreatic extract; (B) urine (normal) 
concentrated twenty times; (C) saliva 


Norby* achieved separation of salivary and pancreatic 
isoamylases from extracts of their tissue of origin on agar 
gel and also showed that salivary amylolytic activity is 
itself complex—a point confirmed by Muus and Vnenchak® 
recently. 

The present investigation on urinary amylases made 
use of cellulose acetate with veronal buffer as the separat- 


ing system. The substrate, instead of starch-containing 


war used by previous investigators**, was a brand of 
hydrolysed starch of the type used for starch-gel electro- 
phoresis (Starch-hydrolysed Lot 227-1, Connaught 
Medical Research Laboratories, Toronto, Canada). This 
starch, made up with buffer in the concentration recom- 
mended by the manufacturer, provided an all-starch 
substrate of sufficient consistency to be cast by thin- 
layer chromatography apparatus on glass plates. Such a 
substrate has an advantage over those with an agar base 
because agar is not digested by a-amylases. The buffer 
was Michaelis’ barbital sodium-acetate containing 0-02 M 
calcium chloride to prevent phosphorolytic digestion of 
the starch. 

Twenty-two specimens of urine were obtained from 
healthy staff members of this hospital and three urine 
specimens from infants attending a well-baby clinic. The 
urines were filtered and concentrated twenty times by 
ultrafiltration. Extracts were made of salivary glands and 


_ pancreatic tissues from post-mortem subjects in the above- 
pro 


mentioned buffer. Diluted saliva was centrifuged to clear 
its mucin. Suitable dilutions were then made of saliva, 
salivary gland and pancreatic extracts. The amount 
applied to the strips was 1 ul. of each of the materials 
investigated. Electrophoresis was carried out at 0-4 
m.amp/cm. width at 200 V for 1 h. The resulting strips 
were carefully laid on the starch-plates and incu- 
bated at 37° C. At the end of 30 min the strips 
were removed and the plates stained in 0-02 N 
iodine. The presence of amylolytic activity was 
revealed by clear areas against a purple back- 
ground of undigested starch. All the bands of 
amylolytic activity were on the cathodic side of 
the origin. The result of one experiment is shown 
in Fig. 1. 

The urine was observed to contain two isoamy!- 
ases as revealed by their digestion of starch gel. 
The faster-moving component appeared to be the 
same as that obtained from saliva and salivary 
gland extracts. Extracts of pancreatic tissue 


| produced a band with the same mobility as the 


_ are similar to those revealed by agar-gel electro- 


slower band of the urine. The relative mobilities 
phoresis‘. In another experiment the two bands 
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of activity from urine and the single bands from saliva 
and pancreas were zut from the electrophoresis strip 
using portions of the same strips which have been developed 
on starch plates as markers. The isoamylases were eluted 
out with buffer, concentrated and re-run on cellulose 
acetate using tris-EDTA-borate buffer of Aronsson and 
Grönwall’. The relative positions of the bands were 
retained. The amylases of saliva and those present in 
extracts of sub-lingual, sub-mandibular and parotid 
glands appear to have the same electrophoretic mobilities. 
Two patients with symptoms and signs of pancreatitis 
had serum amylasedevels of 2,200 and 320 Somogyi 
units per 100 ml. respectively. Their urines did not re- 
quire concentration and were electrophoresed alongside 
concentrated normal urine. In both cases a distinct 
band of activity wita a mobility similar to that of the 
pancreatic enzyme was seen (Fig. 2). The salivary band 
predominated in the urine from a patient with mumps. 


Cathode 


Origin 





P N 


Electrophoresis ef (P) patient's urine; (N) normal urine con- 


Fig. 2. 
Note the absence of salivary amyl 
aoe 


The twenty-two adult urines yielded two bands each. 
Where they appeared well developed they were of equal 
intensity. This may not be surprising when it is noted 
that the weights of salivary glands and pancreas are 
roughly equal. The former apparently make a greater 
contribution to urinary amylase than previousiy s 
Furthermore, in the urine of the babies investigated (all 
less than 1 year old) the band of pancreatic activity 
was significantly less marked than that associated with 
salivary amylase. Aeeording to Somogyi’, plasma amylase, 
absent in the new-born, only reaches normal level in 
about l year. Pancreatic secretion of amylase is not well 
established in the first year of life’. 

The isoamylases of salivary glands and pancreas appear 
to be associated with definite proteins (Fig. 3). 





Pancreas 
Fig. 3. Amylolytic activity of diluted saliva and pancreatic extract are 


Saliva 


oph of their sources. Protein stained 
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. Fructose as a Component of the Foetal 
lood and Foetal Fluids of the Bush Baby 
. (Galago senegalensis senegalensis) 


presence of fructose in substantial concentrations 
e foetal blood and fluids appears to be associated with 
hose animals (ungulates and Cetacea) which have either 
pitheliochorial or a syndesmochorial type of placenta?. 
he galago, although a member of the Primate Order, has 
placenta of the epitheliochorial type?-? and is in contrast 
o many other members of this Order which have placentae 
f the haemochorial type. On the foregoing generaliza- 
ion, the placenta of Galago could be expected to produce 
ructose. 
-Three animals which had been mated in captivity at the 
oyal Veterinary College were anaesthetized intramuscu- 
ily with 2 mg/kg body-weight of ‘Sernyl’ (Parke, Davis 
nd Co.) followed by inhalation of ether. Each animal 
ore a single foetus which was exposed by Caesarian 
ction; at the same time samples of the foetal fluids were 
moved. Blood samples were obtained from both foetus 
nd mother by cardiac puncture. The mating dates of 
ie animals were not known. However, the foetuses were 
ered with a well-developed pelage, and from considera- 
of their crown-rump lengths and body weights it 
Id appear that they were within a few weeks of the 
orted 4 months’ gestation period*, 
All samples were deproteinized with barium hydroxide- 
- -zine sulphate and the filtrates estimated for glucose and 
< fructose by the glucose oxidase? and resorcinol? methods 
respectively. The resulting colours were read on a 
Spekker absorptiometer with a blue (Kodak No. 1) filter. 
The glycogen” concentration in the placenta and foetal 
liver was estimated by a modification of Pfliiger’s method’. 
The values obtained in these determinations are shown 
in Table 1. 
Tt will be seen that the glucose concentration of the 
maternal blood exceeded that of the foetal blood. Both 
foetal fluids had relatively low concentrations of glucose 


























Table. 1. CONCENTRATION OF GLUCOSE, FRUCTOSE AND GLYCOGEN IN 
SAMPLES OBTAINED FROM PREGNANT BusH BABIES (Galago senegalensis 
Spares senegalensis) 


Soe eae Values expressed in mg/100 ml. or mg/100 g of wet tissue 
-Foetal wt. (g) 





















E | 71 LEI? 14-32 
“Ss Crown-rump lengths (em) — 56 6-0 
Maternal blood: glucose 178 255 225 
ee fructose 10 15 3 
etal blood: glucose 73 79 55 
perm _ fructose 218 236 87 
miniotic fluid: glucose 5 13 12 
ee fructose 655 748 207 
lantoie fluid: glucose noe 27 19 
phe ot fructose “ne 738 151 
mtal glycogen 168 4 
460 3,775 


toeta) liver glycogen 625 


al p 


t they 


onsiderably more 


foetal liver than in the placenta. 


tion of the foetal blood and in particular th 
foetal fluids is high. It was, however, observed tha 
resulting colour after heating with acid-resorcinol 
atypical and indicated the presence of an interferin 
substance. It thus became important to establish the | 
presence of fructose by other methods. The absorption — 
spectrum of the acid-resoreinol colour produced by — 
amniotic fluid was similar to that of a fructose solution in 7 
having peaks at 410 and 480 mu when read in a Unicam. : 
SP 600 spectrophotometer. The slower decline of the 
amniotic fluid curve at the higher wave-lengths suggested — 
that a substance having a broad absorption in the green _ 
region of the spectrum was superimposed on the curve. 
An attempt to reveal the absorption of this substance by 
the removal of fructose in an initial alkaline hydrolysis!® 
proved unsuccessful and the subsequent absorption 
Spectrum was similar to that given by the acid-resoreinol — 
reagents (Fig. 1). ee 
Some of the deproteinized samples were treated with 
indolyl-3-acetie acid! and gave absorption spectra . 
identical to that of fructose in having a single peak at 
520 my; an example is shown in Fig. 2. ea, 
Further confi i 





irmation of the presence of fructose in the- 
samples was afforded by descending paper chromato- 
graphy using amyl- alcohol-pyridine-water {4:3 D 
and butanol—acetic acid—water (12 : 3 : 5); the substances ` 
were visualized by a silver nitrate method!?. In each 
animal fructose was detected in the foetal blood and in 
the amniotic and allantoie fluids. An example of a 
chromatogram is seen in Fig. 3. . 
It would seem, therefore, that fructose is present in a _ 
high concentration in the foetal blood and foetal fluids of 


1-0 













6-9 
0-8 e, 
0-7 f * i 
EF 0-6 
z 
v G5 
E 
S O4 
oy 
fav: 
3 
0-2 Fre 
ae 
O1 80.6 59. 
~.o. o. + @ 3 $e OF 3.8. 8-8 8 8B. go e 
0 m 
360 400 440 480 526 560 600 640 
Wave-length (mz) 
Fig. 1. Absorption spectra using acid-resoreinol, @---@, Fructose: 
O-—-©, amniotic fluid; O -~~ ©, amniotic fluid after alkaline hydro- 
lysis; @--- @, blank reagents 
0:7 
0-6 
#05 
E 
£ 0-4 
Š 03 oo, 
È 02 o O . me) aua te 
0-1 a 
360 400 440 480 520 660 600 640 
Wave-length (my) _ 


Fig. 2. Absorption spectra using indolyl-3-acetic acid. @—-@, Fruc- 
tose; O— ©, foetal blood | 


‘onl 


January 15, 1966 


No. 5020 
sc 
z z ž 
A F A R Foe 
e 4 | 
= a z i = 
= =- pH Ss Ss 
= 5 È & £ 
< =< = e n 
| | | | 
——— M Á ą__—Á— EEE EA E A 
A 


(F. 


CPE 
4 
4 
A 
=| 
, 
i 
tof 
YY. 
5 
ENF. 
-> 
. 
E < 
To 
e s 
_ ee 
va 
> 


Fig. 3. Paper chromatogram of allantoic and amniotic fluids and foetal 

and maternal blood of the bush-baby (Galago senegalensis senegalensis 

developed in amy! alcohol : 4 Heimagil : bt for 18 h and visualized by 
silver nitra 


—Calactose 


—Glucose 


—Fructose 





—Erythritol 


Galago senegalensis senegalensis, although an accurate 
determination may have been prevented by the presence 
of an interfering substance, Fahmy, Huggett and Pryce 
(unpublished) have obtained some evidence of its occur- 
rence in the foetus of Lemur mongoz, which, like the 
galago, has an epitheliochorial placenta. These observa- 
tions would thus appear to strengthen further the postula- 
tion that fructose in foetal life may, in some way, be 
related to placental histology. 
D. A. NIXON 
A. Sr. G. HUGGETT 
Department of Physiology, 
St. Mary’s Hospital Medical School, 
London, W.2. 
E. C. Amoroso 
Department of Physiology, 
Royal Veterinary College, 
London, N.W.1. 
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Liberation of Adenine from Deoxyribonucleic 
Acid by Hydrogen Peroxide 


Recent.y!, we have established a metabolic cycle 
producing virogens and mutagens, in which hydrogen 
peroxide performs & central function. It is assumed 
that these virogenic amd mutagenic metabolites can act on 
nucleic acids in cells. We have now demonstrated that 
adenine is specifically liberated from deoxyribonucleic 
acid molecule by the action of hydrogen peroxide. 

Deoxyribonucleic acid was prepared from calf thymus 
according to the method of Kay? and dissolved in 0-14 M 
sodium chloride + 014 M sodium citrate. A mixture 
consisting of 2 ml. of deaxyribonucleic acid (4 mg/ml.) + 
| ml. of 2 M hydrogen peroxide + 1 ml. of 0-2 M tris buffer 
(pH 7-5) was kept at 37° C for 48 h. The solution was 
spotted on a ‘Toyo’ No. 51 filter paper and developed with 
an isopropanol—-12 N hydrochloric acid—water (170: 41: 
39) solvent. Guide spots were also made with a standard 
solution containing adenine, guanine, cytosine and thy- 
mine. Exposure to altra-violet light revealed that the 
solution treated with hydrogen peroxide produced a 
spot of Rp 0:37 corresponding to adenine. To confirm 
this finding, the spat was cut off, extracted with 0-1 N 
hydrochloric acid and the ultra-violet absorption of the 
extract was measurec. The curve obtained corresponded 
to that of adenine, having a maximum at 260 mp and 
a minimum at 239 mu. The reaction mixture after 
treating with 0-5 M hydrogen peroxide was also subjected 
to chromatography with a butanol-acetic acid-water 
(5: 2:3) solvent. Cnly one spot of Rr 0-75 appeared 
on the paper and the solution obtained by extracting this 
portion with 0-1 N hydrochloric acid gave an ultra-violet 
absorption curve corresponding to adenine. 

The reaction mixtere, on the other hand, was dialysed 
against water and hydrolysed with 6 N hydrochloric acid 
at 100° C. Chromasography was carried out using an 
isopropanol solvent as already mentioned. The results 
showed that, while most of the adenine and thymine 
remained in the deoxyribonucleic acid-digest, guanine 
and cytosine were almost completely decomposed by 
0-5 M hydrogen peroxide. 

The experiments, therefore, were then conducted with 
0-1 M hydrogen peroxide. The reaction mixture was 
incubated at 37° C fer 72 h and a portion of it subjected to 
chromatography with the isopropanol solvent. Only one 
spot corresponding to adenine was produced. The spot 
was extracted as already described and the absorption of 
the extract measured at 260 my. The phosphorus of 
organic form in the reection mixture was also determined 
according to the method of Eto*. From these analyses 
it was calculated that 35 per cent of adenine in the deoxy- 
ribonucleic acid used was liberated in the free state. 

Another portion of the reaction mixture was dialysed 
and hydrolysed with 6 N hydrochloric acid. Chrometo- 
graphy was performed with isopropanol solvent. Four 
spots with Rr values corresponding to adenine, guenine, 
cytosine and thymine were formed on the paper. Extracts 
were separately prepared from these spots with 0-1 N 
hydrochloric acid. Their absorption was then measured 
at 260, 250, 275 and 265 mu respectively. The estimation 
of phosphorus was further made for the reaction mixture 
after dialysing. The degree of decomposition of four 
bases in deoxyribonwezleic acid by 0-1 M hydrogen peroxide 
was calculated from the data obtained. The results are 
given in Table 1. 

These experiments revealed that, although considerable 
portions of all bases remained in deoxyribonueleie acid 
treated with a diluted hydrogen peroxide, only part of the 


Table 1. DECOMPOSITION GF BASES IN DEOXYRIHONUCLEIC ACID BY 0-1 M 


HYDROGEN PEROXIDE 
Relative amounts of bases 


Adenine Guanine Cytosine Thymine 
Before treatment 929 0-21 0-21 029 
After treatment 919 0-07 010 0-16 














roxide « or time of reaction, and that a 
eration of adenine deoxyribotide occurs 
sometimes under mild conditions. 
In Yamafuji’s cycle, it is shown that 
ite, hyponitrite, hydroxylamine and 
=: oxime inhibit cellular catalase, thus leading 
to an accumulation of hydrogen peroxides. 
< Omnura, at our Institute (personal communi- 
` @ation), found that adenine and guanine 
were liberated from deoxyribonucleic acid 
by the action of hydroxylamine. In 
: addition, Watanabe (personal communica- 
_ thon) proved that the mechanisms of the 
paS _ reaction of hyponitrite and glucosoxime 
_ with nucleic acid-components were different from those of 
ore nitrite and hydroxylamine. These results indicate that 
_ four kind of nitrogenous mutagens and peroxide specific- 
illy act on deoxyribonucleic acid. Our presert investiga- 
also suggest that in a very low concentration these 
etabolites may cause a sufficient denaturation of nucleic 
olecules in cells after a long period. 
i Kazuo YAMAFUJI 
YASUSHI UCHIDA 
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Possible Structural Similarity between 
Insulin and Glucagon 


LIN and glucagon are pancreatic protein hormones 
sroduce opposing physiological effects, the former 
g and the latter raising the concentration of sugar 
lood. With the elucidation of the complete amino- 
neces of insulin! and glucagon? it became possible 
ve the two structures in the hope of finding some 
nor complementary features in their sequences. 
e such comparisons have not revealed striking 
jes or parallels between the two primary struc- 
Indeed, there are only four dipeptides which the 
-proteins have in common. This communication 
ts out a similarity between the two primary sequences 
which are seen in Fig. 1. 
The two interchain disulphide bonds in insulin form an 
85 membered ring—-27 amino-acid residues. The glucagon 
-. ¢hain has 87 atoms in the backbone structure—29 amino- 
< Acid residues. If the NH, terminus of glucagon, histidine, 
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Fig. 1. Amino-acid sequence of insulin and glucagon 
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Fig. 2. Insulin is represented by the solid line and glucagon by the dotted line. 
The polypeptide chains are not crawn to scale. 


Distances between the amino-acids 
(with respect to histidine) are given in Tabie i 


is placed next to the histidine in the B chain of the large. 4 
insulin ring, in the manner seen in Fig. 2, an interesting — 
result follows. As the glucagon chain (indicated by the _ 
dotted line in Fig. 2) is laid along the insulin ring itis seen 
that the next residue, serine, coincides with a serine 
residue in insulin. The remaining two serines in t 
large insulin ring are exactly matched by serines 
glucagon. The remaining serine in glucagon is match 
by a glutamic acid residue in insulin. There are two oth 
matching points in the sequences when compar ed iw 
way-——threonine and tyrosine—as seen in Fig. 2. = 

In all, of the four hydrox! groups in the insulin ring 
three are found to coincide with similar functional groups 
in glucagon. There are five amino side groups and two. 
guanido side groups in glucagon, whereas the large ann 
ring has one amimo group. 

A test of the closeness of fit of the large insulin ring an 
that proposed for glucagon shows good agreement. The 
difference in the total lengths of the two fully extend 
polypeptide chains is 3 A, using the parameters ò 
fully extended trans-polypeptide chain®. The disulphi 
and sulphide bonds are relatively large, 2-04 A and 1-82. À 
respectively, and make up for the fewer number of peptide 
bonds in the insulin ring. 

Table 1 summarizes the distances along the two f 
extended chains. The correspondence is quite good 
each case, showing that about one-fifth of all the amin 
acids in glucagon have exact counterparts in insulin whi 
the sequences are compared in this manner. There appes 
to be no sequential correlation according to hydrophobic 
or hydrophilic side-chains when the two rings are cor 
pared, However, it is true that the large insulin ring i 
richer than glueagon in the total number of hydrophobic 
side-chains, whereas the latter has more ionizable groups. 

It is highly unlikely that either of these proteins exists _ 
in the fully extended conformation in vivo and yet there 
appears to be nothing in the structure of glucagon which = __ 
would prevent it from assuming the conformation of the 
large insulin ring, whatever that may be. It is possible 

that the similarities between in- 
sulin and glucagon which are o — 
pointed out here are somehow | 
related to the physiological action= > 
of these hormones and suggests 
that they may bind to a common E 
site. ET 
Two of the insulin residues in- 
volved in the correlation shown m | 
Table 1 (threonine at 23-2 A and- 
serino at 26-9 A) vary according 
to the animal source of the pro- 
tein’. In beef insulin alanine 
is substituted for threonine, in 
horse insulin glycine is substituted | 
for serine, and in sheep insulin 
both of. these substitutions occur. 
“or not. hese differences 
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mfer slightly different activities cannot be determined 

ith current methods. Biological assays indicate that in- 

ilin from different animals has about the same activity’. 

‘One possible test of the significance of the correlations 
pointed out here would be to assay the activity of glucagon 
er it has been cyclized to form a new peptide bond 
oss the ends. Such a reaction should be possible with 
rrent synthetic methods. If the foregoing similarity 
een insulin and glucagon is significant with respect 
heir mode of action then it is expected that the 
lized form of glucagon would be biologically active. 
This work was supported partly by a U.S. Public 
alth Service fellowship, G.P.D. 16,430, fromthe National 
tutes of Health. 
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{ffect of Age on Serum-bound Sialic Acid 
in Rats 
HANGES in the level of glycoproteins have been reported 
a large number of conditions, primarily in man'-°. 
lycoproteins contain a number of sugar com- 
nts for which quantitative methods are available, 
y of these methods have been used to estimate the 
m- or plasma-bound carbohydrate. With the refine- 
~ ments of the. thiobarbituric method’ for a semi-specific 
assay of N-acetyl neuraminic acid, we have made use of 
_ this method to investigate the changes with age in the 
-concentration of plasma-bound sialic acid in the rat in an 
< initial effort to use experimental animals in the investi- 
— gation of the physiological significance of glycoproteins. 
Male Long-Evans Hooded Wistar rats were obtained 
from Simonsen Laboratories, Gilroy, California. After 
weaning, all animals were maintained on ‘Purina’ labor- 
- atory chow and water ad libitum. About 0-5-1 ml. of 
blood was obtained from the tail vein while the rats were 
inder light ether anaesthesia. The blood was clotted and 
ntrifuged and the serum was removed and stored at 
40°C. Serum was diluted 1: 50 and 1: 30 in duplicates 
wid hydrolysed in 0-05 N H,SO, at 90° C for 30 min. 
tyl neuraminie acid was determined by the Warren 
barbituric method utilizing a known N-acetyl neur- 
c acid preparation (an N-acetyl neuraminic acid of 
‘eent purity was obtained from Sigma Chemical 
ouis, Missouri). 
effect of age on serum-bound N-acetyl 
are shown in Table 1. The results are 
































































No. of ~ ce Percentage of the a 


Age animals  @month value 
22 days 40 28-34 7-66 
31 days 40 83-54 8-28 
55 days 9 06:5+ 18°57 
& months 8 100 +3302 
14 months 9 162-9 +2870 


expressed as the percentage of the 6-month value. 
6-month value was 125-1 + 41-3 mg of N-acetyl neur 
aminic acid per 16@ ml. of serum in reference to the — 
commercial preparation. These data clearly demonstrate 
that there is an increase in the concentration of the acid- 
labile serum N-acetyl neuraminic acid with age. The 
function or physiologicsl significance of this elevation in 
the level of serum sialic acid and the chemical identity 
of the augmenting fractions is now being investigated. — 
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Role of Lyscsomes in Adrenal Necrosi 
caused by Dimethylbenzanthracene 

Ir has long been recognized that carcinogenic cher 
including polybenzenoicl hydrocarbons, have inj 
effects on cells!?. Evidence has been presented 
polybenzenoid hydrocarbons are concentrated 
lysosomes of living eells and the suggestion was mac 
release of lysosomal 2nzymes may play an importan 
in their cytotoxic acticn?. The necrosis of rat a 
cortical cells produced by 7,12-dimethylbenz(ajanth 
(DMBA)* provided an opportunity to test this hypi 
in more detail, because it is specific in two ways. 
the degeneration is organ specific, adrenal corticea 
of the rat being much more sensitive than the cells 
organs. Secondly, is appears to be specifically p 
by one compound. 7-hydroxymethyl-12-methy! 
anthracene (7-OHM-12-MBA), which is a metabo 
DMBA: an isomere metabolite, 12-hydroxymetl 
methylbenz(a)anthracene (12-OHM-7-MBA), does 
produce adrenal damage’. Rats can be protected agai 
adrenal damage after administration of DMBA by previous 
treatment with a number of aromatic hydrocarbons and - 
amines, which diminish the formation of 7-OHM-12-MBA 
trom DMBAS. Henze it seems that the metabolite is more 


active than the parent compound in producing adrenal 
necrosis. aE 


In order to ascertain whether there is any relationship —_ 
between in vivo damage and release of lysosomal enzymes, 
particulate fractions of organelles from rat adrenals, 
kidneys and livers were prepared. In the case of the. 
adrenal and kidney, the whole mitochondrial fraction, _ 
prepared by centrifugation of homogenates at 10,0009 
for 15 min, was used. The F3 fraction, a partially purified 
lysosomal preparatien from rat liver, was used fo 
parison. This preparation, which was obtained 
sucrose layering tecknique, showed a twelve-fold 
in specific acid phosphatase activity as compared 
the whole mitochondria preparation. The suspe 
adjusted by a standard turbidity (Æ, (500 my), 2-0) 
incubated in 0-25 M sucrose buffered with 0-02 Mt 
7-4. The earcinogen was dissolved in dimethyl sulph: 
(DMS) and added at the beginning of incubation. 
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Table 1, RELEASE OF ACID PHOSPHATASE FROM PARTICULATE FRACTIONS 
OF RAT ADRENAL, KIDNEY AND LIVER 


Cone. tion Percen release of 
(ug/ml.) time =i 


acid phosphatase 
(min) Adrenal Kidney Liver 
7-Hydroxymethyl-12-methyl- 100 15 23 -- 5 
be cene 
7-Hydroxymethyl-12-methyl- 
ne 100 15 27 10 =- 
12-Hydroxymethyl-7-methyl- 100 15 7 ~- — 
benzanthracene 
DMBA 100 15 13 15 
DMBA 100 30 22 — 6 
DMBA 50 30 l4 — 0 
DMBA 10 15 9 7 — 
Methylcholanthrene 100 15 5 0 — 
Methylcholanthrene 10 15 9 0 - 
Retinol 50 30 26 — 306 
Control — 15 2 3 - 
Control — 30 4 — 2 


final DMS concentration was 2-5 per cent (v/v). At the 
end of the incubation period the preparation was centri- 
fuged at 10,0009 for 15 min and the free acid phosphatase 
estimated in the supernatant with p-nitrophenylphos- 
phate as substrate. In some experiments retinol, a 
derivative of vitamin A known to increase permeability 
of lysosomal membranes", was used as a control. Other 
controls had the solvent alone. The percentage enzyme 
release is expressed as a fraction of that released by 
Triton X-100. 

The results of several experiments, some of which are 
summarized in Table 1, show that retinol causes consider- 
able release of enzyme from both adrenal and liver lyso- 
somes, whereas 7-OH-12-MBA had a well-marked effect 
on adrenal lysosomes, but only a slight action on those of 
liver or kidney. 12-OH-7-MBA and 20-methylcholanthrene 
brought about no significant release of enzymes from either 
adrenal or kidney lysosomes. DMBA had some effect on 
adrenal lysosomes, especially after the longer incubation 
period shown in Table 1. The effect was, however, much 
less than that of 7-OH-12-MBA, and the possibility of 
metabolism of DMBA in this system has not been ex- 
cluded. 

It is clear that the membranes of lysosomes from differ- 
ent organs do not respond uniformly to the presence of 
chemicals. The membranes of rat adrenal lysosomes are 
highly sensitive to 7-OH-12-MBA, but less so to the 
isomer 12-OH-7-MBA, to DMBA, or to other hydrocar- 
bons. Thus the in vitro results parallel the sensitivity 
in vivo, and it seems very likely that the adrenal necrosis 
observed in rats treated with DMBA is due to the concen- 
tration of 7-OH-12-MBA in adrenal cortical lysosomes 
with release of sufficient lytic enzymes to destroy the 
cells. There is other evidence that release of enzymes from 
lysosomes can irreparably damage cells’. 

The relationship of these results to carcinogenesis by 
DMBA and other hydrocarbons is not yet clear, but it 
has been suggested*? that gradual release of enzymes 
from lysosomes over long periods may be implicated in 
malignant transformation. This process is likely to be 
different, quantitatively if not qualitatively, from the 
sudden and massive release of lysosomal enzymes which is 
probably involved in adrenal necrosis. 

We thank Prof. E. Boyland and Dr. P. Sims for pro- 
viding the metabolites of DMBA. 
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Behaviour of Carbonic Anhydrase in the 
Uterus of Hens during Moult 


THE carbonie anhydrase present in the uterus of hens 
is involved in the calcification of the egg-shell'. The 
activity of this enzyme in the uterus seems to be greater 
in ‘good’ than in ‘poor’ layers or in non-layers*, Recently 
we pointed out that this enzyme is located at the apical 
pole of the cells of the tubular glands? (Fig. 1). We suc- 
ceeded in demonstrating, by a histochemical method*, 
that the reactivity of carbonic anhydrase is reduced in 
the uterus gland cells in moulting hens, whereas moulting 
has no influence on the carbonic anhydrase activity in the 
erythrocytes (Fig. 2). These results suggest an enzyme 
activation or an induction of enzyme synthesis similar to 
the effect of progesterone on the carbonic anhydrase in 
the endometrium of mammals®:*, 
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Fig. 1, Carbonic anhydrase activity in the tubular glands of the uterus 
of a laying hen. (= 270) 
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Fig. 2. Reduced carbonic anhydrase activity In the tubular glands of a 
moulting hen. Capillaries filled with enzyme-active erythrocytes. (x 270) 
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ices from 
er in Hypoxia 


aü hors aar ‘that’ ‘the a ute renal insufficiency 
rved.in shock, or after haemorrhage, is due to the 
age caused, by hypoxia. 

nck’s in vivo experiments showed that in haemor- 
wie shock the oxygen saturation of renal cortex capillary 
of renal venous blood was scareely decreased. He 
1erefore doubted the importance of hypoxia in his cases’. 

The degree of hypoxia is only one of the possible injurious 
= factors; the other factor could be the sensitivity of 
es different tissues to hypoxia. 

In different mixtures of gases containing oxygen and 
oS nitrogen, we. compared the in vitro oxygen consumption 
renal cortex, brain cortex and liver slices. 

White female rats (body-weight 130-150 g) were used. 

he animals were killed by decapitation. The rapidly 
moved organs were placed into Ringer phosphate 
buffer (pH 7-2; 0° C). The thickness of the slices was 
hecked by Warburg’ s method. The respiration of 300 
ag fresh wet tissue placed into 3 ml. buffer was measured 
Warburg apparatus. 0-1 ml. 20 per cent sodium 
droxide solution was used for absorbing carbon dioxide. 
ygen—nitrogen mixtures of different compositions were 
eamed through the flasks. Measurements were made 
0° and 37° C. 

The oxygen consumption of renal cortex slices at 37° C 
so strong that the deviation due to the frequent read- 

of the manometer was bigger than usual (see Tables 
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he zaal cortex is greatly jeneneed eae : 
The oxygen consumption in vitro of renal cortex, 
cortex and liver slices is directly proportional 
logarithm of the oxygen content of the gas mixture 
igs.. 1-3). (2) The oxygen. uptake of renal cortex 
‘eased need more in. Bes. mixtures with 













pales ed that the renal cortex is unable to 
' take up the needed amount of oxygen even if the oxygen 
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‘produce severe alterations in the kidney. 
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Fig. 2. Relationship between in vitro consumption of oxygen by brain © o 
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Time Course of Failure of Neuromuscular 
Transmission after Motor Nerve Section | 


AFTER transection of a motor nerve, the severed part. 
of the axon undergoes progressive changes known as 
Wallerian degeneration. But before the degenerating — 
axon loses its ability +0 conduct action potentials, function 
and structure of the motor nerve terminals are impaired. 
and neuromuscular transmission fails'. Several workers — 
have noted that this failure occurs at a time which depends 
on the length of the degenerating nerve segment? This 
communication deseribes experiments which make Foci 
possible to relate quantitatively the length of the degener 
ating axon to the timae at which neuromuscular trans 
sion fails. ai 

The experiments were made on the phrenic- ne 
diaphragm preparation of female albino rats (140-1 
Operating under arsesthesia, the left phrenic nerv 
sectioned, either near its emergence from the spinal cor 
in the neck, or in the thorax a few mm from the en 
the nerve into the diephragm. In the former case, 3°5 - 
em of extramuscular nerve remained connected to. the is 







































state of the motor endplates, — 
diaphragm are d 
ids, the centre of which is about 1-5 mm toward 
costal margin from the main intramuscular nerve 
In a normally innervated diaphragm spontaneous 
ure endplate potentials (m.e.p.p.s) resulting from 
jitter leakage from the nerve terminals are observed 
iore than 95 per cent of electrode penetrations made 












within this band. Failure to record m.6.p.p.8 from this 


region of a muscle fibre is therefore a satisfactory indica- 
tion that the discharge has ceased at that endplate. End- 
-platos were sampled at 0-5 mm intervals following a 
¿= Gourso parallel to the intramuscular nerve trunk and 
_ making a total of 70-80 penetrations in most muscles. The 
¿< presence or absence of m.e.p.p.s was recorded after each 
= electrode penetration. Muscle fibres from which no 
> spontaneous activity was recorded were examined for 
at least 1 min and many for longer periods. In those 
periments in which the long length of nerve remained 
tached to the muscle, the nerve was stimulated to test, 
transmission had failed at each junction. 
ercentage of fibres examined at which m.e.p.p.s 
served (a) when the nerve was left long and (b) 
t was cut short is plotted against the time after 
ection in Fig. 1. Each point summarizes the results 
150-200 impalements. The time course of the failure 
nsmission when the nerve was long was almost identi- 
to that for the failure of m.e.p.p.s. In only a few 
ices Were m.e.p.p.s recorded from muscle fibres which 
id not respond to nerve stimulation. In no case was 
ransmission observed when m.e.p.p.s were not present. 
is clear from these results that when the nerve had been 
far from the muscle, the failure of m.e.p.p. activity 
red about 3 h earlier than when the nerve had been 
i close. It is also apparent that once the junctional 
ure started, it developed with a similar time course in 
th eases. 
he results of Fig. 1 were further analysed to determine 
ther a varying length of the intramuscular nerve also 
anced the time at which failure of m.e.p.p.s occurred. 
this purpose, the observations were grouped, according 
distance of the endplate from the nerve entry, into 
divisions each 0-5 em wide. The results from each 
m were plotted as in Fig. 1, and the time at which 
p.s had failed at 50 per cent of the endplates (t,5.,) 
sad off the curve. These times have been plotted in 
against the length of the sectioned nerve up to 
id-point of each region. 
th the exception of the one point corresponding to 
» shortest length of nerve, there is a nearly linear 
¿relation between nerve length and t,o... The discrepancy 
in the region nearest the site of nerve section may be due 
to local acceleration of degenerative processes resulting 
from injury of the nerve at the nearby point of section. 
The regression line calculated for the remaining seven 
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Failure of spontaneous m.e.p.p. activity after cutting the rat 


nerve: (a) in the neck, 3-5-4-0 em from the diaphragm (open 
Atb) in the thorax, 1-3 mm from the diaphragm (filled circles), 
sa, time in hours after cutting the nerve; ordinate, percentage of 
bres at which spontaneous activity was observed. Pooled 
~ results from 1,500 penetrations in 23 muscles 





istributed within a band about 2 
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Fig. 2. Influence of the length of peripheral nerve stump on the time of aoe ae 
m.e.p.p. failure. Abscissa, length of peripheral nerve stamp in cm: ordi- ee 
nate, time at which m.e.p.p. activity has failed at 50 per cent of endplates 










distances is given by tsy = 0-67 L + 10-4, where L is 
the nerve length (em) and t59, ia in hours. | o 

These results indicate that the presence of the peripheral 
nerve stump delays the failure of neuromuscular trans: 
mission after nerve section. For each em of intra- or 
extra-muscular phrenic nerve remaining, the failure o 
m.@.p.p.s is delayed about 40 min. This is a smaller effect 
of the nerve than has been reported for peripheral nerve 
of the cat, where each em adds about 5 h (ref. 3). 

This investigation was supported in part by U.S. 
Public Health Service fellowship 1-F1-GM-—15, 010-0141 
from the National Institute of General Medical Sciences. 
I thank Profs. B. Katz and R. Miledi for their advice. 
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PHARMACOLOGY 


Inhibition of Ascaris Muscle by y- Aminobutyric. a 
Acid: a Possible New Assay Method aes 


Ascaris lumbricoides, a round worm commonly found ™ 
in the intestine of pig, has been used as an isolated muscle... _ 
preparation for the investigation of anthelminthic 
potency!. We are now making a wider assessment of 
Ascaris as a pharmacological tool. Responses were 
recorded from a length of dorsal muscle, cut from the 
anterior region of the worm, mounted in an organ bath 
containing modified Tyrode’s solution at 37° C (refs. 2°. 
and 3). In our experiments the most striking pharma- 
cological effects have been seen with y-aminobutyrie acid 
(GABA), which produced a rapid reversible inhibition of | 
Ascaris musele, reflected as a relaxation of the preparation, = — 
in concentrations as low as 0-5 ug/ml. The time required 
for full development of relaxation at this concentration is 
3-4 min. In contrast, the common anthelminthice agent ~ o 
piperazine produces a much slower relaxation (more than  _ 
10-15 min) at concentrations of the order of 50 ug/ml. 
Similar relative concentrations of GABA and piperazine. 
have been shown to depress spike potentials in Ascaris 
muscle! 5, ec. | be 

The high poteney of GABA. suggest 


ed, that its action 
might be structurally specific. a is has _ been. sub- 



























ai "The: ‘spatial relations| uv pP of the amino ad 
boxyl group in GABA, and the primary character of 
amino group, appear to be critical. The lactam, 
-pyrrolidone, for example, is inactive. The importance 
‘the spatial relationship is particularly well Ulustrated 
-the high potency of guanidinoacetic acid. Alteration 
‘chain-length and substitution of the amino or methylene 
groups markedly lowers activity. 































“Pable 1. INHIBITION OF Ascaris MUSCLE BY GABA AND RELATED COMPOUNDS 
por Activity 
Compound Structure ere = 
— y-Amiinobutyrie acid H,N.CH,.CH,.CH,.COOH 100 
_ B-Aminopropionic acid HIN. (CHa COOH 15 
-Aminovaleric acid H,NACH,),. COOH 9 
~Aminocaproic acid H,N.(CH;);. COOH 6-1 
ee CH, 
6-Aminobutyric acid HN.CH.CH,.COOH -~  < 0-001 
Bs at atts 
inobutyric acid H,N.CH.COOH < 0-001 
lium butyrate CH,.CH,.CH;.COONa < 6-001 
amine hydrochloride H,N.CH,.CH,.CH,.CH,, HCI < 6-001 
cS OH i 
Amino-f-hydroxybutyric . 
sid H,N.CH,.CH.CH,.COOH < 0-001 
fethylaminobutyric acid = CH,. NH.CH;.CH.CH;.COOH < 6-001 
e cooH 
H,N.CH.CH,.CH,.CH,. COOH < 000} 
HN 


anidinobutyric acid C.NH.CH,.CH,.CH, COOH 7 


HN 
HN 


XS 
C.NH.CH, COOH 42 





idinoasetic acid 
HN 


nobutyryleholine HN (CHa) COOCH N(CH; hC HCI 2-5 


oride hydrochloride 
lidone CH, — CH, 
SN 
H 


< Pp 


.BA. Concentrations between 0-5 and 2-0 ug/ml. give 
‘dod responses which lie on a linear regression line when 
tted against the logarithm of the dose (Fig. 1). Results 
j; ther smooth muscle preparations have been described 
riable*?, The most satisfactory alternative involves 
bition. of 5-hydroxytryptamine-induced contractions 
o the guinea-pig ileum, but this preparation, unlike 





Relaxation (mm) 
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A scar is is a convenient preparation for the assay of 
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Ascaris, is affected by. many co ts 
stances. The usual:method for assaying GABA, i 
impulses are recorded from the crayfish stretch i 
neurone*, is apparently reliable but technically 
demanding. 
Ascaris is insensitive to many of the pharmacologi 
active substances present in brain, for example 
adrenaline, 3,4- dihydroxyphenylalanine, 3,4-dihydro 
phenylethylamine, — &-hydroxytryptamine and hista 
in concentrations up to 2 mg/ml. Acetylcholine (0: 
2 ug/ml.), however, eontracts the Ascaris preparation br 
the contractions may be blocked by d-tubocurarine* : 
(20 ug/ml.); they are only slightly reduced by atropine — 
(10-50 ug/ml.). We have not yet tested substance Pı 
but on present evidence Ascaris appears to provide a < 
simple and convenient means of studying the. neuro: = =o 
anatomical distribution of GABA. The precision of the ARETE 
assay method is noa under investigation. : 
GABA occurs in high concentrations not only in the -o 
central nervous system of vertebrates but also im thee 
nervous tissue of seme invertebrates!®. Glutamic acid 
the natural precursor of GABA, has been detected 
Ascaris™, but the possible occurrence or significan 
GABA in Ascaris remains an open question. 
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EMATOLOGY 


Effect of Basic Proteins on the Adhesivenes 
of Red Cells 


THe methods already described! for measuring 
stickiness of red celis to surfaces of various compo: 
cannot be applied to the stickiness of red cells to 
other (‘adhesivenes®’ in the sense used by Conan 
counting becomes ciffieult or impossible when neighbe 
ing red cells form even small aggregates. Adhesive 
however, can be measured in the following way. : 

A substance, for example histone, which increases. s the ai 
adhesiveness of red cells to each other, is dissolved in 
1 per cent sodium chloride in a concentration of 2 mg/ml. = 
Two ml. of this is diluted in a series of small tubes by 
powers of 2, and 0-3: ml. of a human red cell suspension in,” 
saline (50 mm?/10 gd. saline) is added to each tube. The 

sontents of the tubes are allowed to sediment at 4°C, for 
Sh. Ifthe cells stek to each other, even in small clumps, | 
they cover the bottom of the tube diffusely; if they donot 
stick to each other, they form a sharply defined ‘button 
at the foot of the tube. This effect is well known to — 
serologists, and provides a very sharp end-point differe 
tiating clumping (adhesiveness or stickiness of red 
to each other) from its absence. The end-point ca 
verified microscopically. 

The effect of a second substance, for example albi 
on the adhesiveness produced by the first substance c: 
demonstrated by making serial dilutions in powers 
of the second substance (1 ml. of a concentration 
mg/ml., 1 mg/ml. .. .) and adding 1 ml. of the first 
stance in constant concentration (for example, 2 mg/: a 
and 0-5 ml. of red cell suspension to each tube. Readings - 
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are made after 18 h at 4° C, using the same 
criteria as before. 

The histone referred to below was prepared 
from calf thymus by acid extraction‘; the 
salmine and lysozyme were pure preparations 
supplied by I.B.F. and N.B.C., respectively. 
All were dissolved in 1 per cent sodium 
chloride in concentrations of 2 mg/ml.; in 
this concentration the pH was between 6-7 
and 6-9. The proteins keep in the refrigera- 
tor, but solutions must be freshly prepared. 
The other proteins referred to were purified 
samples, dissolved similarly. 

Adhesiveness. The basic proteins histone 
and salmine produce increased stickiness of 
human red cells to each other, that is, 
increased adhesiveness, in concentrations 

than 0-015 + 0-01 mg/ml. This 
effect is virtually irreversible by washing 
with saline, is unaccompanied by haemolysis 
in concentrations less than 2 mg/ml., and is 
almost independent of the red cell concentra- 
tion in the system; this is probably because, 
as the concentration increases, the chances 
of contact between cells increases. These 
effects on adhesiveness are related to the 
effect of histone and salmine on the electro- 
phoretie velocity of the red cells, which is 
rapidly reduced to zero in concentrations of 
the order of 1 mg/ml. 

Lysozyme, in concentrations of 2 mg/ml. 
or less, has no effect on the adhesiveness of 
human red cells; in higher concentration it is 
haemolytic, and in much higher concentra- 
tion (20 mg/ml.) it reduces the surface charge 
of human red cells’. 

Effect of fibrinogen and gelatine. The only 
plasma protein which affects the agglutinating effect of 
histone and salmine is fibrinogen, which, while not produc- 
ing an increase in stickiness itself, increases red cell 
adhesiveness about eight-fold. Serum albumin and serum 
globulin have no effect in concentrations of 2 mg/ml. or 
less, although in much higher concentrations they form 
complexes with histone’. 

Gelatine in concentrations of 2 mg/ml. (at which level 
it decreases the stickiness of red cells to glass probably 
because it coats the glass—it is well known that it is not 
adsorbed on red cells) decreases the adhesiveness of human 
red cells to each other about four-fold in systems containing 
histone or salmine. 

This work was supported by a grant from the U.S. 
Public Health Service, HE-07401-03. 
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Haemoglobin O Arab in Sudanese 


Tae Northern and Southern Sudanese differ from an 
anthropological point of view. The first are primarily 
Arab, but with varying degrees of African mixture, while 
the second are Nilotic-Hamitic Africans. The latter can 
be divided into Northern and Southern Nilotes. Among 
some groups of Southern Nilotes, haemoglobin S is 
common!:?, but it is absent or low in the Northern Nilotes, 
for example, Dinka, Shilluk and Nuer*. Occasionally, also, 
haemoglobin Stanleyville II is found which relates these 

pulations to their southern and western neighbours‘. 

the Northern Sudanese, sickling is found at a low, but 
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A+0O 
Fig. 1. Paper electrophoresis, barbiturate buffer pH 8-6. Three samples of HbA +0 
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erprint of the soluble ane from the tryptic digest of haemoglobin O from 
t shows the feature of HbO Ara 
containing peptide with additional posi 


b”. PATpXITI is missing and a new tyrosine- 
tive charge can be demonstrated 


constant, rate in Khartoum (182 of 9,100 examined, that 
is, 2 per cent) and at a more variable rate in Western 
Sudan’. It seems that the Northern Sudanese possess 
haemoglobin O which relates them to their Arab neigh- 
bours. Indeed, haemoglobin O Arab was first reported 
in an Arab family in Israel’, but it has recently been 
found also in Bulgaria‘. 

In 1962, we reported the finding of haemoglobin O in 
a Northern Sudanese woman in Khartoum’. Over a 
4-year period we have examined 9,300 unselected Northern 
Sudanese in Khartoum and have found eleven instances 
of the carrier trait for haemoglobin O Arab. The haemo- 
globin O was identified in all instances in the Sudan and 
in England by its electrophoretic (Fig. 1) and other 
properties’ and characterized as O Arab in three instances, 
by examination of the peptides arising from tryptic 
digestion of the isolated abnormal haemoglobin fraction 
by fingerprinting’ (Fig. 2). 

The incidence of haemoglobin O Arab in Northern 
Sudanese is admittedly low (about 0-1 per cent), but 
when viewed in the light of other surveys numbering 
many thousands of persons in Africa, it assumed some 
significance. It is tempting to consider the haemoglobin 
to be an Arab feature, particularly since it was first found 
in an Arab family. However, one of the large-scale 
surveys which failed to reveal the presence of haemoglobin 
O Arab was conducted in Saudi Arabia". It is thus 
possible that the haemoglobin O Arab of the Northern 
Sudanese may be part of their non-Arab heritage related 
to pre-simitic Egypt. It is worth recalling that sickling 
was also present in the Arab family in which haemo- 
globin O Arab was first described, and that sickling is not a 
feature of pure Arab (‘Bedouin’) stock, and that haemo- 
globin O Arab has recently been reported in three genera- 
tions of an American Negro farily"*. Kantchev et al.’ 
have suggested that haemoglobin O Arab in Bulgaria 
may be the outcome of an independent mutation. Before 
accepting this unreservedly, one has to consider carefully 
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aemoglobin Typing of the Kerry Breed of 
_ Cattle 


types of haemoglobin, designated Bov A and Bov 
lave been identified in the blood of cattle by Bangham!. 
hese are distinguished by their motility in paper electro- 
ioresis; Bov A is the slow-moving and Bov B the fast- 
ving component. The type of haemoglobin which 
urs in an animal is controlled by two simple allelic 
autosomal genes which give rise to three phenotypes 
A, AB and B. 
In a survey of stud bulls in Britain, Bangham: found 
at with the exception of the Jersey, Guernsey and South 
Devon breeds all other British breeds exhibited A type 
vemoglobin exclusively, while in the case of Channel 
and and South Devon bulls both B and AB typ2s were 
ountered in addition to A type haemoglobin. In a 
quent survey of some cattle breeds of Europe and 
ica, Bangham and Blumberg? found that B type 
haemoglobin occurred in breeds located geographically 
along a line running southwards through Franse into 
Africa, while cattle of north-east France, Holland and 
Denmark showed A type haemoglobin exclusively. 
_ . This finding tended to support the suggestion of Boston’ 
that one ancestral line of the Jersey breed originated 
In the Indus valley and permeated through Africa to 
Europe. The type of haemoglobin occurring in Kerry 
— eattle—a breed native to Ireland—has not previously 
been reported and it was felt that haemoglobin typing 
might throw some light on the views of Moyles’, who has 
. suggested that the Kerry breed originated in mid-Asia. 
The standards for the different types of haemoglobin 
were established according to the method of Bangham! 
using blood samples from different breeds, including 
esians, Shorthorns, Herefords, Guernseys and Jerseys, 
hich exhibited the A, AB and B types. Blood samples 
ere then collected from 25 Kerry cattle in a pure-bred 
y herd and these were run on paper electrophoresis 
yy side with samples from other breeds. All twenty- 
amples from the Kerry cattle contained the commonly 
A type haemoglobin. This finding has more 
onfirmed by Dabeczewskié. 
ing would suggest that the 
ttle has no link wi at ancestral line 
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of Channel Island. zattle but would appi 
origin resembling that of other nort 
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Active Immunization of Mice with 
Chagastoxin : 
PREVIOUSLY we reported on the immunology, i 
chemistry and iramunochemotherapy of exper 
Trypanosoma cruz: infection in mice, T. cruzi 
least 9 antigens. Bonic lysates of the cultures ¢ 
antigens A, B, C, D, E, F, G and H, and the sed 
contains B, E, D and X. Living trypanosomes havi 
gens B, E and G. Saline supernatant has antige 
and F, while distiled water supernatant has A, B 
and sediment antigens B and X. The recently phi 
cultures have A, E, G and X, and old phenolized cu 
have only B. 50 per cent extraction with amm 
sulphate yields A, Z, E, G and F. 100 per cent sat 
still extracts B, whale precipitation with alcohol a 
saturation with anzmonium sulphate still extracts 
B. The phenol extract and sediment (Westphal) 
no antigens, but phenol aqueous extract contains. 
B. The antigens E, E and G are major antigen 
agglutinin titre of hyperimmune rabbit serum 
10,240 and that horse serum was 1 : 327,600 
rabbit and horse hyperimmune sera had | : 4 titre. 
gel precipitin. Ima:unotherapy with hyperimmy 
serum prolonged the survival time in fatal ‘ 
infection in mice to- to three-fold. Chemothera 
l-furaltadone, in doses of 50 mg/kg/day for two” oe 
followed by 12-5 mg/kg/day for 2-5 months, protected = 
86-7 per cent of infected mice, while combined immuno- | 
chemotherapy with hyperimmune rabbit serum plus I- ~ 
furaitadone protecied all mice for at least 5 months? 
The present report deals with the toxicity and immunize 
ing properties of the lipopolysaccharide, chagastoxin. 
Phenol extraction. Chagastoxin is prepared or extracted — 
using the following modified Westphal method*, used for 
the extraction of dpopolysaccharides from the cell walls _ 
of Gram-negative reds. Trypanosoma cruzi (Tulahuan) is 
grown for 10-12 days on brain heart blood agar. (Difco), 
containing 5-8 per cent citrated human blood obtained 
from the blood berk, in Roux bottles. The cultures are — 
pooled, should contain no bacteria and erythrocytes, _ 
and are sonically lysed for 90 sec in Raytheon sonic 
oscillator model DFO1, 10 kejs, 250 W, 115 V and 60... 
c/s. After spinning, the sediment and supernatant ar 
treated with an equal volume of 88 per cent phenol fo 
30 min in the refrigerator. It is then centrifuged at 3,000 
4,000 r.p.m., and she supernatant is then dialys 
3 days in running tap water and for 24 h against di 
water. The sediment is precipitated with alcohol or 
directly lyophilized. The phenol fraction is precipita 
with 95 per cent aeohol (6-10 volumes); the sedim 
washed in saline and then lyophilized. Gentle handlin 






























ction. The lysed trypanosomes 





as lum sulphate so that its final concentration is 
50 per cent. When 54-2 g ammonium sulphate is added to 
100° mil. distilled water, the resulting solution is fully 
Saturated. For 100 per cent saturation, ammonium 
sulphate crystals are added until full saturation is reached. 
‘The precipitate, after full saturation, is then dialysed 
against tap water for three days, distilled water 24 h, 
and then lyophilized. 
Sheep) were immunized with formalin-phenol-killed 
i’. eruzi culture, had an agglutinin titre of 1 : 20,280, but 
they had no agar-gel precipitin antibodies. The agglutinin 
titre of sheep immunized with ammonium sulphate 
extracts was 1: 5,120, and they had no agar-gel precipitin 















antibodies. 
Protective effect of chagastorin. Formalin—phenol- 


killed. cultures of T. eruzi have no protective effect. 
Freshly lysed virulent cultures have low or weak protec- 
tive value. The quantity of antigenic material in lysed 
ltures is low, and a large volume of material cannot be 
ected into mice. 50 and 100 per cent ammonium sulphate 
-also have low or weak protective value. Old 

~ Tysed cultures do not have protective value. The immun- 
me 







mug/protective factor is very unstable. 

Forty-five mice weighing 8-10 g were injected intra- 
peritoneally with 0-5 mg chagastoxin, twice a week, for 
seven doses. There were fifteen control mice, of the same 
age and weight. Two weeks after the last dose of toxin, 
= all mice were challenged with 120 M.L.D. of T. cruzi 

from an infected mouse. M.L.D. of T. cruzi was about 
J00 trypanosomes from an infected mouse. The controls 
ed in less than 7 days, while the immunized mice lived 
to 40 days. Naturally, such heavy infection does not 
rin persons who are exposed to triatomid bugs which 
are infected. 

. Powieity of chagastoxin. According to the criteria of 

Milner et al.°, the surface antigens or lipopolysaccharides 

of Gram-negative bacteria should fulfil the following 

requirements: lethal effect expressed in £.D.,), protective 
or immunizing properties, pyrogenicity in rabbits, 

Shwartzman reactions and skin tests. Freshly lysed 

virulent cultures, phenol—formalin-killed cultures, am- 

monium sulphate extracts, phenol extract and phenol 
sediment are all non-toxic to mice. Chagastoxin (lipo- 
polysaccharide) as a phenol aqueous supernatant is 
-toxie to mice, 2-5 mg injected intraperitoneally each day 
-© o for three successive days, in mice weighing 10 g, or 5 
» mg daily for three days in mice weighing 25 g, killed 50 
~ per cent of animals within less than a week. ly of chagas- 
toxin injected intravenously in rabbits raised the tempera- 
ture 2° in 2-3 h, and 10y raised the temperature 6-8° F 
during 2 h, the temperature then falling gradually. 1 mg 
chagastoxin injected intradermally in clean rabbits failed 
_to give rise to a dermal reaction, but the same amount 
injected in rabbits immunized with killed and live cultures 

gave rise to a positive dermal reaction. 
At present we are actively investigating the problem of 
immunization, using various doses and durations, intervals 
- between immunization and challenges with virulent 
trypanosomes, and varying the doses of the challenge. 
_ We are also investigating the effect of the booster dose of 
- ghagastoxin, the pharmacology and pathology of the 
‘toxin in animals, and the effect of chagastoxin in the 
“therapy of chronic lesions in animals. It should be borne 
_ dn mind that, in the chronic stages of the disease, there are 
__ few parasites in the cells or tissues. Probably most of the 
-damage at cellular or tissue level could be the result of 
» Arthus phenomenon, through exposure of the host 
the antigen to the parasite. Chagastoxin may play a 
şart in desensitizing the tissues to further damage by the 
parasite, or it may increase the permeability of the cell 
embrane to 1-furaltadone, thus increasing the lethal 



































n actioni of the drug to the pathogen. 












ion of 1 1. At present immun 
chemotherapy in chronic Chagas disease in animal 
being investigated, using chagastoxin plus 1-furaltadone ; 
Note added in proof. Since the submission of this paper- 
to Nature, we would like to report the following important- 
experimental observations: (1) Sixteen doses of 500. pg. 
chagastoxin intraperitoneally in mice, and challenged 
four weeks later with one to two thousand virulent p 
trypanosomes, completely protected the animals during 
140 days of observation, whereas control mice died ini 
7-10 days. A booster dose of four doses of 250 ug chagas- 
toxin prolonged the duration of proteetion in previously 
immunized animals. The height of protection was 
attained one month following immunization. (2) Smaller 
doses of 25-200 ug chagastoxin rendered partial protec- 
tion. (3) Formalinized chagastoxin was less effective 
than freshly prepared suspension. (4) Chagastoxin had a 
cortisone-lke effect. Three doses of 10-500 ug activated 
fatal trypanosomiasis in chronie latent trypanosome «s 
infection in mice, but smaller doses failed to activate 
acute infection in chronically infected animals. (5) 
Chagastoxin induced marked leucocytosis in rabbits. 
H. SENECA 
P. PEER 
B. HAMPAR 
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PATHOLOGY 


Long-term Culture of Lymph Node Tissue 
from a Patient with Lymphocytic Lymphoma 


ATTEMPTS to grow normal iymphoid tissue for extended 
periods of time in a state of morphological and immuno- 
iogical differentistion have been met by failure? An 
alternative procedure involves short-term incubation of 
iymph node or spleen cells from previously immunized 
donors*-?. A short time ago Ioachim? reported successful 
iong-term cultures of normal splenic tissue with continuous 
production of plasma cells from several mammalian species, 
including man, Simultaneous attempts with lymph node 
explants were unrewarding. On the other hand, con-. 
tinuous in vitro growth of mouse lymphomatous cells has 
been repeatedly accomplished®-". Recently, Epstein etal! 
reported long-term cultivation of Burkitt lymphoma cells. 

This communication refers to a unique cell line obtained 
after in vitro culture of lymph node tissue from a patient 
with a well-differentiated lymphocytic lymphoma. The 
growing population is characterized by cell heterogeneity 
and evidence of morphological and immunological differen- 
tiation. 

The patient is a fifty-cight-year-old male who noted an 
enlarged lymph node behind his ear in August 1962. He 
came to the University of Texas M.D. Anderson Hospital 
and Tumor Institute in October 1964 with generalized 
lymph node enlargement, the largest node being 3 cem in. ? 
diameter. The liver and spleen were palpable. White = 
blood cell count at that time was 41,500 with 3 per cent 
neutrophils, 91 per cent lymphocytes, and 6 per cent 
immature lymphocytes. A cervical lymph node biopsy was 
diagnosed as lymphocytic nodular lymphoma. He was 


wo.sozo January 15, 1966 


treated with ‘Leukeran’ for about 2 weeks. The patient 
has remained relatively well until the present time and his 
most recent count was 104,000, 85 per cent of which were 
mature lymphocytes. 

A portion of his initial lymph node biopsy was immedi- 
ately incubated with ‘Coleemide’ for chromosomal analysis, 
and the rest placed in a sterile Petri dish partially filled 
with Hanks’s solution. The tissue was finely minced 
and the small pieces were distributed under perforated 
‘Cellophane’ membrane in 7'-30 flasks. Approximately 
4-5 ml. of culture medium was added to each container. 
The culture medium in use in our laboratory is F-10 
(Colorado Serum Co., 4950 York Street, Denver, Colorado) 
supplemented with 20 per cent foetal calf serum (Hyland 
Laboratories, 4501 Colorado Blvd., Los Angeles, California) 
and ‘Neomycin’, 0-1 mg per ml. The vessels were then 
incubated at 37° C, and the medium changed every 3 
days. 

Outgrowth of spindle cells from the margins of the 
small explants were noted 2 weeks later. From the begin- 
ning phase microscope observation revealed two different 
types of cells: one larger, partially elongated and occasion- 
ally flattened containing a central nucleus and abundant 
granular cytoplasm, and the other, smaller, round or 
ovoid in shape with a lesser amount of cytoplasm and 
often condensed nucleus (Fig. 1). Since these latter cells 
were initially considered to be remaining lymphocytes it 
was assumed that with periodic change of medium they 
would disappear. However, this did not occur. With routine 
sub-culture every new flask contained the two cell types. 

The reticular cells differed from the usual fibroblastic 
growth obtained from cultures of human skin, leukaemic 
bone marrow, and normal lymph nodes. They attached 
to the glass surface and proliferated, forming an inter- 
lacing network with nest-like spaces occupied by clusters 
of round cells. The latter elements predominated in the 
supernatant and often were seen floating freely in the 
medium (Fig. 1). Multiple cytoplasmic budding was also 
observed in both cell types. After centrifugation of the 
medium used, the resultant pellet was successfully utilized 
to start new cultures, which disclosed similar growth 
patterns. 

It is of interest to mention that similar symbiotic 
cultures of reticular and lymphocyte-like cells have been 
reported in other species by a few investigators**-*. In a 
recent work Ioachim and Furth!’ described a long-term 
culture of virus-induced thymic lymphoma of rats which 
grew in a manner very similar to ours. At present, 12 
months after the initial explants, our cell line still retains 
the heterogeneous population described. A permanent 
stock of these cells has been stored at minus 70° C in 5 
per cent glycerine medium. A few ampoules of this 
material have been re-used with good recovery. 





Fig. 1. Phase-contrast microphotograph of a 12-month-old culture 
from lymph node tissue of a patient with lymphocytic lymphoma. 
Two cell types are clearly seen. (x e. 400) 
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Fig. 2. 


Ultra-violet light microphotograph of cells from the culture 
shown in Fig. 1 after cireet exposure to tluorescein-labelled rabbit 


anti-human gamma glotadin serum. The round cells fluoresced strongly 
while the reticular elements remained unaffected. (x c. 400) 


To investigate further the significance of this cell hetero- 
geneity we used specific rabbit anti-human gamma 
globulin (Baltimore Biological Laboratories Division, 
2201 Asquith Street. Baltimore, Maryland) labelled with 
fluorescein isothiocyanate (Calbiochem, 3625 Medford 
Street, Los Angeles, California). This was applied directly 
to the cultured celb and incubated for half an hour. 
Simultaneously, indirect techniques requiring previous 
exposure to unlabelled rabbit anti-serum were also carried 
out, Several normal and neoplastic human cell lines 
(fibroblasts, melanoma) were used as controls. With the 
direet technique the round cells revealed striking positive 
fluorescence (Fig. 2). The reticular cells were negative. 
Indirect techniques considerably reduced the fluorescence 
and the controls were consistently negative. 

On the basis of these results it can be postulated that 
the two cell types observed under the phase microscope 
are functionally different: the spindle variety represents & 
reticular undifferentiated cell and the other, a more mature 
one, probably of lymphocytic origin. The fact that these 
round cells appear to be able to produce a protein molecule 
which can react speeifically with the anti-human gamma 
globulin is most unique—especially considering the age 
of this cell line. 

The initial chromesomal analysis showed euploidy, but 
subsequent periodical investigations indicated a change to 
aneuploidy around the sixth month. However, no evidence 
of a predominant mode has been found. More detailed 
cytogenetic data, ss well as the results of histologieal, 
immunological, microcinematographie and other studies 
now in progress will be reported at a later date. 

This work was supported by U.S. Public Health Service 
research grant CA 06939 from the National Cancer 
Institute, Bethesda, Maryland. 

Jose M. TRUMLLO 
Berry Lisr-YOuNG 
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oxin is the name given to a group of related 
‘agents produced by the mould Aspergillus flavus 
l which have been characterized chemically!*. Diets 


containing aflatoxin, such as toxic ground-nut meal, 








q have been found to produce pathological changes*-§, in 
- particular, liver injury’, in a wide variety of species of 
animals. The most toxic member of the aflatoxin group 
so far recognized has been designated aflatoxin B, (ref. 8). 
The rat is considerably less susceptible to aflatoxin than 
most other species investigated and for male rats the 
OLD is 7 mg aflatoxin B,/kg body-weight (administered 
by stomach tube, dissolved in dimethylformamide 5 
= mg/ml)”. Such a dose produces an extensive hepatic 
| periportal necrosis after 48 h. It seems likely that the 
<- toxie agent has a direct action on the liver as within 30 
min of administration it is possible to detect aflatoxin B, 
in the liver!’ and within 60 min most of the administered 
- dose has been concentrated there. 
<o We have found that by 1 h after poisoning slices cut 
- from the liver of the poisoned rat have a reduced ability 
-ogre vitro to incorporate radioactive amino-acids into the 
"cell protein. Using radioactive labelled pi-leucine- 
Lealanine-@C (U) or mixed amino-acids-!C(U) 
red from a Chlorella vulgaris hydrolysate, percentage 
ons after | h of incubation of 48, 44 and 24, respec- 
, were demonstrated by comparison with slices from 
t animals. Similarly the addition of a final con- 
ion of 0-032 mM aflatoxin B, to the incubation 
um. containing liver slices prepared from control 
Js. inhibits the incorporation of pt-leucine-1-'C 
er proteins by 46 per cent after 1 h. Inhibition of 
synthesis in both animals and plants following 
ministration of aflatoxin B, or diets containing 
groundnut meal has been previously reported H, 
study further the effect of aflatoxin B, on protein 
akis 4n vivo the induction of tryptophan pyrrolase 
bstrate or cortisone was measured in the livers of 
land aflatoxin B,-treated rats. Three hours after 
ag it was found that there was a 57 per cent inhibi- 
the cortisone-induced enzyme whereas there was 
uibition of the substrate-induced enzyme. These 
are similar to those reported for the effect of 
ein D on tryptophan pyrrolase induction!-2", 
as been shown that the inhibition of protein synthesis 
iver of the rat following administration of actino- 
=D is secondary to an inhibition in ribonucleic 
(RNA) synthesis!®*. To determine whether a similar 
sequence of events occurs with aflatoxin B,, using liver 
slices from control rats we examined the effect of the 
<: addition in vitro of the toxic agent on the incorporation 
of 4C-orotic acid into RNA and “C-leucine into protein. 
Table 1 presents results of such an experiment showing 
that. there was an immediate inhibition of orotic acid 
“incorporation into RNA whereas the inhibition of leucine 
nto protein took some 15 min to develop. It was shown 
. that aflatoxin B, does not inhibit the entry of amino- 
acids into the liver slice. These results thus indicate a simi- 
< larity in action of aflatoxin B, to that of actinomycin D. 
-odt was also possible to demonstrate an inhibition of the 
-Ineorporation in vivo of “C-orotic acid into the RNA of 









































Table 1. Jn vitro EFFECT OF AFLATOXIN B, ON THR INCORPORATION OF 
o™@-Onotic ACID INTO THE RNA AND ON 4C-LEUCINE INTO THE PROTEIN OF 
ee LIVER SLICES 


me = - Durati on of experiment Per cent inhibition of incorporation in 








(min) the presence of aflatoxin B, into 
RNA Protein 
15 92 5 
30 8s 31 
45 95 43 
60 90 46 


ver allces were prepared from control rats and Incubated in Krebs-Ringer 

hate, with oxygen as paa phase. 1 pe. of orotic acid-6-"C or DrL-leucine- 
was added to the medium: aflatoxin B, when added was at a final con- 
ration of 0-032 mM. The isolation and determination of radioactivity in 
RNA and protein were as previously described®*, 


_ Jnvorporation into Incorporation into Per cent ine 
total nacteotides nuclear RNA tion inte K 
(c.p.m./density unit (e.p.m.J/ug RNAP) 


INTO THE NUGI 


at 260 my) ; . % 
Control 16,021 1,686 105 
Control 14,318 2,825 iT 
Aflatoxin B, 20,180 486 240 
Aflatoxin B, 21,477 327 a 


the liver cell nucleus in rats poisoned with aflatoxin B,. 
In Table 2 are given the results of a typical experiment and 

it may be seen that there is no inhibition of incorporation 

of orotic acid into the nucleotide pool but there is a marked 
inhibition of ineorporation of nucleotide precursors into 
the nuclear RNA. This would seem to indieate that there 

is an inhibition of RNA polymerase—the only enzyme  . 
known to be operative between these two stages!*, ; 

It is known that actinomycin D binds to deoxyribo- == 
nucleic acid (DNA) and thus inhibits the DNA-dependent: 
RNA synthesis**. The structure of actinomycin Dis 
such that it wedges into a groove of the DNA helix with ~ 
the quinoidal oxygen—the amino group and the lactone 
rings undergoing hydrogen bonding. A consideration of 
the structure of aflatoxin B, (refs. 1 and 2), with its’ 
three rings and groups capable of hydrogen bonding, 
suggested that it might bind to DNA in a similar manner | 
If such a reaction were to occur the DNA would be expec- © 
ted to alter the characteristic absorption spectrum of the 
aflatoxin B, We therefore examined the effects on the 
absorption spectrum of aflatoxin B, of adding varying 
concentrations cf calf thymus DNA and found the differ- 
ence spectrum showed a similar trace to that given by | 
actinomycin D in the presence of calf thymus DNA®, 
The changes in optical density and shift of the absorption 
peak are given in Table 3. a 















Table 3. EFFECT oy CALF THYMUS DNA ON THE SPECTRAL PROPERTIES ` 
OF AFLATOXIN B; Re ee: 


Final concentration Decrease in Increase in Molar ratio 
of DNA OLD, at 355 mu O.D. at 885 myu aflatoxin Bif- 
(uM DNA.P) DNA.P 
397-5 0-085 0-063 0-859 
662-5 0-187 0-088 0-025 


The final concentration of aflatoxin B, was 23-4 uM and this and the DNA 
were dissolved in 0-01 M ¢tris-HC1, pH 7-4, containing 0:01 M sodium chloride. 
Difference spectra were traced using a mode! 14 serial No. 273, Cary Record 
ing Spectrophotometer®*. Aflatoxin B, has a maximum absorption of 370 ma- 
in the éris-medium; on mixing with the DNA, maximum decrease in absorp- - 
tion is seen at 355 mx and maximum increase in absorption at 385 mg. 
The traces cross the base line from negative difference to positive difference . 
at 377 mu. Se 

We have further studied the distribution of aflatoxin B, 
in the sub-cellular fractions of the liver cell some 30 min = 
after poisoning and found that, although all fractions show ©. 
the presence of the toxin, one-third of the total cell content . > 
was present in the nucleus. eared 

We therefore propose the following sequence of events — _ 
following poisoning with aflatoxin B,: (1) The aflatoxin. 
after entering the liver cell passes into the nucleus. (2) 

It binds with the DNA and thereby inhibits the RNA 
polymerase. (3) There is a reduced synthesis of RNA |. 
involving an inhibition of messenger RNA as exemplified = 
by the inhibition of the cortisone-induced synthesis of 
tryptophan pyrrolase. (4) The inhibition of mRNA is 
reflected after some 15 min in a reduced protein synthesis. 

(5) The continued reduction of mRNA production is the = 
cause of the degranulation of the endoplasmie reticulum 
which has been observed in electron micrographs prepared >- 
from the livers of rats poisoned with aflatoxin for 6 h 
(ref. 21), This would appear to be analogous to the endo- 
plasmic reticulum changes occurring following administra- , 
tion of actinomycin D (ref. 22). me 

In view of the finding that aflatoxin B, binds with DNA 
it may be that the difference in toxicity shown by other _. 
varieties of aflatoxin is determined at least in part by the = 
extent to which they are able to bind to DNA. 





















ossible to what- extent this 
s responsit the development of 
ip ‘necrosis in the livers of poisoned rats. An 
nibition of protein synthesis in the liver celi would not 
yer ge appear to result in hepatic necrosis. This follows 
rom a consideration of the results with rats poisoned with 
thionine®*, or é-butylmethylnitrosamine** or carbon- 
tetrachloride and treated with promethazine-HCl (ref. 
=- 25); in all these cases there is an inhibition of protein 
synthesis up to 24 h without the development of necrosis. 
_ Unlike these agents, however, a single dose of aflatoxin B, 
<- will depress protein synthesis for at least 48 h, and it may 
be that in these circumstances the inhibition of protein 
synthesis could play an important part in the development 
of the periportal necrosis. 

We thank the British Empire Cancer Campaign for 
Research for s grant which enabled this work to be carried 
out. We thank Prof. C. Rimington and Dr. M. Tarlow 
for advice, the Medical Research Council for a gift of the 
aflatoxin, Dr. W. H. Butler for carrying out parallel 
histological investigations, and Dr. A. Mathias (Depart- 
ment of Biochemistry, University College, London) for 
s help in the spectrophotometric determinations. 
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7 Influence of Thymic Mass on Murine Viral 
e Leukaemogenesis 


‘we origin of lymphoma in the thymuses of mice is now 

ocumented'. Of interest is the fact that regardless 
means used to induce the lymphoma (virus, chemi- 
hormones, X-rays), the pattern of the thymic 

is always similar. Recently, in pathogenesis 
ns of a virus-induced lymphoma, attention 
to the thymic anatomy. It was demon- 


no two ‘lobes’ of ‘the thymus’ actually are 
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because it was noted that the lymphoma change 
in only one of the two thymuses. Tumour cells frec 
disseminated from a tumour-transformed thymu 
time when the opposite thymus was still histolog 
normal. The process of tumour formation studied 
logically in serial sections suggested that the tumo 
celis evolved throughout a single thymus rather tha 
single point®. Regerdiag the thymuses as organs ` 
provide the site for the lymphoma evolution®, it wa 
interest to investigate the anatomic unit of thymic tissu 
necessary for such æ change. ee 
To investigate the effect of reduced amounts of thymic _ 
tissue in viral leukaemogenesis, new-born random-bred _ 
Swiss mice were inceulated with Rich murine leukaemia __ 
virus‘, by protocols previously deseribed*. At 4-5 days of — 
age mice were either sham-thymectomized, unilaterally | 
thymectomized, bilaterally thymectomized, or left intact. 
The sexes were equally represented in each group. Un- 
inoculated intact aad operated controls were included, _ 
The animals were palpated thrice weekly for enlargement __ 
of the spleen. When definite splenomegaly was detected, 
the animal was killed with ether and dissected. _ 
mediastinal contents of mice in which both thymuses 
been removed were Exed en bloc, and serially sectioned 
the level of the thyroid to the bifurcation of the b 
In 49 of the 104 bilaterally thymectomized mice, : 
microscopic fragmerts of thymus tissue could be id 
histologically by the presence of Hassall’s corp. 
characteristic cortico-medullary differentiation, an 
presence of ‘PAS’ ealls. The residual amount of 
tissue in the serial sections was measured with a cal 
ocular scale. The total volume was estimated by as 
the geometry of a double cone. Assuming & 
gravity of 1-0, the thymus fragments were esti 
weigh between 0-1 and 0-5 mg. By way of comp 
single thymus of « centro! animal of compara 
weighed 20-30 mg. The larger fragments were 
visible on the stained slide, but were not discerni 
the fresh tissue because they were embedded in med 
fatty connective tissue. These 49 animals were des 
‘sub-totally’ thymectomized. Only animals su 
past the first monsh were included in the investig 
An additional 51 virus-inoculated and 19 unino 
unilaterally thymectomized mice were killed betweer 
50-75 for pathogenesis examinations. i 
The results are summarized in Fig. 1. Dissermi 
thymic lymphome (lymphoid leukaemia) oec 


two separate, paired orgar 
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$ ectomized, inoculated mice; and 14 of 15 sham- 


operated, inoculated mice. The differences between the 
mean latent periods in these three groups were not 
atatistically significant. Thus, the incidence and latency 
of lymphoid leukaemia in mice with one thymus were the 
same as in mice with two thymuses. Mice possessing less 

“than one complete thymus (sub-totally thymectomized) 
had a greatly decreased incidence of lymphoid leukaemia 
{18 of 49) with an increased latent period (137 days 
versus 91 days in controls). 

Although not indicated in Fig. 1, two animals in which 
definite lymphoma could be seen in residual thymus 
fragments had concurrent myeloid leukaemia. | This 
finding was also reported by Fiorre-Donati et al.’. 

` The pathogenesis of the thymic lymphoma in unilater- 

ally thymectomized mice was identical to that in mice 
with two thymuses, described previously’. Briefly, the 
remaining thymus in unilaterally thymectomized, virus- 
inoculated mice decreased in size and weight from a control 
-value of 20-30 mg to 10-15 mg botween 40 and 50 days. 
The decrease in weight was reflected histologically by a 
depletion of thymic lymphocytes and a drawing together 
Of the epithelial reticulum which constitutes the tissue 
-matrix or framework of the organ. Within a few days the 
contracted primitive cells had begun to proliferate, and 
formed continuous sheets of large, immature, lympho- 
blast-like cells. This proliferation was accompanied by a 
great increase in size and weight of that thymus, often 
weighing as much as 130 mg. Dissemination of tumour 
cells to other organs occurred after proliferation had begun. 
The degree of dissemination and the extent to which the 
tumour cells proliferated in distant organs was inde- 
ident of the size of the primary thymic mass. In some 
stances specimens were obtained with large tumorous 
“supracoecal (mesenteric) lymph nodes, and inconspicuous 
but completely tumour-replaced thymuses. Because of 
knowledge of the details of the pathogenesis of this 
tumour’, the error of attributing to the largest tumour 
. mass the site of orgin of the tumour was avoided. 
_. No mouse histologically free by serial section of thymus 
_ tissue developed lymphoid leukaemia in this investigation 
during the 240 days of the experiment. Of 55 such mice, 
~ however, 16 (28 per cont) developed myeloid leukaemia 
‘by day 220 (solid triangles in Fig. 1). The development 
of myeloid leukaemia in thymectomized, virus-inoculated 
mice has been previously reported by Gross’, In many 
instances pigment changes in myeloid-infiltrated lymph 
< nodes produced deep shades of green (‘chloroleukaemia’). 
_. The pathogenesis of the myeloid leukaemia will be pre- 
< sented in a separate publication. | 
~The data indicate that in murine viral leukaemia: (1) 
thymic tissue is necessary for the evolution of lymphoma, 
but not for the evolution of myeloid leukaemia; (2) 
animals with one thymus developed disseminated thymic 
lymphoma (lymphoid leukaemia) as quickly, as often, 
andin the same manner, as animals with two thymuses ; 
- {3) animals with less than one complete thymus have a 
markedly decreased incidence of lymphoma, which 
develops with a longer latency period. 

These facts show that while small portions of thymic 
tissue (0-1-0-5 mg) are capable of evolving the lymphoma, 
they do so in greatly reduced incidence and after a longer 

period. While the longer latency may be due merely to 

the extra time required for a fragment to proliferate 
enough to make up for its initial small size, the decreased 
incidence (Fig. 1) suggests that a critical mass of thymic 

‘tissue may be a factor in lymphoma change. Study of 

this factor is now in progress in our laboratory. 

_ We thank Mrs. W. Harrell, Miss J. Geldner and Mrs. S. 
Siegel for their technical assistance. 
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Inhibition of Fruit Drop and Colour 
Stimulation with N-Dimethylaminosuccinamic 
Acid 

Tue retardation of vegetative growth of legumes and 
certain other species by foliar application of substituted 
maleomic and succinamic acids was reported by Riddell 
etal... The N-dimethylaminosuccinamic acid (designated 
B995) was found to be more stable in aqueous solution 
than the substituted maleomic? and was effective in 
retarding growth of the same species. 

Similar retardation in vegetative growth of apple with 
foliar sprays of B995 has been reported. Another effect 


of B995 application on apple, typical of a growth retar- oe 
dant, is the promotion of flowering of young trees’. Brooks > 
has also reported reduction of terminal growth of pear — 


with sprays of B995. The spur development correlated 
with this reduced growth in pear is indicative of increased 
flowering. In contrast to these effects, tests in 1964 


revealed that B995 may simulate the action of a growth a 
promoter or auxin in controlling the abscission and pre- ` 


harvest drop of mature apple fruits. Auxins such as 
a-naphthaleneacstice acid (NAA) and 2,4,5-trichloro- 
phenoxy «-propionic acid (2,4,5-TP) have been shown to 
delay the harvest drop of apples* and have been used 
extensively for this purpose. This report presents the 
results of several tests which characterize the effects of 
B995 in relation to fruit drop, anthocyanin formation and 
histological changes in the abscission zone of the fruit 
pedicel. 

Mature apple trees (Pyrus malus, Linn. cv. MeIntosh) 
were sprayed at various times and concentrations from full 
bloom (May 13) to a few Gays before harvest. From 4 to 
8 trees were used per treatment in a randomized block 
design. Fruit growth measurements were made periodic: 
ally during the season and fruit firmness, colour and drop 
data were obtained at the end of the season. Samples 
were collected from each tree for colour evaluation. Fruit 
firmness was determined with a Magness-Taylor pressure 
tester on a sample of 10 fruits from each tree at each har- 
vest date, At normal harvest time for the control trees, 
fruit drop was occurring and had reached as high as 
56 per cent of the total crop in some tests (Table 1). 


Table 1. HARVEST Drop AND Froit Firwygss OF McInrosu APPLES 
TREATED WITH BOSS 
Treatment Date Fruit drop (%) Fruit firmness (Ib.) 
Orchard (p.p.m. applied epi. Oct, Oct. Sept. Get. Oct. 
B995) {1964} 26 10 26 26 10 26 
48 50D June 5 §-§ * 9§ 218 16-1* 14-6 4 
2,006 s 1:3* 43 306 1783* 167 1065 
Control — B66 — “== 145 — _ 
500 Aug. 29 4-0* sn me 14-7* oe — 
1,000 i 2-9) * ~— — 15-5* — — 
2,000 is 1-8 * oo ve 15-6 * me mme 
Control — 25-2 e -< 137 tte 


* Significantly different from eontrol at 1 per cent probability level. 
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Trees sprayed with B995, even with concentrations as 
low as 500 p.p.m., had dropped less than 6 per cent of their 
crop by this date. Drop control was effected with all 
application dates used in these tests from full bloom 
until September. However, the late August application, 
approximately one month before harvest, was the most 
effective at the lower concentrations of B995. 

The failure of B995 to control drop when applied just 
prior to harvest as the drop is initiated suggests that the 
mechanism of control is different from that achieved 
with auxin sprays such as NAA. With such compounds 
a delay in abscission and control of drop may occur 
within a few days after application. 

A possible explanation for the control of fruit drop by 
B995 is that softening and maturity of the fruit are delayed 
and hence the fruits are not so mature as those on un- 
treated trees at the time of conventional harvest. To 
elucidate this possibility some trees in the various plots 
were not harvested at the time of picking the control 
fruits. Pressure data and fruit drop records were obtained 
on these trees for an additional 3 weeks. The results in 
Table 1 show that drop was still inhibited on the treated 
trees even though the fruits had finally softened to the 
pressure of control fruits when they were picked on 
September 26 and had experienced heavy fruit drop. 

Fruit pedicels and attached cluster bases of the spur were 
collected from tree units in the various plots on several 
dates. Freehand longitudinal sections were then pre- 
pared through this tissue to show the abscission zone. 
The distribution of fibres and schlerenchyma cells in the 
vicinity of the abscission zone was about the same in the 
pedicels collected from treated trees as from control trees 
when fruit pressures were comparable (Fig. 1). However, 
in no case was breakdown apparent in the pith cells of the 
abscission zone from treated trees. Separation of cells was 
apparent in the peripheral areas of the abscission zone in 
pedicels from control trees as well as through the pith 
in the central portion of this zone (Fig. 1). The absence 
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Fig. 1. Photomicrograph of longitudinal section through abscission 

zone of McIntosh fruit pedicels, (A) Treated with B995 1,000 p.p.m., 

August 29, (B) Control. Separation of cells and weakening of tissue are 
visible in control. Specimens collected October 1 
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of this separation and breakdown as the fruits were 
softening on treated trees would account for the tenacity 
of the fruit during the harvest period. 

It might be expected that anthocyanin formation 
would be enhanced by application of B995 if the fruits 
remain on the tree longer than the control fruits to reach 
a given stage of firmness and maturity. The exposure 
of the fruit to an additional period of light and cool 
night temperature which promote colour formation would 
contribute to this phenomenon. Fruits were examined 
from the replicate trees in the various treatments and the 
pereentage of fruit surface with red colour was determined. 
The results are shown in Table 2. Intensity of anthocyanin 
(idaein) in the skin was also determined by optical density 
measurements accerding to the method described by 
Seigelman and Hemdricks’?. A direct colour stimulation 
by the treatment was indicated in two experiments where 
comparisons were made on the same harvest date (Table 2). 


Table 2, FRUIT FIRMNESS AND ANTHOCYANIN FORMATION IN MCINTOSH 
APPLES 
Treatment Date Pressure Surface Anthocyanin 
(p.p.m. B995) applied (Ib.) colour (%) (ug/em*)* 


Orchard Z, harvested Sept. 14 
4 67 79 


500 May 20 16- 
1.000 e 17-1 65 74 
5.000 i 190 74 8&3 
Control — 15-9 58 6-9 
Orchard 48, harvested Sept. 26 
500 June 5 16-1 f 80 6-8 
2,000 B 17-3 85 8-0 
Control — 145 62 6-2 


* Expressed as idaein, 
+ Significantly different from control at 5 per cent probability-level. 
t Significantly different from control at 1 per cent probability-level. 


These results thus show that delay in fruit abseission, 
an unexpected response of the application of a growth 
retardant, is not dependent solely on the delayed matura- 
tion of the fruit. Changes in the abscission zone occur 
which may inhibit separation of fruit pedicel from spur 
beyond the stage ef maturity characteristic of control 
fruits at abscission. Firmer fruit at a given calendar date 
and enhanced formation of anthocyanin are likewise 
associated with this treatment. 

We thank Mr. Paul Bohne, Naugatuck Chemical 
Division, for supply-ng the B995 used in these tests. The 
work was supportec in part by a grant from Naugatuck 
Chemical Division, Bethany, Connecticut. 
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Germ Cell Migrations in a Cestode 


UsvALLY in cestedes the potential oocytes and associ- 
ated cells of the female system leave the germinal primor- 
dium in the mediar line of the proglottid while the cells 
are still either undifferentiated or not easily distinguishable. 
In a member of the problematical order Tetrabothridea, 
oogonia, true vitelline cells, and what are considered to be 
shell-producing cells of two kinds, differentiate within 
the female primordium, although the whole process is 
delayed in this worm because of marked protandry. This 
delay causes the process of germ cell differentiation to 
coincide in time with the differentiation of the uterus, 
and the latter can tus be identified, for the first time, as 
the outer layer of the primordium enclosing the germ cells 


ct gland cell usually — 


elline’, then the alia of ¢ a diffuse gland similar to 
of the follicular glands of Pseudophyllidea, also 
y called ‘vitelline’, and finally the oogonia. The true 
-witelline cells, ar ranged in the primordium in rosettes 
-around the oogonia, degenerate within the primordium. 
-The three sets of migrating cells, some of which were seen 
to be amoeboid, travel progressively less far into the 
medulla, which is itself differentiating at the same time 
(Fig. 1). The distance covered by the migrating cells 
-would appear to be related to this medullary differentia- 
tion and thus indirectly to the degree of protandry. 
< Tho migrating cells form two organs and not three as the 
- diffuse gland contains both shell-producing cells and 
, oogonia oe: 1). 
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Diagrammatic representation (not to seale) of morphogenesis of 
?hmordium of Tetrahethrius erostris (Lonneberg). t g, Compact 
ty, diffuse gland; f d, fertilization duct; g e. germ cells: m g, 
lary ‘gland eelis; M g. 'Mehlis’s gland: p a, posterior aperture; 
ibroblast wall of ¢ primordium æ wall of gerinarium = wall of 
Wor a, receptacuhium seninis; v, vagina. Continuous arrows 
cate movemeuts of germ cells: (I) conipact gland cells, (2) shell- 
‘precursor cells; (3) oocytes. (2) and (3) oecur in both lobes of ‘the diffuse 
ooo gland: ‘Dotted lines represent the latest proliferation of wal! cella of 

_ Semordiam. Dotted arrows oS direction of differentiation of 

medulla 


During the development of the primordium into such a 
temporary germarium the whole is surrounded except for 
the posterior aperture by medullary gland cells secreting 
into it. When the germ cells are all expelled these gland 
-eells cease to function except for a group, which becomes 
Mehlis’s gland, around the posterior aperture. During 

the process the posterior apertura moves backwards so 
_ that the primordium becomes T-shaped (Fig. 1). The wall 
- cells around the aperture proliferate to form the duct 
system along the route of the migrations and in addition 
_ forms a duct which has no precursors, the vagina. At this 
stage the posterior aperture of the primordium is recog- 
ible as the so-called ootype which thus represents the 
ior extremity of the uterus. The reproductive 
nis therefore determined by the timing of germ cell 
ions, representing an epigenetic pathway of con- 
e biological significance. 
the medullary gland cells are periodie acid—Schiff- 
(with glycogen excluded) while they are functional 
us quite distinct from the rest of the medulla. 
Bland i is therefore thought to function in two 






















correlated apolysis. 


this Ee to stor the duni system, ee bh 
embryonation occurs in the uterus. It is interesting: 
Rao’, working on the chemistry of Mehlis’s gland 
Fasciola hepatica and in a pseudophyllidean cestode 
considers the secretion to be a lecithin-like phospholipid 
involved in yolk formation in the uterus while embryos. 
are being formed. This is the only place where the Mehlis z 
secretion would have been expected to be found, as itis =o- 
generally assumed that the germ cells pass through the 
region of Mehlis’s gland only in one direction. I make the. 
suggestion, based not on chemieal evidence but on an: 
embryological interpretation, that the secretion from the. 
gland cells around the entire primordia, including the 
later restricted Mehlis’s gland, may be the ultimate source 
of vitelline material for the proliferation and maintenance 
of the whole female reproductive complex. Such informa- | 
tion about morphogenesis would be unavailable in forms’. 
where differentiation of the female system is extended in ooo. 
time by early germ-cell migration made possible by the 
evolution of a strongly polarized strobila of considerable _ 
length and the everlapping, in time, of the differentiation 
of male and female sex cells. 7 
Early migration of germ cells, characteristic of most 
modern cestodes, would thus seem to be correlated with 
the more effective production of shell materials used e 
individual egg coverings and inversely related to egg 
protection by an elaborated uterus wall which, by definis- 
tion, must have been primitively a closed structure with 
The Tetrabothridea, though con- 
siderably specialized in their modern form, combine 
significant characters of Cyclophyllidea, Pseudophyllidea . 
and Tetraphyllidea, and these same characters are linked 
through Tetrabothrius erostris with many aberrant forms 
which collectively possess the following inter-related 
features which I believe to be basic to cestodes, namely: 
(1) no migration of female germ cells; (2) a closed uterus 
and permanent germarium ; (3) apolysis and fragmentation 
associated with limited polarity; (4) marked protandry or 
the dioecious condition. On a basis of these characters 
and on evidence leading to the conclusion that the prime 
organizer defines not three layers but two, namely 
germinal and somatic, it is possible to construct a hypothe- 
sis for strobila crganization which does not conflict wit 
the reproductive metamerism theory of Hyman? and takes 
account of the elements of the zooid theory of earlier : 
workers, while at the same time it supports the views o0 
expressed by Stunkard*. This hypothesis and the evidence = 
supporting it will be presented in detail in a later pub- — 
lication. 
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Proteolytic Enzymes of Citellus citellus and 
Spalax leucodon 


Wir present knowledge and techniques, a more mean- = <> 
ingful application of biochemical data towards classifiea- = 
tion schemes may be made at the family level and lower. 

We have found it interesting to compare, from the = ¿ 
biochemical aspect, two species of the order Rodentia 
which belong to different sub-orders?, namely, families 
sub-order Sciuromorpha-—fam, Sciuridae (Citellus citellus), — 
and sub-order Myomorpha—fam . Pests PERN x 
leucodon). a 
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According to recent taxonomy, these two families 
Spalax leucodon is 

y interesting, because of its origin (a very old 
species in this order—first data are from Oligocene) and 
specialized way of life. 

All animals killed before investigation spent about one 
month under laboratory conditions. Food of Spalaw 
leucodon was similar to that found in its natural environ- 
ment (potato, onion, carrot); food of Citellus citellus 
consisted of grains of wheat, carrot and cabbage. 

The tissue homogenate of the duodenum with a part of 
pancreas of both animals examined contained 8 m 

duodenum and 1-87 mg of pancreas per | ml. of distilled 
water. 

Proteolytic activity was determined by the casein 
digestion method*. The reaction was initiated after 5 
min of equilibration at 37° C by addition of soluble casein 
to a concentration of 0-5 per cent in the following buffers: 
0-075 M phosphate pH 6-0, 6-5, 7-0, 7:5 and 8-0. Enzym- 
atic activity was terminated after 20 min incubation at 
37° C by addition of 5 per cent trichloroacetic acid. Optical 
density was determined in filtered solutions at 280 my. 

The relative protein content in each case was determined 
with the phenol reagent described by Lowry et al.*. All 
results were calculated on the same protein basis. 

Results are shown in Fig. 1. From the graph, it is 
evident that protease activity of the duodenum with a part 
of pancreas differs in Cutellus citellus from that in 
Spalax leucodon in relation to changes in pH. Protease 
activity of Citellus citellus at all points is much higher 
than that of Spalax leucodon: for example, maximal 
protease activity is about 3 times higher in Citellus citellus 

than in Spalaz leucodon. 
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6-0 6-5 7-0 75 8-0 
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Protease activity of the duodenum and part of pancreas of 
citellus and Spalax leucodon in relation to pH of the reaction 
mixture. --- , Citellus citellus; —, Spalax leucodon 


Fig. i. 


It is well known that the effect of pH on enzyme 

activity is highly important in studying enzymes, even 

though a satisfactory explanation of the effect is not 
available’. 

Protease activity of Citellus citellus under the conditions 
described is dependent on the pH of reaction mixture 
(optimum pH 7-0-7-5). On the contrary, protease activity 
of Spalax leucodon is not, in general, dependent on the 
pH of reaction mixture; under the same conditions it is 
more or less on the same level. 

This fact may suggest differences between the nature of 
protease of these two species of Rodentia. 

The cause of the aforementioned differences in protease 
activity between these two species must still be considered 
as unexplained. We have tried to consider it from two 


aspects. 

It is known that high protein diet results in pancreatic 
juice, high in trypsin and chymotrypsin®*. Maybe the 
difference in protease activity could be partially explained 
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by differences in thoir food (Citellus citellus takes food 
which is richer in proteins than Spalax leucodon). 

On the other hand, the very unusual form of curve of 
protease activity of Spalax leucodon suggests a con- 
nexion with the specialized way of life of this animal, 
which belongs to the family Spalacidae. In the evolution of 
order Rodentia this family appeared very early in the 
Oligocene, which is undoubtealy also reflected in its 
biochemical system. 

Our unpublished results on alkaline phosphatases of 
the species examined also prove the same. 
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Membrane in the Human Tooth 


Tue inner structure of human teeth, the dentine, is 
occupied by the dental pulp. This is generally described 
as a syncytium, cel! tissue in which the cell walls are not 
clear, though the outermost layer of the pulp consists of 
a well-defined layer of cells, the odontoblasts, firmly 
attached to the den=ine. 

An early investigation of cells and membranes in teeth’ 
was followed by similar studies*, almost all being of histo- 
logical nature; interest in biological activity of membranes 
in general has increased, It was noted’ that “the pulp 
tissue appears to be bounded by a membrane”; demon- 
stration was incomplete. Further evidence has now been 
obtained from freshly opened human teeth, when the 
pulps were removed and examined by electron micro- 
graphy. 

A membrane composed of two layers about 100 A apart 
is seen to surround the pulp (Figs. 1 and 2), lying between 
the body of the pulp and the layer of odontoblasts. When 
a pulp is removed “rom a tooth, the neighbouring cells 
— the odontoblasts—remain in situ*; this is not shown in 
the specimens illustrated. 

Labelled ions (**P as PO,) pass through human teeth’. 
passage now being found to be part active, part passive, 
Ion transfer and the membrane are subjects of further 
inquiry; a fuller aceount is in preparation. 
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Fig. 2. 
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The €E.M.F. of the membrane surrounding the human 
dental pulp was determined by the use of micropipettes; 
it has a value of about 45 mV. 


P. Prxcus 


Departments of Physiology, 
and of Oral Medicine and Surgery, 
University of Melbourne, 
Australia. 
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* Pincus, P., Brit. Dent. J., 89, 143 (1950). 
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Selective Inhibition of Cation Absorption by 
Uranyl 


INVESTIGATIONS into the interactions between cations 
in the ion absorption process of plant roots resulted in 
the observation that uranyl (UO,**) appeared to produce 
a differential inhibition of the uptake of certain cations. 
The only information found in the literature concerning 
such a differential effect by uranium was that reported 
by Rothstein’. He showed that uranium, in the form of 
uranyl chloride, inhibited the uptake of hexoses by yeast 
cells while having essentially no effect on the uptake and 
metabolism of other substrates such as alcohol and pyru- 
vate. In the light of these observations detailed experi- 
ments were conducted to evaluate the effect of UO,** on 
the metabolic absorption of Lit, Nat, K+, Mg++ and Mn+ 
by excised barley roots. 

Barley seedlings (Hordeum vulgare) were grown and the 
experiments were conducted according to the methods 
outlined by Jacobson et al.*. The roots were placed into 
continuously aerated test solutions maintained at pH 5-0 
and at a temperature of 25° C. At the end of the absorption 
period the roots were removed from the solution, washed 
with distilled water, dried overnight, and digested in 
nitric and perchloric acids. Li+, Na+ and K+ were determ- 
ined by flame photometry and Mg++ and Mn++ by atomic 
absorption spectrophotometry. (Due to the toxicity of 
uranium these instruments should be placed in a well- 
ventilated fume hood.) Standard solutions with and 
without UO,** were compared and interferences in the 
analyses were found to be negligible. 
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Previous work has shown that ion uptake by excised 
barley roots oecurs in two phases. The first phase is a 
non-metabolic uptake into the apparent free space, 
whereas the second phase is associated with steady- 
state metabolic uptake. Only the metabolic uptake was 
evaluated in this study. Metabolic uptake of ions by barley 
roots reaches a steady state prior to 1 h and maintains 
this rate for periods in excess of 6 h. The rate of uptake 
was measured as the difference in uptake between a 1-h 
and a 6-h absorption period. All results are expressed 
in milli-equivalents uptake per kilogram of fresh root 
tissue per 5 h (m.equiv./kg/5 h). Differences between 
treatments of +1 m.equiv./kg/5 h are significant. 

Table 1 presents the results of these experiments. The 
effects of adding 1-0 m.equiv. UO,**/I. to the test solution 
can be seen by comparing the first two columns in Table 1. 
From these results it is apparent that UO,** had consider- 
ably different effects on the various cations. Uranyl had 
essentially no effect on the uptake of Lit, reduced Na+ 
by 36 per cent, K+ by 74 per cent, Mgt by 83 per cent 
and Mn++ by 69 per cent. 

The effect of pretreating the roots with UO,*+ prior 
to the absorption period was also evaluated. Roots 
were pre-treated by placing them into a solution of 
L-0 m.equiv. UO,**/l. for 30 min. After the pre-treatment 
the roots were thoroughly washed in distilled water and 
then placed into the test solution. Except for the pre- 
treatment, these roots were handled in an identical fashion 
to the control roots. During the pre-treatment, approx- 
imately 5 m.equiv. UO,**/kg roots was bound by the 
tissue and was not removed by the distilled water wash. 
This UO,** was apparently bound very tightly since the 
bulk of it was still associated with the tissue at the end of 
the subsequent absorption periods. The data showing the 
effect of UO,** pre-treatment are given in the last column 
of Table 1. 

Although the inhibitory effect of the UO,** pre-treat- 
ment was not as pronounced as the effect of including the 
UO,** in the bottle with the test solution, there was still 
considerable difference between the reaction of the various 
cations. Mn++ was unaffected by the pre-treatment; Lit 
and Na+ were either unaffected or slightly stimulated; 
whoreas K+ and Mg** still showed the inhibitory effects 
of UO,** 

Table 1. THE EFFECT OF URANYL (UO,**) ON THE UPTAKE OF CATIONS BY 
EXCISED BARLEY Roots. (ALL IONS WERE PRESENT AT 5 M.EQUTIV./L. 
EXCEPT FOR UO,** WHICH WAS PRESENT AT 1 M.EQUIV./L.; PRE-TREATMENT 


WAS FOR 30 MIN IN A 1 M_RQUIV./L. UO,** SOLUTION; ALL ONS WERE PROVIDED 
AS CHLORIDE SALTS) 


Net uptake 9 ny /ka@/5 h) 
lon Control +UC Pre-treatment 
Li we A 117 
Na 24 4 157 26-06 
K 27N T3 Ish 
Mg 12-0 2-2 60 
Mn 74 2-3 72 


Dinitrophenol (DNP) and low temperature were used 
to determine if the portion of the ion uptake which was 
resistant to UO,*+ was metabolically mediated. 5 x 10-°M 
DNP was found to completely inhibit the absorption of 
Li+, Na+ and K+ in the UO,** treatments as well as in the 
control. Low temperature (0-5° C) was used in an indepen- 
dent verification of the metabolic nature of K+ and Na+ 
uptake. In this experiment low temperature almost 
completely inhibited the uptake of these two ions by both 
pre-treated and control tissues. 

From the results obtained in the work recorded here, 
UO,** appears to hold promise as a means of separating 
and characterizing various cation transport sites. Unlike 
the common inhibitors of ion absorption (metabolic 
poisons, low temperature and anaerobiosis), UO,** shows 
a considerable degree of selectivity. This selectivity strong- 
ly suggests that UO,** reacted with specific sites intimately 
involved in ion absorption rather than interrupting some 
basic aspects of respiration which supplies energy for 
the general ion transport mechanism. This hypothesis is 
supported by the observation that the UO,**t-resistant 
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absorption was inhibited by dinitrophenol and low 
temperature. Furthermore, the strong retention of UO,*t 
by the tissue and the persistence of the effect of UO,*+ 
on certain ions following pre-treatment indicates that 
UO,** was probably bound tightly to some of these 
active sites. 

Of particular interest is the differential effect that UO,*+ 
had on Nat and K+ absorption, especially the effect of 
pre-treatment. Nat and K+ are chemically similar and 
exhibit similar absorption characteristics in barley roots’. 
In contrast to animal systems, both cations may be 
accumulated inside plant cells, and are known to compete 
readily during absorption by this kind of root tissuc‘. 
In this work, K+ was inhibited to a much greater extent 
than was Nat; therefore, it seems reasonable to conclude 
that at least a portion of the Na+ transport was handled 
differently than K+ transport by this tissue. Although 
these roots initially contained more K+ than Na+ the loss 
of Kt due to UO,tt treatment was slight and cannot 
account for the observed differences. 

The results with cation absorption are similar in many 
respects to the UO,+t+ induced differential inhibition of 
the uptake of organic substrates by yeast cells as reported 
by Rothstein. He concluded that the UO,t+ was bound 
tightly at the yeast cell surface and did not penetrate into 
the interior of the cell. Numerous substances in the cell 
are capable of binding UQ,*+ (ref. 5). Phosphate, a con- 
stituent of many compounds present in the cell membrane, 
has a high affinity for uranyl. This high affinity of phos- 
phate for uranyl may be significant in the light of recent 
speculation concerning the role of phosphorus compounds 
in the ion absorption process®. 

This work was supported in part by the U.S. Atomic 
Energy Commission under Contract number AT(45-1)- 
1547. 
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EverļxEe V. Maas 


Department of Soils, 
Oregon State University, 
Corvallis, Oregon. 
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Depressant Effect of Moonlight on Activity 
of Aquatic Insects 


INVESTIGATIONS by Waters, Miiller?*, and Wickett® 
have conclusively demonstrated the diurnal periodicity 
of downstream drift of aquatic insects and other inverte- 
brates. Prior to these investigations, Moon’? had shown 
that the nocturnal activity of aquatic insects is much 
greater than that observed during the day. Very little 
data are available to demonstrate whether these activity- 
levels are circadian rhythms or whether they are a direct 
response to the level of light intensity. Beeton® observed a 
depression of the vertical migration of the freshwater 
shrimp, Mysis relicta, due to increased moonlight. Waters! 
suggested that the magnitude of the nocturnal drift rate 
may be, in part, a function of moonlight. The following 
data appear to support Waters’s contention. 

Collections of aquatic insects drifting downstream were 
taken at intervals of 3 weeks during 1963 and 1964 in 
Berry Creek, near Corvallis, Oregon (lat. N. 44° 49’, 
long. W. 128° 16’). These collections were made as part 
of a project concerned with measuring the production 
rate and energy exchange in a woodland stream community. 
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Fig. 1. Number of insects (Ephemeroptera, Plecoptera, and Simuliidae) 

collected per 3-h sampling Interval on a dark night and a moonlit 

night. The vertical tines nee approximate times of sunset and 
sunrise 


The data reported here compare results from two con- 
secutive collecting dates, February 4-5 and February 
26-27, 1964. It is felt that differences in drift rate can be 
attributed to differences in intensity of moonlight on the 
two nights. The night of February 4-5 was clear, but 
dark, with the Moon in the last quarter, rising at 0012 
Pacific Standard Tune, and setting at 1118; on February 
26-27, the night was again clear, but bright, as the full 
moon rose at 1659 and set at 0728. Weather and stream 
conditions for the two days were similar. Mean water 
temperature for the former was 8-3° C, and for the latter, 
6-7° C. 

The total numbers of insects in the three dominant 
taxa, Ephemeroptera, Plecoptera, and Simuliidae, col- 
lected during each 3-h sampling interval on the two dates 
are compared in Fig. 1. Chironomidae are abundant in 
Berry Creek and are an important component of the drift, 
but are not included because there was no evident increase 
in their drift rate at night. The drift rate of the dominant 
taxa for February 4-5 exhibited the typical pattern 
(compare Waters’), with a sharp increase occurring shortly 
after sunset, followed by a gradual decrease during the 
night. The drift rate during both day and night was nearly 
constant on February 26-27, with little or no evidenco of 
the expected sharp >Dost-sunset increase. 


Table 1. PERCENTAGE OF LARVAE (EPHEMEROPTERA, PLECOPTERA, AND 
SIMULIIDAE) 8 ME OR LARGER IN DRIFT-TRAP COLLECTIONS 


February 4-5 (dark night) February 26-27 (moonlit night) 
17-9 18 6 


8-11 a.m. 8 
11-2 p.m 12+4 174 
-5 pm 162 11-5 
5-8 pm 42 3 18 3 
8-11 p.m. 43-5 28 1 
1I-2 a.m 30 3 15 7 
2-5 am. 230 19 3 
5-8 am. 11-5 12-4 


The range of size of organisms collected was from 0-5 
to 7:0 mm in length. Table 1 gives the percentage of 
insects over 3 mm in length collected during each sampling 
interval; these are arbitrarily considered ‘large’ insects. 
There is a high correlation between the increase in the 
percentage of thess large insects and the post-sunset 
increase in drift rate on February 4, whereas on the moon- 
lit night a much lower percentage of larger forms occurred 
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‘in the drift. Comparing the total night period (5 p.m. to 

5 a.m.) with the daylight period (5 a.m. to 5 p.m.), the 
percentage of large insects in the drift was: February 
4-5, day—14-1, mght—-36-1; February 26-27, day-—16-0, 
night—-19-0. There was no major emergence of adult 
insects between the two sampling dates that could have 
accounted for a decrease in mature insects; it is expected 
that there should be some slight increasy m mean size 
due to growth at that time of year. 

On the basis of the present set of observations, the diel 
periodicity of drift rate appears to be a direct response to 
lowered light intensity at sunset. The depressant effect 
of moonlight on drift rate results from the suppression of 
activity of the larger size classes of larval insects. Feeding 
behaviour and other activity patterns associated with 
periods of low light intensity may have evolved as a 
protective or avoidance mechanism to escape attack by 
predators that seek their prey visually. 

This work was supported by research grant WP 157 
from the Division of Water Supply and Pollution Control, 
U.S. Public Health Service. 

N. H. ANDERSON 
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Differentiation of Nucieated Red Blood Cells 
during in vivo Culture of Mouse Spleen 
and Thymus Cell Suspensions 


DIFFERENTIATION of nucleated red blood cells has been 
observed when mouse bone marrow was cultivated in vivo 
in diffusion chambers'. Recently, during investigations of 
the survival of thymus and spleen cells similarly cultured, 
we found that differentiation of nucleated red blood cells 
also occurred. This was indicated by an increase in the 
number of erythrocytes after cultivation. The present 
report describes these findings. 

Healthy male mice of the BALB/cfSp strains, 7-9 
weeks of age, were used throughout. In experiment I, 
six donor mice were used for each time period; in experi- 
ment 2, five donor mice were used. One chamber was 
inserted into each age-matched recipient mouse. All 
mice were killed by cervical dislocation. 

The diffusion chambers were modified from those used 
by other workers?:*. They were constructed of ‘Plexiglas’ 
rings (16 mm outside diam., 9°5 mm inside diam., 2 mm 
thick, access hole 1 mm diam.) sandwiched between two 
filters. Filters were Schleicher and Schuell B-14 ‘pac-t- 
Flex’, having an average pore diameter of 0-lu. The 
membranes were sealed to the rings with Rohm and Haas 
‘Acryloid B-7’ cement. Chambers were allowed to dry for 
at least 18 h and then sterilized for 72 h at 78°~80° © dry 
‘heat. Each chamber, when completed, had an average 
volume of 0-14 ml. Empty chambers prepared in this 
manner and with the access hole sealed with a chip of heat- 
softened ‘Plexiglas’. were found to be completely un- 
penetrated by cells 5-days after they were inserted into 
the peritoneal cavity of recipient mice. 

Donor mice were killed, washed in a 0-94 per cent 
Wescodyne solution and the thymus and spleen (experi- 
ment 1), or only the thymus (experiment 2), were removed. 
Cells from each organ wore obtained by gentle dispersion 
in 0-4 ml. of Krebs-Ringer phosphate buffer solution 
fortified with Eagle’s nutrients and adjusted to pH 7-3- 
7:4 (KRP) in a l-ml. centrifuge tube by means of a 5-mm 
glass rod, tapered to fit snugly in the tube. The KRP had 
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been sterilized by passage through a Millipore HA filter. 
The resulting suspensions wore transferred. aseptically to 
12-ml. centrifuge tubes and diluted to 1 ml. Following 
thorough dispersion, a portion was removed and the 
cellular content of. each suspension was determined. 
KRP was then added to adjust the cell density to 50-100 
million cells per ml. Few broken or clumped cells were 
found on microscopic examination of suspensions prepared 
in this manner. 

Recipient mice were anaesthetized with ether and the 
peritoneal cavity opened with @ small incision of the 
midventral surface of the animal. The chambers were 
filled with 0-1 ml. of the organ suspensions, the access hole 
was sealed with a chip of softened ‘Plexiglas’ and the cham- 
ber was inserted into the abdominal cavity of the recipient. 
At the same time an aliquot of each suspension was taken 
for a repeat count and another portion was used for making 
a smear for the differential count. The recount was made 
to correct for possible changes in the cell content of the 
suspensions during the interval between the first count 
and the time the cells were inserted into the chambers. 

The recipient mice were killed at various times after 
chamber insertion. The chambers were removed, their 
outer surfaces cleared of adherent host cells, then washey 
in KRP and wiped dry. One of the filters was carefulld 
removed and the entire content was transferred to a 5-ml. 
centrifuge tube and dispersed gently with a glass rod. A 
portion of the fluid removed was thoroughly mixed with an 
equal amount of KRP and a total cell count was made. 
The remaining portion was used for a differential count. 

All smears made for differential-counts before and after 
culture were air dried. In experiment 1, they were stained 
with haematoxylin and eosin; in experiment 2, they were 
stained with freshly prepared buffered Leishman’s stain. 
A minimum of 100 consecutive cells were examined and 
the proportion of erythrocytes was determined. The 
total number of erythrocytes in the chambers before and 
after culture was then calculated from the total cell 
counts. : 

Marked variation was found in the number of erythro- 
cytes in the donor organs and in the number of cells con- 
verted to erythrocytes (Tables 1 and 2). At all the times 
studied, the average number of erythrocytes in cultured 
spleen (Table 1) and thymus cell (Table 2) suspensions 
was increased. Such an increase was found in 18 of 24 
(75 per cent) spleen and 23 of 29 (79 per cent) thymus 
cultures. Considerably more spleen than thymus cells 


Table 1. DIFFERENTIATION OF RED BLOOD CELLS DURING in vivo CULTURE 
OF SPLBENS IN DIFFUSION CHAMBERS 


Days after Total No. of No. of erythrocytes 


insertion cells inserted erythrocytes 
into chambers when implanted when removed (per cent) 
Experiment I 

1 572-9" 128-5 278-1 86-7 

Z ea (22-499) (218~337) oe 
(333-730) (38-164) (386-418) (0-47) 

3 J . 1615 151 
(283-631) (22-257) (43-852) (0-49) 

5 680°7 103-6 133-2 10-1 
(610~1,102) (5-264) (31-381) (0-30) 


* Figures are averages and ranges x 104. 


Table 2. DIFFERENTIATION OF RED BLOOD CELLS DURING in vivo CULTURE 
ERS 


OF THYMUSES IN DIFFUSION 


Days after Total No. of No. of erythrocytes Cells converted to 


insertion cells inserted erythrocytes 
into chambers when implanted when removed (per cent) 
Experiment 1 
1 468-1* 15 2°7 0-3 
(357-544) (0-9) (0-11) (0-1) 
2 601°6 8 8 1-0 
$ (478-737) Cag (1-14) ca 
(275-884) (0-10) (0-157) (0-18) 
5 5258 2°38 21°0 3°8 
(472-655) (0-10) (1-89) (0-17) 
: Experiment 2 
3 510-8 2 29-1 4'1 
(160-678) (0-7) (0-94) (0-13) 


* Figures are averages and ranges x 10°, 


Cells converted to 
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were converted to erythrocytes (Tables 1 and 2). Of the 
former, the number of cells converted was greatest after 
one day of cultivation; of the latter, the greatest. number 
of cells converted occurred after 3 and 5 days of culture. 
These findings indicate that the process of erythroid 
maturation was longer in the thymus than in the spleen. 

The reasons for the marked variations are not apparent 
at the present time. They may merely indicate that, 
although the mice belonged to a highly inbred strain. 
environmental conditions resulted in a drfferent require- 
ment for erythropoiesis in each mouse in reticuloendothelial 
sites other than the bone marrow. Alternatively, red blood 
cell formation may be a rhythmic process and the varia- 
tions may result from the fact that erythropoiesis in the 
spleen and thymus of each mouse was at different stages 
of such a cycle at the tıme they were killed. These possi- 
bilities are at present under investigation. 

The data suggest several conclusions. First, it is apparent 
that differentiation of nucleated red blood cells from spleen 
and thymus can occur during in vivo culture in diffusion 
chambers. Secondly, erythropoiesis in reticuloendothelial 
sites other than bone marrow normally is a common 
occurrence in healthy young adult male mice and may be 
quite extensive since as many as 62 per cent of the spleen 
cells were found to have an erythropoietic function. Inas- 
much as bone marrows from comparable mice were normal, 
the possibility that the presence of nucleated red blood 
cells in the spleen and thymus is due to extramedullary 
hematopoiesis can be excluded. Thirdly, the thymus is an 
important site of erythropoiesis since as many as 18 per 
cent of its cells may have this function. This finding is in 
agreement with previous observations’. Fourthly, matura- 
tion of erythrocytes appears to differ in the thymus and 
the spleen. Fifthly, many of the cells in these organs, 
especially in the thymus, have been erroneously identified, 
in the past, as lymphocytes. 

This investigation was supported in part by Public 
Health Service research grants CA-02151, CA-02624 and 
CA-02903 from the National Cancer Institute and in 
part by an institutional grant to the Detroit Instivute of 
Cancer Research from the United Foundation of Greater 
Detroit allocated through the Michigan Cancer Founda- 
tion. 
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ENTOMOLOGY 


intersterility as a Consequence of Insecticide 
Selections in Tetranychus urticae Koch 
(Acari: Tetranychidae) 


iy July 1961 specimens from a wild colony of Tetrany- 
chus urticae were gathered from Sambucus nigra L. in 
dunes in the Netherlands and cultivated on beans 
(Phaseolus vulgaris L.) in the laboratory. This colony 
(S) proved to be very susceptible to the ovo-larvicide 
‘Tedion’ (2,4,5,4’ - tetrachloro - diphenylsulphone—ZLD,,, 
1-410 p.p.m.). 

In 1961, a series of selections on a representative sample 
of this colony with the compound ‘Tedion’ resulted in a 
strain R, highly resistant to ‘Tedion’. Three years later 
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a second series of salections was performed, also obtained 
from the original colony, and @ resistant strain Rẹ was 
acquired. 

A genetic analysis of resistance to “Tedion’ could not be 
executed, since an unexpected intersterility existed be- 
tween the §- and £-strains!. In Table 1 the percentages 
of sterile eggs in the F, and F, progeny are given for all 
combinations of crosses. 

As T. urticae has a generative parthenogenesis’, I was 
able to establish the sterility of the haploid eggs in the 
F, separately by starting from unmated /,-females. 
The opposite, a purely diploid progeny, cannot be obtained, 
as the mated females always gave a mixture.of diploid 
and haploid eggs. 


Table 1. PERCENTAGE OP STERILE Eaos OF SEVERAL COMBINATIONS 
OF CROSSES BETWEEN RESISTANT STRAINS (R, AND R) AND THE WILD 
COLONY (S) 


F, diploid snd F, diploid and F, haploid 

Mass haploid aploid 
crossing Sterzlity Sterility Sterility 

9x8 Eggs Co) Eggs (%) Eggs (%) 
SxS 559 8 453 7 311 6 
RixS 390 T 566 26 516 31 
SxR, - 772 12 309 40 559 61 
Rx kh, 493 2 412 547 8 
Rıx S 716 2 431 19 657 33 
Sx Ry 685 8 oat 28 648 62 
Rx Ry 282 3 706 4 656 5 
Rıx Ry 267 B pene ~~ 162 6 
Rıx R, 282 3 nn — 187 1 


The outstanding fact that arises from these observations 
is that selection with an insecticide has resulted in an 
appreciable genetic blockade. The intersterility factors 
accompany on botk occasions the build-up of resistance 
in strains R, and R.. The specificity of the intersterility 
is underlined by the lack of sterile eggs in the mutual 
crosses of R, with Ra 

The phenomenon of a decreased genetic affinity follow- 
ing the application of an insecticide has not, so far as I 
know, been reported before. It is interesting from the 
point of view of theories of evolution and also because it 
has consequences in the practical control of spider-mites. 

A further analysis of “Tedion’ resistance and inter- 
sterility is being undertaken. 


W. P. J. OVERMEER 
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University of Amsterdam, 
The Nethezlands. 


1Zon, A. Q., van, Overme2r, W., P. J., and Helle, W., Entomol. Exp. and 
App., 7, 270 (1964). 
2 Schrader, F., Arch, Mikroak. Anat., 97, 610 (1983). 


MICROBIOLOGY 


Stabilization of Autolysis in Bacillus cereus T 


DURING investigations of the tricarboxylic acid cycle in 
intact, resting vegetative cells of Bacillus cereus T sus- 
pended, in phosphete buffer, spontaneous autolysis was 
observed similar to that reported by Kronish et alt in 
0-05 M tris (hydroxymethyl)-aminomethane (iris) buffer, 
pu 7-5. Further examination of intact, resting cells was 
precluded unless the cells could be stabilized, remaining 
metabolically active for the required duration, usually 
2—4 h, and preferatly in tne absence of agents such as 
sucrose or polyethylene glycol 4000 (ref. 1). 

Since analysis in a marine pseudomonad can be pre- 
vented or reduced by several cations, principally Mg*tt 
(refs. 2 and 3), a similar situation might prevail in B. 
cereus T, and consequently the effect of Mgt* on autolysis 
in this organism was investigated. 

B. cereus T was grown in “Trypticase Soy Broth’ 
(Baltimore Biological Laboratory) from a suspension of 
germinated spores‘ for 4 h at 30° C. Cells at the fila- 
mentous stage of development® were collected by centri- 
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fagation, then washed twice with and suspended in 0-05 M 
tris buffer, pH 7-5, containing the appropriate concen- 
tration of MgSO,, and shaken at 30° ©. The cell sus- 
pensions were examined turbidimetrically at 600 my in a 
Bausch and Lomb Spectronic 20 colorimeter and by 
phase-contrast microscopy. Viability determinations were 
made on “Trypticase Soy Agar’ with the same concen- 
trations of MgSO, in the dilution tubes as in the test 
suspeuding medium. 

Above 0-05 M MgSO, the absorbency of the cell sus- 
pension increased over a 4-h period as compared to the 
initial reading (Fig. 1), suggesting a possible increase in 
the number or size of the cells or a change in the optical 
properties of the cells with increasing osmolarity®:7. Phase- 
contrast microscopy of the suspensions after 4 h indicated a 
large but variable number of spheroplasts at 0-05 M and 0-1 
M. At higher concentrations there was an increasing pro- 
portion of shortened, partially refractile cells, relatively 
few spheroplasts identifiable as such, and numerous bright, 
round bodies that may have been spheroplasts modified 
optically by the relatively high solute concentrations”, 

Relatively high degrees of viability were maintained 
for 2 h at all concentrations, 0-05 M and 0-1 M being the 
best in this regard (Fig. 2). After 4 h, however, the re- 
duced viability at these concentrations may have resulted 
from spheroplast sensitivity to plating since respiratory 
activity at these lower concentrations decreased only 
moderately during the latter hours of the experiment, 
when most of the cells were spheroplasts. 

Qoa, highest at 0-05 M and 0-1 M, decreased with in- 
creasing hypertonicity (Table 1), which is consistent with 
the decreased viability at these concentrations. 

The increase in absorbency of the resting-cell suspen- 
sions at higher MgSO, concentrations would seem to be 
related to a combination of spheroplast formation® and a 
change in the optical properties of the cells in hypertonic 
solutions rather than to any substantial increase in cell 
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trig buffer, pH 7-5. and the appropriate concentration of MgSO, 


NATURE 


January 15, 1966 vo.. 209 


VIABILITY 


HOURS 
OF INCUBATION 


o— | 
ao—?2 
a—4 


Percentage of initial value 





0 0-2 0-4 0-6 6-3 Ld 
MgSO, Gf) 
Fig. 2. Effect of MgSO, molarity on viability of resting-cell suspensions 


of filamentous stage Bacillus cereus T. Suspending medium consists of 
0 05 M tris buffer, vH 7:5, and the appropriate concentration of MgSO, 


numbers. The lower concentrations of MgSO,, 0-05 M 
and 0-1 M, can then be used to maintain resting vegetative 
cells of B. cereus T in a sufficiently active metabolic state 
for several hours. Whereas Mgt+ apparently is involved 
in maintaining the integrity of the spheroplast, it does 
not prevent enzymatic autolysis® from occurring. But it 
mey be involved in delaying autolysis since the rate of 
spheroplast formation appeared to be lower than the 
corresponding decrease in turbidity in the tris control. 
The system described could be quite useful for studying 
cell-wall degradation at a depressed rate as well as for 
gaining insight to the problem of spheroplast integrity. 

Stabilization is not necessarily restricted to hyper- 
tonicity alone; other factors are being examined and will 
be reported on later. 


Table 1. EFFROT OF MAGNESIUM SULPHATE MOLARITY ON Qo, OF RESTING- 
OELL SUSPENSIONS OF FILAMENTOUS STAGE Bacillus cereus T 


MgSO, 

(M1) Q0, (z!./0;/h/mg dry wt.) 
0:05 108-2 
0-1 97-2 
0-25 81-7 
0-5 46-5 
0-75 25-1 
10 8-3 


i Tris control omitted because of rapid lysis and concomitantly low respira- 
on. 
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Inhibition of Haemagglutinating Particles of 
Coxsackie B5 Virus by HeLa Cell Cultures 


It has been observed in recent years that many entero- 
virus strains (belonging to 18 types?) have the ability to 
agglutinate human red cells. 

The receptor of human erythrocytes for some ECHO 
viruses is destroyed by chymotrypsin, but not by RDE 
or trypsin: it appears to be different from the erythro- 
cyte receptor for myxoviruses and is probably a protein’. 

In 1962 we isolated from a rectal swab of a child in 
Ossi (Sardinia) a strain of Coxsackie B 5 virus (SS 31 
strain) with an ability to haemagglutinate human erythro- 
cytes‘. 
Coxsackie B 5 virus previously isolated by other authors®)*. 

Propagation in HeLa cell cultures of this strain of Cox- 
sackie B 5 virus makes its haemagglutinating capacity 
disappear after the first or second passage, as was observed 
for haemagglutinating strains of ECHO viruses, types 3, 
7, 11, 12, 19 (refs. 7, 8), and, to a lesser degree, for Cox- 
sackie A 21 virus (Coe)?®. 

A suspension of Coxsackie B 5 virus, SS 31 strain, in 
veronal buffer at pH 7-2, with a haemagglutinating titre 
of 1: 64, was incubated 1 h at 37° C with: (a) HeLa cell 
medium (Eagle’s, Hanks’s and 5 per cent calf serum 
solutions), kept in contact with HeLa cells for 5 days; 
(b) contro] medium (Eagle’s, Hanks’s, and 5 per cent calf 
serum solutions), not incubated with HeLa cells; (c) HeLa 
cell monolayers washed twice with Hanks’s solution. 

Haemagglutinins (HA) were not found (titre < 1: 2) 
except in the virus sample which was incubated with 
HeLa. cell medium. HA titre was unchanged after in- 
cubation with the control medium and decreased only 
slightly after contact for 1 h with Hela cells. In the 
HeLa cell medium, therefore, there is a factor which 
inhibits the haomagglutinins of Coxsackie B 5/SS 31 virus: 
this factor will here be referred to as ‘AHAF’ (anti- 
haemagglutinating factor). 

AHAF withstood rapid freezing and thawing five times, 
heating at 56° C for 30 min, incubation at pH 2 and pH 12 
for 6 h at 37° C. Heating at 100° C for 30 min, on the 
other hand, rendered it completely inactive. 

The effect on AHAF of some chemical compounds and 
enzymes was investigated: neither ethyl ether nor mer- 
thiolate (1:10,000) altered its titre, but trifluorotri- 
chiorethane and potassium periodate (5 mg/ml.) clearly 
decreased its titre; trypsin (1 mg trypsin 1 : 250 Difco/ml., 
for 6 h at 37° C and at pH 7-4) and pepsin (1 mg erystalline 
pepsin 1 : 60,000 Sigma/ml. for 6 h at 37° C and pH 2) 
brought about the complete disappearance of AHAF. 

AHAF is probably a proteic substance perhaps related 
«>to human erythrocyte receptors for ECHO viruses. It 
‘behaves in a similar fashion to the haemagglutinin in- 
hibitors for Coxsackie A 21 (Coe)®. 

Changes in the AHAF’-level in the HeLa cell medium 
(Eagle and Hanks’s solutions) were investigated, corre- 
lating them to incubation times at 37° C and to the per- 
centage of calf serum in the medium (Table 1). For this 
purpose, the reagents (which had been diluted in a 
veronal buffer at pH 17:2) were used in the following 
ratios: (a) haemagglutinating virus (Coxsackie B 5/SS 31), 
0-25 ml. 25 HA units; (b) HA inhibitor (AHAF), 0:25 ml.; 
(c) 1 per cent suspension of human erythrocytes, 0:12 ml. 

HA and AHAF were incubated 1 h at +37° C and then 
the suspension of erythrocytes was added: the final 
reading was made after 2 h incubation at room tem- 
perature. AHAF titres were expressed as an inverse 
ratio of the highest dilution of the medium which inhibits 
25 HA units of virus. 

Small quantities of an inhibitor were also found to be 
present in the medium, which contained 10 per cent calf 
serum before itz use with Hela cells, but they did not 
vary during incubation at 37° C; on the other hand, it 
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would seem that (within the limits of the sensitivity of 
the method used) m neither the media with 5 per cent 
serum nor in the media devoid of calf serum was inhibitor 
present before their use with Hela cells. 

AHAF clearly irereased in HeLa cell cultures from 
the second to the fifth day of incubation; it also reached 
moderate levels in HeLa cell cultures devoid of serum, 
before -ell destruction. 

This experiment shows that AHAF oiginates from 
prolonged contact between the medium and HeLa cells. 
The presence of proteins in HeLa cell medium does not 
appear necessary for AHAF production. This could be 
explained either by the fact that AHAF is a substance 
produced by HeLa cells and released in the medium, or 
by the fact that it originates from a modification of the 
medium components through the action of HeLa cells. 

Repeated sub-culsures of Coxsackie B 5 virus, SS 31 
strain, in primary monkey kidney (MK) cells and in new- 
born mice did not affect its haemagglutinating ability. 
On the contrary, ten passages of this virus in HeLa cell 
cultures brought about the irreversible loss of the haem- 
agglutinating capacity, as has already been observed with 
ECHO virus type 19 (ref. 10): the haemagglutinating 
capacity of Coxsackie B 5 virus/SS 31 was not restored 
even after twenty subsequent passages in primary MK 
cells. 

Acting on the hypothesis that during the propagation 
in HeLa cell cultures a selection of viral non-haem- 
agglutinating particles (HA—), in comparison with 
haemagelutinating cnes (HA +), might occur, the ratio 
of HA+ to HA— particles was checked in the original 
virus sample (sixth MK passage) and in the first four 
passages in HeLa, cells. 

For this purpose the material from individual viral 
plaques, obtained in MK cell cultures with agar overlay, 
was inoculated in MK cell tubes and the presence or 
absence of haemagglutinins was determined in the sample 
of virus resulting from each individual plaque. The 
results are set forth in Table 2. 

In the serial sub-2ultures of the virus in HeLa cells, 
first the HA~— particles began to appear and then their 
titre quickly increased, whereas the HA + particles were 
less than a twentiewa of all the infectious viral particles 
present in the sample by the fourth passage. 


Table 1. VARIATION OF AHLAF TITRES* IN HELA CELL MEDIUM CORRELATED 
TO INCUBATION TIME AT = 37° C AND TO THE PERCENTAGE OF CALF SERUM 
IN THE MEDIUM 


Kolle 4 control 


Tncubation Kolle i Folle 2 Kolle $ without HeLa 

time (days) 5% calf 10% calf no calf cells 10% 
gerum gorum Kerum calf serum 

(# 0 1 0 1 

2 2 2 1 1 

5 8 8 4 1 

7 8 8 4t 0 

10 8 8 — 1 

12 8 16 — 1 

15 8 16 — 1 

17 8 16 — 1 

20 8 18 — 1 

22 18 $2 — 0 


* Titre expressed as the reciprocal of the highest dilution showing haemag- 
flutiuation inhibition of 25 HA units of virus. 
t After 7 days’ incubation the HeLa cell monolayer was destroyed, 


Table 2. BEHAVIOUR OF HAEMAGGLUTINATING CAPACITY OF COXSACKIE 
B 5 VIRUS AND OF RATIO OF HA + TO HA— PARTICLES AFTER ADAPTATION 
OF TR VIRUS TO HELA CELLS 


Haemagplurinating 


Age of cell titre Studies of individual 
Passage history cultures In the After a plaques 
of Cox. at the material further No. of Ratio of 
BS/SS 31 inoculation ofeach passage plaques HA+toHA— 
point HeLa in MK exam- par- par- 
(days) passage cells ined ticles ticles 
64 64 30 30 : 6 
MK G/HeLa 1 2 <2 128 36 35.3 ií 
MEK 6/HeLa 2 4 <2 32 30 5: 25 
MK 6/HeLa 3 1 <2 16 30 5 : 25 
MK 6/HeLa 4 7 <2 <2 20 0 20 
MK 6/HeLa 5-9 1-5 <2 <2 _ we 
MK 6/HeLa 10 3 <2 <2 30 0 30 
MK 6/HeLa 10/ — <2 <2 _~ — 
MK 1-20 


324 


From the data set out in Table 2 it can be deduced 
that tho selective pressure which yielded the numerical 
reduction of HA + particles in HeLe cell cultures ranged 
from 1 to 175 times in the individual viral sub-cultures, 
and showed a positive correlation with the age of cell 
cultures, expressed as days from the last change of 
medium, at the time of inoculation. For example, in the 
second passage in HeLa cells, at the time of inoculation, 
the medium was 4 days old and an increase of 175 times 
was demonstrated in the ratio of HA— to HA+ particles; 
in the third passage in HeLa cells, at the time of inocula- 
tion, the medium had just been replaced with a fresh one 
and on this occasion the relative increase in number of 
the HA— particles was absent or irrelevant. 

Since all thirty plaques of the original sample of virus 
(MK 6) examined contained HA -+ particles, this sample 
was subjected three times to incubation with human 
erythrocytes group O at +4° C, in the sttempt to adsorb 
the HA + virus particles and to enrich the HA — particles 
which might be present. Packed red cells were added to 
the virus suspension at a volumetrio ratio of 0-2 ml. to 
1-5 ml.; the incubation period each time was 1 h, and 
afterwards the decrease of the virus titre and the ratio of 
the HA+ to HA— particles was determined in the 
supernatant. As a control the non-haemagglutinating 
variant of the same viral strain (MK 6/Hela 10/MK 6 
passage of Coxsackie B 5 virus, SS 31 strain) was sub- 
jected to the same process; this variant had been purified 
by plaque method in agar-overlay cultures and contained 
only HA — particles. 


Table 3. ADSORPTION ON HUMAN ERYTHROCYTES OF THE FOLLOWING 
LES OF COXSACKIE BS: 


SAMP 
(a) MK 6 passage: (b) ME 6/HeLa 10/MK. 6 passage. The former contains 


emagglutinins, the latter 13 devoid of them Ratu 
10 0 
Presence ‘Titre in Titre in Ratioof HA+ to 
Passage of PEU/m! P.F.U./ml. the titres HA-— par- 
history of haemag- beforead- after ad- a ticles after 
the virus glutinins sorption (x) sorption (y) y adsorption 
MK 6 i+ 325x107 290x104 1-12 10° 20°11 
MK 6/He La — 215x107 38x10’? 0°67 0:30 
10/MK86 


_ From Table 3 it can be deduced that the HA+ par- 
ticles were adsorbed to erythrocytes, whereas the HA — 
ones were not adsorbed at.all. The ratio of virus HA + 
to HA— particles in the MK 6 virus sample can be 
estimated as 3,155: 1. 

These experiments indicate that HeLa cell cultures 
affect a population of Coxsackie B 5 virus particles, in 
that they promote the rapid selection of the non-haem- 
agzlutinating particles, which are very rare in the original 
samples as compared with the haemagglutinating ones. 

The mechanism of action of the factor which inhibits 
the infectiousness of HA -+ particles of Coxsackie B 5 
virus, SS 31 strain, remained unknown; other questions 
which remain to be answered are whether this factor is 
the same as the anti-haemagglutinating factor (AHAF) 
demonstrated in HeLa cell medium or whether it must be 
differentiated from AHAF. 
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Isolation and Identification of Poliovirus 
from a Clinical Specimen 


AT present, the isolation and identification of viruses 
from clinical specimens is a slow, expensive and tedious 
process}?, Modifying a technique previously described?®, 
we were able to isolate and identify in three rapid and 
relatively simple steps a prototype virus from a sample of 
faeces seeded with a known quantity of polio virus. 

DEAE ‘Sephadex’ A-25 medium-grade columns were 
prepared and used as previously deseribed®. All columns 
were 14 x 1-2 cm. The elution of virus from all columns 
was accomplished with M/15 phosphate buffer (pH 7-5) 
at arate of I ml. per min. The first eluate in all experiments 
was 3 ml. ; all others were 1 ml. quantities. Protein content 
of the eluates was determined by the method of Lowry‘. 
The prototype virus used was the avirulent Sabin type I 
polio-virus. Virus assay was accomplished by plaque 
titration on HeLa cell monolayers propagated in 2X 
Eagle’s basal medium supplemented with 10 per cent calf 
serum and 15 per cent tryptose phosphate. Antibody 
against this virus, prepared in rabbits’, was tagged with 
fluorescein isothiocyanate’. The virus-antibody complex 
was dissociated by lowering the pH with an acid buffer’. 

1 ml. of a 1:10 dilution of fluorescein-tagged type I 
poliovirus antiserum was added to three columns. A 
fourth column served as the control and received no 
antiserum. 0-5 ml. of Sabin type I poliovirus having a 
titre of 5 x 107 P.¥.u./ml. was added to these columns. 
The virus was in contact with the antibody for various 
time intervals prior to elution with buffer. The 16-h 
antigen-antibody association was performed at 4° O, 
whereas the 1 and 2 h reactions were carried out at room 
temperature. The above time intervals were followed, 
elution was accomplished with phosphate buffer, and the 
viral content of the eluate was determined. 

Neutralization of poliovirus by tagged antibody suspended 
in a column. Fluorescein-tagged, immune serum (of any 
type), when added to a column, is held in that position. 
This is in contrast to untagged, immune serum which is 
rapidly eluted with phosphate buffer. 
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Fig. 1. Type I poliovirus retention by fluorescein-labelled type T 


antiserum in relation to the time interval of antigen-antibody associa- 
tion. Ab, antibody; G, antigen 
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Fig. 2. The effect of fluorescein isothiocyanate tagged heterologous 

antiserum on the movement of Type I poliovirus faa A-25 coh, 

©— ©, Control column; O—O, Ab-G 1 h reaction; A—A, Ab-G 2h 

reation; A—A, Ab-G 16h seat on. Ab, anti-guinea-pig antibody; Q, 
antigen 


Results, as seen in Fig. 1, indicate that approximately 
90 per cent of the virus failed to be eluted after 1 h of 
fluorescein-tagged type I poliovirus antiserum : type I 
pobovirus association; by 2 h, more than 99 per cent of 
the virus was retained; by 16 h, essentially all the virus 
was bound to the column. 

Specificity of reaction. There was the possibility, of 
course, that the virus was not neutralized by specific 
antibody, but was physically retained, indicating a non- 
specific reaction. 

The same procedure as in the foregoing experiment was 
followed except that fluorescein-tagged rabbit anti- 
guinea-pig antiserum was used instead of fluorescein- 
tagged type I poliovirus antiserum. Results, as seen in 
Fig. 2, demonstrated that almost all the type I poliovirus 
was recovered from each column. It can thus be concluded 
that the virus was not physically retained. 

To test the specificity of the reaction, a column was 


< loaded with 1 mi. of a 1 : 10 dilution of fluorescein-tagged 


polio type ITI antibody (kindly supplied by Dr. M. H. 
Hatch); 0-5 ml. type I poliovirus having a titre of 8 x 10? 
P.¥.U./ml. was added and allowed to react for 2 h before 
eluting. The results, as seen in Table 1, are representative 
of several experiments and demonstrate that approxi- 
mately 85 per cent of the virus was recovered. It can be 
concluded from these results that the column neutraliza- 
tion reaction is highly specific. 

Table 1, SPECIFICITY OF THE NEUTRALIZATION REAOTION SABIN TYPE I 


POLIOVIRUS REACTED AGAINST FLUORESCEIN-TAGGED TYPE IIT POLIOVIRUS 
ANTISERUM 


Eluate No, Virus (2.F.v./ml.) 


i 0 

2 0 

8 Q 

4 4x 10° 
5 98 x 105 
6 10x 107 
7 6-0 x 10° 
8 2 x 10° 
9 15 x 108 
10 8-7 x 105 
11 80 x 10! 
12 91 x 104 
13 40 x 104 
14 20x 104 
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Table 2. TYPE I ANTISERIM NEUTRALIZATION OF POLIOVIRUS IN A MONKEY 
FAECES SAMPLE 


Column 1 (with antiserum) Column 2 (without antiserum) 


Hluate No. Protem Virus Protein Virus 
(ug/ml.) (P.¥.U./mil.) (ug/ml.) (P.F v./ml.) 
1 0 0 0 0 
2 0 0 0 0 
3 0 0 0 
4 0 9 x 10° 0 86 x 105 
5 0 3:7 x 108 0 8-1 x 105 
8 0 45x 10% 0 1-0 x 10° 
7 0 2-0 x 10° 20 7-5 x 30° 
8 20 1-4 x 10° 20 1-7 x 105 
9 20 1-4 x 10 20 p4 x 104 
10 20 62 x 10° 4M) 90 x 10 
11 20 60 x 105 20 60 x 10° 
12 20 3-0 x 10° 60 60 x 10° 
13 20 1-0 x 108 40 6-1 x 10° 
14 20 1:2 x 105 40 5'8 x 10° 


Table 3. RECOVERY OF ANTISERUM NEUTRALIZED POLIOVIRUS FROM COLUMN 
BY _2CID BUFFER DISSOCIATION 


Portion of coluna dissociated Virus P.F,.U./ml. 
Fluorescein labelled Type I antiserum 2-0 x 10t 
Top (2 em) 
Middle (6-7 em) 0 


Isolation of poliowrus from faecal material. Type I 
poliovirus (8 x 10° 2.F.u.) was added to 2 ml. of a heavy 
suspension of monkey faeces. After vigorous mixing, the 
suspension was centrifuged at 1,200 r.p.m. for 15 min. 
1 ml. of the supernaze was then added to a column which 
had previously been loaded with fluorescein-tagged type I 
poliovirus antiserum as above; an equal volume was added 
to a control columr not containing the poliovirus anti- 
serum. After 2 h, tke columns were eluted. Eluates were 
analysed for protein and virus content. 

The results in Tatle 2 show that less than 2 per cent of 
the virus was recovered from the column containing the 
fluorescein-tagged artiserum while about 80 per cent of the 
virus was recovered “rom the control column. The protein 
analysis similarly demonstrated the capacity of the column 
to provide a ‘clean’ preparation. One may conclude from 
these data that the poliovirus from the faeces sample had 
been specifically neutralized. 

The fluorescein-tagged antiserum was removed from 
the column and the virus was dissociated with acid buffer. 
As a control, samples from the same column not associated 
with the antibody band were treated in a similar manner 
and assayed for virus. 

The results, in Table 3, indicate that virus was present 
only at the site of antiserum localization. 

It was apparent that this technique has application for 
the isolation and identification of certain viral agents. 
Subject to refinement of antigen-antibody dissociation 
techniques, viruses present in quantities commensurate 
with those found in a viral disease should be detectable. 
It is conceivable thet by proper positioning of a variety 
of fluorescein-labelled antisera on a DEAE ‘Sephadex’ 
A-25 column, differential diagnosis could be achieved. 
The indirect fluorescent antibody technique can be utilized 
for this procedure’, thereby eliminating the requirement 
for specific fluorescein-tagged antiserum. This method 
has further applicat-on in removing extraneous material 
from clinical specimoans which might otherwise result in 
non-specific cytopathogenic responses in tissue cultures. 
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CYTOLOGY 


Chromosomal Constitution of Human 
Endometrium i 


Tr is generally assumed that there is a diploid number of 
chromosomes in nearly all human somatic cells. That 
this is not true for the endometrium was-first reported by 
Timonen? in 1950. He found chromosome numbers 
ranging from 4 to 104 in 1,000 cells of human endometrium. 
Manna? observed similar aneuploidy in this tissue. Sachs’, 
on the other hand, found no variation from the normal 
diploid number in either human or rat endometrium. 
Walker and Boothroyd‘, although they found chromosome 
counts ranging from 42 to 56, believed that the apparent 
aneuploidy was caused by the methods used, and suggested 
that Timonen’s results were similar artefacts produced by 
the technique. Since all these investigators used squash 
preparations without previous hypotonic treatment, it is 
quite possible that in some cases accurate counts were not 
possible or that fragmentation occurred. Furthermore, 
the human diploid chromosome number was, at that time, 
believed to be 48, and this erroneous belief may also have 
biased the results obtained. Although new methods were 
introduced into human cytogenetics and the quality of 
the preparations was greatly improved, the question of 
aneuploidy in the endometrium has remained unanswered. 
In 1958, Tjio and Puck‘ reported that they had found only 
diploid and some tetraploid cells in endometrium grown in 
tissue culture. Takemura‘, however, found that of 109 
cells only 51-4 per cent had 46 chromosomes, the chromo- 
some counts in the others ranging from 33 to 95. 

The purpose of our investigation was to establish the 
chromosomal pattern of the human endometrium as a 
part of a study concerned with reproductive disorders. 
The endometrium was obtained by biopsy from 28 women 
of child-bearing age, including seven normals, 14 with a 
history of sterility and seven with a-history of repeated 
abortions. Of these, seven represented the proliferative 
and 21 the secretory phase of the menstrual cycle. The 
tissue was cultured in vitro after a modification of the 
method described by Chu and Giles’. In most cases 
primary cultures were used for chromosome preparations. 
Colchicine in a final concentration of 2-3 ug/ml. was added 
to the cultures 16 h before harvesting. The cultures were 
then trypsinized, and the cells were treated with 20 per 
cent Hanks’s balanced salt solution in distilled water for 
20 min, fixed, allowed to air-dry on slides, and stained with 
dilute Giemsa stain. All metaphase spreads of adequate 
technical quality were counted, and every attempt was 
made to exclude broken. cells. 

Chromosomes were counted in a total of 449 mitoses, 
with the counts ranging from 17 to 103 chromosomes per 
cell. 119 of the cells counted had the normal number of 
46 chromosomes. The distribution of the counts is given 
in Table 1. Aneuploidy was found in every culture. 
No chromosomes with abnormal morphology were 
observed. 


Table 1, DISTRIBUTION OF CHROMOSOME COUNTS IN 449 CELLS OF HUMAN 
ENDOMETRIUM 


Chromosomes/Cell No. of cells 
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These results support the findings of high degrees of 
aneuploidy in the human endometrium. The chromosome 
counts are similar to those obtained by the earlier workers, 
all of whom used the direct squash method without 
tissue culture in their investigations. This indicates that 
the conditions of in vitro growth, as used in this work, do 
not significantly alter the chromosome complement or 
result in selective growth of cells with a given karyotype. 
Similarly, the only difference between our preparations 
from primary cultures and sub-cultures has been a higher 
mitotic rate in the latter. 

‘It seems clear that there is aneuploidy in the human 
endometrium, and that aneuploidy is, indeed, normal for 
this particular tissue. Since aneuploidy is believed to be 
the result of certain abnormalities of either meiosis or 
mitosis, and since endometrium is a very rapidly growing 
tissue, it is likely that the high degree of aneuploidy ob- 
served in the endometrium reflects in some way the normal 
growth and development of the tissue itself. If this is true 
then the degree of aneuploidy would be expected to vary 
with the menstrual cycle. Our preliminary results suggest 
that this is, indeed, the case. 


EDWARD C. HUGHES 
Tiro VAHARU CSERMELY 


Department of Obstetrics and Gynecology, 
State University of New York, 
Upstate Medical Center, 
Syracuse, New York. . 

i Timonen, S , Acta Obstetrica et Gynecologica Scandinavica, 31, 2 (1960). 
2 Manna, G. K., Nature, 173, 271 (1954). 
3 Sachs, L., Nature, 172, 205 (1953). 
4 Walker, B. E., and Boothroyd, E. R., Genefecs, 39, 210 (1954). 
£ Tio, J. H., and Puck, T. T., J. Ezp. Med., 108, 258 (1958). 
ë Takemura, T., J. Jap. Obstet. Gynec. Soc., 7, 300 (1930). 
? Chu, E. H. Y., and Giles, N. H., Amer. J. Human Genel., 11, 83 (1959). 


SOIL SCIENCE 


Influence of lonic Phosphate Diffusion in the 
Soil on the Growth of Hormidium flaccidum 


A KNOWLEDGE of the ionic mobility of the essential 
plant nutrients in the soil is of considerable importance 
in determining the method and effect of particular 
fertilizer programmes in the eventual crop growth. Scott 
Russell and Newbould! and Schofield? have indicated the 
importance of this and the difficulties which lie behind 
the investigation of it. Calcium and phosphate would, 
for example, directly enter into exchange reactions in the 
soil so that the rate of ionic mobility would become 
limited by the degree of this interaction. Newbould’ 
showed that calcium could reach a state of equilibrium 
in the exchange system of the soil within seven days; 
Fried and Shapiro? elaborated the factors affecting the 
mobility of ions. by’ demonstrating that both the water 
movement in the soil, and the addition of inert material 
to the soil, would accelerate the diffusion of ions. Most 
of this work has been carried out using labelled isotopes. 
However, Scots Russell! has indicated that, even using 
these techniques, the knowledge of the mechanisms of 
diffusion was still meagre. 

During an investigation of 8 new method of soil bio- 
assay using algae I found‘ that Hormidium flaccidum, 
when impregnated into nutrient-deficient soils, would 
give, by way of its growth, indication of the distance and 
of the rate at which nutrient ions may diffuse in the soil. 

In the method used, 10 g of dried, sieved soil with a 
known phosphate deficiency was added to a sterile 
standard bacteriological dish. An inoculum containing 
5 x 10° cells/ml. of Hormidium flaccidum was mixed with 
the soil until it became saturated to a mud-like paste. 
To encourage algal growth throughout the soil, the soil 
was then incubated at 25° + 1° C for 7 days at an even 


0 
Py Natl PO, conc. (mg/sq.cm) 0-00 


zone l, 0-00; 
0-0219. The soil plate was now incubated for a further 
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Fig. 1. Enhanced algal growth around impregnated zones on soil 35 (R) 

illumination of 600 m-candles using ‘daylight’ fluorescent 
tnbes. At the end of the 7 days, a paper rosette with four 
appendages cut from Whatman No. 542 double acid- 
washed filter paper was placed on the soil. Each of these 
appendages was impregnated with a different concen- 
tration of sodium dihydrogen phosphate (mg/sq. cm): 
zone 2, 0-005; zone 3, 0:0109; zone 4, 


6 days at 25° + 1° C and 600 m-candles. During this 
period, the phosphate ions diffused out into the soil and 
this enhanced the algal growth around each of the treated 
disks (Fig. 1). At the end of incubation, the distance was 
measured between the edge of each of the impregnated 
zones and the end of the zone of enhanced algal growth. 
Three soil samples were used in this investigation which 
had been obtained from the Food and Agriculture Organ- 
ization Soil Fertility Project, Teheran, Persia, through 
the courtesy of Dr. G. F. Hauser, the project manager. 
The results are recorded in Table 1. 

Table 1. DISTANCE (cm) OF PHOSPHATE DIFFUSION THROUGH TEE SOIL 

SAMPLES IN 6 DAYS AS SHOWN BY ENHANCED ALGAL GROWTH 


Zone No.: 1 2 3 4 

Soil sample 26 (SB) 0-00 0-28 0-77 1-08 

Soil sample 35 (R) 0-00 0-25 0-41 0-56 

Soil sample 44 (R) 0-00 0-46 0-60 0-61 
00051 0-0109 0:0219 
In all these soils, as the concentration of phosphate in 
the impregnated zones increased so the diameter of 
enhanced algal growth increased. None of the non- 
impregnated zones showed any stimulated growth. The 
rate of phosphate diffusion varied considerably both in 
extent and degree for the soils used. Samples 26 (SB) 
and 35 (R) showed a very similar initial diffusion rate 
around zone 2, but after this the growth areas became far 
wider in the former. This would suggest that the phos- 
phate ion may be able to diffuse more easily through this 
soil, due, perhaps, to the presence of a higher proportion 
of inert materia! in the soil. Soil sample 44 (R) initially 
showed a broader algal growth area, but this only in- 
creased by 0-15 cm at the highest phosphate concen- 
tration. It is probable that the phosphate diffused more 
quickly through this soil, due to the fact that it had a 


‘more open texture, but then became rapidly bound into 


the exchange complex. 
The use of algae to indicate the travel of plant nutritive 
ions through the soil has some disadvantages. First, the 
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algae utilize some of the ions and so reduce the overall 
concentration effect. Secondly, the algae only grow in 
light, and this limits growth to the surface, thus surface 
mobility can only be studied. Thirdly, the soil must be 
deficient in the ion which is to be studied. Despite these 
disadvantages, the method may provide a simple way of 
studying the mobil-ty of ions in the soil under limited 
conditions. Work is at present in progress to investigate 
these conditions. 

I thank Dr. G. F. Hauser for provision of soil samples. 


D. R. CULLIMORE 


Microbiology Unit, 
Battersea College of Technology, 
London, =.W.11. 


' Scott Russell, R., “Sol! Analysis and its Relation to Plant Growth and 
Composition”, organized by J. Sci. Food and Agric. at Bristol (1964); 
Newbould, P., idid. 

* Schofield, R. K., Soils ang Fert., 18, 373 (1955). 

3 Fried, M., and Shapiro, & E., Ann. Rev. Plant Physiol., 12 91 (1962), 

t Cullimore, D. R., Biologie du Sol, 1, 10 (1964). 


PSYCHOLOGY 
Optical Illusions 


RECENT articles’ in Nature have discussed the explana- 
tion of optical illusions and, in particular, Gregory’s 
theory of constancy scaling. According to this theory, 
illusions are produced in situations where there is an 
inappropriate activetion of a constancy scaling mechanism 
produced either by certain features of the two-dimen- 
sional visual pattern which normally suggests depth 
(primary scaling), or by apparent distance (secondary 
scaling). This communication presents some critical 
comments on this trpe of explanation as applied inclu- 
sively to all the optical illusions mentioned. 





a b 


Fig. 1. Two optical illusiens in which the perspective sense is the same 
but opposite distortions are produced 


With regard to primary scaling, Gregory states that the 
parts of figures corresponding to distant objects are 
expanded and the parts corresponding to nearer objects 
are reduced. He also states that “the generalization seems 
to hold for all the viswal illusions thought of in this way”. 
In two of his own figures, however, there appears to be a 
discrepancy. Comparing the two illusions (Fig. la and 6) 
it is clear that the perspective sense is the same in each. 
In a the centre to which the lines converge corresponds 
to the most distant part, as does the smallest of the con- 
centric circles in b. Yet the vertical lines are distorted 
in opposite directions in the two cases. Of course, it 
would be possible, though unusual, to regard the smallest 
circle in b as the nearest part of a depth configuration, for 
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Fig. 2. The slight apparent bending of the horizontal line in the figure 


obeys the rule of the acute angles (see text). As in all such cases it is the 

single line which is distorted, not the repetitive stripes. This figure also 

“gontains the key configuration in Gregory’s Necker cube and shows that 
the cube itself is unnecessary 


example, as the top ofa cone. To do this, however, is to 
make a quite arbitrary designation of the perspective 
sense, and the distance explanation then loses any pre- 
dictive value. 

A general rule which applies to all cases of figural 
distortion on a background tield is that acute angles are 
perceptually enlarged (Fig. 2). This has been discussed 
by previous authors*. This rule has the merit of applying 
in the two cases in Fig. 1 and, in addition, since distortion 
-is related to the acuteness of the angle of intersection, it 

‘predicts the curved distortion in these figures and the 

‘linear distortions in illusions such as the Zollner. Untfor- 
“tunately, in the majority of cases, the constancy scaling 
-hypothesis and this angle rule for distortion predict 
exactly the same effects, so that it is difficult to distin- 
‘guish the two experimentally. Indeed, this angular 
distortion is basic to Tausch’s explanation of many 
illusions’. He postulates that lines forming an acute 
angle represent a right angle in perspective view and this 
cue for perspective produces the distortion, or in Gregory’s 
terms, sets the scaling. At this extreme, Tausch’s hypo- 
thesis is not useful since it is, in fact, not disprovable. Any 
angle can be regarded as the perspective view of a right 
angle, and, consequently, any pattern containing line 
Intersections can be held to possess depth cues. ‘The fact 

-tbat the distortions observed in the illusion figures 

Operate in the appropriate direction does not in any sense 
-prove that they are due to the interpretation of an acute 

-angle as a right angle. The same criticism applies to the 
interpretation of the bending of the line in Gregory’s 
Necker cube figure. The bending of the line is, of course, 
not dependent on the presence of a Necker cube, it occurs 
in other configurations also (Fig. 2). All such configura- 
tions are subject to the previously mentioned ambiguities 
of interpretation. In further support of his depth hypo- 
thesis, Gregory reports that, in the case of the illusions 
where figures are distorted by a background, the illusion 
disappears when the affected lines are displaced in depth 
from the background in a stereoscope. One can produce 
this displacement more simply by etching the main long 
lines on a ‘Perspex’ sheet and viewing the background 
pattern through this at a distance (for example, at 50 em). 
The Zöllner and Hering illusions are still strikingly present 
in such conditions. A final interesting point is that the 
Zöllner illusion is still present if the whole display is in 
three dimensions, with the pattern on the floor of a normal 
daylit room and the main lines extending away from the 
observer over a distance of 4m. The distortion produced 
by the configuration thus persists even in the presence of 
real perceived depth. The only concrete evidence for the 
constancy scaling hypothesis in the context of the illusions 
is Gregory’s experiment relating measurements.of apparent 
distance to the size of the illusion. The correlation of 
0:9 which he quotes for the Miller-Lyer is extremely 
convincing. In view of this, but acknowledging some of 
the points already mentioned, it is possible to suggest 
‘that illusions like the Miller~Lyer and Ponzo’s illusion are 
different types of illusion from the distortion of figures on 
patterned fields. Such distortions remind one forcibly of 
some of the phenomena described by McKay'*, in particu- 





far his finding that such repetitive fields impose an orderly 
movement on a random noise pattern, such that the dots 
` @ppear to move at right angles to the lines of the pattern. 






+3 His interpretation of this and applied phenomena in terms 
on “of the satiation of certain direction analysers and of samp- 
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visual field may be the correct interpretation of 
Certainly none of the known 


the distortion illusions. 


facts concerning these illusions appear to controvert 


this. 
G. K. WALLACE. 


Department of Psychology, 
University of Reading. 
i Gregory, R. L., Nature, 199, 678 (1963). 
2 Brown, L, B., and Houssiadas, L., Nature, 204, 302 (1964), 
! Gregory, R. L., Nature, 204, 302 (1964). 
i Berliner, A., and Berliner, 8., Amer. J. Psyehol., 26, 153 (1948). 
* Tausch, R., and Peychol. Forsch., 24, 299 (1964). 


‘McKay, D. M., in Sensory Communication, edit. by Rosenblith (Wiley, 
New York, 1961). 


I woup disagree with Mr. Wallace that Figs. la and 16 
have the same perspective sense. On my view there are 
gradients of expansion along each of the converging lines 
of la. This expansion is due to the converging perspective 
of these lines, so that any feature near the middle of this 
figure should be, and is, expanded, This gives the out- 
ward bowing of the vertical line, since the expansion is 
greater where these lines are near the centre of the figure. 
Fig. 1b is less obvious. If the arrangement of equally 


spaced circles is viewed as a luminous figure, with a single © 
eye, to prevent the competing information that it is in — 


fact flat, it appears flat. If, however, the spacing of the 
cireles is non-uniform, then it will be seen as a tunnel or 
a cone, depending on whether the spacing increases or 
decreases outward from the centre. In other words, the 
depth of the background figure depends on the spacing 
of the circles, not the circles themselves. 

What we must consider is why primary scaling should 
be set by the ares of the circles touching, or nearly touch- 
ing, the straight lines. 


Their distortion is compatible. 


em. 


tm 


with the form of the Miller—-Lyer illusion having curved — 


ends. An ingoing curve produces shrinking, as does the 
more familiar ingoing corner. It seems that, in this 
Orbisson figure, the ingoing ares produce local shrinking 
in the same way, giving the observed inward bowing of 
the superimposed lines. My hypothesis does not lose 
predictive power through arbitrariness, for the local 
depth effect can be directly measured in this, as in other, 
cases. 

In pointing out that a line straight across a Necker 
cube appears bent, I realized that the whole of the Necker 
figure is not necessary to produce the bending. The 
point of using a complete Necker cube, rather than just a 
corner, was to show, using the reversal properties of the 
figure as a whole, that the bending is in the same direction 
whether this corner is seen in inward or outward depth. 
It is a crucial observation to distinguish between primary 
and secondary constancy. Wallace evidently fails to see 
the significance of this point, and his Fig. 2 does not add 
anything to the discussion. 

With regard to illusions in binocular perception: this 
is very complicated, and exactly why they sometimes 
disappear and sometimes do not remains to be worked out. 
I would not agree that reference to direction analysers is 
helpful in explaining these illusions, for we know too little 
of their properties. In any event, ‘satiation’ can scarcely 
be involved, for this implies a time course; but these 
illusions are seen instantaneously and do not increase 
with prolonged viewing. The particular strength of the 
misplaced constancy theory is that it clearly relates well- 
established perceptual phenomena and does not require 
special or untestable assumptions. 


Rriowarp L. GREGORY 


The Psychological Laboratory, 
Downing Street, 
Cambridge. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, January 17 


INSTITUTION OF ELEOTRIOAL ENGINEERS, ELECTRONICS DIVISION (at 
yes aa London, W.C.2), at 2.30 p.m. and 5 p.m.—Colloquium on 
“Active ers”. 


SOCIETY OF CHEMIOAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S.W.1), at 5.80 p.m.—Prof. A. J. Birch: “Some Natural 
Anti-Fungal Agents”. 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W.C.1), at 530 p.m —Dr. D. R. Laurence: “Drug 
Introduction, Evaluation and Safety” (Inaugural Lecture). * 


ROYAL SOOIETY OF ARTS (at John Adam Street, Adelphi, London, W.C.2), 

at 6 p.m.—Prof. M. W. Thring: ‘The Present and Future Uses of Machinery”. 

tec! of ns Cantor Lectures on “The Place of the Technologist in Modern 
ociety’’. 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SEOTION (at Savoy Place, London, W.0.2), at 6.30 p.m.—Prof. 
M. G. Say: “Unusual Electrical Machines”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), at 
8.15 p.m.—Major P. G. Boxall: “Island of Bliss”. 


A 


Tuesday, January 18 


INSTITUTION OF CHEMICAL ENGINEERS, SOUTH EASTERN BRANCH (at the 
Geological Society, Burlington House, Piccadilly, London, W.1), at 4.30 p.m. 
—Branch Annual General Meeting, followed by Mr, F. E. Warner: “The 
Professional Chemical Engineer and the Council of Engineering Institutions”. 


PLASTICS INSTITUTE, LONDON SEOTION ENGINEERING SUB-GROUP (at the 
Wellcome Building, Huston Road, London, N.W.1), at 5 p.m.—Symposium 
on “Extrusion Plant”. 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, W.C.2), at 5.30 p.m.—Colloquium on 
“Human Operator Studies’. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropica] 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p m.—Dr. 
J. F. Loutit, F R.S.: “Strontium-90 and Leukaemia”. (Second of fifteen 
lectures on “The Scientific Basis of Medicine” organized by the British Post- 
graduate Medical Federation.)* 


INSTITUTION OF MEOHANICAL ENGINEERS, PROCESS ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Discussion 
on ‘‘Pressure Vessels and the Factories Act 1961”. 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with the 
Heavy Organic Chemicals Group, at 14 Belgrave equate: London, S W.1), at 6 
p.m.—Prof. V. M. Clark “Is Organic Chemistry Dead ?” 


Wednesday, January 19 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.15 p m —Mr. 
2 a neon and Miss F Savigear. “The Use of Rooms and the Use of Land 

or Housing”. 


UNIVERSITY OF LONDON (at the Royal Free Hospital School of Medicine, 
8 Hunter Street, Brunswick Square, London, W.C.1), at 5.80 p.m.—Prof. 
M. G. Larrabee (Johns Hopkins University) “The Metabolism of an Excised 
Sympathetic Ganglion at Rest and in Action”. * 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 6 p.m.—Mr. D. Reaney: “Industrial Appli- 
cations of Electroluminescence” 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, RADAR GROUP (at 
9 Bedford Square. London, W.C.1), at 6 p.m —Mr J. Croney: “Improved 
Radar Visibility of Small Targets in Sea Clutter (through Decorrelation by a 
Rapidly Rotating Antenna)”. 


ROYAL SOOIETY OF ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 6 p.m.—Sir Edmund Hirst, O BE , F.B S.: “The Role of Sugars as Energy 
Reserves in Nature” (Sir William Jackson Pope Memorial Lecture). 


INSTITUTE OF INFORMATION SOIENTISTS (at the Whitehall Hotel, Blooms- 


í bury Square, London, W.C.1), at 6.15 p.m.—Mr. J. B. Reed: ‘Spotlight on 


a 


Systems of Abstracts’’. 


SOCIETY FOR ANALYTIOAL CHEMISTRY, MICROCHEIMIO0AL METHODS GROUP 
{joint meeting with the Association of Clinical Biochemists, at ‘“The Feathers”, 
Tudor Street, London, E C 4), at 6 30 p m.— Discussion on ‘The Instrumental 
Measurement of Coloured Solutions in the Range of 200-700 ma”. 


SOCIETY OF DYERS AND COLOURISTS (at the School of Pharmacy, University 
of London, Brunswick Square, London, W Cp: at 6.80 p.m —Sir Robert 
Robinson, O.M , F.R.S.: “Colour in Flowers” (Thirteenth London Lecture), * 


Thursday, January 20 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
London, S.W.7), at 1.30 p.m.—Mr. Patric Dickinson: ‘‘Computer versus 


INSTITUTION OF MINING AND METALLURGY (at the Geologia Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—Dr. W. Nicolls, 
Dr. D M J. Provan, Prof. M. M. Cole and Dr. J. S. Tooms: ‘‘Geobotany and 
Geochemistry ın Mineral Exploration in the Dugald River Area, Cloncurry 
District, Australa”, Mr. V. E. Clifton: “The Condensation ın Stages of 
Metal from Vertical Zine Retorts’’. 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
W.1), at 5 p.m —Mr. A. D_ Pearson: ‘“Lemmings—Fact and Fantasy”; 
Dr. 0. B. Cox: “The Orlgin of the Modern Amphibia”. 


LONDON MATHEMATICAL Soorety (at the Royal Astronomical Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—Dr. P. M. Cohn: 
“Determinants”, 


INSTITUTION OF BLEOTRIOAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C 2), at 5.30 p.m.—Mr. E. R. Davies, Mr. R. J. Gamble and 
Mr. J. B. Silleto: “Electric Process Heating for the U.K.A.E.A. Works”. 
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UNIVERSITY OF LONDON tat the London School of Hygiene and Tropical - 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.— 
Dr. D. G. ff Edward: “Mycoplasma and their Role in Human Disease”. 
(Third of fifteen lectures on *‘The Scientific Basis of Medicine”, organized by 
the British Postgraduate Medical Federation.)* 


SOOIETY OF CHEMIOAL INDUSTRY, ROAD AND BUILDING MATERIALS GROUP 
(at 14 Belgrave Square, London, S.W.1), at 6 p.m.—Meeting con The 
Weathering of Road Tar”. Dr. E. D. Tingle and Mr. E. H. Green: ‘“‘Mechan- 
ism of Changes 1n Tars in Koad Surfacings and their Relation to Laboratory 
Tests”: Mr. W. G. Wilman snd Mr. K. D. Bartle: “Chemical Changes in Road 
Tars in Service”. 


ROYAL SOOIETY oF TROPICAL MEDIOINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W.1), at 7.30 pm SDr H. A. K. Rowlands: 
“Anaemia in Dar-es-Salaam and Methods for Its Investigation”, followed by & 
Discussion. 


Thursday, January 20—Friday, January 21 


INSTITUTION OF MECHANIDAL ENGINEERS, INTERNAL COMBUSTION ENGINES 
GROUP (at 1 Birdcage Walk, Westminster, London, 8S.W.1)—Symposium on 
“Accuracy of Electronic Afeasurements in Internal Combustion Engine 
Development”. 


Friday, January 2! 


INSTITUTE OF NAVIGATION (at the Royal Aeronautical Society, 4 Hamilton 
eee London, W.1), at 5.3D p.m.—Mr. C. Powell and Mr. A. Woods: “Loran 


UNIVERSITY OF LONDON tin the Gustave Tuck Theatre, University College, 
Gower Street, London, W.C.1), at 6.30 p.m—Prof. Saunders MacLane 
( University of Chicago): “Universal Elements in Algebra”. * 


SOCIETY OF CHEMIOAL INDUSTRY, FINE CHEMICALS GROUP (at 14 Belgrave 
Square, London, S.W.1), at 8 30 p.m.—Mr. N. Burak: ‘‘Chemicals for Improv- 
ing Flow Properties of Powders”’. 


ROYAL INSTITUTION (at 21 Albermarle Street, London, W.1), at 9 p.m.— 
Prof. M. J. Lighthill, F.R.8= “Waves in Fluids”. 


Saturday, January 22 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, 8.E.23), at 3 30 p.m.—Dr. W. J. Rees: 
“The Rocky Sea Shore’’. * 


Monday, January 24 


INSTITUTE OF ACTUARIES (at Staple Inn, High Holborn, London, W C.1), 
at 5 p.m.—Sir Paul Chambers, K.B E., C B., C.1.E.: ‘Problems in Forecasting 
in the Chemical Industry” (Twelfth Alfred Watson Memorial Lecture). 


UNIVERSITY OF LONDON fin the Botany Theatre, University College, Gower 
Street, London, W.C.1), at5p.m —Dr. W. N. Aldridge’ “‘Hydrolytic Enzymes 
and their Inhibitors” (Further lecture on January 31).* 


INSTITUTION OF ELECT?2ICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.0.2), at 5.30 pm.—Dr. H Ahmed, Mr. C. B. 
Maloney, Mr. J. D. Sankey and Mr. A. H. Beck: ‘‘Recent Studies of Dispenser 

athodes”. 


INSTITUTION OF ELECTEICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C.2), at 5*30 p m.—Colloquium on “Gaseous Insulation”. 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 6 p.m.—Prof M. W. Thrng: “Towards a Creative Society: The Philosophy 
of Technology”. (Second of three Cantor Lectures on ‘'The Place of the 
Technologist in Modern Spciety’’.) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

DEMONSTRATOR IN GEFETICS—The Secretary to the College, Trinity 
College (University of Dubiin), Dublin 2, Republic of Ireland (January 20). 
rere ee CHEMISTRY—The Registrar, The University, Sheffield 

anuary ; 

CHAIR OF THEORETIOAL CHEMISTRY—The Registrar, The University, 
Sheffield (January 22). 

LECTURER or ÅSSISTANT LECTURER (preferably specialized in analvsis or 
topology, or mathematica. logic) IN PURE MATHEMATICS—The Registrar, 
The University, Sheffield January 22). 

LECTURER (with a degres in chemistry and good teaching experience) IN 
EDUCATION—The Registrar and Secretary, University of Durham, Old Shire 
Hall, Durham (January 22). f 

ASSISTANT LEOTURER IX PURE MATHEMATICS—The Registrar, University 
ee of South Wales end Monmouthshire, Cathays Park, Cardiff (January 


LECTURERS (2) (preferably with research interests in algebra) IN PURE 
MATHEMATICS; and a LECTURER IN EITHER STATISTICS OR APPLIED MATHE- 
MATICS IN THE DEPARTMENT OF MATHEMATIOS—The Registrar, The Uni- 
versity, Newcastle upon Tyne, 2 (January 28). 

RESEARCH ASSISTANT (with a higher degree or equivalent experience) IN 
THE DEPARTMENT OF MECHANICAL ENGINEERING for a project on flame trap 
per pruenne Tae Secretary, University College, Gower Street, London, 

.C.1 (January 30). 

å T OF STATISTICS—Lhe Secretary, The University, Aberdeen (January 
1). 

FELLOW and TUTOR (woman) or a LECTURER (man or woman) IN PHILO- 

SOPHY—The Principal, St. Hugh’s College, Oxford (January 31). 

LEOTURER/ ASSISTANT BRIN PHYSICAL CHEMISTRY ; and a RESEARCH 
OFFICER to assist in the opzration of and development of programmes for the 
College’s IBM 1620 tane/disc/card system—The Registrar, University 
College of Wales, Aberystwyth (January 31). 

LECTURER IN NUCLEAR PHYSICS and a LECTURER IN THEORETICAL 
PHYSICS (candidates should have postgraduate experience in high energy 
phvsics or theoretical physics}—The Secretary, University of Lancaster, 
Bailngg House, Lancaster (January 31). . 

LECTURER (with special interests in ecology) IN ZOOLOGy—The Registrar, 
King’s College (University of London), Strand, London, W.C.2 (January 31). 

READER IN BIOCHEMICAL ENGINEERING; and a LECTURER IN CHEMICAL 
ENGINEERING—The Registrar, University College of Swansea, Singleton 
Park, Swansea (February 1). 
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CHAIR OF THEORETICAL CHEMOSTRY-—-The Deputy Secretary, The Uni- 
versity, Southampton (February 4). 

SENIOR LECTURER, LECTURER or ASSISTANT LECTURER IN BOTANY at the 
University of Zambla—The Inter-University Council, 33 Bedford Place, 
London, W.C 1 (February 4). 

LECTURER IN STATISTICS IN THE DEPARTMENT OF APPLIED STATISTICS 
(formerly the Umt of Biometry}—The Registrer (Room 39, O.R.B.), The 
University, Reading (February 5). 

LECTURER or ASSISTANT LECTURER IN PsycHoLOGy—The Registrar 
(Room 39, O.R.B.), The University, Reading (February 5). 

DEAN OF THE ROYAL MILITARY COLLEGE OF SOIENCE, Shrivenham, Wilt- 
shire—Ministry of Defence (C.E.2 A.D.), Northumberland House, Northum- 
berland Avenue, London, W C 2 (February 7). 

CHAIR @F PSYCHIATRY at the Institute of Psychiatry—The Academic 
Registrar. University of London, Senate House, London, W.C.1 (February 8). 

ASSISTANT LECTURER IN MIOROBIOLOGY—The Registrar, The University, 
Sheffield (February 12). 

IMPERIAL CHEMICAL INDUSTRIES RESEAROH FELLOWS (preferably with the 
degree of Ph D. or equivalent research experience) IN BIOCHEMISTRY, 
CHEMISTRY, ENGINEERING, PHARMACOLOGY, PHYSICS, or related subjects— 
The Secretary, The University, Aberdeen (February 12). 

READER IN THE PHYSICAL EXAMINATION OF MATERIALS—The Registrar, 
University Registry, Oxford (February 12). 

CHAIR OF PURE MATHEMATICS IN THE DEPARTMENT OF PURE MATHE- 
MATICS AND MATHEMATICAL STATISTICS—The Registrar, University College 
of South Wales and Monmouthshire, Cardiff (February 15) 

CHAIR OF CHEMISTRY at the University of Hong Kong—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Hong Kong and London, February 28). 

CHAIR OF PHYSICS at the University of Hong Keng—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S W.1 (Hong Kong and London, February 28). 

CHIEF PHARMACIST OF THE HOSPITAL and SENIOR LECTURER IN PHARMACY 
TO THE MEDICAL COLLEGE (combined post)}—The Dean of the Medical College, 
St. Bartholomew's Hospital, London, E.C 1 (February 28). 

DIRECTOR (registered member of the veterinary profession and research 
experience relating to the improvement of health and the control of disease 
1n horses) OF THE ANIMAL HEALTH TRUST'S EQUINE RESEARCH STATION, at 
Balaton Lodge, Newmarket—The General Secretary, The Animal Health 
Trust, 14 Ashley Place, London, S.W.1 (February 28). 

LECTURER IN THE DEPARTMENT OF MATHEMATICS, University of Otago, 
Dunedin, New Zealand—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.WV.1 (New Zealand 
and London, February 28). 

LECTURER (specially interested in the mathematical techniques of optim- 
ization and preferably experience in these topics in an industrial context) IN 
THE DEPARTMENT OF MATHEMATICS and the DEPARTMENT OF SYSTEMS 
ENGINEERING (joint appointment)—The Secretary, The University of 
Lancaster, Bailrigg House, Laneaster (February 28). 

READER (preferably actively engaged in research ın pure mathematics) EN 
MATHEMATICS in the School of Physical Sclence in the University of Adelaide 
at Bedford Park, South Australa—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Australia, February 28). 

CHAIR OF Epucation—tThe Registrar, University Senate House, Bristol, 2. 

PHYSICIST or ELECTRONICS DEVELOPMENT ENGINEER (with a good know- 
ledge of nuclear instrumentation and electronics, but previous experience of 
computers is not essential) to work with the recently installed PDP-7 on-line 
computer in the Nuclear Physics Laboratory—Prof. K. W. Allen, Nuclear 
Physics Laboratory, The University, 21 Banbury Road, Oxford 

PHYSICISTS FOR FUNDAMENTAL STUDIES—proposed topics gas discharges, 
plasma diagnostics, electro-luminescence, magnetic materials, dielectrics, 
microwave and spectroscopic physics over al] frequencies—D. C. Page, Head 
of Personnel Services, The Electricity Council Research Centre, Capenhurst, 
Cheshire, quoting Ref N/1. 

SENIOR PHARMACIST (full or part-time}—The Physician Superintendent, 
Oakwood Hospital, Maidstone, Kent. 

SENIOR RESFARCH OFFICER (biochemist) (male or female, fluent in English, 
with a good honours degree in biochemistry or chemistry together with at 
least 10 years icity dehy experience, and preferably an interest or exper- 
ience in microbiology) at the National Institute for Trypanosomiasis Research, 
Kaduna, Northern Nigeria—The Crown Agents, M. Dept., 4 Millbank, 
London, 8 W.1, quoting Ref. M3F/54445/TA. 

S R C. RESEARCH ASSISTANT to work in the field of reactions of co-ordinated 
ligands—-Dr P. J. Staples, Department of Chemical Technology, Bradford 
Institute of Technology, Bradford, 7, Yorkshire. 

TEMPORARY LECTURER or TEMPORARY ASSISTANT LECTURER (pure or 
applied mathematician) IN THE DEPARTMENT OF MATHEMATICS—The Sec- 
retary, University College, Gower Street, London, W C 1 

ZOOLOGISTS (M Se. or Ph.D with research experience, and preferably some 
knowledge of histology and histochemistry) to participate in experimental 
multi-disciplinary programmes of basic 1esearch ın the field of food additive 
toxicology—The Director, British Industrial Biological Research Association, 
Woodmansterne Road, Carshalton, Surrey. 
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National Academy of Sciences—National Research Council. Nuclear 
Science Series. NAS-NS 3057. The Radiochemistry of Radium. Bv H. W. 
Kirby and Murrell L. Salutsky. Pp. vi+205. (Washıngton, D C : National 
Academy of Sciences—National Research Council, 1965. Available from the 
Clearinghouse for Federal Scientific and Technical Information, National 
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phis punctatus, in Flomda. By Charles W. Myers. Pp. 43-90. 70 cents 
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The new high speed version of the SP200 provides a 
complete spectrum (650-5000 wavenumbers) in 200 
seconds. The rapid response of the instrument en- - 
ables spectra to be recorded three times faster than 
previously. 


This brilliantly engineered instrument is ideal for routine 
chemical analysis. Its well-tried advantages include a 
flat bed recorder and ball point pen, capable of pro- 
ducing simultaneous carbon copies of spectra. Slit 
programmes up fo ten times the normal energy may be 
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Spectrum of polysty- 


selected. Specially designed accessories, such as the pone teccrced: Over tan 
em! to 2000 cm<1 at maxi- 

scale expansion unit featured above, are available to mum sean speed. This 
increase its versatility. Muatratea the high pei 
; i ; no ; ; ormance available 

The SP200 is unrivalled for simplicity and is designed even in very fast routine 


for constant and demanding use. Descriptive iiterature applications. 
is available on request. 
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INTENSIVE LIVESTOCK HUSBANDRY 


HERE have been innumerable public complaints 

about intensive livestock husbandry as it has 
developed in Britain since the Second World War. 
‘Factory farming’, tied as it is to ‘agribusiness’, is seen as 
inimical to the normal life of the countryside and destruc- 
tive of some natural virtues necessary to our society. 
This view is not just an inevitable protest against progress, 
for this form of farming is also suspected of being 
economically inefficient, surviving only on subsidies and 
on imported grains and concentrates. Its products are 
mistrusted on medical grounds, and they are often found 
to be tasteless, or even obnoxious, and a separate industry 
has come into being to supply the natural, unadulterated 
items in their place; but at a premium. The subject 
clearly has strong emotional overtones, and these are 
most obvious when its techniques are attacked as being 
unnecessarily cruel, and detrimental to the welfare of the 
animals being exploited. These issues are interrelated, 
and it is to be regretted that the Brambell Committee, 
which has just reported *, should have been appointed to 
enquire only into the welfare of animals kept intensively. 
The roles of subsidies, of imports of feeding-stuffs, the 
use of food additives and drugs, and the business integra- 
tion from farm to retail outlet, all require scrutiny since 
they determine the characteristics of tensive livestock 
production. 

All the arguments for intensive farming are economic, 
and the economic argument about animal welfare is that 
animals looked after improperly will not grow, or produce, 
maximally. Economic-incentives automatically ensure 
the well-being of the hen in her cage, or the calf in its 
crate. The Brambell Committee rejects this incomplete 
analysis, and concludes that some common practices, 
such as the de-beaking of poultry, the docking of pigs and 
the yoking or close tethering of calves, are both cruel and 
inefficient. The opponents of ‘intensivism’ therefore find 
their views supported in these particulars. 

The critics of intensive animal husbandry have stated 
their case in terms of more general humanitarian argu- 
ments, too, and it is the great merit of the Brambell 
Committee that it has not ignored this and limited its 
interest only to the physical well-being of the animal. 
The Committee has also tried to assess the effects of 
present husbandry practices on the mental well-being of 
animals, and, in so doing, has set a most interesting and 
Important precedent. In taking this step it considered 
not only the evidence from anatomy and physiology 
relevant to stress-causing circumstances, but also more 
recent researches into animal behaviour. Furthermore, it 
specifically states that it is ““concerned with the welfare 
of the animal throughout what may be the duration of its 
life”, so that what may be tolerable short-term con- 
ditions of stress, discomfort or deprivation are reviewed 
in their life-time context, and given as much weight, where 
necessary, as more acute, but transitory, suffering. 
Obviously our information about the mental- well-being 
of domesticated animals is very sketchy, since many of 
the necessary behavioural studies have still to be made, 
and the Committee’s conclusions with respect to such 
systems as battery cages for hens may seem tentative on 
this account. However, it also recommends, as a necessary 
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part of a new Act to replace existing, inadequate, animal., 


welfare legislation, that a Statutory Farm Animals: 


Welfare Standing Advisory Committee should be set up* 


to advise Ministers That is, the Brambell Committee © 


envisages the line, which it has itself drawn, so as to £ 
include mental, as: well as physical, suffering of animals, , 


becoming more clearly defined by future behavioural 


researches, and it expects subsequent legislation to take .. 


account of this. 

The Committee’s arguments in assessing pain, stress and 
behavioural aspects of suffering are elegantly set out in 
an appendix to tke report, prepared by Prof. W. H. 
Thorpe. This reviews recent anatomical-physiological 
and ethological knowledge, first in general terms and then 
specifically for the fowl and for the domesticated ungulates. 
The need for basic behavioural research is clearly indicated 
by this review, whieh emphasizes the fragmentary nature 
of our present knowledge about the animals most closely 
associated with man. Perhaps the equally pressing need 
for investigations an the handling of these animals without 
stress by developmg training régimes, skilful handling 
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procedures and new husbandry methods, is not sufficiently . 


emphasized. But few will disagree with Prof. Thorpe’s 
conclusion: 
tion, we must draw the line at conditions which com- 
pletely suppress all or nearly all the natural, instinctive 
urges and behaviour patterns characteristic of actions 
appropriate to the high degree of social organization as 
found in the ancestral wild species and which have been 
little, if at all, bred out in the process of domestication. 
In particular, it is clearly cruel so to restrain an animal 
for a large part of its life that it cannot use any of its 
normal locomotory behaviour patterns”. Pet lovers, who 
have been especially vocal against ‘factory farming’, 
should pay particular attention to this humane con- 
clusion. 

Of course the Cammittee does not find that all intensive 
methods are improper, and it emphasizes that, compared 
with traditional practices, they frequently provide a 
healthier environment in which suffering from disease can 
be quickly and effectively controlled and where cold and 
damp can be mimimized. Developments in intensive 
husbandry have braught positive achievements, which are 
reflected in impraved yields and efficiency of food con- 
version. The case for retaining the battery cage is an 
interesting examples of this, for two reasons. First, 
traditional “free ranze’ flocks are liable to chronic infection 
by internal parasii2=s, are muddy and dirty, and uneco- 
nomic in the use of manpower, and to revert to them now 
would be a retrograde step. Secondly, the alternative 
intensive methods, the battery system or loose housing on 
deep litter, each have disadvantages: the former involves 
restriction of the physical movement of the. birds, in- 
cluding such ingrained behaviour patterns as flying, 
ground scratching: and dust bathing; the latter exposes 
the birds to infection (for example, coccidiosis) and to 
persecution by therr fellows due to the inability of lower 
members in the peck order to escape from their social 
superiors. The Committee, therefore, reluctantly concludes 
that a modified bettery system may be as good as, or 
even better than, loose housing from the point of view of 
the birds. But it then lays down more rigorous require- 
ments of. space far each bird, of birds for each cage, of 
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details of construction and siting of cages, and of ventila- 
tion and illumination of poultry houses, than have been 
usual in the industry. It is recognized that these changes 
may result in increased production costs and in higher 
prices to the consumer. 

A. great deal of attention is directed to the space needed 
by intensively kept animals, as well as to the types of 
flooring provided for them to stand or lie on and the 
temperatures and humidities they must tolerate. It is 
obvious that an ecology of farm animals is required to 
refine the approximate standards now laid down. Such 
ecological studies, like further work on the behaviour of 
farm animals, would be expected to improve the efficiency, 
as well as the humanity, of intensive production tech- 
niques. It is important that they should be initiated 
immediately, as intensive farming must grow to meet 
ever-rising food requirements. : 

One further point deserves comment. The Brambell 
Committee is greatly impressed (and rightly so) by the im- 
portance of the standard of management and stockman- 
ship for the welfare of livestock. The amount of equipment 
and the numbers of animals in the care of one individual 
(10,000 or more laying birds in a modern, environment 
controlled house, for example) sets requirements of 
knowledge, skill and dexterity of a different order from 
those traditional in agriculture. At present, agricultural 
education does not match this requirement, and agricul- 
- tural wage structure does not provide the rewards con- 
comitant with acquisition of suitable qualifications. The 
Committee is right, therefore, to emphasize both needs. 
A more humane intensive farming may attract the neces- 
sary calibre of stockman: if the Brambell Committee’s 
recommendations are put into effect he will also stand less 
chance of being degraded by some of the practices of his 
trade. i - 

There have been fewer comments on this Committee’s 
report than might have been expected, and this is probably 
a measure of its skill at striking a balance between the 
practical and the desirable. It is interesting that they have 
met the six points of Mrs. Harrison’s charter for animal 
welfare t, either by calling for a modification of the present 
techniques (as with battery cages, the methods of ‘white’ 
veal production or the use of slatted floors), or by agreeing 
that they should be prohibited (as with the use of deficiency 
diets, permanent tethering and dim lighting). It is disturb- 
ing that research has often been used to support these 
practices, which are now found to be wrong. If the care 
which the Brambell Committee has given to its report is 
also given to framing the terms of reference of the much- 
needed future research, this error may be avoided. More 
research will also show whether the Committee is correct 
in its fundamental assumptions about the feelings and 
emotions of animals. Meanwhile, no humane society can 
do other than accept its thesis. 

t Harrison, Ruth, Animal Machines (Vincent Stuart, London, 1964), 


DIAMOND 


Physical Properties of Diamond 

Edited by R. Berman. Pp. xii+443. (Oxford: Clarendon 
Press; London: Oxford University Press, 1965.) 75s. 
neb. 


PE YSICAL Properties of Diamond places diamond 

firmly in the centro of modern solid-state physics. 
More than one civilization has had its interest and 

imagination stirred by diamond in diverse ways. In the 


framework of the physical metrical approach, which 
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characterizes our own, 1 is striking to find that a substance 
which at first sight seems uniquely simple, from a crystal- 
lographic point of view, in fact exhibits a, rich complexity 
of properties. This receives comment by E. W. J. Mitchell 
concerning radiation damage in diamond: ‘‘What has 
been surprising, and scientifically stimulating, has been 
the number of effects which have a fundamental signi- 
ficance in solid-state physics generally. These effects are 
most readily seen in diamond, being a covalent structure 
of high Debye temperature (6,). In this connexion matters 
of particular interest include: 


(a) The structure in absorption and emission spectra 
and its interpretation in terms of zero and multi- 
phonon interactions. 

(6) The sharp infra-red lines associated with the 
acceptor lines in semiconducting diamond. 

(c) The occurrence in the presence of defects of the 
normally forbidden 1-phonon vibrational absorp- 
tion.” 


Corresponding statements might be made about many 
of the other fourteen chapters in this book, which consti- 
tute a unique collection of monographs by scientists 
working personally in the very diverse fields they discuss. 
The fact that they all refer to the same remarkable solid 
pulls the book together in a striking and suggestive way. 
Quite often substantial portions of the researches 
described in the text have not hitherto been published 
elsewhere. Sometimes they must even be described as 
obviously unfinished. As a result, a fresh and intensive 
discussion of many important problems in the general 
physics of the solid state is presented in this book, 
focused in terms of the properties of diamond. Further- 
more, investigations of the hardness, of surface grinding 
and surface imperfections, and of the anisotropy of various 
physical properties, would, at present, be difficult to 
match for many other crystals. In these respects, the book 
should serve as a valuable study text for advanced honours 
and postgraduate courses on the solid state. 

Various physical properties are discussed under the 
headings: X-ray diffraction studies on diamond and some 
related materials, X-ray topography, transmission electron 
microscopy, optical studies, ring cracks on diamond 
surfaces, deformation, friction and wear, hardness and 
wear during grinding and polishing, electronic structure, 
paramagnetic resonance, optical properties of natural 
diamonds, semiconducting diamond, the counting pro- 
perties of diamonds under ionizing radiations, thermal 
properties, and radiation damage. These will naturally 
attract varied attention; possibly also some controversy, 
partly because their relation to cognate problems in other 
crystals is incompletely developed. 

Such relationships are not always brought out suffi- 
ciently in the text, perhaps because of its poly-monograph 
structure. In fact, an additional chapter dealing with 
correlations in the widest sense between diamond and 
diamond-like assemblies of other atoms could have been 
very informative. Various authors discuss from different 
points of view substitutional inclusions of nitrogen 
atoms, the concentration of which may rise above 0-2 atoms 
per cent in certain types of diamond. But little or no 
mention is made of the topographical segregation of any 
other impurity atoms in diamond. This general problem 
would have been further illuminated by brief reference to 
segregation phenomena, of hetero-atoms in other types of 
crystals, in which partly ordered defects may occur and 
may present suggestive analogies. 

Modern studies of the physics of the solid state merge 
inextricably with much chemical physics. Tantalizing 
comments, are to be found, here and there in the text, on 
various oxidative techniques of etching of diamond 
surfaces. Though these are used to reveal various defects 
of structure, there is little or no discussion of more 
chemical aspects of the attack, the details of which may 
actually help to throw light on the physical problems 
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envisaged. Thus much closer scrutiny seems warranted 
of the structure and location of the “free surface carbon”’ 
formed in the course of applying certain oxidation tech- 
Formation mechanisms of 
such ‘carbon’ may conceivably be related to basic features 
of the kinetics of migration of carbon atoms in diamond 
crystals, as well as in dislocation bundles, or in the gas/solid 
interface. Etching of diamond, by media which act as 
solvents for carbon, and not merely as oxidizing agents, 
could also yield complementary information about a 
number of structural problems. 

As a development of this theme, it would clearly be 
useful to have more general, information about the 
kinetics of graphitization of diamond, including ex- 
periments under conditions where the role of oxygen at 
the interfaces can be definitely excluded. Similarly, 
in this book discussion of thermal annealing of defects, 
whether natural or produced by irradiation, scarcely pays 
sufficiently detailed attention to kinetic aspects. 

Since the inception, in 1949, of co-operative researches 
published in this book, technological mastery has been 
achieved of production of synthetic diamond. In view of 
this success, chapters on the chemical physics of its nuclea- 
tion and growth from solvents or from graphite now seem 
definitely called for. But, despite various insufficiencies of 
chemical physics, the book has many admirable features. 
It is a worthy tribute to the originators of this programme 
of research on diamond, Sir Ernest Oppenheimer and Sir 
Francis Simon. The editor, Dr. R. Berman, also con- 
tributes a lucid chapter on the thermodynamic properties 
of diamond and on its thermal conductivity. This com- 
pletes a fine task, in bringing a mettlesome team of 
contributors to such an effective goal. 

A. R. UBBELOHDE 


UNDERSTANDING SOLIDS 


Principles of the Theory of Solids 
By Prof. J. M. Ziman. Pp. xiii+ 360. (Cambridge: At the 
University Press, 1964.) 45s. net; 8.50 dollars. 


Pp CIPLES of the Theory of Solids is an admir- 
able book. Though it will certainly reach a much 
wider audience, it is designed specifically as a text- 
book for graduate students im solid-state physics, and it 
is ideally suited for that purpose. As Prof. Ziman reminds 
us in his preface, the aim of a text-book should be to 
explain ideas, rather than to catalogue facts; by restrict- 
ing himself to a few of the basic themes of solid-state 
physics—broadly speaking, electrons, phonons, and their 
interactions—he has been able to explore the ideas in 
considerable depth, explain them with admirable clarity, 


The reader is assumed to be familiar with the basic 
techniques of quantum mechanics, including time-de- 
pendent perturbation theory and scattering theory, and 
to have some idea of what creation and annihilation opera- 
tors are; he is also assumed to know something of the 
basic experimental facts of solid-state physics. The book 
is exclusively concerned with theoretical concepts, rather 
than experimental facts: one will look in vain here for 
tables of Debye temperatures or electronic specific heats, 
and the copious figures—one hundred and seventy-four 
of them—are all designed to illustrate the theoretical 
argument; not one of them shows an experimental point. 
But the theoretical argument is beautifully developed, and 
the chapter on electron states, in particular, is a model of 
exposition. The approach is thoroughly contemporary 
throughout, so that, for example, electron—electron inter- 
actions are discussed entirely in terms of the dielectric 
function. No attempt is made to deal with Green’s 
function techniques, bubble diagrams, and the other 
sophisticated abstractions of modern theoretical physics, 
but outside this highly specialized area most of the ideas 
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now used in electrcn~phonon physics are discussed, 
analysed, and explained, so that after studying the book a 
student should be in a position to comprehend much of 
the present-day literasure in this field. 

Graduate text-books nowadays commonly include a set 
of problems at the end of each chapter, for the student to 
try his strength on. In the present text, there seem at 
first glance to be no problems, but the reader will rapidly 
find that the book, m fact, abounds in them: they are 
embedded in the text >n almost every page. The author’s 
technique is to sketch im lightly the steps in each theoretical 
argument, so that thə line of thought 1s not too much 
obscured by algebraic detail, but to leave the reader 
enough clues to fill in the details for himself if he will. If 
he does, he will learn. a great deal more about the subject. 

He will also, it must be added, discover a good many 
obscurities and a good many minor errors in the text. 
Because the exposition is otherwise so excellent, these 
lapses may puzzle the unassisted student more than they 
would in a lesser book, and it may be worth giving a few 
examples. They are particularly frequent in the chapter 
on optical properties, where it is not always clear whether 
the author is talking about metals, or insulators, or both. 
If the reader has bæn taught to distinguish the ideas 
behind the Lorentz ard Onsager treatments of tho internal 
field problem, he msy be a little puzzled by Fig. 114; 
he may or may not be puzzled by equation (8.12) and by 
the (spurious) argument leading to equation (8.80), but 
he should be. He wil certainly be puzzled by equation 
(8.110), which—the suthor claims—reproduces (8.7). To 
see that this is so, the reader has first to detect and 
correct an error in sign in (8.110), and then to realize that 
N? in (8.7) becomes = in (8.110), and s in (8.7) becomes 1 
in (8.110). All this is rather a lot to ask of the struggling 
graduate student. oe is less likely to be puzzled by 
Fig. 91(6), which is clearly wrong. 

The structural unisy of the book is weakened, perhaps 
inevitably, by the penultimate chapter on magnetism. 
This discusses a whole miscellany of topics, ranging from 
the elementary Weiss theory of ferromagnetism through 
the Ising problem tc a summary of the theory of ferro- 
magnetic and antiferromagnetic spin waves. The latter 
topic is closest in spirit to the rest of the book, and it also 
serves to illustrate the use of creation and annihilation 
operators, in preparazion for the excellent final chapter on 
superconductivity. But unhappily the treatment of spin 
waves is rather too brief to be useful, and just at this 
point the physical ideas, where they are most needed, 
tend to become submerged in the algebra: the graduate 
student will find this section rather heavy going. 

Despite these minor criticisms, it remains true that this 
is an admirable boak. Indeed, it scarcely needs my com- 
mendation: it is already being widély used as a graduate 
text on both sides cf the Atlantic. It seems likely that a 
second edition will zoon be called for, and we may hope 
that it will be even better than the first. 

R. G. CHAMBERS 


A BIOLOGIST’S GUIDE TO 
TRANSISTORS AND OTHER 
SEMICONDUCTORS 


Instrumentation with Semiconductors for Medical 
Researchers 

By Prof. Clinton C. Brown, in consultation with George 
N. Webb. (A Monograph in The Bannerstone Division of 
American Lectures in Objective Psychiatry.) Pp.xvii+ 254. 
(Springfield, IH.: Charles C. Thomas, 1964.) 10.50 dollars. 

LARGE proportion of handbooks which aim to 

provide information over a complete field are either 
written by a panel of authors with carefully defined terms 
of reference, or, 1f by a single author, represent a course of 
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lectures which over the years has been modified and 
polished until the author feels it represents the perfect 
approach to his subject. These methods help to ensure 
completeness and accuracy, but too often fail to produce a 
readable book. In this book Clinton Brown and George 
Webb have followed a different course. Dr. Brown 18 
clearly a man with wide and extensive knowledge of his 
subject—both biologically and electronically—as well as 
a rare gift for putting across his ideas. It would almost 
be worth having this book for the first chapter alone, for 
there can be few biologists who would not find something 
of value in this discourse on the use—and misuse—of 
instrumentation in biology to-day and in the foreseeable 
future. The whole chapter is eminently quotable, but one 
short passage must suffice: “Reduced power, space and 
weight are obvious advantages of the transistorized 
instrument but their greatest importance has been in the 
invention of new devices. The descendants of the transis- 
tor; the four layer diode, semiconductor strain element, 
photosensitive device, controlled rectifier, Esaki diode 
are such radical departures from the original transistor 
as to resemble new species. Commercial applications are 
available to-day for functions formerly considered impos- 
sible or impractical”. The quotation is significant: one 
suspects that Mr. Webb (the electronic collaborator) made 
it @ point of honour to see that no new device of bioelec- 
tronic value was omitted, and as the book proceeds the 
distinctions between, for example, different types of four 
layer diodes is clearly explained with ample indication of 
typical circuit configurations. 

i One inevitable flaw in a book which has virtually been 
written by one man—and almost certainly over a short 
period—is that a number of inaccuracies and inconsist- 
encies have slipped in. Misprints such as (p. 43) Xz = 2 
pi fL are not misleading, but on this side of the Atlantic 
some readers may be caught out by the statement that the 
current in a hundred-watt lamp is about one amp (p. 35). 
(No voltage is stated.) More misleading is the implication 
that capacitors in series are additive (Colpitts oscillator, 
p. 157), while the statement that transformer coupling is 
unsatisfactory “at the low power and low frequencies 
encountered” (p. 121) surely requires further comment 
since no indication is given that two quite separate 
problems are involved. Again in one or two places the 
legends on the diagrams do not agree with the text, but 
in one place (p. 75) both diagram and text are wrong: ‘‘In 
(Fig. 5: 14B) the signal increases smoothly from zero to 
some value where it drops to zero. The differential of this 
signal is a square wave”. 

It is difficult to comment on some numerical data with- 
out knowing which devices the author has in mind, but he 
describes a CdS cell illuminated at 400 c/s by a neon lamp 
(p. 140) as a form of chopper for a d.c. amplifier. I feel 
that this could be misleading as, while high-speed CdSe 
cells are available, the vast majority of photosensitive 
resistors would not follow this frequency satisfactorily. 
On the other hand, to say (p. 102) that the reverse current 
in & diode is “less than 5 per cent” seems very cautious, 
even by germanium standards. A, typical silicon leakage 
figure would be 0-1 vamp for a diode with a maximum 
forward current of 100 m.amp (Mullard OA 200) while a 
forward/reverse ratio of a thousand is now common even 
among germanium devices. l 

Although, rather surprisingly, abbreviations Q, KQO, 
MQ, A, mA, pA, nA, ete., are not explained, their 
omission is the more conspicuous since the development of 
symbolism and ideas is elsewhere excellent: the chapter on 
signal- conditioning- systems .and ,on. digital logic being 
particularly good. 

To sum up: this book is well written, amply and skil- 
fully illustrated and, despite numerous minor lapses, 
should be of great value both to bioengineers and to 


biologists. It does not describe any complete apparatus. 
—that is not its object—-but it does describe clearly and. 


in simple terms the working of virtually every semi- 
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conductor device availeble to-day and discusses ways in 
which apparatus built around such devices can be profit- 
ably used in a biological laboratory. 

y use iological laboratory J. R. B. GREER 


SOVIET CHEMISTRY 


Chemistry in the Soviet Union 
By Prof. John Turkevich. Pp. ix+566. (Princeton, 
N.J.: D. Van Nostrand Company, Inc.; London: D. Van 
Nostrand Company, Ltd., 1965.) 93a. 
T a meeting of the . Russian Chemical Society on 
March 6, 1869, the periodic law was first presented 
to the world by Menshutkin, acting for Mendeleev, who 
was ul. Mendeleev later became the ‘best-known Russian 
chemist’. In conformity with Prof. Turkevich’s treatment 
of other topics, he should have mentioned Newlands of 


London, who in all essential detail presented the same , 


concept in 1864; and these few years were critical in the 
matter of atomic weights. Ignored is the letter in Chemical 
News of 1882 (p. 278) in which Newlands remarks on the 
reception of the Davy Medal by Mendeleev “for his 
discovery of the periodic relation”, and draws attention 
to his own publications of 1864 and 1865. Ignored, too, is 
the letter by Mendeleev himself in Chemical News of 1881 
(p. 15), in which he admits “it is possible thet Newlands 
has prior to me enunciated something similar to the 
periodic law”. 

Those of us brought up in the classical days will recall 
the full-sounding names of Lomonosov (1711-1765), 
Tschitschibaban and Zelinski. Klaus contributed to the 
knowledge of the chemistry of osmium and iridium, and 
in 1844 discovered ruthenium, named after the Latin name 
for Russia. P. Walden worked mainly on non-aqueous 
electrolytic solutions; but is best known for his isolated 
discovery of thé optical inversion. 

This book is mainly about Russian chemists and educa- 
tional (research) institutes. The history of chemistry in 
Russia from the fifteenth to the middle of the nineteenth 
centuries is outlined in six pages, and, in 12 pages, 
prominent chemists in the second half of the nineteenth 
century are mentioned. We read that Butlerov (1826— 
1886) is given credit by Western authorities for introducing 
the expression ‘structure’ into organic chemistry; but the 
Soviet chemists now claim a greater role for him as the 
one who formulated the structural theory of organic 
chemistry. ‘The solution of this problem could only be 
the lot of & scientist that is not only of outstanding talent 
but also free from the enumerated (p. 36) shortcomings 
which were inherent in the majority of important Western 
European chemists.” “The honour of creating a new 
theory which exerted a revolutionary influence on further 
development of organic chemistry, fell to a Russian 
chemist, A. M. Butlerov.” “The standard text-books in 
the West do not mention his eminence in this role.” 
Markovnikov (1838-1904), a student of Butlerov, was a 
leader of the Russian scientific circles of his period. 

In the next 29 pages, chemistry in Russia in the nine- 
teenth and twentieth centuries is summarized under the 
usual headings, such as organic, colloid, analytical 
chemistry; and similar summaries on Soviet chemistry 
between the two World Wars are given in 91 pages. 

For those who have maturity and time for quiet 
thoughtful reading at home, these 140 pages can provide 
intensive pleasure, and @ grasp of the activities of Russian 
chemists not otherwise so readily achieved. There are 30 
helpful pages on the activities of chemical research estab- 
lishments in the U.S.S.R., but the remaining 393 pages 
could well have been relegated to a library hand- 
book; for these show a list of names of authors, and the 
titles of dissertations in chemistry at the Soviet uni- 
versities, 28 well as a similar list of recent publications of 
members of the U.S.S.R. Academy of Sciences. 

W. GERRARD 
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EPOXIDES AND THEIR DERIVATIVES 


Epoxides and Their Derivatives 

By M. 8. Malinovskii. Translated from the Russian. 
Pp. xvii+493. (Jerusalem: Israel Program for Scientific 
Translations; London: Oldbourne Press, 1965.) 144s. 


HERE are now extant a number of reviews and 

monographs covering the chemistry of epoxides and 
their derivatives, and Epoxides and Their Derivatives is 
a commendable effort to provide chemists with a source- 
book wherein they might find the preparation and re- 
actions of epoxides summarized, together with relevant 
references to the literature. The obvious limitation is 
that the literature here covered is only that up to 1958: 
the book was published in Moscow in 1961, and is now 
made available in English through the Israel Program 
for Scientific Translations. 

The monograph is conveniently divided into three parts. 
The first part deals with the structure and reactivity of 
epoxides, their classification and nomenclature. The 
second covers the preparation of epoxides, and the third 
is an extensive review of their reactions to include their 
hydration, hydrogenation, isomerization, and polymeriza- 
tion, and reactions with alcohols, aldehydes, ketones, 
amines, organo-metallic compounds, mercaptans and 
nitrogen heterocycles. Part of the usefulness of the last 
two sections is that often details of the experimental 
procedures used are reprinted. 

The book concludes with tables of known epoxides in 
order of their molecular formulae, giving their physical 
properties. The index is very good, and is not the least 
useful part of the monograph. 

It has to be recognized that the origin of this work is a 
Russian one, and at times a nationalistic concern is 
apparent. The introduction includes a reference to 
Khrushchev’s address to the twenty-second Congress of 
the Communist Party of the U.S.S.R. setting out the aims 
of Soviet chemical industry, and very frequently the 
authors attributed as having first made reference to a 
compound are Russian ones. There are sweeping state- 
ments such as “the preparation of ethylene oxide from 
ethylene chlorohydrin has been thoroughly explained in 
Soviet literature” (p. 69), and it appears that ““Zimakov 
and Petrov (in 1946) were the first to explain the reactivity 
of ethylene oxide according to modern concepts” (p. 13): 
this in spite of the work of Bronsted and the Kilpatricks 
in 1929. Against this background it looks like wilful 
misinterpretation on page 113 when the conclusions of 
Bronsted about his own work are discussed. One of the 
weaknesses of the book is the lack of a thorough review of 
the mechanisms of the ring-opening of epoxides. 

It is thus politically unfortunate that, in translation, 
American spellings have been adopted. It must be 
inevitable that certain phrases in translation appear 
strange to the reader, particularly when the phrase 
originally had to be translated into Russian. An example 
is the determination of bond-lengths by electron-diffraction 
referred to as investigation of electronograms (p. 3). But 
these, and other small textual points, should not be 
allowed to detract from the fact that this is a very useful 
survey which should find its place among the reference 
works of most research libraries. J. Bracs 


ASPECTS OF ENZYMES 


An Introduction to the Study of Enzymes 
By Dr. H. Gutfreund. Pp. x+335. (Oxford: Blackwell 
Scientific Publications, 1965.) 60s. net. 


AN Introduction to the Study of Enzymes is intended 
“to give an account of theoretical and experimental 
methods for the study of enzymes” and “to introduce the 
reader to the basic principles of the concepts of enzyme 
kinetics, to methods for kinetic investigations and to 
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their interpretation”. The author admits a bias towards 
the purely kinetic enalysis of the behaviour of enzymes. 
In a sense, biochemistry is the study of enzymes, and 
perhaps a more accurate title for the book would be 
An Introduction to the Study of Enzyme Mechanisms 
Obviously all aspects of enzymology cannot be embraced 
even superficially in a single short book, and the isolation 
of enzymes, for example, is not considered. 

Dr. Gutfreund succeeds very well in his aim of giving a 
readable, introductory account to whet the reader’s 
appetite, especially in those sections of the book which 
deal with experimental methods and the interpretation of 
regults. He repeatedly points to limitations in the treat- 
ment and advises the reader to turn to more detailed 
sources. The selection of some 500 references includes 
some papers published in 1964, and an adequate general 
index is supplemented by a useful index of the enzymes 
discussed. 

Minor blemishes include the occasional use of DPN as 
well as NAD, and the absence of page references when 
figures and tables în other parts of the book are under 
discussion. In the introductory chapter, which includes 
a helpful outline of applications of digital and analogue 
computors in enzyme kinetics, a steady-state definition 
of the Michaelis constant in the original Michaelis~Menten. 
formulation is confusing. A suggestion that prosthetic 
groups as well as soenzymes should be treated as sub- 
strates is corrected later in the book, but then prosthetic 
groups are said to be present in 1:1 molar ratio to the 
enzyme. 

The following two chapters on formal enzyme kinetics 
make up one-third of the book. The somewhat diffuse 
style of the author 1s perhaps less suited to these theoretical 
treatments than tc the later, more descriptive parts of 
the book, although asides such as “statistical methods can 
never be a substisate for adequate experimental data” 
are illuminating. Unfortunately for the student, these 
chapters contain more than an acceptable number of 
errors and misprmts in the kinetic expressions, and 
vagaries of punctuation and syntax largely absent from 
the rest of the book. Generally, adequate coverage of the 
usual topics and algsbra are provided, together with useful 
sections on solvent effects, diffusion-controlled reactions 
and activation by metals. I found the treatment of 
inhibition confusing, and there seemed to be misconcep- 
tions about non-competitive inhibition. Steady-state 
and equilibrium treatments of a non-competitive mechan- 
ism are not equivalent, as they are said to be here, and the 
possibility of inferring quasi-equilibrium conditions is 
based on this fact. 

Chapter 4 is an admirable account of special techniques 
for following enzyme reactions, and includes rapid reaction 
techniques, spectrophotometry and fluorometry, hydrogen 
ion, oxygen and carbon dioxide concentration measure- 
ments, and calorimetry. This lucid survey, and the 
following chapter on the protein chemistry of enzymes 
and the active site. can be recommended to both under- 
graduates and advanced students. 

Chapter 6 brings together various applications of 
isotopes in a satisfactory manner, and includes, with 
many examples from the literature, the interpretation of 
isotope rate effects, stereospecificity studies and exchange 
reactions. In reletion to this and the following two 
chapters, in which various types of evidence of mechanism 
are reviewed for & good selection of group-transfer regc- 
tions, it seems a pity that a closer correlation was not 
made between isotope exchange, kinetic and other means 
of distinguishing between the single and double displace- 
ment mechanisms, although this would require a more 
detailed account of the kinetics of two-substrate reactions 
than is given in Chapter 1. The book closes with some 
general remarks on the nature of enzyme action, and brief 
indications of some mechanisms of metabolic control. 

With some reservations about the earlier chapters, this 
book can be recammended to students and research 
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workers as a personal, enjoyable and stimulating survey 
of the study of enzyme mechanisms, which demands 
little prior knowledge ef the subject and is reasonable in 
price. K. DALZIEL 


INTRACELLULAR MEMBRANES 


Intracellular Membraneous Structure 

(Proceedings of the Ist International Symposium for 
Cellular Chemistry.) Edited by S. Seno and E. V. Cowdry. 
Pp. xix+ 588. (Okayama, Japan: Japan Society for Cell 
Biology, 1965.) 14 dollars. 


ary conferences and symposia are nowadays 
frequently followed by publication of an edited version 
of the proceedings in elaborate book-form. The question 
arises whether these volumes are a worth-while investment 
bearmg in mind the cost, inevitable time lag in publica- 
tion, and the probability that the contributors will in any 
case report their observations elsewhere. In spite of these 
material drawbacks, the bound volume can certainly, 
sometimes, be justified, either through well-judged timing 
of the symposium or perhaps the authoritative nature of 
particular contributions. On both of these counts there is 
much to recommend the special Katsunuma Memorial 
issue from the Japan Society for Cell Biology, entitled 
intracellular Membraneous Structure. 

The meeting was held at Ohtsu, during March 1963, and 
it is clear that from a technical point of view much of the 
work presented reached a very high standard. The invited 
speakers were concerned primarily with ultrastructural 
aspects of cell physiology and pathology; and the papers 
are divided into six sections covering various categories 
of cell membranes. Original references, and a transcript of 
the discussion that followed the verbal presentations, 
are included. Altogether there are 43 papers (all in 
English) mostly emanating from laboratories in Japan 
and the United States. Numerous first-rate and well- 
reproduced electron micrographs are included as illustra- 
tions. 

In the opening section, “Endoplasmic Reticulum”, 
D. W. Fawcett describes the varying patterns of granular 
and agranular reticulum in cells of the mammalian 
pancreas, liver and testis, in different functional states. 
There is discussion of the possible role of the endoplasmic 
reticulum and the Golgi apparatus in the formation of 
secretory products. Several later papers touch on this 
question, and serve to illustrate clearly one of the diffi- 
culties most commonly met with in biological electron 
microscopy; namely, the interpretation of profiles that 
seem to suggest a dynamic inter-relation of cell com- 
ponents. Interesting papers by E. Yamada on membrane- 
limited elements in retinal cells of the cat, and by Y. Miura 
and H. Itoh on fibroin-synthesizing vesicles in silk-glands, 
are included in this section. Next, under “Mitochondria 
and Related Structure”, two papers from D. E. Green and 
associates and another from F. S. Sjöstrand give an in- 
structive view of present-day thought (much of it rather 
speculative) on ultrastructure, chemistry and function in 
mitochondrial membranes. Papers on the morphology of 
chloroplasts also appear in this chapter. 

All microscopists who have ever been fascinated and 
perplexed by the Golgi controversy, dating from 1898 
when Dr. Golgi reported the “apparato reticulare interno” 
in certain neurones, will acknowledge gratefully the con- 
tribution of electron microscopy towards recent clarifica- 
tion of this problem. Out of nine papers on the subject in 
this symposium two of special interest are by G. C. 
Hirsch, who strives convincingly to correlate the earlier 
images, based on methods of light microscopy, with the 
complex patterns of membranous lamellae and vesicles 
now familiar to electron microscopists. Further con- 
sideration of the role of the Golgi apparatus in secretory 
cells is presented by L. Herman and associates in a 
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technically most impressive contribution, and the recent 
extension of cytochemical methods to the ultrastructural 
level is elegantly demonstrated by A. B. Novikoff in a 
comprehensive account of enzymatic activities and possible 
functional inter-relation of the various intracellular 
membrane systems. Notable in later sections of the book 
are an assessment by C. A. Baud of possible morphological 
pathways for nucleo-cytoplasmic exchange of materials; 
and reviews by J. D. Robertson on the present status of 
the unit membrane concept, and by E. V. Cowdry on the 
intracellular distribution of water. Finally, there are 
papers on the outer cell membrane itself, and mechanisms 
of transportation across it; these include reports on 
synaptic morphology, on the absorption of fat by cells of 
the intestinal epithelium, and on various examples of 
endocytotic activity. 

In spite of its rather high price, this book can be recom- 
mended as a well-produced, up-to-date and potentially 
useful acquisition for the bookshelves of cell biologists. 

J. A. ARMSTRONG 


A LAYMAN’S LOOK AT BACTERIA 


Focus on Bacteria 

By Emmy Klieneberger-Nobel. With a chapter on the 
Mycoplasmataceae by Ruth M. Lemcke. Pp. vii+ 145. 
(London: Academic Press, Inc. (London), Ltd.; New 
York: Academic Press, Inc., 1965.) 32s. 6d. 


N several ways, Focus on Bacteria is an odd little book. 
The jacket flap says it “is not intended for the specialist 
but for the lay person with keen scientific interest’. The 
author’s foreword states: ‘The purpose of this book is 
first and foremost to show that nature has a quality of 
beauty even in her smallest manifestations”. 

The first chapter is a brief historical sketch of the 
development of bacteriology as a science, covering the 
fundamental discoveries of the father of microbiology, 
Antony van Leeuwenhoek, in the seventeenth century 
and highlighting the great names of the nineteenth 
century. 

Chapter 2 outlines in three pages the methods of 
microscopical demonstration available to the micro- 
biologist; rather too briefly in view of the fact that the 
book is copiously illustrated with photomicrographs and 
electron micrographs and the lay reader would probably 
like to know a little more about how they were obtained. 
This is followed by a short chapter (five pages) on 
“Diagnostic Bacteriology”. 

The bulk of the text is presented in Chapter 4 under 
the title “Bacterial Anatomy” and the various ana- 
tomical features—flagella, capsules, cell wall, internal 
composition and endospores—are dealt with under sub- 
headings. 

Chapter 5 takes a brief look at bacteriophages and 
Chapter 6 at bacterial genetics. Chapter 7 has three sub- ` 
headings, “The Myxobacteria”’, “The Streptomycetes” 
and ‘““Therapeutic Substances”. Chapter 8 deals with the 
‘‘Mycoplasmataceae’”’. There follows a 14-page glossary, 
a page of references and a subject index. i 

There are about 60 photographic plates and about 20 
line drawings. In general, the plates are of a very high 
standard, some of them spectacular (even though they 
have been printed elsewhere). It is & good thing, too, that 
the references to the papers from which the plates have 
been taken have been retained. 

One of the problems about this book seems to have 
been an uncertainty about the level at which it should be 
maintained. It is written in a straightforward, sometimes 
over-simple way, yet the list of references includes some 
advanced texts that could scarcely be recommended reading 
for the layman. Over-simplification has also led to some 
odd statements, for example: “Two points closer together 
than half the wavelength of white light cannot be seen as 
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two different points; half the wavelength of white light 
is 0:00025 mm... .’’; and “the order of the Actino- 
mycetaceae comprises two families, namely Actinomycetes 
and Streptomycetes”. The experiment quoted to 
demonstrate that “a streptomycin-sensitive population 
produces as a rule a few resistant organisms, though it has 
never been in contact with streptomycin before” is not 
proof of this. Odd, too, that the chapter on the pleuro- 
pneumonia-like organisms has been contributed by Dr. 
Ruth Lemcke when the jacket quotes, in regard to Dr. 
Klieneberger-Nobel’s book on these organisms, & reviewer 
who states: “Dr. Klieneberger-Nobel is our greatest 
authority on this group”. The table of contents is 
incomplete, and surely it was unnecessary to include 
‘descriptions’ of oxygen, hydrogen and nitrogen in the 
glossary. L. B. QUESNEL 


BACKGROUND TO MALARIA 


Migrants and Malaria 
By R. Mansell Prothero. Pp. x+142. (London: Long- 
mans, Green and Co., Ltd., 1965.) 15s. net. 


ERE is something new by a geographer for the 
epidemiologist, which the latter can study with both 
interest and profit, whether his concern be in malaria or 
in any other communicable diseases. It is not new that 
there should be some overlap in the fields of interest of 
the two, but the overlap has in the past been usually 
approached from the medical side, with an effort to explain 
known epidemiological happenings and timings on the 
basis of geographical factors. In Migrants and Malaria 
the approach is reversed: the geographer explains one 
aspect of his own subject, developing it in its own right 
and then examining the effect which it might have on 
subsequent epidemiology. 

On the basis of an original interest first expanded by 
contact with malaria prevention in Northern Nigeria, 
Dr. Prothero sets out a general statement of the nature 
of migration in Africa, and elaborates it by special studies 
of the forms which it takes in the Republic of Sudan, 
the Horn of Africa, east and south Central Africa, West 
Africa and Morocco. He prefaces this with an explanation 
of the nature of malaria and the means by which it is 
prevented, and in each ease studied he refers to some 
malaria eradication project and the ways in which migra- 
tion has affected its progress. 

The section on migrants classifies and describes the 
different types of movement, pastoral, nomadic, trans- 
humance (movement at particular times of the year from 
one grazing area to another by relatively well-defined 
routes), pilgrimage and local population movements. Each 
of these aspects is not only lucidly described, but is also 
well illustrated by maps sufficient to give a very clear 
impression to the geographical novice. Some types of 
migration are further analysed in the local studies with 
special reference to their effects on malaria eradication, 
and even the experienced malariologist may be brought up 
suddenly by the realization that 85 per cent of the popula- 
tion of the Horn of Africa is nomadic. He may be made 
thereby to think hard about possible consequences: re- 
introduction of malaria into places from which it may have 
been cleared; the difficulty of spraying insecticides in 
houses or shelters which are in fact evanescent; and the 
virtual impossibility of carrying out a case-finding and 
treatment mechanism among populations which move 
overnight. The Horn of Africa is an extreme case, but the 
author brings out the fact that, by the standards of 
Europe, migration in all African countries constitutes an 
extreme case and must be taken into account in the 
special context of malaria eradication and in all epi- 
demiological studies. 

The book is well written and, though a paper-back, is 


well produced. It is said to be a forerunner of a series to 
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be written by geographers and dealing essentially with 
their activities. If zhe other members of the series can 
keep up the standard set by Dr. Prothero, it will be a 
significant contribusion to the understanding of geo- 
graphers and of their work by followers of other disciplines. 
G. MACDONALD 


LABORATORY DESIGN 


Chemistry and Biology Laboratories 
Design-Construction-Equipment. By W. Schramm. 
Translated by Mrs. M. Jansen. Pp. x+255. (London: 
Oxford and New York: Pergamon Press, 1965.) 105s. 


NDOUBTEDLY there is a shortage of books on 
laboratory design, construction and equipment; 
any addition to ther number, providing ideas and informa- 
tion which may ass:st in improving laboratories in these 
respects, is therefore welcome. Chemistry and Biology 
Laboratories is an mternational survey, although quite 
naturally Dr. W. Sshramm has a predominant interest 
in German laboratories. 

In general the translation of the text seems satisfactory ; 
the odd strange expression does, however, creep in (such 
as service ‘spline’ by which is probably meant service 
duct). The use of Garman proprietary names for materials 
has also not been entirely avoided. A misleading state- 
ment is “to avoid the stroboscopic effects of fluorescent 
lighting the benches should be equipped with alternating 
current outlets”, 

Many interesting and highly specialized designs for 
benches and fume cupboards are described, including the 
use of movable benches with service ducts available on 
the walls or as floor standing columns. There is also a 
brief treatment of the problems and solutions of air 
balance difficulties în laboratories with fume cupboards. 
Other matters discussed include the layouts suitable for 
various types of leboratory and the arrangements for 
services. Many examples are given both of individual 
laboratories and specially designed buildings. 

The book may well be criticized on various grounds. 
First, for a book selling at five guineas the quality of the 
reproduction of the photographs leaves much to be de- 
sired, so much so that some points they are supposed to 
illustrate are lost. It does not appear that any critical 
attention has been g-ven in the selection of the illustrations, 
so that the reader isnot given much help in selecting what 
is best, even if he is interested in designing a general 
purpose laboratory. While Britain is eventually to use 
the metric system, architects, builders and chemists still 
use feet and inches jor measuring working space, so it is a 
pity that these measurements could not have been trans- 
lated into familiar units. 

The grading of laboratories on p. 142 is based on the 
curie level of radioactivity and not on the specific hazards 
of particular isotopes. Thus, according to the Medical 
Research Council memorandum, up to 10 curies of tritium 
or mercury-197 coud be handled in a grade ‘C’ laboratory 
(any good conventional laboratory with an efficient fume 
cupboard), while fom this book one would expect to 
have to use a ‘hot’ laboratory. In general the stress here 
is not ‘hot’ laboratories, whereas a great deal of radio- 
chemical work needs less-elaborate accommodation. 

The photographs of shielded cupboards, etc., give no 
idea of dimensions, thickness of shielding, etc. This was 
probably included in the statistical information omitted 
from the English edition. Glove boxes are mentioned for 
B-emitters, but no mention is made of a-eniitters, for 
example, plutonium. One might not need glove boxes 
for working with 6-emitters in solution. 

After all these criticisms have been made, the reader 
will nevertheless ficd a lot of useful information and the 
bibliography is considerable though mostly of German 
origin. A. A. W. RUSSELL 
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Encyclopedia of Polymer Science and Technology 
Plasties, Resins, Rubbers, Fibres. Edited by Herman F. 
Mark, Norman G. Gaylord, Norbet M. Bikales. Vol. 2: 
Amino Resins to Casein. Pp. xiii+ 871. (New York and 
London: Interscience Publications, a Division of John 
Wiley and Sons, Ine., 1965.) 375s. 


HE object of this ten-volume encyclopedia is no less 

than the coverage of both the science and technology 
of polymers. Volume 1 started with “Ablative Polymers” 
and in some 893 pages reached “Amino Acids”. Volume 
2 takes us to “Casein” in a similar large number of large 
pages. Fifty topics are dealt with according to the space 
the various contributors and the editors consider they 
merit, from one sentence for ‘‘A-Stage” (resins) to 95 
pages for “Amino Resins”. The difference in page lengths 
is & reflexion of the efficient cross-reference system where, 
for example, ‘‘A-Stage” resins are dealt with in the articles 
dealing with the various types of resin. 

These reviews can bring one from a vague background 
to a good general knowledge of the topics dealt with. 
Supplemented by the bibliographies with each article, 
one has enough literature background for starting original 
work. It so happened that I was able to test this out on a 
real case since antistatic agents and antiozonants are new 
subjects of interest to my laboratories. The articles in the 
Encyclopedia were very timely. 

The articles would probably continue to serve this 
purpose for perhaps five years in this rapidly expanding 
phase of polymer work. No doubt Interscience Publishers 
look forward with pleasurable anticipation to the Eneyclo- 
pedia being rather like the Forth Bridge. 

The claim to cover both science and technology is met 
by the contents of this volume. The authors are mainly 
senior scientists in the industrial laboratories in the 
United States, where much of the fundamental science is 
going on and where so little opportunity for exploitation. 
is lost. The articles vary greatly in the proportions of 
science and technology and have a heartening attitude 
not to make any artificial separation of them. Subjects 
such as “Amino Resins” and ‘‘Aqueous Polymerisation”’ 
are mainly organic chemistry while “Bag Molding” 
and “‘Calendering” are predominantly production tech- 
nology. 

Librarians serving polymer laboratories and the larger 
science laboratories will wish to purchase these volumes. 
Apart from being very handsome and beautifully produced 
editions for the libraries, they will be among the books 
most frequently not on the shelves. The integration 
of the fundamentals with their application should be 
of particular value to teachers in the polymer field, 
from their own experience being familiar with only 
some of the aspects of the subject, and to students in 
gaining a foretaste of the best industrial attitude. 

W. F. Watson 


Complement 

Edited by G. E. W. Wolstenholme and Julie Knight. 
(Ciba Foundation Symposium.) Pp. xiii+388. (London: 
J. and A. Churchill, Ltd., 1965.) 60s. 


N 1948 Heidelberger and Mayer wrote: “It is happily 
a rare thing to find in scientific literature a vast body 
of writings so confused and so mutually contradictory as 
those on the manifold activities of complement”. Since 
then, the literature on complement has become even 
vaster, and the symposium held in May 1964, under the 
auspices of the Ciba Foundation, served a most useful 
purpose in charting the position of research into some 
of the many processes in which complement plays a 
part. 

Probably most of the work on complement has been 
directed to unravelling the complicated process of immune 
haemolysis, because this system lends itself to precise 
quantitative experimentation. Information gained from 
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such studies about the many components of complement 
and their eventual characterization will find applications 
in the investigation of the action of complement in other 
immune processes which may be of more immediate value 
to the organism. 

The opening paper by Mayer reviews present-day con- 
cepts of the mechanism of immune haemolysis and shows 
the complicated stages through which a red cell passes 
before its haemoglobin is finally liberated and it becomes 
a ‘ghost’. A beautifully illustrated paper on electron- 
microscope studies of lysed cells complements this and 
shows the actual holes through which the haemoglobin 
presumably leaks out of the cell. Other papers in this field 
are on small molecular weight inhibitors of complement, 
and, perhaps of more interest to clinicians, on haemolytic 
processes in vivo and on the paroxysmal haemoglobmuria 
red cell. Of more general immunological interest are the 
contributions on the role of complement in bacteriolysis 
and phagocytic activity, immune adherence and con- 
glutination and on the site of formation of complement 
components. 

This symposium provides @ very useful and up-to-date 
survey of present-day ideas on many aspects of com- 
plement activity. It is well produced and has a good index. 
A welcome feature is the very full reporting of the discus- 
sions which each paper generated; these add greatly to 
the interest and value of the papers themselves. 

A. E. WILKINSON 


Light : Physical and Biological Action 

By Howard H. Selinger and William D. McElroy. (Mono- 
graph Series on Radiation Biology.) Pp. xi+417. (New 
York: Academic Press, Inc.; London: Academic Press, 
Inc. (London), Ltd., 1965.) 96s. 


= : Physical and Biological Action is one of a 
number of volumes designed to further the reciprocal 
exchange of information between the physical and bio- 
logical sciences, according to the foreword by the director 
of this series. And it is bound to serve this function well. 
For this very reason, I do not think that it is particularly 


‘suited to the needs of the general student of biology 


with a smattering interest in photobiology, though, 
by picking and choosing, he may find much to interest 
him 


The authors have performed the service of putting 
together data from various fields and sources, and arrang. 
ing them in tabular form, ready for use at a moment's 
notice. The first chapter, entitled “Measurement and 
Characterization of Light”, is filled with tables, and six 
appendixes summarize the relevant physical constants and 
conversion factors, as well as filter data, methods for 
measuring light intensity, the use of firefly luminescence 


as an assay for ATP, and the theory and availability of ‘ 


various lasers. 

The main text is divided into four chapters: Chapter 2, 
“Excitation of Molecules by Light”; Chapter 3, 
“Chemiluminescence — Reactions and Mechanisms” ; 
Chapter 4, “‘Bioluminescence—Enzyme-catalysed Chemi- 
luminescence”; and Chapter 5, “Biological Action of 
Light”. : 

Chapter 2 is a lucid introduction to modern photo- 
chemistry and presents data in useful schematic and 
tabular form. Chapters 3 and 4, in which the authors are 
writing out of their own experience, to my mind constitute 
the main intellectual contribution of the book. Chapter 6 
touches on such diverse topics as the anatomy of biological 
photoreceptors, the mechanisms of plant photosynthesis 
and phototropisms, vision, killing by radiation, photo- 
reactivation, and others. Because of its breadth and the 
greater distance of the authors from many of the fields it 
touches on, this chapter is more uneven than the others. 
It is, however, amply supplied with references to guide the 
interested reader to the original literature in each of these 
spheres. Ruta HUBBARD 
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STRUCTURE OF DEOXYMYOGLOBIN: A CRYSTALLOGRAPHIC STUDY 


By Dr. C. L. NOBBS, Dr. H. C. WATSON and Dr. J. C. KENDREW, C.B.E., F.R.S. 
Medical Research Council Laboratory of Molecular Biology, Cambridge 


HE results described in this article demonstrate that 

in deoxymyoglobin the iron atom is 5-co-ordinated ; 
there is no water molecule or other group at the sixth 
co-ordination position as in ferrimyoglobin. They also 
show that, at least within the limits imposed by a study at 
2:8 A resolution, the conformation of deoxymyoglobin is 
the same as that of ferrimyoglobin. 

X-ray studies of sperm-whale! myoglobin and of horse 
haemoglobin? have made it possible to describe the struc- 
tures of these two proteins in detail. In myoglobin the 
analysis has now been extended to include all X-ray 
reflexions with spacings greater than about 1-4 A (ref. 3), 
and this, together with the final elucidation of the amino- 
acid sequence (Edmundson*‘), has led to a nearly complete 
picture, atom by atom, of the whole molecule. In haemo- 
globin the analysis has not yet been carried beyond the 
reflexions of 5:5 A spacing, but the low-resolution picture 
of the molecule thus obtained has shown that its four 
sub-units each bear a very close resemblance to the 
myoglobin molecule, and this, together with a complete 
knowledge of the amino-acid sequences of horse haemo- 
globin®.*, has made possible the construction of an atomic 
model? which, while admittedly speculative in some 
details, must certainly be correct in all its main features. 
The way is now open to investigate the molecular basis 
of the physiological functions of the two proteins, their 
reversible combination with oxygen, and, in haemoglobin, 
the haem-—haem interactions and other well-known 
phenomena such as the Bohr effect. Indeed, the oxygena- 
tion reaction has already been shown to be accompanied 
in haemoglobin by a gross change in the relative positions 
of the four sub-units*. The present resolution of the 
haemoglobin Fourier synthesis is, however, msufficient 


ta show whether the conformations of the individual ` 


sub-units become changed in detail during oxygenation, 
though it is certain that if there are changes they must be 
small ones; nor can it reveal the mode of attachment of 
the oxygen molecules to the haem groups. 

In myoglobin, on the other hand, the high resolution of 
the Fourier synthesis would be sufficient to reveal detailed 
changes in conformation (if they occur) and to investigate 
the nature of the iron-oxygen binding. Even though 
myoglobin does not exhibit the same complexity of 
behaviour as haemoglobin, it is clear from spectral and 
other comparisons that the mechanism of the oxygen bind- 
ing itself must be very similar in the two proteins, so conclu- 
_ sions reached about the one must also apply to the other. 

The main studies of myoglobin have been carried out 
with ferrimyoglobin (met-myoglobin) at about pH 6:8, 
and have shown that in this derivative a water molecule 
is attached to the iron atom, in the sixth co-ordination 
position. Similar methods might be used to determine 
independently the complete structures of deoxy- and 
oxy-myoglobins, which are the two forms directly con- 
cerned in the oxygenation reaction. Recent investiga- 
tions® of yet another derivative, myoglobin azide, have 
shown, however, that useful results can be obtained by a 
much more rapid method, that of the difference-Fourier 
synthesis. In this method a Fourier synthesis is computed 
using as its terms the differences between the amplitudes 
of the reflexions from the derivative and from the native 
protein, associated with the phases characteristic of ‘the 
native protein. To a good approximation the resulting 
synthesis shows as its only features differences in structure 
between derivative and native structure, in the form of 
positive peaks if additional atoms have been introduced, 
and of negative peaks if atoms have been removed. In 
the present study a three-dimensional difference Fourier 


synthesis has been used to investigate the differences 
in structure between deoxymyoglobin and ferrimyoglobin 
of sperm whale, and hence to draw conclusions about the 
structure of the former. 


Experimental 


Deoxymyoglobin is very easily oxidized im vitro to the 
ferric form, especially in the concentrated salt solutions 
required for crystallization. The main difficulty in the 
present investigation was to prevent oxidation during 
the preparation of crystals and their subsequent exposure 
to the X-ray beam. 

Ferrimyoglobin was prepared from sperm whale meat 
and purified by the method described by Kendrew and 
Parrish!®, The solution used for crystallization consisted 
of saturated ammonium sulphate mixed with 5 per cent 
by volume of 4 M mixed phosphate buffer (K,HPO, 
and NaH,PO,) at a pH of 5-6—5-8 in the final crystallizing 
solution, and solid ethylenediaminetetraacetic acid to 
a concentration of 0-01 M to eliminate metal ions which 
might catalyse oxication processes. This solution was 
carefully added to samples of a concentrated salt-free 
solution of ferrimy>globin (at least 5 mM) until the 
mixture was slightly turbid; a fifty-fold excess of solid 
sodium dithionite (sse folowing) was then added. These 
additions were made, and crystallization subsequently 
took place in an atmosphere of nitrogen (containing traces 
of hydrogen). Diamond-shaped crystals up to 5 x 3 x 1 
mm. were formed in about a week, and the pH of the 
solution was then adjusted to 6-3-6-4 (that used in X-ray 
studies of haemoglobin). 

For X-ray photography, crystals about 0-6 x 0:4 x O'l 
mm were mounted in sealed quartz capillary tubes con- 
taining a drop of mozher liquor and a nitrogen atmosphere. 
A microscope with a hand spectroscope replacing the 
eyepiece was used for observation of the absorption 
spectrum of mounted crystals both before and after the 
X-ray exposure; control experiments with solutions 
indicated that this technique could detect some 25 per 
cent of oxy- or ferri-myoglobin in the presence of deoxy- 
myoglobin. During irradiation, oxidation (but not oxygen- 
ation) was liable to occur, and to prevent detectable 
changes in the spectrum during a normal exposure (12 h) 
it was found necessary to use a fifty-fold excess of sodium 
dithionite. Data fom crystals showing any detectable 
change in spectrum were discarded. 

In contrast to haemoglobin, but in agreement with 
earlier studies of myoglobin", crystals of deoxymyoglobin 
were found to be :somorphous with those of ferrimyo- 
globin, the cell dimensions agreeing within 1 per cent. 
Conventional metkods, using the Buerger precession 
camera and copper Ka radiation from a rotating anode 
X-ray tube, were utilized for recording photographically 
all reflexions with spacings greater than 2-8 A. The in- 
tensities were measured using a Joyce—Loebl automatic 
recording densitometer and corrected by the usual factors 
and placed on an absolute scale by comparison with 
standard data for ferrimyoglobin. <A total of 3,212 
reflexions were used to calculate a three-dimensional dif- 
ference Fourier synthesis: the mean amplitude of the 
reflexions was 266 electrons, the mean amplitude difference 


| |Faeoxy| — |Ftern| was 24 electrons and the largest 
difference 135 electrons. 
Results 


The most striking characteristic of the difference Fourier 
synthesis (Fig. 1) is its almost complete lack of features; 
for the most part it is completely devoid of detail, and it 
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Table 1. SIGNIFIOANT PEAKS IN THE DIFFERENOE FOURIER SYNTHESIS 


BETWEEN DEOXY- AND FERRI-NYOGLOBIN 


Maximum 
Peak Co-ordinates 


No. (fractional) density Location 
g y z (el. A-) 
1 6388 0:06 027 -668 Atsite of sulphate ion near Na of E7(H1s) 
2 028 089 015 -042 At site of haem-linked water molecule 
8 040 O42 048 +082 Atsite of AuCl,*- substitution - 
4 028 O26 016 +025 At site of »-chloromercuribenzene sulph- 
onate substitution 
5 024 O89 O17 -+024 Between haem Fe and Ng of F8(His) 
6 007 075 054 —026 Near EF4(His) and EF3(Gly) 
7 O12 072 0-73 -0-21 Near EF4(Hig) 
8 007 074 088 +020 Near, sere) G2(Tie), HC4(Gln) and 
9 029 020 029 +020 Near G17(His) and H4(Gin) 
contains very few difference peaks which appear to be 
significant. The standard deviation of the electron 


density differences, taken over all points in the unit cell, 
is only 0-06 el. å. We have considered that any peak 
exceeding three times this value, namely, 0-18 el. A-® or 
more, is probably significant; there are only nine such 
peaks, which are listed in Table 1. 

Peak 1. The largest difference peak, a negative one of 
— 0-68 el. A-3, occurs at the site of a positive peak in the 
ferrimyogiobin structure near Ng of the imidazole ring 
of the ‘distal’ histidine #7. The latter peak is paralleled 
by a negative difference peak of nearly the same depth 
(—0°75 el. A-*) and at the same place in the difference 
synthesis of azide myoglobin®. This difference peak was 
interpreted as being due to the partial loss of a negative 
ion, for example, sulphate, when a negatively charged azide 
group replaces water in forming azide myoglobin; we 
interpret the negative peak in the present synthesis 
in exactly the same way, as representing the loss of the 
negative ion from Ns of histidine #7 during conversion 
of ferrimyoglobin to deoxymyoglobin. 

Peak 2. The next largest difference peak, of — 0-42 
el. A~, is exactly at the site of the peak in the ferrimyo- 
globin Fourier synthesis which is interpreted as a water 
molecule attached to the iron atom at its sixth co-ordina- 
tion position. In the azide derivative this water molecule 
is replaced by N ; ; the net addition of two atoms excluding 
hydrogens (three nitrogens added, one oxygen removed) 
gave a positive difference peak of + 0-75 el. A-3. In the pre- 
sent case a negative peak of — 0-42 el. A-, half the absolute 
magnitude of the former peak within our limits of accuracy, 
must correspond to the removal of a single atom. The 
eonclusion is inescapable, that during the formation of 
deoxymyoglobin from ferrimyoglobin the haem-linked 
water molecule is lost, and nothing takes its place. 


Fig. 1. Slice oes the difference Fourier synthesis perpendicular to (010) and lying 


between y= 0°85 and ¥=0 04; x axis horizontal. Conto 
centre is at the site vacated by the haem-linked molecule (peak 2 in Tab 


peak at the gold site (peak 3) 
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the positive peak near the iron atom (peak 5). Near the right-hand edge of the alice is the 
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Peaks 3 and 4. The next two difference peaks, of 
+ 0-32 and + 0-25 el. A-%, are respectively at the site of the 
gold atom in the aurichloride derivative, and of the mer- 
cury atom in the p-chloromercuribenzene sulphonate 
derivative, used for phase determination by isomorphous 
replacement**, Disturbances are found to occur at the 
heavy atom sites in the ferrumyoglobin Fourier synthesis, 
and were presumed to be due to residual errors in phase 
determination. The difference peaks at these sites in 
the present synthesis may be assumed to have a similar 
origin, and to be without structural significance. - 

Peak 5. This small peak lies between the iron atom of 
the haem group and the N, of the haem-linked histidine, 
1-6 A from the former and 1-9 A from the latter, but dis- 
placed 1-4 A from the line joining these two atoms. While 
an actual shift of the iron atom cannot be excluded as the 
cause of this peak", its position relative to the haem group 
and the lack of a complementary negative peak make 
this extremely unlikely. We prefer to assume that this 
peak is produced by errors in either the original phase in- 
formation or in the present measurements. 

Peaks 6 to 9. These peaks, the only others significantly 
above the background, all lie outside the boundaries of 
the molecule. They are all small, and it is not possible to 
give any precise interpretation of them. They may well 
represent slight changes in the distribution of water or 
ions bound to the protein, due to differences in the 
crystallization medium used in preparing deoxymyoglobin 
crystals in the present experiments. 


Discussion 


The almost complete absence of features in the differ- 
ence Fourier synthesis (apart from the immediate neigh- 
bourhood of the iron atom) indicates that the structure of 
deoxymyoglobin is extremely similar to that of ferrimyo- 
globin; there is no evidence of conformational changes or 
of movements of the haem group. It should be noted, 
however, that slight changes in the orientation of isolated 
groups would be undetected; some side-chains are partly 
invisible in the ferrimyoglobin Fourier synthesis (pre- 
sumably because their conformations are variable), but 
even in a well-resolved one some degree of rotation would 
not be detected at the present resolution—for example, 
it is improbable that at the resolution of 2-8 A used in the 
present investigation, we could detect with confidence a 
rotation of as much as 45° about the Ca—Cf bond of 
serine, though movements of more bulky side-chains 
such as leucine or phenylalanine would be readily visible. 
No such movements have been observed. 
Incidentally, it may be noted that the con- 
formation of the molecule has been pre- 
served unchanged within these limits, in 
spite of the use of a very large excess of 


globin crystals; this is possibly because any 
molecules damaged by this reagent were 
selectively excluded by the process of crystal- 
lization. 

The most striking conclusion to be derived 
from the present results is that in deoxymyo- 
globin the iron atom is 5-co-ordinated ; there 
is no water molecule or other group attached 
in @ sixth co-ordination position as in 
ferrimyoglobin. We have already indicated 
that the same must surely be true of deoxy- 
haemoglobin. In this respect deoxymyo- 
globin and deoxyhaemoglobin differ from all 
the other derivatives. Though the absence 
of a sixth group might be thought to be 
the most natural explanation of the many 
unique properties of the deoxy form, 
especially its paramagnetism", and though a 
stracture of this kind was proposed by 
Pauling?, it has generally been supposed that 
a water molecule was present ever since the 


sodium dithionite in preparing deoxymyo- - 
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Fig. 2. Schematic representation of the environment of the iron atomin 
myoglobin derivatives; (a) ferrimvyoglobin, (b) observed negative peaks 
in difference Fourier synthesis, (c) deoxymyoglobin 


publication of Haurowitz’s ingenious experiments on the 
spectral changes induced by thorough drying**, 

No evidence can be found from our difference synthesis 
of any shifts in the position of the iron atom, the haem 
group, or either of the associated histidine residues #7 and 
F8 (quite small shifts of a few tenths of an Angstrom 
unit should have been detectable). It follows that the 
environment of the iron atom is the same, apart from the 


~ missing water molecule, ın deoxymyoglobin as it is in 


ferrimyoglobin, and in turn the environment in the latter 
is within the limits of error identical with that in «- 
chlorohaemin, the crystal structure of which has been 
accurately determined by Koenig?’. 
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We have noted the ejection of a sulphate or other 10n 
from its position banded to Ns of the distal histidine 
residue #7, as also occurs m the formation of azide 
myoglobin from ferrimyoglobin. This ion has no physio- 
logical significance rthe sulphate concentration In a 
myoglobin crystal has the quite non-physiological value of 
about 4 M): but its presence or absence is certainly 
indicative of the distribution of charge around the imida- 
zole ring of the histidine residue. In azide myoglobin its 
ejection indicated thar Ns has become more negative, and 
N. more positive, in consequence of the introduction 
of the negatively charged Nj in place of a neutral water 
molecule. In the present case it is the iron atom itself 
which becomes less pcsitive, that is to say, more negative, 
in consequence of being reduced from ferric to ferrous, 
and the result is the same. Our interpretation of the 
changes which occur is shown schematically in Fig. 2. 

Finally, these results show that under good conditions 
it is possible to detect the loss of a single oxygen atom 
from a protein molecule, without going through the 
lengthy process of a complete structure determination of 
the derivative under examination. Provided that the 
structure of the parent substance has been determined to a 
resolution of 2 A or tetter, and provided that the deriva- 
tive is isomorphous with it, the technique of difference 
Fourier synthesis should be capable of elucidating the 
details of interactions between proteins and small mole- 
cules such as enzyme substrates, inhibitors and coonzymes. 
It should be a valuable tool for the investigation of the 
detailed mechanism of enzyme reactions. 

We thank Miss Hva Rowland and Mr. M. Fletcher 
for able technical assistance. One of us (C. L.N.) 
thanks Shell Oil (New Zealand), Ltd., for the award of a 
Shell postgraduate scholarship, Mr. C. J. Mackay of Shell 
International Petroleum Co. (London), Ltd., for his 
interest and encouragement, and the Rockefeller Founda- 
tion for a grant. 

This work was first reported by one of us (J. C. K.) at 
the Cambridge meeting of the British Biophysical Society, 
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THE CONTINENTS 


By JEROME B. CARR 
Sperry Rand Research Center, North Road, Sudbury, Massachusetts 


ITHER the continents have moved relative to one 
another or they have stayed generally in one position. 

The theories relating to these opposed views are known, 
respectively, as “continental drift’ and the ‘permanency of 
continents’. Early evidence which led to the development 
of the theory of continental drift was the apparent similar- 
ity of the east coast-line of South America and the west 
coast-line of Africa. However, the theory of continental 


drift does not offer s unique explanation of the similarities 
of the two coast-lines and the associated Mid-Atlantic 
Ridge. A. second explanation of the similarities may be 
derived from the theory of permanency of continents when 
combined with a world-wide shear pattern such as 
developed by Vening Meinesz in 1947 (ref. 1). 

The purpose of this article is to evaluate Vening 
Meinesz’s crustal shear pattern on a world-wide basis. 
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It not only presents evidence regarding the relative 
strength of the two opposing theories, but also offers the 
first explanation of the world-wide heat-flow data (heat 
flow through the crust). Information is also included that 
will be of importance in developing an optimum technique 
for mapping ocean bottom topography. 


Origin of the Shear Pattern 


Vening Meinesz}, after investigating the results of the 
then new method of ocean bottom mapping by echo 
sounding, noticed more or less regular linear topographic 
patterns, mostly in two directions, over extended parts of 
ocean floors. He associated this work with the shear plane 
evidence brought out by the old ‘lineament’ tectonicians. 
Since there was an apparent world-wide distribution of 
shear planes, Vening Meinesz thought it likely that there 
was a world-wide cause responsible for the development 
of a world-wide shear pattern as opposed to a world-wide 
distribution of random shears. 

Vening Meinesz investigated stresses in the Earth’s 
crust brought about by a shift of the crust with respect 
to the axis of rotation. The basic theory is that the Earth 
rotates about an axis, and is flattened at the poles and 
bulges at the equator. If the Earth’s crust were to be 
shifted, in toto, the new crust at the poles would become 
flattened and the new crust at the equator would bulge 
outwards. Such a change in the relative shape of the crust 
would produce stresses in the Earth’s crust, and these 
stresses, if great enough, would cause a ‘breaking’ or 
‘cracking’ of the crust; in other words, a shear pattern 
would develop. 

Mathematical shear patterns were obtained by Vening 
Meinesz for various shifts in the Earth’s crust relative to 
the axis of rotation and by considering changes in the 
Earth’s shape caused by changes in the speed of rotation. 
The pattern which most closely matches the topographic 
features of the Earth is shown in Fig. 1. This is the shear 
pattern that would develop if the Earth’s crust shifted 
relative to the axis of rotation for a distance of 70° along 
a line 90° E. from the prime meridian. That is, the north 
pole of rotation makes an apparent shift 70° along the 
line .90° E., and the south pole makes an apparent shift 
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70° along the line 90° W. into their present positions, 
Note that the axis of rotation must remain fixed in space 
and it is the crust that shifts. 

The postulated cause of this shift in the Earth’s crust 
is either convection currents in the Pre-Cambrian acting 
directly on the crust itself, or else redistribution of mass 
(continental growth) associated with these Pre-Cambrian 
convection currents. This latter mechanism is very simple 
to picture. Imagine a child’s top rotating about a vertical 
axis. Now, if a lump of clay is added to the exterior 
portion of the top, or if a piece of the top is removed, 
then it is easily seen that on rotation the top still possesses 
its vertical axis but the mass of the top now re-aligns 
itself with respect to the axis. 

It should be noted that the postulated convection 
currents are not the convection currents existing at 
present, but Pre-Cambrian convection currents. Jeffreys? 
directs attention to the difficulties of maintaining con- 
vection in the Earth as we know it to-day, but he also 
points out that convection seems to be likely during a 
certain stage in solidification of the Earth. As this article 
is intended to examine the postulated shear pattern and 
not the mechanism behind, it, the reader is referred 
elsewhere for further discussion of convection in the 
mantie!-, 


Comparison of the Shear Pattern with Ocean 
Bottom Topography 


To evaluate the shear pattern shown in Fig. 1, two maps 
were used. The first map, entitled The World, was 
published by the U.S. Navy Hydrographic Office at a scale 
of 1: 12,233,000 at the equator. This map measures 
8 x 12 ft. and presents the bottom topography of the 
Indian, Atlantic and Pacific oceans as it was known in 
1961. The second map, prepared by the University of 
Wisconsin, entitled Bathymetric Chart of the Arctic Basin, 
was used for evaluation of the topography of the Arctic 
Ocean‘. These maps allow extension of the original work 
into areas not previously examined with respect to the 
shear pattern. The new maps increase coverage so that all 
the floor of the ocean is now evaluated instead of only the 
portion outlined in the original study. This means 
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Fig. 1. Theoretical shear pattern in Mercator’s projection for an apparent shift of the poles over 70° along the meridian of 90° longitude, The 
‘solid Hnes show the expected directions of shear and the dashed lines show the relative shear hie eid which reaches a minimum where the - 
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that the coverage of the Earth is increased from 50 per 
cent to 70 per cent. This figure of 70 per cent will be 
raised later in this article as some structures of the 
Canadian Shield and almost all of Africa are also evalu- 
ated. 

Secondly, these new maps contain many data that 
were not available during the original investigation. 
Examples of large tectonic features, that are not in 
evidence on the original maps evaluated, are: (1) the Chile 
Rise; (2) the portions of the mid-ocean ridges south of 
Africa and Australia; (3) the Emperor Seamount Chain; 
(4) the Mendocino Seascarp; (5) the Murry Fracture Zone; 
(6) the deep trench located at 44° N., 174° W. Not only 
were these new features delineated but also the previously 
known features are more accurately defined and sub- 
structures are now apparent in many cases. 

At the start of this investigation, the azimuths (meas- 
ured in degrees east or west of geographic north) of all 
major oceanic structures were determined and compared 
with the corresponding azimuths of the theoretical shear 
pattern at the location being evaluated. Data points 
were taken approximately every 300 miles: (1) along 
borders of continents; (2) along island ares; (3) along 
ocean trenches; (4) along the world-wide system of mid- 
ocean ridges; (5) along major fault structures; (6) along 
island chains; (7) along sea mount chains. The only 
areas of the world excluded were the borders of Antarctica 
(but the Palmer Peninsula was included) and the ocean 
areas Inside the Sea of Okhotsk and the Sea of Japan: 
These latter areas were excluded because Japan, the Kuril 
Islands, and Kamchatka were taken to be the eastern 
border of Asia rather than the Chinese mainland. 

The frequency distributions for the two sets of azimuths 
are shown in Figs. 2 and 3. The fact that the ocean 
structures fail to show a random azimuthal distribution 
reinforces the basic concept of a world-wide control of 
tectonic features. A comparison of the two curves shows 
that the distribution of the Earth’s features does not 
exactly follow the predicted shear patterns. This is to be 
expected for four reasons: (1) the Earth’s crust was 
probably not homogeneous and isotropic at the time of the 
generation of the shear pattern (for example, there may 
have already been some continental growth); (2) the 
sampling of the world used in this investigation was 
restricted to ocean areas, and the ocean basins are not 
symmetric about the Earth; (3) the theoretical shear 
pattern is not symmetric about the poles because the 
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Fig 2. Azimuthal frequency distribution of the Earth’s oceanic features 
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Fig.3. Azimuthal frequency distribution of the theoretical shear pattern; 

that is, frequency distribution of the direction of expected shear at all 

locations of observed ocean bottom features. Note that the frequency 

distribution shown in Fig. 2 ia | safe ped model of the foregoing frequency 
stribution 


postulated change m axis of rotation is 70° and not a 
convenient 90°; (4) the local stresses applied to the Earth’s 
crust at any time before the time of shearing should offer 
zones of weakness in random durections, which would 
modify the expected shear pattern or which would be 
co-existent with ths shear pattern and tend to ‘damp 
out’ the peaks and sroughs of the frequency distribution. 
Also, local stresses applied to the Earth’s crust after the 
shear pattern has developed may not be able to ‘take 
advantage’ of the pre-existing zones of weakness and 
therefore may generate new lines of shear independent of 
the world-wide ‘cased’ shear pattern. These new lines 
of shear will also ect to ‘damp out’ the effects of any 
world-wide cause of crustal shearing. 

Notwithstanding all these difficulties, the remarkable 
similarity of the two frequency distributions suggests 
that serious consideration should be given to further 
investigation of Vening Meinesz’s crustal shear pattern. 

After comparing frequency distributions of the topo- 
graphy and the theoretical shear pattern, correlation 
coefficients between the observed azimuths and the 
theoretical azimuths were computed. The resulting 
correlation coefficients are presented in Table 1. Four 
important points stould be noticed: (1) that more than 
50 per cent of the correlation coefficients are greater than 
0-90 and that 90 per cent are greater than 0-80; (2) that 
both areas where correlation reaches 0:94 are located in 
Table 1. CORRELATION COEFFICIENTS AS COMPUTED BETWEEN THE THEO- 

PATYEEN AND 


RETICAL SHEAR THE OOEAN-BOTTOM TOPOGRAPHY AND 
CONTINENTAL BORDERS 


Structures in the Indian Ocean excluding its borders 0:87 
Structures in the Atlantic Ocean excluding its borders 0°94 
Structures in the Pacific Ocean excluding its borders 0 90 
Southern border of Asia 0-92 
All structures in the Caribbean Sea, including the border of 

the Gulf of Mexica 0-92 
North America excluding Arctic Ocean 0-92 
Border of Arctic Ocean and its internal structure 0°78 
Atlantic coast of South America 0-94 
Pacific coast of South_America 0-80 
Mediterranean Sea area 0-92 
South American border èn toto 0°91 
African borders excluding Mediterranean area 0-87 
European border exclading Arctic Ocean borders 0-87 
All major island arcs ~egardless of location 0-90 
Australia, excluding rorthern border 0-91 
Borders of the Indian Ocean 0-68 
Pacific Ocean border excluding Asia 0-86 
Indonesia, entire area, all island chains, etc. 0-89 
Atlantic Ocean boumrfaries 0°90 
Average world-wide correlation (average of above figures) 0-88 
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the Atlantic Ocean and on the Atlantic Coast of South 
America; (3) that the lowest correlation is located around 
the Indian Ocean; (4) that the last-mentioned two’ areas 
are predicted to have, respectively, high and low relative 
shear intensity by the dashed lines in Fig. 1. Thus, the 
theory behind Vening Meinesz’s crustal shear pattern 
not only predicts the directions that most of the large- 
scalo features will take but also predicts where correlation 
will be high and where it will be low. 

Again, in Table 1, it should be noted how highly the 
borders of continents correlate with the theoretical shear 
pattern. This strongly implies that the shear pattern 
developed before the continents completed their growth. 
Continental growth (defined as the areal expansion of 
continents with time) is known to be complete by the start 
of the Cambrian: Fig. 4 shows North America at this 
time’. There is, in fact, much more evidence that the 
continents were already completed by Cambrian time, 
but this one figure will save belabouring the point. (Note 
it is not suggested that the continents were ‘volumetric- 
ally’ complete. There is ample evidence that new material 
is being added to the continents from the upper mantle, 
but it is repeated that the areal extension of continents 
has remained essentially unchanged since the Cambrian 
period.) 

Since the continents were complete at the start of the 
Cambrian, and since there is a strong correlation between 
the borders of continents and the theoretical shear pattern, 
then it is concluded that the shear pattern developed in 
the Pre-Cambrian. If this age were correct, and if the 
shear pattern at present observed on the floor of the ocean 
were to match the pattern generated by the theoretical 
model, then continental drift would become a complete 
impossibility, as any motion of the ocean floor would 
destroy the correlation between ocean bottom topography 
and the theoretical shear pattern. 


Comparison of the Shear Pattern with Other 
Geophysical Evidence 


Now that it has been established that the shear pattern 
does indeed correlate well with the ocean bottom topo- 
graphy over the entire world, it becomes worth while to 
examine the relationship between three parameters that 
have been evaluated on a world-wide basis. These are: 
(1) the relative shear: intensity of Vening Meinesz’s 
crustal shear pattern (as shown by the dashed lines in 
Fig. 1); (2) the deviation of the Earth’s crust from the 
theoretical geoid (hereafter referred to as geoid heights); 
(3) the heat-flow data. (The data for these last-mentioned 





Fig. 4. Generalized palaeogeographic map of early Cambrian of North 
America. The ruled area shows sea and the clear area shows land. The 
dotted area was also possibly sea 
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Fig. 5. Relationships between convection currents, heat flow and 
deviations from the geoid as pont aton by the theory of continental 


two parameters were taken from Lee and MacDonald‘.) 
For all correlations computed in the following paragraphs 
the same sampling procedure was used:to establish the 
degree of representation and homogeneous treatment of 
the data. 

First, let us consider the correlation between the geoid 
heights and the heat-flow data. The heat-flow data, as a 
whole, show that higher values exist over continental 
rather than oceanic areas. As these values should reflect 
any convection currents at present active in the Earth’s 
mantle or lower crust, it appears that convection currents 
(if they exist to-day) flow in directions opposite to those 
required by the theory of continental drift. But convec- 
tion currents, if they exist, should also affect geoid heights. 
The theory of continental drift postulates that above a 
rising component of a convection cell the heat flow will 
be enhanced and the geoid will be depressed (seo Fig. 5). 
For descending components of the convection cells, the 
opposite is expected. Therefore, one would expect to see a 
good correlation between the heat-flow values and the 
geoid heights if convection currents exist to-day. The 
data show a lineer relationship with a correlation coefficient 
of — 0:33 and with large variance. This relationship is 
at least of the right sign, but it can only explain 10 per 
cent of the variability of the heat-flow data and thus 
most probably indicates only chance relationship. , 

It is also reasonable to expect a chance relationship 
between geoid heights and the relative shear intensity, 
as a mere cracking or breaking of the Earth’s crust would 
not be expected to affect the shape of the geoid. The 
correlation coefficient between these two parameters was 
found to be 0-15, which indicates the expected chance 
relationship. 

However, correlation between heat flow and the relative 
shear intensity is a different matter. The calculation of 
the correlation coefficient between the relative shear 
intensity and the heat-flow data gave a result of — 0-52. 
This figure is an improvement over the — 0-33 computed 
for the linear relationship between heat flow and geoid 
heights. However, on plotting the heat-flow data versus 
the relative shear intensity, it was found that the relation- 
ship between these parameters is bi-linear, not linear. 
In Fig. 6 it is seen that there is no relationship between 
these two parameters for values of low shear intensity, 
but that at high values of shear intensity there is a good 
relationship. The correlation coefficient between these 
two parameters for values of high-shear intensity is 

— 0-72, and this means that the variability of high-shear 
intensity can explain 50 per cent of the variability of low 
heat-flow data. 

In Fig. 7, the two sets of data have been mapped. 
It should be noted that: (1) the areas of low heat flow 
coincide with areas of high shear intensity; (2) the heat 
flow is found to be symmetric about 90°, as is the shear 
intensity; (3) 90° is the line along which the poles shifted 
as the generating mechanism for the shear pattern. Thus, 
even the general pattern and symmetry of the heat-flow 
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Fig. 6. Heat-flow values versus relative shear intensity. The solid line 

is drawn through average heat-flow values (anean by X) and the 

dashed line represents the envelope enclosing all data points. Note that 

the solid hne could be represented by two linear curves intersecting at 

the point where the heat flow oes oo the relative shear intensity 
equ 
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data reinforce the concept and mechanism of Vening 
Meinesz’s world-wide crustal shear pattern. 

Now to explain the negative value of the correlation 
between the heat flow and the relative shear intensity. 
Consider an area of high-shear intensity with its corre- 
sponding ‘breaking’ of the Earth’s crust. This area offers 
paths for advection of molten mantle material along the 
‘zones of weakness’ or ‘breaks’ in the Earth’s crust. Thus 
this area of high shear intensity offers two mechanisms 
for heat loss: (1) conduction and (2) advection through 
to the Earth’s surface. However, areas of low shear 
intensity will offer conduction alone or conduction with 
lesser amounts of heat loss by advection. Since over long 
periods of time heat has been lost by advection through 
the crust in areas of high shear intensity, and since heat 
loss by advection would be smaller in areas of low shear 
intensity, then obviously the sub-crustal temperature 
will remain ‘higher’ in areas of low shear intensity and 
higher heat-flow values will be observed to-day in those 
areas of low shear intensity—all other factors being 
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Fig 7. Relative shear intensity (dashed lines) superimposed on heat-flow values. Note the symmetry of the two parameters about the line 
90° Ð, 90° E. is the line along which the north pole made its apparent movement into its present position 
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equal. Therefore, there 1s indeed a reasonable and logical 
reason for the existing relation between high shear 
intensity and low heat flow. 

Thus the theory of permanency of continents with the 
associated postulated movement of the axis of rotation 
not only explains the distribution of features on the 
ocean bottom and the shapes of the continents, but also 
offers the first theory for explanation of the gross features 
of heat flow through the Earth’s crust. It should be noted 
that this is a considerable improvement over the theory 
of continental drift which requires doubtful convection 
currents to exist in the Earth’s mantle and which requires 
them to flow ‘backwards’. 

There is additiona. evidence supporting the permanency 
of continents and tke theoretical shear pattern. Tatsch’, 
using a three-dimersional least-squares analysis, points 
out that about 93 per cent of all active volcanoes lhe 
along a world-wide system of belts which may be defined 
approximately by the great circle traces of three mutually 
orthogonal planes passing through the centre of the 
Earth. These three planes are symmetric about 90°, as 
is the shear intensity and the world-wide heat flow. 

Now it is seen that the shear pattern correlates well 
with two independent geophysical parameters, namely, 
heat flow and distribution of voleanoes. Most of the data 
for these parameters were gathered and reduced after the 
theoretical shear pattern was proposed. When one uses 
this form of ‘predictability’ or ‘later day verification’ as a 
method of comparing theories, then it should be noted 
that the theoreticel shear pattern when combined with 
the permanency af continents offers a considerable 
improvement over the theory of continental drift which 
seems to be ‘modified’ almost every time some new 
‘evidence’ is uncovered. 


Comparison of the Shear Pattern with Continents 
North America ard Africa are the two continents to be 


evaluated. Before we go into the actual evaluation, it 
would be wise to point out a major difference between 
these two continents. This major difference in the con- 
tinents is the apparent difference in their growth patterns. 
North America presents a growth pattern in which new 
areas of continental growth appear to be added to the 
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borders of the old areas. Thus, North America appears to 
have grown about some centre or nucleus. Africa, how- 
‘ever, presents an entirely different picture. The orogenic 
patterns in the shield areas of Africa seem to cross one 
another in an apparently random pattern with no obvious 
nucleus present. These differences in continental growth 
patterns have led to some conceptual difficulties between 
geologists from different areas of the world. If Venin 
Meinesz’s crustal shear pattern can explain some of the 
obvious differences between the two different continental 
types, then the shear pattern when combined with the 
permanency of continents will be helping to solve a prob- 
lem that continental drift by its very nature will be unable 
to explain. 


Table 2. AVERAGE POTASSIUM—ARGON AGES FROM THE DIKE SWARMS AS 
SHOWN AND NUMBERED IN FIGS. 8 AND 9 


Dike swarm Age in Matches theoretical 
No. million years shear pattern 
1 2,485 Yes 
2 2,150 No 
3 2,165 No 
4 2,090 No 
5 1,675 No 
6 1,230 Yes 
7 1,315 Yes 
8 1,220 Yes 
9 1,030 Yes 
10 875 No 
11 790 No 
12 700 Yes 
13 640 No 


The data to be evaluated for North America are the 
distribution of diabase dike swarms of the Canadian 
Shield®. These dike swarms are shown in Figs. 8 and 9, 
and their isotopic ages are shown in Table 2. 

The importance of the results shown in Table 2 is that 
there is a period from 1,315 million years to 1,030 million 
years where the correlation between the azimuths of the 
dikes and the azimuths of the theoretical shear pattern is 
fairly good. ‘This implies that the shear pattern affected 
the continental regions as well as the oceanic regions and 
that the shift of the pole may very well have occurred at, 
or before, 1,315 million years ago. This evidence, on a 
different scale of structures from those used to evaluate 
the oceans, is important and the shear pattern theory is 
reinforced by the fact that the general trend of the 
Grenville Province, as shown in Fig. 9, seems to be well 
controlled by the theoretical shear pattern. ‘Therefore, 
the shear pattern should have occurred before the develop- 





Fig. 8. The diabase dike swarms of the Canadian Shield. These swarms 
are shown in two figures for the sake of clarity. The geological provinces 
of the Canadian Shield are outlined by the solid lines and their approxim- 


ate ages are given (in million years) below the name. The diabase dike 

swarms are indicated by the arrows pointing to them and the potasslum- 

argon age is indicated in the boxed eure below the encircled swarm 
number 
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Fig. 9. The diabase dike swarms ot a Canadian Shield (continued from 
ig. 


ment of the Grenville Province (950 million years ago) 
and more probably before the development of dike swarms, 
dated 1,315 million years. It is also reasonable to expect 
that local stresses applied to the Earth’s crust after the 
time of shearing may be able to ‘take advantage’ of the 
pre-existing shears. Thus many young geological struc- 
tures will be found to match the pre-existing shear pattern. 

Now, to test for significance of the foregoing data, 
consider the azimuth of any random shear. Azimuths 
of any such shear may be measured from 0° to 90° west 
of north and from 0° to 90° east of north. Thus a span 
of 180° will include all possible shears. Any shear the 
general trend of which is within 10° of the theoretical 
shear is considered to ‘fit’ the theoretical shear pattern. 
It should be borne in mind, however, that in any location 
it is possible to have two shear directions. Thus the 
probability of any random shear following the theoretical 
shear pattern is 2 (10° E. + 10° W.)/180° or 2/9. Treating 
the azimuths of dikes as a binomial distribution, the 
probability of six ‘fits’ out of thirteen dike swarms is 
0:032. Since the probability is so low for the six ‘fits’ 
that are observed (see Table 2), then quite obviously the 
azimuths of dikes in North America are not random, 
but there appears to be an underlying control for many 
of the dikes and this control appears to be Vening 
Meinesz’s crustal shear pattern. 

Note that the North American data show: (1) that the 
trend of the Grenville Province follows the theoretical... 


Table 8. DATED PRE-CAMBRIAN STRUCTURAL TRENDS OF AYVRIOA 


Structure Age in Matches theoretical 
No mullion years shear patterns 
3 8,400 No 
18 2,944 No 
8 2,800 Yes 
17 2,550 Yeas 
2,250 Yes 
4 1,850 Yes 
19 1,650 No 
1,600 Yes 
15 1,500 No 
16 1,500 Yes 
6 1,000 Yes 
14 660 Yes 
10 625 No 


Table 4. UNDATED PRE-CAMBRIAN OR POST-CAMBRIAN STRUCTURAL TRENDS 
OF AFRICA 


Structure Age in Matches theoretical 
No. million years shear pattern 
1 ? Yes 
2 ? No 
5 ? Yes 
11 ? No 
12 ? Yes 
13 ? Yes 
20 ? No 
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shear and is dated at 950 million years ago; (2) that there 
are four ‘fits’ in a row, which implies the shift of the poles 
occurred before 1,315 million years ago, and (3) there is 
one ‘fit’ dated at 2,485 million years ago. The significance 
of this ‘oldest fit’ will be clarified by considering the results 
obtained from the African data. 

The major structural trends for Africa are shown in 
Fig. 10 (ref. 9). Those structures that have been dated by 
isotopic means are listed in chronological order in Table 3 
and the structures that have not been accurately dated by 
1961 are listed in Table 4. 

The probability of the twelve ‘fits’ out of twenty 
African structures being due to a random process is 
0:00022. This makes Africa one continent out of 4,545 
(based on a random distribution) while North America 
is only one continent out of 31. Thus the control exerted 
by Vening Meinesz’s crustal shear pattern in Africa is 
much greater than is the control in North America. Note 
that this is predicted by the relative shear intensity (the 
dashed lines in Fig. 1) of the theoretical shear pattern. 

Now, to return to the differences in growth patterns 
between Africa and North America, we note that (see 
Fig. 1) the shear pattern in Africa produces a cross- 
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hatch pattern, while in North America the lines of shear 
converge to a point or are symmetrical about the point of 
convergence. Thus, if the shear pattern controlled con- 
tinental growth, we would expect growth about a centre 
in North America or at least a lack of crossmg structure 
due to the low values of the relative shear intensity. 
We would also expect Africa to have a very intense Cross- 
hatch structure dus to the high relative shear intensity 
and the nature of the shear pattern in that area. This is 
exactly what we see in the structure of these continents. 
Thus, the shear pattern is also capable of explaining the 
development of two apparent grossly different continental 
types which have long puzzled geologists. Perhaps when 
all the continents have been evaluated we shall know which 
of the two parameters plays the controlling part in con- 
tinental growth, that is, the direction of shear in the shear 
pattern or the relatrve shear intensity. 
To find out if that odd fit at 2,485 million years in 
North America has any significance, let us look at Table 3, 
which shows that shere are 4 fits in a row in Africa 
starting out at 2,800 million years ago. Thus, it appears. 
that the North American fit at 2,485 million years is not 
an accident but that the time of occurrence of the re~ 





Fig. 10. Structural sketch of middle and northern Africa. In equatorial Africe the trends have been 


taken chiefly from original documents; in west and northern Africa, from River Furon, Esquisse 
structurale provisoire de F Afrique, Paris (1959), Assoc. Serv. géol. africains, €1) Egypt and Sudan. 
Last events of a polycyclic evolution have been dated in Egypt (485-540 m.y.) (2) Mozambique belt, 
Last events of a possibly polycyclic evolution have been dated (465-636 m.y.:. (3) West Nile belt, 
Considered extremely old; probably older than e .3.400 m.y. (4) Groupe du Kibali. Probably older 
than c. 1,850 m y. and probably linked with Buganda series to the north of Laxe Victona, which are 
certainly older than 1,850 my. (5) Groupe de l’Urundi and Karagge Ankoleyn system, imprecisely_ 
dated but in physical contimuity with No. 6. (6) Groupe des Kibara. Late orogenic events are dated 
at 1,000 +50 m.y. (7) Ubendian: Groupe de la Ruzizi. Postorogenic phase is dated at e. 1,600 m y. 
(8) Nyanzian and Kavirondian. Common lead model ages which may date the Nyanzian are c. 2,800 
m.y. (9) Dodoman. Older than 2,250-2,440 m.y. (10) Katangan belt. Tate oragenic uranium 
mineralization (Shinkolobwe) at 625 m.y., postorogenic uranium minerahzation (Zambia) at 500 m,y. 
(11) Irumi belt, undated, pre-Katanda. (12) Rufunza belt, older than Irumi. (13) Mafing! belt, 
probably part of the Late Pre-Cambrian—Early Palasozote activity. One age c. 440 my. (14) Groupe 
du Congo Occidental. Activity atc. 660 and e 475 my. (15) Groupe des Monts de Cristal (Système 
du Mayumbe): older than ¢. 1.500 my (16) So-called Basement of Northern Angola. Some of this 
belongs to the Système du Mayumbe (see No. 15), Other crystalline rocks are or nay be much younger 
(17) Basement Complex of North Gabon and Southern Cameroons, e 2,550 m.y. or older. (18) West 
Africa; see text. (19) Anti-Atlas-Morocco. One age Pee the earhest Pre-Cambrinn in this area, 
1,650 m.y (20) Hoggar. Undated area, generally correlated with the west African section 
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lative shifting of the poles occurred at least 2,800 million 
years ago. Confirmation or further pushing back of this 
date should occur as other continents are evaluated. 


Lhe inferences that can be drawn from the results of 
this research are: (1) That the shear pattern can be used 
to predict the directions of ocean bottom features that 
should be discovered in ocean areas so far unexplored. 
.In fact, this is a method of testing the theoretical shear 
pattern. (2) That because certain directions are expected. 
in ocean bottom mapping, optimum mapping procedures 
could be developed to uncover fully the ocean bottom 
topography in any ocean area. The Arctic Ocean will be 
the most difficult region in which to predict directions of 
topography (see Table 1). (3) That a drilling operation 
in a true ocean basin will uncover Pre-Cambrian rocks 
once the drill has passed through the layer of sediments 
and lava flows. The ages of these rocks could quite 
possibly be older than any known continental rocks. 
Even, the finding of early Palaeozoic rocks will weaken the 
present theory of continental drift, because the theory 
postulates that the rock of the ocean basins is continually 
returned to the mantle by convection currents. 

It should be noted that some gabbro from St. Paul’s 
rocks on the Mid-Atlantic Ridge has been tentatively 
dated at 4,500 million years old!°. Thus a region of an 
upward component of a convection current postulated by 
continental drift, which should be a region of very young 
rocks, possesses rocks which are older than any known 
continental rock. 

In the light of (1) the new ocean bottom data confirming 
existence of the world-wide shear pattern, (2) the struc- 
tural data of continental interiors dating the shear pattern 
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as at least 2,800 million years old, and (3) the independent 
heat-flow data and the distribution of volcanoes re- 
inforcing the generating mechanism of the shear pattern, 
it is concluded that the majority of the Earth’s major 
topographic and geological features are controlled by, or 
grew along, major zones of weakness generated as part 
of the world-wide shear pattern. The preservation of 
this shear pattern on the ocean bottom for a period of 
2,800 million years firmly enforces the theory of the 
permanency of continents. 
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OBITUARIES 


Dr. P. L. E, Rothschild 


Dr. PauL Rorsscmtp, who died on November 11, 
1965, was born in Mannheim in 1901 and graduated M.D. 
at Freiburg in 1926. With the coming of the Nazi régime 
in 1933 he saw no future for himself in Germany, and 
moved at once, with his family, to England, and was 
naturalized in 1938. He obtained a British qualification 
in 1934 and from then on practised medicine in Britain: in 
a Welsh mining village (1934-37), in London (1937~42), in 
the Royal Army Medical Corps (1942-46), and again in 
London until his death. 

It is written in Ecclesiasticus: “Honour a physician 
with the honour due unto him... for the Lord hath 
created him’’. Paul Rothschild was honoured by all his 
many patients, not only for his skill and wisdom but also 
because he knew that the Lord had created them, too, 
and he treated them so. One of his treasured possessions 
was @ miner’s lamp, the one he had used in the pit in 
his Welsh village when emergency called him. A patient 
once asked him what he would do if he learnt he would 
die at 3 p.m. next day. His answer, “I should see my 
last patient at 2.30”, was true; he had known the pre- 
carious state of his heart for a long time, but continued 
to communicate his courage, by work and example, to 
others. 

It was a good many years, after his M.D. in 1926, 
before he turned over finally to medicme. Two years 
were spent in a pathological institute in Berlin, then two 
years with Otto Meyerhof, first at Berlin-Dahlem and 
later at Heidelberg. That is how I came to know him, 
and also because of an admirable paper on the physiology 
of muscle, published in 1930 in the Biochemische Zeit- 
schrift. Then he came to England to extend his scientific 
experience, working with Verney at University College, 
London, with Barcroft at Cambridge, and with Thomas 
Lewis and his colleagues at University College Hospital. 


Between 1927 and 1934 there are sixteen of his published 
papers referring to all this (published in the Journal of 
Physiology, Heart, The Proceedings of the Royal Society (B), 
Biochemische Zeitschrift, ete.). 

After this scientific pilgrimage to England, Rothschild 
returned to Germany, as ‘‘Assistent’’ with the late Prof. 
Volhard at the University Hospital in Frankfurt. It was 
Volhard who had advised him originally to undertake 
all those years of scientific training, and but for Hitler he 
would probably have continued in clinical medicine in 
Germany. But he knew already that he would be welcome 
and happy in England, and the variety of his earlier 
scientific experience proved an important element m his 
later activities here. 

During the earlier years of the Second World War, I 
saw him often at the Royal Society (I was then Biological 
Secretary). I cannot remember well how it happened— ~ 
it may have been because of his concern for refugees—but 
somehow he was adopted by the officers and staff of the 
Society as a sort of unofficial medical adviser; and as 
time went on he became the personal friend and physician 
of many Fellows. At the time of the Tercentenary of the 
Society in 1960 his name was printed in the programme 
as “Honorary Physician’, in case any of the guests 
needed help. 

In the autumn of 1942 his long ambition to serve his 
adopted country more directly was satisfied and he was 
commissioned in the Royal Army Medical Corps. He 
served as adviser in medicine to the Persia and Iraq 
force, becoming a lieutenant-colonel, and retired in 1946. 
A pleasant story is told (by Sir Reader Bullard, in The 
Times) of an American officer in Iran, who had a bad 
attack of poliomyelitis, from which Rothschild’s swift 
diagnosis and skilled and devoted care (and an iron lung 
supplied by Lord Nuffield) saved him. Whenever this 
officer visited England (and Rothschild) later, only a 
slight limp recalled the danger he had passed through. 
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From 1946 until his death, Rothschild worked in a 
large general practice in London. He is remembered by 
his medical colleagues for`the breadth of his knowledge 
and the wisdom of his advice. And the ‘honorary physi- 
cian’ of the Royal Society will be missed by his scientific 
friends at the functions there to which he regularly, and 
proudly, went. 

His wife, and a son and a daughter, both married, 
survive him. A. V. HELL 


Prof, E. Stiasny 


Pror. Epmunp Srrasny, the venerable doyen of 
leather chemists, died at his home in Helsingborg, Sweden, 
on October 17 at the age of ninety-three. He was best 
known to chemists at large for his invention some fifty 
years ago of the so-called synthetic tannins. ‘These 
‘syntans’ have, structurally, little in common with the 
natural tannins. However, like these latter, they possess 
tanning properties, being condensed phenolsulphonic 
acids. 

Stiasny’s life-work was dedicated to the introduction 
of scientific principles into leather manufacture and to 
the elucidation of the intricate chemical reactions in the 
tanning process. ‘Together with the late Prof. H. R. 
Procter, his predecessor as professor of leather chemistry 
at the University of Leeds, he was a pioneer in the appli- 
cation of science to an ancient art, which was becoming 
an industry. 

Stiasny was born in 1872 in Vienna. He obtained his 
doctorate at the University of Zürich in 1898. His head 
professor was Alfred Werner, the originator of co-ordina- 
tion theory. Stiasny entered on his life’s work in 1899 
at the Viennese Research Station. At this time little 
attention was given to the theory of tanning. However, 
the young scientist could not resist the urge to elucidate 
the chemistry of these mysterious processes. 

His results were very favourably received inter- 
nationally. Thus, the University of Leeds, seeking a 
successor to Prof. H. R. Procter, the father of leather 
chemistry, asked Stiasny to accept this chair. Prof. 
Stiasny’s association with Leeds was of short duration 
(1908-14), because of the First World War, but it became 
exceedingly fruitful. While the discovery of the syntans 
takes the most conspicuous place, the renaissance of 
teaching and research under Stiasny was perhaps still 
more important for the Department. He used to dwell 
on this happy period in his life with pleasure, recalling 
incidents with his enthusiastic students, the Atkin- 
Thompson team and Donald Burton, who were to follow 
him as incumbents of his chair. 
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He served throughout the First World War as an | 
artillery captain in the Austrian Army. Afterwards he 
found refuge in Helsingborg, his wife’s home town, until, 
in 1920, he was oered the chair at the Technische 
Hochschule, Darmstadt. A period of great activity 
followed (1920-33). An international élite of enthusiastic 
graduate students flocked about this charming,, inspired 
and inspiring master, who was such:a salutary contrast 
with the formal and stereotyped German professor of 
those days. Here he endeared himself to his disciples 
for ever. His studies of protein chemistry problems during 
the early years were evidently stimulated by Jacques 
Loeb’s Proteins and the Theory of Collorddal Behavior. 
The effect of lyotropic neutral salts on gelatin was investi- 
gated using optical rotation measurements, one of the 
earliest studies using this now-favoured technique. How- 
ever, his main research concerned the chemistry of basic 
chromium salts and their tanning potency, resulting in a 
score of dissertations. By uniting the Ol-structure of 
basic salts (conceived by Pfeiffer, his life-long friend) and 
the Bjerrum concept of the protolysis of chromium salts, 
Stiasny and his school extended our knowledge of 
these compounds fundamentally. In Stiasny’s mam work, 
Chromgerbung (19311, the substance of these researches is 
lucidly presented. 

Noticing the mene tekel of the approaching deluge, 
Stiasny resigned from his chair. From 1934 he made his 
home in Helsingborg. It became a place of pilgrimage 
for his former students, other friends and colleagues of 
many lands. 

During this period of enforced idleness a welcome 
interregnum of creative work came with the outbreak of 
the Second World. War. With the supply of tannins 
becoming critical due to the blockade, the Swedish industry 
induced Stiasny to develop a domestic syntan manu- 
facture. The research resulted in an industrial production 
of high-grade syntans. Stiasny’s contribution to his 
adopted country was recognized by the Government with 
the award of a decoration. By the vicissitudes of fate, 
the invention of a person exiled by the Nazis came to 
play an important cari in the war effort. 

Stiasny was a man of stately exterior, engaging manners 
and wide culture, and with a warm humanity. As a 
lecturer aud teacher, he was briliant. His linguistic 
sense and versatility were exceptional. His writing was 
lucid, concise and unaffected. The victim of military 
and political upheszvals in the prime of his scientific 
sphere of activity, with severe personal tribulations as a 
result, his optimistic way of looking at life, fortified with 
a dose of stoicism, stood hmm in good stead. He leaves no 
near relatives. In the relief of refugee children, he found 
his last mission in ife. K. H. Gustavson 


NEWS and VIEWS 


Editor of Nature: Mr. J. Maddox 


JOHN Mappox, an assistant director of the Nuffield 
Foundation, has been appointed editor of Nature in suc- 
cession to the late L. J. F. Brimble. It is intended that 
he shall take up his appointment as soon as he can be 
released from his present duties as co-ordinator of the 
Nuffield Science Teaching Project—probably at the end 
of the present academic year. In the meantime, he will 
spend some of his spare time helping with the production 
of Nature. Mr. Maddox, who was born in Swansea in 
1925, read chemistry at Christ Church, Oxford, before 
turning to theoretical physics as a research student at 
King’s College, London, under Prof. (then Dr.) C. A. 
Coulson.. In 1949 he was appointed to the University of 
Manchester as an assistant lecturer and later lecturer in 
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theoretical physics and was chiefly engaged on problems 
of thermodynamics and statistical mechanics. In 1955, 
Mr. Maddox joined the Guardian (then still the Man- 
chester Guardian) as science correspondent, first in Man- 
chester and then Loadon. In that capacity he worked as 
a reporter of events, a popularizer and as a writer of 
leaders. Until a few years ago he had been a regular 
contributor to the New Scienitst—in fact, he had been 
associated with that journal since its inception. He worked 
as science correspondent of the Washington Post for 
several months in 1860, and was chairman of the Associa- 
tion of British Science Writers for two separate terms. 
In 1962 Mr. Maddox joined the faculty of the Rockefeller 
Institute, New York, for an academic year. During the 
past two years he Las administered the: Nuffield Science 
Teaching Project—ine programme of curriculum develop- 
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ment begun in 1961 and intended to lead to the design. of 
materials and methods to help with the teaching of 
science in British schools. Material for use in Ordinary- 
Level courses for the General Certificate of Education is 
to be published in May, and the programme as a whole 
will be completed in 1968. 


Prof. J. H. Quastel, F.R.S.: Sixty-fifth Birthday Tribute 


Tne July 1965 issue of the Canadian Journal of Bio- 
chemistry consists of scientific papers dedicated as a 
sixty-fifth birthday tribute to Prof. J. H. Quastel by 
present and former colleagues in Canada. In brief intro- 
ductory biographies, Drs. R. M. Johnstone, P. G. Schole- 
field and K. A. ©. Elliott mention some of the major 
biochemical research fields which have been opened up 
by Quastel. These include his well-known work at 
Cambridge on the nature of enzymes and enzyme inhibi- 
tion, at Cardiff on the biochemistry of the brain and the 
action of narcotics, at Rothamsted on soil metabolism, 
soil texture and weed killer, and at Montreal on the 
biochemistry of cancer, on the action of drugs and on the 
mechanism of transport across membranes. Sixty-six 
authors from eight different countries have taken part in 
this birthday tribute. On retirement from his adminis- 
trative duties as a professor in the Department of Bio- 
chemistry at McGill University, Dr. Quastel will continue 
his research work as director of the McGill Unit of Cell 
Metabolism. 


Science Administration in the Nationa! Institute of 


General Medical Sciences, National Institutes of 
Health 


Dr. Robert 8. Melville and Dr. Carl A. Kuether have 
been appointed scientist administrators with the Research 
‘Grants Branch of the National Institute of General 
Medical Sciences, National Institutes of Health. The 
National Institute of General Medical Sciences administers 
the majority of the basic science research grant projects 
of the National Institutes of Health. Both Dr. Melville 
and Dr. Kuether will serve in the Biochemistry Section 
of the Research Grants Branch, and will be responsible 
for handling the reviews of applications and the adminis- 
tration of grants for a major segment of the Institute’s 
programme. 


Dr. R. S. Melville 
Since 1963, Dr. Melville has been chief biochemist and 
laboratory requirements specialist in the Veterans Admin- 
istration Central Office. He was previously the chief 
biochemist in the Veterans Administration Hospital in 
Iowa City from 1954 until 1963, and a clinical biochemist 
at St. Luke’s Hospital, Chicago, during 1950-54. During 
the Second World War, Dr. Melville was chief chemist in 
the Sixth General Hospital Laboratory, United States 
Army. From 1939 until 1942 he was a research chemist 
with the Massachusetts General Hospital. Dr. Melville 
received an A.B. degree from Clark University, Worcester, 
Massachusetts, in 1937. In 1950 he was awarded a Ph.D. 
in biochemistry from the State University of Iowa. In 
July 1965, Dr. Melville was appointed chairman of the 
Committee on Clinical Chemistry for the Chemistry and 
Chemistry Technology Division of the National Research 
Council—National Academy of Sciences. He is a member 
of the American Association for the Advancement of 
Science, the American Chemical Society, the Instrument 
Society of America, Sigma Xi, Phi Lambda Upsilon, 
Gamma Alpha, a director of the American Board of 
Clinical Chemists, and a Fellow of the American Associa- 
tion of Clinical Chemists. 


Dr. C. A. Kuether 

Since 1962, Dr. Kuether has been with the National 
Science Foundation. Previously, he was associate pro- 
fessor of chemistry at Youngstown University, Ohio, 
during 1960-62. He has also worked as a senior research 
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biochemist at Eli Lilly and Company, Indianapolis (1951- 
60), assistant professor of biochemistry at the University 
of Washington, Seattle (1946-51), instructor and senior 
instructor in biochemistry at Western Reserve University 
(1943-46), and teaching Fellow and instructor in bio- 
chemistry at the George Washington University (1940-43). 
Dr. Kuether received an A.B. degree from Miami Univer- 
sity, Oxford, Ohio, in 1936, and an M.S. from Wayne State 
University in 1949. In 1943 he was awarded a Ph.D. in 
biochemistry from the George Washington University. 
He is a member of the American Chemical Society, the 
American Association for the Advancement of Science, 
the American Institute of Biological Sciences, the Ohio 
Academy of Science, Phi Eta Sigma, and Sigma Xi, and 
is @ professional lecturer in biochemistry at the George 
Washington University. 


Crop and Animal Husbandry in the Queen’s University 
of Belfast : Prof. J. Morrison, O.B.E. 


Pror. JAMES Morrison retired from the chair of crop 
and animal husbandry at the Queen’s University of Belfast 
on December 31, 1965, having been specially asked to act 
until this date to allow for the appointment of his suc- 
cessor, Dr. J. C. Murdoch, by the joint board of the Civil 
Service and the University. Morrison had a good practical 
background as an agriculturist, having been directed to 
work on his home farm in Banffshire during the First 
World War. Thus he did not graduate, after a brilliant 
student career at Aberdeen, until 1924. He went to 
Northern Ireland in 1925 and rose rapidly in the county 
agricultural service and the Ministry of Agriculture before 
accepting a transfer in 1933 to the joint appointment in 
the University and Ministry’s Research Division. His 
keen and practical approach to the teaching of husbandry 
and his interest in his students were notable from the 
start. During the Second World War, he was the Ministry’s 
principal officer in charge of the tillage campaign in 
Northern Ireland, while continuing University work, and 
in 1947 he toured Poland with the Food and Agriculture 
Organization mission. Morrison was well known as a leader 
of agricultural developments, through his numerous extra- 
mural activities and especially for his work as director of 
the Agricultural Research Institute at Hillsborough. Here 
his own. special interests have given emphasis to the pro- 
duction, conservation and utilization of grass, illustrating 
again his practical approach to the special problems of 
farming in Northern Ireland. 

Prof. J. C. Murdoch 


Dr. J. C. Morpocs has been appointed to the chair of 
crop and animal husbandry in Queen’s University, Belfast, 
in succession to Prof. J. Morrison. Dr. Murdoch was born 
in Ayr. He graduated in agriculture at the University 
of Glasgow in 1947 and was awarded a Ph.D. in 1950 for 
work on the growing of sugar beet in Scotland at the 
University of Edinburgh. Since 1951, as a member of the 
staff of the National Institute for Research in Dairying, his 
work has been concerned with the conservation and use 
of grass products. He has made a special investigation of 
the factors affecting the losses involved in ensiling grass 
and their effect on the value of grass silage for milk 
production. His investigations have ranged from grass 
quality and field losses through problems of conservation 
and feeding to the effects of grass products on milk yield 
and milk quality. His work on silage making has been 
particularly useful to milk producers in providing evidence 
on the importance of the basic principles involved in the 
ensiling process and on the relative insignificance of some 
of the more glamorous additives which are from time to 
time recommended for inclusion in silage. His experi- 
ments on the factors in silage which affect intake and 
digestibility and the effect of feed supplements to grass 
products have found direct application in newer systems 
of cattle feeding involving ad libitum feeding of grass 
products. Apart from many technical papers on the 
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production and use of grass products, Dr. Murdoch is 
the author of a text-book on Making and Feeding Silage. 


No. 5021 


Physical Chemistry at the National Bureau of Standards : 
Dr. H. White 


Dr. Howarp WHITE has joined the Institute for Basic 
Standards of the National Bureau of Standards as assistant 
chief of the Physical Chemistry Division. In this post, 
he will direct the work of the Division, particularly as it 
applies to the physical chemistry of liquids and solutions. 
Before joining the Bureau, Dr. White was special assistant 
to the Assistant Secretary of the Navy for Research and 
Development, where he provided staff functions relating 
to the provision of funds for, and management of, 
research in the Navy. From 1959 until 1961, he carried 
out a research programme in polymers and textiles at 
Stanford Research Institute. Before this he worked at 
the Textile Research Institute, where he became director 
of research and helped to develop and maintain a graduate 
educational programme in co-operation with Princeton 
University. Born in Batavia, New York, Dr. White did 
undergraduate work at Princeton University, where he 
received an A.B. in 1942. His postgraduate studies took 
place at the University of Wisconsin, which granted him 
an M.S. in 1944, and Princeton, where he took his Ph.D. 
in 1947. 


The Royal Society 


THe report of the Council of the Royal Society for the 
year ended September 30, 1965, records that progress in 
planning, etc., concerned with the reconstruction of Nos. 
6-9 Carlton House Terrace was slower than expected, 
and although reconstruction began before September 30, 
1965, furnishing and fitting out for occupation will only 
be completed by July 1967. Besides two additional 
research professors appointed m November 1964, the first 
three Leverhulme scholars were also appointed in that 
month, and in June 1965 the second S. C. Brown Award 
and Medal was given to Mr. F. T. Bacon for his work on 
the development of fuel cells. The Royal Society’s 
expedition to the Solomon Islands commenced its field 
work on July 1, 1965, and a Tristan da Cunha study 
group was set up to consider the need for continuing 
facility in the Tristan group of islands to promote 
biological and geological studies. After examination of a 
proposal to set up study groups which would enable 
scientists from a wide range of disciplines to discuss 
subjects of topical and national interest, a population 
study group was appointed in April 1965, and an ad hoc 
committee is considering the desirability of establishing 
a group to deal with long-term questions concerned with 
water as a resource. The Scientific Research in Schools 
Committee is at present assisting one hundred and 
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second year, a project at the Procter Depariment of Food 
and Leather Science, University of Leeds, in which two 
science masters joined a research team in food science 
research. The report also summarizes briefly the relations 
of the Society with the international scientific unions and 
with antarctic, oceanic, geophysical and space research as 
well as with the International Biological Programme. 
Parliamentary grants administered by the Society for 
1965-66 totalled £398,000 compared with £251,000 in 
1964-65. Research professorships accounted for £82,500, 
scientific investigations for £113,000, and £124,250 went 
to international research and scientific congresses, with 
another £43,000 for the International Biological Pro- 
£13,450 was spent on scientific publications 
and £2,500 on libraries assistance. 


National Research Council of Canada 


Top NRC Review, 1965 (National Research Council of 
Canada, Ottawa. Pp. 428. NRC No. 8597. Ottawa: Nation- 
a! Research Council of Canada, 1965. 2 dollars), provides 
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the usual comprehensive reference work on the activities 
of the National Research Council of Canada in 1964-65, 
including those of Canadian Patents and Development, 
Ltd. Together with the financial report, organization 
chart and list of mambers of the Council 1965-66, it 
includes details of membership of the numerous com- 
mittees of the Council and a Directory of Staff. There 
are brief reports from the several divisions on work In 
progress and to each of these is appended a list of pub- 
lications during the year. A brief review of the work of 
the Medical Research Council is also included. 


National Museum of Canada: Anthropology Papers 

Iw Anthropology Papers No. 10, Mr. Donald H. Mitchel! 
gives the results of preliminary excavations at a cobble 
tool site in the Fraser Canyon, British Columbia (National 
Museum of Canada. Anthropology Papers, No. 10: 
Preliminary Excavaitons at a Cobble Tool Site (DjRi 7) in 
the Fraser Canyon, British Columbia, by Donald H. 
Mitchell. Pp. 20+11 plates. Ottawa: Queen’s Printer, 
1965). For several vears surface finds of early artefacts 
have been made in this area and the excavations were 
undertaken to determine if the earlier surface collections 
with their absence of bi-facially worked artefacts and pro- 
jectile points were truly representative of the assemblage; 
Lo locate artefacts en situ; to determine the depth of 
culture-bearing deposits; and to locate areas of artefact 
concentration. In general, it was found that the character 
of the assemblage is essentially the same as depicted by the 
earlier surface collections: on the first terrace, artefacts 
and clipping detritus were found to a depth of 44 in. 
below the surface, and significant clustering of the arte- 
facts is not apparent. The age of the finds is, as yet, 
uncertain, but according to our present understanding 
of Fraser Canyon glacial history, the deposits were all 
river-laid during Post-Pleistocene times. 


Salisbury and South Wiltshire Museum 


THE annual report of the Salisbury and South Wiltshire 
Museum 1964-65 is a convincing denial of the rumour 
that the Museum would have to close unless substantially 
greater funds becamp available (Pp. 24+ 4 plates. Salis- 
bury, Wilts.: The Museum, 1965). Now, it is not so 
much a question of whether it will survive, but in what 
form it will survive. The report states that steps are 
actively being taken to increase the revenue from public 
sources, to increase the membership, and to appeal 
for capital funds if the first and second aims are successful. 
Both the County Council and City Council have increased 
their grants and the local rural district councils have made 
grants for the first time. Two research projects include 
the investigation o a possible new alignment for the 
Roman road Old Sarum to Dorchester and the continuing 
excavation of the deserted medieval village site of Gomel- 
don. The amount of voluntary help given to this Museum 
on the inspiration of the curator continues to be very 
impressive. 


Salamandra 


A NEW journal, Salamandra, to deal with the biology 
of Amphibia and Kaptilia, is being published in German 
(Salamandra, Banc 1, Helft 1/2; September 1965. 
Herausgegeben von der Deutschen Gesellschaft für 
Herpetologie und Terrarienkunde. Pp. 52. Frankfurt/ 
Main-Niederrad: Dsutsche Gesellschaft fiir Herpetologie 
und Terrarienkunde, 1965). It will be issued quarterly 
and each article will contain an English summary; all 
illustrations and photographs will have an English 
caption. Salamanara will also publish reviews of new 
books and papers on herpetology, including those pub- 
lished in Russia, Ghina, and other Eastern countries, 
The first issue (September 1965; 1, Parts 1/2) contains 
an article to celebrate the seventieth birthday of Prof. 
Robert Mertens. Other articles are by, Gerhard Benl, 
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“Neotenie und Albinismus bei Triturus vulgaris vulgaris” ; 
Hehuda L. Werner, “Uber die israelischen Geckos der 
Gattung Ptyodactylus und thre Biologie”’; ““Leuchtsfflamm- 
pen Gro‘Lux in der Reptilienpflege”, by John Merhtens; 
“Gegen Strongyloides-Infektionen bei Reptilien”, by Dieter 
Backhause; and “Zur Biologie der Rassen von Echis 
carinatus (Schneider) 1801”, by Othmar Stemmler- 
Gyger. The journal is mailed only to members of the 
Society Deutsche Gesellschaft fiir Herpetologie und 
Terrarienkunde e V. Membership of the Society is open to 
allinterested individuals, other societies and institutions. 
Annual subscriptions are DM 12 (plus DM 2 for entrance 
fees) within Europe, and 4 dollars (plus 0'5 dollar for 
entrance fee) abroad. Further information can be obtained 
from Dr. D. Backhaus, 6 Frankfurt/Main-Niederrad, 
Gerauer Strade 69b, or from Alfred A. Schmidt, 6 Bergen- 
Enkeim bei Frankfurt/Main, Muhibachstrade 5. 


Freshwater Habitats of Culex pipiens fatigans in Rangoon 


C. H. FERNANDO, of the Department of Zoology, 
University of Singapore, investigated twenty-one fresh- 
water habitats in Rangoon during February 1963 in 
relation to the ecology of Culex pipiens fatigans (Wiede- 
mann) (Ceylon Journal of Medical Science, 13; December 
1964). Ten habitats were positive and eleven negative 
at the time of the investigation. They represent a fair 
range of freshwater habitats in Rangoon and show a range 
of pollution conditions. The fauna and flora show an 
overall reduction with increase of pollution and, among 
the fauna, a high proportion of ‘pan South-East Asian’ 
species occur in polluted habitats. The bacterial flora 
was studied very cursorily and needs more detailed 
investigation. In OC. fatigans the tolerance for most 
natural organic and inorganic materials is high, though 
physical factors may influence densities. Oviposition 
sites may be of considerable importance for high densities 
of C. fatigans. High densities of this insect are associated 
with decaying organic matter, unsuitability for other 
fauna and flora in general and the accompanying reduction 
of predatory animals, especially insects. The Noto- 
nectidae are perhaps the most important predators of 
C. fatigans and these penetrate into polluted waters also. 
In the most heavily polluted habitats, Armigeres might 
well prove a competitor and even a predator of O. fatigans. 


Microwaves in Action 


Many phenomena affecting our everyday life are mani- 
fest in the form of radiant energy or electromagnetic 
waves. These vary greatly in length and in frequency of 
vibration; the longest are more than 6,000 miles from 
crest to crest with vibration only 30 times per sec; at the 
other extreme are cosmic rays as short as 1:5 x 10 in., 
with vibrations more than 30 x 107! times per sec. An 
informative chart in colour and entitled “The Radiant 
Energy Spectrum”, covering the full range of wave- 
lengths and frequencies, is featured in Vectors, a quarterly 
publication of the Hughes Aircraft Company of California 
(7, No. 3; third quarter, 1965. 
Culver City, California). Selected in this issue for special 
discussion are the micro-waves, and in an account of their 
uses and potentialities, in an article entitled “Microwaves 
in Action”, some interesting details of their place in the 
radiant energy spectrum and in industry are given. The 
microwave region is now generally considered to span 
waves from about 30 em down to about 0-1 mm in length, 
with frequencies between 1,000 and 5 x 10° megacycles; 
the part below 1 cm wave-length is known as the milli- 
metre-wave region. 

Among some of the valuable properties of microwaves 
are that they can penetrate fog or haze; this form of 
radiation can be sent out and controlled like a searchlight 
beam, and if part of that beam strikes an object, it is 
reflected back; this is the basis of the ranging and 
detecting devices called ‘radar’. Microwaves are well 
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adapted for communications work; they can be trans- 
mitted in a line-of-sight pencil beam from one place to 
another, and in this application they permit many simul- 
taneous channels of communication. A more recent 
application of microwaves-——one destined to grow in im- 
portance—-is for cooking foods; here the waves penetrato 
the food, which absorbs them in the form of heat. They 
are used not only for roasting, but for drying, defrosting 
and frying. In industry, microwaves find many outlets, 
such as control of materials, including moisture content; 
in printing they are used for drying inks in colour litho- 
graphy, reducing delays of hours to a matter of minutes. 
Diathermy has long been used for the relief of pain by 
dielectric heating of body tissue, frequencies for this 
purpose being about 10 Me/s; it has been found, however. 
that microwaves of 2,400 to 2,500 Mc/s may be more 
efficient because they can be directed to specific areas of 
the body without contact. It is predicted that micro- 
waves have a brilliant future: microwave receivers in 
homes and schools receiving television direct from Karly 
Bird satellites is one of the most exciting possibilities 
suggested. 


Concrete Staved Silos for storing High-moisture Barley 


AMONG its many and varied activities, the Agricultural 
Research Council sponsors an Experimental Farm 
Buildings Scheme which provides for co-operation with 
farmers in investigations of experimental farm buildings 
and of experimental ideas affecting buildings. Grants 
are made towards the capital cost of these buildings and 
in return farmers provide data for a limited period about 
the buildings and generally about the operations conducted 
therein. The practical application of this scheme is well 
illustrated by the publication of a recent report entitled : 
“The Use of Concrete Staved Silos for Stormg High- 
Moisture Barley” (Experimental Farm Buildings——Report 
No.4. By H. J. M. Messer, J. M. Hill, Dr. R. Whittenbury 
and Dr. J. Lacey. Pp. 24. London: Agricultural Research 
Council. Obtainable from H.M.S.0., 1965. 3s. 6d. net). 
This report is in three parts; (a) effect on grain tempere- 
ture, nutrient content, pH value and the composition of 
the intergranular air, by H. J. M. Messer; (b) microbio- 
logical changes in ensiled grain, by R. Whittenbury; and 
(c) interim report on the micro flora of airborne dust from 
moist-stored barley grain, by J. Lacey. In summary, 
seven concrete staved silos designed for unloading from 
the top were filled with damp barley from the 1964 
harvest. Records of harvesting, filling, unloading and 
rolling the barley were kept throughout the experiment ; 
changes in the stored grain and in the atmosphere in the 
silos were determined. It was found that conditions in 
the silos were sufficiently anaerobic to prevent serious 
deterioration of the grain so long as it was removed to a 
greater depth than 3 in. each day. No difficulties were 
experienced with unloading from the top. Trials of feed- 
ing and digestibility with dairy cows indicated that there 
was no significant nutritional difference between thir 
barley and conventionally dried barley. From the 
biological point of view, it was found that yeasts and 
lactic acid bacteria were the dominant micro-organisms 
in anaerobically stored barley carrying 18-40 per cent 
moisture. Potentially pathogenic fungi and actinomy- 
cetes were found in all silos, but their numbers were 
minimized by efficient top sealing and by using the barley 
at a sufficiently fast rate to avoid self-heating. A pre- 
cautionary measure is noted: efficient dust respirators 
should be worn when entering silos containing high- 
moisture grain. 


Royal Society of South Africa 


Tum following have been elected Fellows of the Royal 
Society of South Africa: Dr. L. H. Ahrens, Dr. D. H. 
Davies, Dr. V. Fitzsimons, Dr. E. S. W. Simpson and Dr. 
E. M. van Zinderen Bakker. i 


January 22, 1966: 


Fisheries Division of the Food and Agriculture 
Organization of the United Nations 


Ow January 1 the Fisheries Division of the Food and 
_, Agriculture Organization of the United Nations became 
a department, consisting of two divisions, a Fishery 
Resources and Exploitation Division, the acting director 
of which is Mr. S. J. Holt, and a Fishery Economics and 
Products Division, the acting director of which is Mr. 
R. W. Harrison. Mr. R. I. Jackson, director of the former 
Fisheries Division, bas been appointed assistant director- 
general, and Mr. F. E. Popper has been appointed director 
of programme co-ordination and operations for the new 
department, and will act as deputy to Mr. Jackson. 
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Academy of Sciences of the Socialist Republic of 
Romania 


Tue following have been elected honorary members of 
the Academy of Sciences of the Socialist Republie of 
Romania: Prof. J. D. Bernal (professor of crystallography 
at Birkbeck College, London); Prof. A. V. Hill (emeritus 
professor of physiology in the University of London); 
Sir Robert Robinson (emeritus professor of chemistry in 
the University of Oxford); Dr. G. Constantinescu. Sir 
Rudolph Peters (professor emeritus of biochemistry at the 
University of Oxford) has been elected a corresponding 
member of the Academy. 


Institution of Mechanical Engineers : 
James Clayton Fellowship 


A JAMES CLAYTON FELLOWSHIP, tenable for 2 years, to 
enable an engineer to work in collaboration with surgeons 
and doctors on a suitable project, is to be awarded by the 
Institution of Mechanical Engineers on the recommenda- 
tion of its working party on medical engineering. The 
sum granted will be adequate to cover living expenses 
during the tenure of the award and the value of the 
Fellowship will be assessed accordingly. Applications, on 
forms available from the Institution, 1 Birdcage Walk, 
London, 8.W.1, are required not later than April 13, 1966, 
from candidates, who must be more than 23 and have 
obtained an engineering degree or have satisfied the 
Institutions examination requirements for graduate 
membership by some other means. They should prefer- 
ably have had not less than 18 months’ practical experience 
in industry. Normally, applicants for the James Clayton 
Fellowship must present a planned project for approval, 
but in this case a successful applicant who has a strong 
inclination towards medical work but no direct contacts 
in that field will be helped to find a suitable project. 


A. A. Benedetti-Pichler Memorial Award in Micro- 
chemical Techniques 


Tae American Microchemical Society has created a fund 
to commemorate the work of the late Dr. A. A. Benedetti- 
Pichler. The award will be made to an individual who has 
made outstanding contributions to the practice or teaching 
of micro-techniques. The award will be given at regular 
intervals with the understanding that the recipient will 
give a lecture at a gathering of analytical chemists covering 
the field for which the award has been designed. Nomin- 
ations are now being sought and must be in the hands of 
the committee by April 1, 1966. A letter of 300 words or 
less, giving the name and address of the nominee and 
citing, in general, his work, should be sent to the chairman 
of the 1966 committee, Mr. David B. Sabine, U.S. 
Vitamin and Pharmaceutical Corporation, Yonkers, New 
York. The Fund is not closed, and gifts payable to the 
A. A. Benedetti-Pichler Memorial Fund may be sent to 
the chairman. 


University News: Belfast 


Dr. F. A. Vicx, former director of the Atomic Energy 
Research Establishment, Harwell, has been appointed 
vice-chancellor. 
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Birmingham 


Dr. T. S. M. Macr#an has been appointed senior lec- 
turer in the Department of Electronic and Electrical 
Engineering. The following Research Fellows have also 
been appomted: Dr. S. M. Amr and P. J. Somers 
(chemistry); Dr. I. ©. Harris (physical metallurgy). The 
title of reader has been conferred on the following: Dr. 
J. S. Hough (applied biochemistry and brewing science); 
Dr. D. G. Walker (biochemistry); Dr. J. H. Edwards 
(human genetics). 

London 


THE title of professor of geology has been conferred on 
Dr. J. G. Ramsay in respect of his post at the Imperial 
College of Science and Technology. The title of reader in 
geography has been conferred on Dr. J. H. G. Lebon in 
respect of his post at the School of Oriental and African 
Studies. 


Announcements 


Tus following hav2 been elected honorary members of 
the Genetical Sociesy: Prof. N. P. Dubinin, Dr. M. 
Demerec and Prof. C. D. Darlington. 


Dr. B. Bansamıs has been elected president of the 
Institute of Actuaries in succession to Sir Herbert Tetley, 
whose term of office will expire on June 13. 


Dr. W. Tuve has been appointed chief of the Research 
Training Grants Branch, National Institute of General 
Medical Sciences, Nazional Institutes of Health, Bethesda, 
Maryland. : 


Tux fourteenth annual general meeting of the Society 
for Water Treatmert and Examination will be held‘ in 
London on March 11. Further information can be 
obtained from the Secretary, Society for Water Treatment 
and Examination, 41 Carshalton Road, Sutton, Surrey. 


An exhibit featuring the meteorite which fell at Barwell, 
Leicestershire, on December 24, 1965, is now mounted at 
the Geological Museum, London. The exhibit includes 
fragments of the meteorite, an account of its fall and 
photographs and maps of the locations where fragments 
have been found. 


A symposium on “Non-linear Optics”, organized by.the 
National Academy of Sciences of India, will be held at 
Agra during February 26-28. Further information can be 
obtained from Prof. Vachaspati, Department of Physics, 
University of Allahabad, Allahabad. . 


A. CONFERENCE an ‘“‘Stresses in Structures and Mach- 
inery’’, arranged under the auspices of the Institution of 
Civil Engineers, will be held at the Institution during 
March 3-5. Further mformation can be obtained from 
the Institution of Civil Engineers, Great George Street, 
London, 8.W.1. 


THe twentieth annual symposium on fundamental 
cancer research entitled “Carcinogenesis: A Broad 
Critique’, arranged by the University of Texas M. D. 
Anderson Hospital end Tumor Institute, will be held in 
Houston during Merch 7-9. Further information can be 
obtained from the Symposium Committee, University of 
Texas M. D. Anderson Hospital and Tumor Institute, 
Texas Medical Center, Houston, Texas. 


A CELEBRATION to mark the centenary of the birth of 
Sir Arthur Keith (1866-1955), conservator of the Hun- 
terian Museum and master of the Buckston Browne 
Farm, will be held at the Royal College of Surgeons of 
England on February 14. An introductory address will 
be given by Lord Brock and short papers delivered on 
aspects of Sir Arthur’s work at the Royal College of 
Surgeons. The Sir Arthur Keith Memorial Lecture will 
be delivered by Sir Wilfrid Le Gros Clark. Further 
information can be obtained from the Secretary, Royal 
College of Surgeons of England, Lincoln’s Inn Fields, 
London, W.C.2. . oe 
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UNITED KINGDOM ATOMIC ENERGY AUTHORITY 


HE ‘eleventh annual report of the Atomic Energy 

Authority covers the year ended March 31, 1965*. 
During this period the Authority’s staff continued to 
decrease, but only by about 3 per cent compared with 
5 per cent in the previous year, the reduction in the civil 
research and development programmes being very shght. 
By March 31, 1965, nuclear reactors in the United King- 
dom had fed some 2,600 million units of electricity to the 
grid, substantially more than the total for the whole of 
the West outside Britain, and shortly before the end of 
the year the prototype advanced gas-cooled reactor at 
Windscale completed two years’ operation, in which it 
had produced more than 350 million units of electricity 
for the grid and demonstrated a plant availability of 
85 per cent. It is already clear from tenders for the Dunge- 
ness B station of the Central Electricity Generating 
Board that, whichever reactor station is chosen, nuclear 
power will be fully competitive from the beginning of the 
second nuclear power programme. 

In 1964-65 expenditure from parliamentary grants on 
the Authority’s programme of civil research and develop- 
ment was £47°5 million, of which £37-5 million was 
current expenditure and £10 million was for capital 
facilities. Some 2,840 graduate or professional engineers 
and scientists were employed on the programme on March 
31, 1965, of whom 160 were working on projects for other 
organizations; 360 were employed on basic research, for 
which expenditure at present is estimated at £5 million 
and capital expenditure at £1-5 million; 80 on isotope 
research, for which expenditure at present is estimated 
at £500,000; 120 on basic research into health and safety, 
for which the expenditure at present is £1 million; and 
200 on plasma physics and fusion research, for which 
expenditure at present is £3-5 million and capital expendi- 
ture is £1:5 million. In the reactor research and develop- 
ment programme 500 were employed in work on gas-cooled 
systems (current expenditure £9 million, capital £1 
million); 480 in work on water-moderated systems (£5°5 
million and £4 million, respectively); 575 on fast systems 
(£9 million and £1-5 million, respectively); and 365 on 
general reactor technology (£4 million and £500,000, 
respectively). The report refers to the new requirement 
under the Science and Technology Act, 1965, for the 
Authority to undertake research and development in 
science and technology outside the nuclear energy field, 
and the first major application is expected to be a pro- 
gramme of development of desalination techniques. 

Research on reactor systems includes a continuing 
programme of nuclear measurements to provide data for 
calculating the physical characteristics of proposed reac- 
tors, and equipment has been installed which stores and 
processes the experimental information obtained from a 
modern high-intensity machine, and at the same time 
allows the experimenter to inspect the results as they 
come in, by displaying them on a cathode ray oscilloscope. 
The installation is probably the first of its kind in Europe. 
General investigations of the physics of reactor systems 
have included measurements in thermal systems of 
neutron energy spectra to discover whether the processes 
of energy transfer between neutrons and moderator atoms 
are correctly described by proposed scattering laws. The 
novel reactor types and applications being investigated 
include the fused salt reactors, which show long-term 
promise. Progress has been made in the field of control 
science, with the ultimate aim of achieving computer 
control of nuclear power plants, the main areas of pro- 
gress being in optimal theory, studies of experimental 


* United Kingdom Atomic Energy Authority. Eleventh Annual Report 
for the period 1st April, 1964-3]st March, 1965. Pp. x+102+8 photo- 
graphs. (London: H.M.S O , 1965.) 8s. net. 


dynamics and analytical techniques. Investigations into 
the behaviour of ceramic fuels at high burn-up included 
investigations of uranium dioxide and the mixed oxides 
of uranium and plutonium. Research on canning and 
structural materials has been concerned with the effects 
of irradiation, with corrosion and with methods of fabri- 
cation. To improve understanding of the effects of 
irradiating graphite, further work has been carried out on 
the formation and growth of defects in this material, and 
the investigation of the reaction between irradiated carbon 
dioxide and graphite has been continued. Research on 
heat transfer is now concentrated on problems connected 
with water and steam coolants. 

General research has covered work on materials and their 
properties, and the effect of irradiation on them; on 
processes, metallurgical and chemical; nuclear and 
theoretical physics; instruments and techniques and the 
direct conversion of heat to electricity; and stress is laid 
on close collaboration with the university research depart- 
ments, as well as with industry and overseas agencies. 
Experiments on the chemical effects of irradiation have 
been supported by researches into the basic principles 
underlining these effects. That on ceramic fuels is sup- 
ported by research into the basie properties of ceramic 
materials generally. Work on the physical properties of 
plutonium has included measurements in the alpha phase 
and on stabilized alloys of some of the other phases. The 
reasons for tha brittle nature of beryllium are now begin- 
ning to be understood and research has continued on 
fluidization, the process in which solids are made to 
behave to some extent like liquids by blowing gas through 
a bed of fine particles, and it is now possible to predict, 
on a logical basis, the behaviour of a fluidized bed in 
which a chemical reaction is occurring, at least in simple 
systems. 

Research in experimental nuclear physics is directed to 
the elucidation of nuclear structure and of the basic 
nuclear interaction forces, while a major effort at Harwell 
is devoted to studying solid-state physics and the theory 
of radiation damage. Research on solid-state particle 
detectors has also continued, while the exploratory pro- 
gramme at Harwell on methods for directly converting 
heat to electrical energy has continued, with further 
examinations of the feasibility of the magneto-hydro- 
dynamic method using non-equilibrium ionization of the 
hot gas. Research on non-fissile ceramics appears likely 
to have applications in other industries, and the pro- 
duction. of high-density, fine-grained alumina bodies has 
been investigated. Attention is being paid to developing 
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fibre structures by normal processes of fabrication and ® 


heat treatment, and, in an aluminium-based material, 
strength at high temperatures was comparable with or 
better than that of other high-strength materials such as 
sintered aluminium powder. Research on organic high 
polymers has been directed towards improving properties, 
and a fire-retardant, polyurethane foam, has been deve- 
loped which also has higher compressive strength and will 
work at higher temperatures than is possible with other 
materials at present available. In a programme of work 
on non-destructive testing, a method has been perfected 
for obtaining a detailed survey of the distribution of fuel 
in a plate-type fuel element. 

In fusion research, the theoretical and experimental 
development of magnetic wells has been a main feature 
of the work during the past year. Two sets of experiments 
have been used to examine the behaviour of low-density 
plasma in open-ended magnetic traps, and two other 
experimental groups are studying hot dense plasma in 
open-ended magnetic traps. Fundamental investigations 
of specific aspects of plasma behaviour have continued 
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in carefully controlled environments, free from many of 
the complexities which would accompany them in con- 
tainment experiments. Solid dielectric switches have 
been developed, which have proved to be capable of 
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consistent operation under the onerous conditions needed 


for controling high-energy discharges. Research con- 
cerned with health and safety has cluded the develop- 
ment and testing of a ‘cascade centripeter’ for the 
determination of aerosol activities as a function of 
particle size, and a series of reports is being issued on 
the marine radiobiological investigations at Chapel Cross. 
Good progress was made in safety studies of the steam- 
generating heavy-water reactor, and an experimental 
programme to provide data checks for calculations of 
mixed plutonium and uranium systems has been initiated 
in which results of theoretical calculations agreed closely 
with experimental data. A team has been set up at 
Harwell to conduct inhalation investigations on human 
volunteers using radioactive vapours and labelled aerosols. 


_« Some account is given in the report of the Authority’s 


relations with industry and with the universities. Extra- 
mural agreements between the Authority and universities 
and colleges already involve some 250 research workers 
and there is frequent interchange of staff between the 
Authority and universities, home and overseas, in the 
course of normal appointments as well as by exchange 
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and attachment. Duzing the long vacations in any year 
there are usually some 400 university students, research 
workers and staff working in or in close contact with 
Authority establishments. 

Major changes in the programme of the Postgraduate 
Education Centre, Harwell, included the ending of the 
14-week courses on radiation potential and the 20-week 
standard courses on radiation technology. A total of 858 
students attended the 30 full-time courses, of whom 782 
wero British, 448 being from Authority staff. The 16 
part-time courses were attended by about 1,100 students, 
mainly from the Atomic Energy Research Establishments. 
An innovation was & 4-day introduction to technology 
for 25 pupils from the sixth forms of grammar schools. 
By the end of 1964. 3,638 students had attended 165 
courses at the Isotope School, the 15 courses held during 
the year having an attendance of 307. Seven 3-week 
courses at the Calder Operation School on the operation 
of magnox reactors were attended by 58 British and 9 
overseas students and the four 2-week courses for 
Authority staff were attended by 32 staff. 

An illustrated summary of the eleventh annual report 
has also been issued by the Authority, and this also 
includes a summary of the Central Electricity Generat- 
ing Board’s assessment of the Advanced Gas-cooled 
Reactor. 


UNIVERSITY FINANCE IN BRITAIN 


S with the previous Returns from Universities and 
LX University Colleges in receipt of Exchequer Grant*, 
those for the academic year 1963-64 are not accompanied 
by a general survey of activities, which is now issued as 


~ & separate publication. The grant list for 1963-64 covered 


30 universities and 2 colleges, 25 of the former being in 
England, 1 in Wales and 41n Scotland. Of the 2 colleges, 
the Royal College of Science and Technology, Glasgow, 
was granted a Charter as the University of Strathclyde 
in August 1964. The Universities of Kent and Lancaster 
received grants for the first time. 

The number of full-time students in British universities 
increased to 126,445, compared with 119,004 in 1962-63, 
and of these 99,469 were reading for a first degree, 3,390 
for a first diploma, 22,555 were engaged on research or 
other advanced work, and 1,031 were attending courses 
not leading to a degree or diploma. Of the full-time 
students, 73-3 per cent were men and 26-7 per cent were 
women, the small but steady annual increase in the pro- 
portion of women since 1959—60 continuing. 18,135 were 
in the Universities of Oxford and Cambridge, 23,955 in 
the University of London, 53,989 in other English univer- 
sities and colleges, 8,447 in the University of Wales, and 
There were 13,786 
students from overseas, 7,271 being postgraduate, of 
whom 7,562 were from within the Commonwealth; the 
percentage of overseas students was 10-9 compared with 
a peak of 11-5 per cent in 1961-62. Of the full-time 
students, 31-1 per cent were in colleges or halls of resi- 
dence, 50-4 per cent in lodgings and 18°5 per cent at 
home, compared with 28-1, 40-9 and 31-0, respectively, in 
1953-54. The proportions continue to vary widely for 
men and women, and in different universities: in Scot- 
land only 11:7 per cent of men and 20:8 per cent of 
women. are in colleges or halls of residence, while 45-2 per 
cent of men and 41°6 per cent of women are at home; 
for the Universities of Oxford and Cambridge the corre- 
sponding percentages are 56:0 and 74:4 and 2-0 and 3-0, 
respectively. 

Of the 92,636 full-time men students, 23-4 per cent 
were in arts, 12-5 per cent in social studies, 28-3 per cent 


* University Grants Committee. Returns from Unicersitees and University 
Colleges wn recept of Exchequer Grant, Academic Year 1963-1964, Pp. v+ 46. 
(Londons: H.M.8.0., 1965.) (Cmnd. 2778) 68. 6d, net. 


in science, 19-5 per cont in applied science, and 10-6 per 
cent in medicine; for the 33,809 women students the 
corresponding figures are 51:4, 11-6, 24-0, 1-2 and 9-0. Of 
the 22,555 postgraduate students, 3,801 were taking post- 
graduate courses ir teacher training; 4,001 of the 
remainder were in acts, 2,493 in social studies, 6,882 in 
science, 3,551 in aprlied science, 1,300 in medicine, and 
364 in agriculture. Of the 34,773 full-time students 
entered for the first time in 1963-64, 33,147 were reading 
for a first degree and 1,626 for a first diploma; 10,107 
were women; 11,015 were in arts, 4,773 in social studies, 
9,458 in science, 5,249 in applied science, and 2,770 in 
medicine. The figures for science and applied science 
compare with 9,224 and 4,965 in 1962-63, and over the 
past decade the intake in science has climbed steeply, 
whereas that ın med-cine has only increased slightly, and 
that in agriculture and forestry and veterinary science 
has remaimed relativaly static. 

The proportion of State-assisted students again in- 
creased, from 88-4 per cent in 1962-63 to 89-9 per cent 
in 1963-64, comparad with 71:9 per cent in 1953-54, 
ranging from 94:5 per cent in Wales, 93-4 per cent at 
English universities >ther than London, Oxford or Cam- 
bridge, 91-4 per cent at Oxford and 85-7 per cent in Scot- 
land to 83-5 per cent-for the University of London. There 
were 16,528 part-time students (4,555 from overseas) 
and, of these, 13,116 were in Enghsh and 3,205 in Scottish 
universities. Almost half the part-time students were in 
six institutions of tha University of London; 6,814 were 
postgraduate, 2,379 being in arts, 838 in science, 333 in 
applied science, 2,431 in medicine, and 629 in social 
studies. Of the 25,954 first degrees obtained, 18,186 were 
honours; and of the total 30-5 per cent were in science, 
13:3 per cent in appHed science, 6-9 per cent in medicine, 
and 13:3 per cent m social studies. Full-time teaching 
and research staff, excluding Oxford and Cambridge, in- 
creased to 14,939 (13,801 in 1962-63), and 27-8 per cent 
are now ın science, 14:3 per cent in applied science, 15:8 
per cent in medicine and 9-3 per cent in social studies: 
11:6 per cent were professors, 6-5 per cent readers, 12:7 
per cent senior lecturers and 46 per cent lecturers. In- 
cluding Oxford and Cambridge, the full-time academic 
staff totalled 15,258, of whom 4,250 were in science, 2,156. 
in applied science, and 2,397 in medicine. 
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Of the recurrent income of £104,441,063 (£86,402,542 
in 1962-63), £74,500,135 was from Treasury grants (70-5 
per cent) and £888,277 from grants from Government 
departments; £9,156,682 (8-8 per cent) from fees; 
£2,188,214 (2-1 per cent) from endowments; £1,734,077 
(1-7 per cent) from local authority grants; £520,699 from 
donations and subscriptions; and £12,043,222 (11:5 per 
cent) from payments for research. For English, Welsh 
and Scottish institutions the respective total incomes 
were: £83,656,716, £5,668,742, and £15,115,605. Non- 
recurrent Treasury grants totalled £43,295,545 (£36,481,424 
in 1962-63), and of this £26,869,345 was in respect of 
building work, £4,133,745 professional fees, £10,334,363 
furniture and equipment, and £1,958,092 purchases of 
sites and property. Since 1952, grants for furniture and 
equipment have been confined to new accommodation, 
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including buildings adapted for new purposes. Of the 
recurrent expenditure of £102,301,794, 6-7 per cent was 
on administration, 43-4 per cent on salaries and super- 
annuation of teaching staff, 12-1 per cent on departmental 
wages (technicians and laboratory assistants), 16-6 per 
cent on departmental and laboratory maintenance, 2-9 
per cent on repairs and maintenance of buildings, and 
Il-1 per cent on rates, insurance, heat, light, water, ete. 
Of the expenditure of £3,946,646 on libraries, £2,093,719 
was on salaries and wages, etc., of staff, and only £957,017 
on books and £461,855 on periodicals; only London 
(£155,596), Oxford (£106,421), Cambridge (£71,074) and 


Leeds (£61,840) spent more than £50,000 on books, and only 


London (£115,663), Cambridge (£35,407), Oxford (£34,570), 
Edmburgh (£23,291) and Glasgow (£20,553) more than 
£20,000 on periodicals. 


EMPLOYMENT OF GRADUATES IN BIOLOGICAL SUBJECTS 1962/63 


NN covering much of the ground dealt with 
in its first report, the recently published second 
annual report (1962-63) of the University Grants Com- 
mittee on the first employment of university graduates * 
includes an analysis of the employment of men and 
women who have graduated with Masters’ or Doctors’ 
degrees by thesis and/or examination (Table 1). 


Table 1. EMPLOYMENT OF GRADUATES IN BIOLOGIOAL SUBJECTS (1962-63) 


Gained 
Total Research Teacher Available employ- Seeking 


Degree graduat- train- train- for ment posts 
subjects ing ing ing employ- home and 31.12.63 
ment abroad 
Bio- 
chemistry 195 (163} 98 (80) 6 (6) 81 (68) 76 (58) 4 (4) 
Botany 258 (289) 93(111) 66 (55) 89(112) 77 (91) 7 (12) 
Pharmacy/ 
pharma- 
cology 278 (250) 54 (36) © {0} 209 (209) 203099) 1 (2) 
Physiology 
and/or 
anatomy 386 (336) 76 (52) 6 (4) 83 (25) 30 (15) 1 (8) 
Zoology 875 (335) 124 (110) 66 (82) 170 (120) 188 (97) 18 (15) 
General 
biology 248 (264) 18 (31) 74 (70) 128 (125) 103 (101) 12 (11) 
Agriculture 345 (398) 98(105) 11 (10) 192 (122) 163 (193) 19 (27) 
Totals 2.085(2,030) 562 (525) 229 (227) 902 (892) 792 (754) 62 (74) 


Table 1, abstracted by A. C. Simpson from the two 
reports (the 1961-62 figures being given in brackets), 
shows surprising differences between the various sections 
of biology when the figures for the two years are compared. 
Thus, while the numbers graduating in zoology and 
biochemistry increased 12 per cent and 20 per cent, 
respectively, the numbers graduating in botany and 
agriculture decreased by 10 per cent and 12 per cent. 
However, the number of zoology graduates going on to 
teacher training fell by 20 per cent while the number of 
botanists increased by 20 per cent. To the numbers of 
graduates that were still seeking employment 6 months 
after graduating, the figure for all biologists covered by 
Table 1 for 1962/3 was 3-0 per cent of those graduating 
compared with 2-5 per cent for chemists and 1 8 per cent 


for physicists. The figure is not so satisfactory when those 
continuing study are excluded and the numbers available 
for employment in the various sections of biology are con- 
sidered separately; for botany, zoology and general 
biology respectively, the percentages of those available for 
employment who were still seeking employment were 8 
per cent, 11 per cent and 9 per cent, respectively. On the 
other hand, only two of the 434 biologists graduating with 
higher degrees failed to get employment within six months 
of graduation, 

Table 2 gives an analysis of the employment categories 
of men and women who qualified for first and higher 
degrees in biochemistry, botany and zoology in 1962/63 
and obtained employment in Britain. 


Table 2. GRADUATES IN BIOCHEMISTRY, BOTANY AND ZOOLOGY WHO 
OBTAINED EMPLOYMENT IN BRITAIN (1962-63) 
Biochemistry Botany Zoology Totals 
Degree: First Higher First Higher First Higher First Higher 
Civil service 5 2 3 8 14 5 22 15 
Local government 17 sme 5 1 20 2 42 3 
Universities and 
technical colleges 23 26 22 28 26 33 71 87 
Schools (excluding 
those having taken 
teacher traming} 7 se 26 9 37 4 70 13 
Industry and com- 
merce 13 S 14 5 13 2 40 15 
Others 8 4 6 1 18 3 32 8 
73 40 78 52 128 49 277 141 


It is seen that more than half those employed who 
obtained higher degrees in biochemistry, botany or 
zoology found, their first employment within the univer- 
sities and technical colleges, that schools took on 70 
graduates immediately after their first degrees, apart from 


-™ 


the 138 who went into teacher training courses with bio-,, 


chemistry, botany and zoology degrees, and that industry 
and commerce took nearly three times as many graduates 
straight from their first degrees than straight after taking 
higher degrees. 


* J, Inst Biol., 18, No. 3 (1965). 


SCIENTIFIC POLICY IN BELGIUM 


HE fifth annual report of the National Council for 

Scientific Policy, Belgium, covers the activities of 
the Council during 1964*. Its seven chapters review 
in succession the development of scientific policy at the 
national and international level; the budget for science; 
the organization of research; the expansion of higher 
education; the scientific establishments of the State; 
the distribution of scientific manpower; and the level of 


* Conseil National de la Politique Scientifique. Rapport Annuel, 1964. 
Pp. 200. (Bruxelles: Conseil National de la Politique Scientifique, 1965,) 


scientific potential in 1961. Reports or recommendations 
were presented to the Government on the expansion or 
adaptation of higher education at university level; the 
State scientific establishments and services; the develop- 
ment and finance of nuclear research; the status of the 
teaching hospitals; and the budget for science for 1965. 
At the imternational level, besides investigating the 
structure of scientific policy, the Council was concerned 
with the support of Euratom and the European Space 
Research Organization. The budget for science has 
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grown from 2,622 million francs in 1960 to 4,690 million 
francs in 1964, 85 per cent of which is for the Departments 
of Education (58 per cent) and Economic Affairs (27 per 
cent), and, of this, 24-5 per cent and 26-5 per cent, 


—- respectively, are for research. Universities and imstitu- 


tions of higher education received 2,714 milhon francs; 
Government scientific establishments, 1,472 milion 
francs; while 298 million francs went to the private 
sector. 

Expenditure on fundamental research ıs estimated at 
1,500 million francs and on applied research at 1,446 
milion francs. The Council recommends en annual 
growth of 15 per cent in the scientific budget as essential 
to provide normal development of higher education and 
research; grants for particular fields of science should be 
weighted within this limit. 

The distribution of the scientific budget between 
different fields of science and institutions 1s analysed in 
some detail ın the following chapter, which also discusses 


_, the reorganization of nuclear research and space research. 


` 


The Government has accepted the Council’s recommenda- 
tion for the establishment of new university institutions 
at Anvers and Mons. The Council, after examining the 
work of the teaching hospitals, has recommended drawing 
a distinction between them and certain specialized and 
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other university services and 1s now considering a general 
programme of development for the biological and medical 
services, having regard to the legal and social as well as 
the financial aspects. Some integration and regrouping 
of some of the sciensific services and establishments of 
the State ıs also reccramended and there ıs also a brief 
discussion of the status and organization of scientific 
staff m the Government service and in the State univer- 
sities. 

The 2,059 professionally qualified scientific staff, the 
2,334 possessing technical diplomas and the 7,470 tech- 
nicians and others engaged in scientific activities in 1961 
were employed in 1.377 institutions. Of these latter, 
180 were concerned with chemistry, rubber or pharmacy, 
58 with metallurgy, 435 with metal manufacture, and 
176 with textiles; the corresponding figures for qualified 
scientific staff are 874, 203, 450, and 73, respectively; for 
technical staff, 791, 219, 755 and 122; and for tech- 
nicians, etc., 2,932, 1,000, 2,359, and 238. The corre- 
sponding distribution of the total expenditure of 2,882 
million francs was 1,282 millon francs, 235-5 million 
francs, 1,029 million francs, and 47 million frances, 
respectively. There is also a brief account of the activities 
of the National Foundation for the Finance of Scientific 
Research. 


ASSESSMENT PROCEDURES IN SECONDARY SCHOOL SCIENCE 


F. EGGLESTON holds a research fellowship in the 

e School of Education, University of Leicester, where 
special thought is being given to the teaching of science 
in schools along with related questions of syllabuses and 
examinations. His paper* is mainly concerned with the 
examinations for the Certificate of Secondary Education, 
which in the past few years have been taken by an increas- 
ing number of boys and girls of Newsom quality, that is, 
those not normally expected to become sixth-form 
specialists. His essay merits attention, for it amounts to 
an interim report on a problem which is entering on a 
period of rapid change, while with varying impact all 
examinations in science are subject to the same con- 
siderations. 

As Eggleston points out, in the past, examinations have 
served a dual purpose, providing measurements of achieve- 
ment and predictions for the future. Up to now the first 
of these aims has been predominant, with its emphasis on. 
the factual content of the syllabus to the detriment of 
original enquiry and practical experience. In support of 
this contention he draws on a survey of examinations at 
‘Q’ level, by R. W. Crossland and R. Amos, recently pub- 
lished in Biology and Human Affairs. 


s- The Boards which have been established to conduct 


examinations for the Certificate of Secondary Education 
have attempted to devise courses of work and tests to 
meet a wider range of requirements, as, for example, to 
make observations, develop manipulative skill, foster the 
ability to solve problems, and develop the pupils’ ability 
to ‘think scientifically’. Following R. L. Ebel and B. 8. 
Bloom in America, and J. Furst in England, Eggleston 
maintains that aims like these are much too general; to 
increase their validity they need to be defined in more 
precise terms. He also thinks that no count should be 
taken of pupils’ interests and enthusiasms, partly because 
as attributes they are subjective, and also because in many 
cases they are ephemeral. 

He does not deal with oral examinations, which raise 
problems of a different kind. As for practical tests, he 
holds that under favourable conditions they measure 


* A Critical Review of Assessment Procedures in Secondary School Science 
(with Special Reference to C.S #.). By J. F. Eggleston. Pp. 56. (School of 


Education, University of Leicester, 1965) 5s. 
+ Crossland, R. W., and Amos, R., Biol and Hum. Affairs, 36, 35 (1985). 


qualities not disclosed by other procedures. Biology 
teachers appear to be most convinced of their validity, at 
the level of the Certificate of Secondary Education, 
although, owing to difficulties in arranging for them, some 
Boards do not make use of them at all. Similarly, a good 
case can be made for supplementary assessments based on 
course work, made by teachers who are in constant touch 
with their pupils, but again, subjective elements are 
involved. Altogethsr, in reading this essay, one is 
impressed by the number of questions which remain wide 
open, and by the spirit of amateurism which still prevails 
in a situation which urgently calls for hard scientific 
experiment and thought. 

Even when some of these questions come nearer to 
solution, others of comparable import will remain. One, 
for example, is the advisability of holding any examina- 
tions at all at Certificate of Secondary Education level 
since they draw a line between the pupils who pass and 
the large number of children who fail to make the grade. 
Still, since this system is now in being it may call for modi- 
fication rather than immediate abolition. Another ques- 
tion is the narrowing of interest and reduction in the 
teacher's imtiative brought about by any examination 
syllabus; while a third, of similar classroom applicability, 
is that of the sophistication introduced by teachers who 
seek to anticipate examuners’ requirements, as in question- 
spotting. This cons:deration produces more distortion in 
the simpler kinds of tests. 

Beyond the schoalroom other questions await attention. 
For example, scientific ability is protean in its diversity ; 
it cannot be reduced to a tidy single entity; and most of 
the outstanding discoveries ın science cut across cur- 
rent techniques anc systems of reasoning, they cannot 
be prepared for by sraming in making observations, and 
the spirit of enquiry is not a kind of searchlight which can 
be switched on and. off at will. Scientists need time to 
brood, and their single-mindedness is something of 
spontaneous growth. How is it to be fostered? How 
is it to be assessed ? 

Then, no course m science can claim to be truly educa- 
tional unless thoughz is given to its informational content, 
including appreciation of some of the major applications 
which provide the material fabric of our civilization; and 
at a higher level, ell young people should be given some 
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understanding of the part science plays in cultural life, 
including moral and even, perhaps, spiritual issues. In 
this sense the ideological content of syllabuses will have to 
be brought under review. Points like these pose difficult 
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questions for teachers and examiners, but if in their 
training young scientists are to be treated wholly as 
specialists they will remain nothing but specialists when 
they grow up. R. WHATHERALL 


REPORT OF THE AGRICULTURAL RESEARCH COUNCIL 1963-65 


‘THE Report of the Agricultural Research Council for 
the years 1963-65 (Cmnd. 2792, H.M. Stationery 
Office, 8s.) describes the work of twelve out of the forty- 
seven. institutes and units for which the council is, in effect, 
responsible; summarizes some of the major developments 
in the two years under review; and, in so doing, demon- 
strates the wide range of modern agricultural research. 
Thus, in soils, work (some of which may be relevant to 
public health) on the persistence of organo-chlorine 
insecticides shows that a single dressing of dieldrin has 
effectively controlled carrot fly, Psila rosae, for nine 
years, while very low residues of this compound reduced 
the natural enemies of the cabbage root fly, Hrioischia 
brassicae, and thus aided the survival of this pest. If the 
placement of fertilizers at depths of up to 2-5 ft. can be 
made practicable, then sub-soil water could be more 
offectively used by pastures, and irrigation needs reduced. 
In crops, the influence of kinins on root growth, germina- 
tion, bud growth and leaf-senescence (which affects the 
effective photosynthetic area) is noted, while revolutionary 
possibilities are opened up by complete chemical control 
of vegetation which permits ‘minimal cultivation’ and 
even brings into question the necessity for ploughing. 

In animals, research on the metabolism of clinical 
disorders associated with calcium, phosphorus, iron, 
copper, magnesium, zinc and selenium illustrates the 
biochemical complexities of intensive animal production, 
while work at the Animal Diseases Research Association 
in Scotland on that elusive disease of sheep, scrapie, 
exemplifies the value of multi-disciphne research. A link 


between reproduction research in humans and livestock 
1s seen in the use, on pigs, of a temporary ovulation 
inhibitor which opens up the prospect of synchronized 
‘batch farrowing’ by pig producers. 

The Council (which now reports to the Department of 
Education and Science) is, of course, primarily concerned 
with scientific and engineering research. This may 
explain why there is no mention of the tentative, but 
potentially very important, link between scientific and 
farm management research through the creation, by 
multi-variable experiments, of the multi-dimension- 
el input-output curves so badly needed for the effec- 
tive application to farming of modern business mathe- 
matics. 

The report concludes with administrative and financial 
data. The total spent each year by or on behalf of the 
Council is about £10 million in Great Britain. This 
excludes research at official husbandry farms, on farm 
management, by agricultural economists, by the official] 
veterinary service, by the supporting chemical and engin- 
eering industries and by agricultural scientists at univer- 
sities. Even if this group spent as much as the Agricultural 
Research Council, the total research expenditure on and in 
the agricultural industry would only be about 1 per cent 
of the value of its gross annual sales. In farming in the 
United Kingdom, productivity per man is increasing at 
about 7 per cent per annum—one of the highest rates in 
the national economy. What further contribution could 
agriculture make to national economic efficiency if 
research expenditure was doubled? A. N. DUCKHAM 


ANTIMICROBIAL AGENTS AND CHEMOTHERAPY 


ARIOUS aspects of antimicrobial agents, infectious 
diseases, and chemotherapy were discussed during 
October 17-21, 1965, in the 237 papers and 11 round 
tables and conferences presented at the fifth Interscience 
Conference on Antimicrobial Agents and Chemotherapy— 
Fourth International Congress for Chemotherapy. This 
meeting was held in Washington, under the sponsorship 
of the American Society for Microbiology and the Inter- 
national Society for Chemotherapy, and was organized 
with the co-operation of the Infectious Diseases Society of 
America. 1,422 interested scientists attended this meet- 
ing; 228, representing 26 countries, came from outside 
the United States. 

The Congress opened with addresses by Prof. E. B. 
Chain, Prof. S. A. Waksman, and Prof. J. F. Enders, 
discussing the past 25 years of antibiotic therapy and 
prospects for the future. This theme of reviewing the 
accomplishment of the past and problems of the immedi- 
ate future was carried further in a round table on “Are 
New Antibiotics Needed ?” organized by Prof. M. Finland. 
The consensus of the panel members, including Profs. 
W. M. M. Kirby, H. F. Dowling, A. C. Todd and L. P. 
Garrod, and Prof. E. B. Chain, Dr. Y. Chabbert and Dr. 
C. W. Pettinga, was that new and specialized antibiotics 
are still needed. There are many infections which are 
not adequately treated by the available antimicrobial 
agents and there is a need for a ‘good’ antifungal agent, a 
better anti-Gram-negative bacterial agent, and agents to 
treat a host of ‘uncovered diseases’ including the viral 


diseases and those caused by protozoa and other parasites. 
Other round tables were concerned with ‘Gram-negative 
Infections’, ‘‘Antibiotic Assay Methods”, ‘Bacterial 
Sensitivity Testing Methods”, and the “Chemotherapy of 
Venereal Diseases”. In each of these panel discussions, 
experts from many countries reviewed their findings in 
the particular subject being discussed, and presented new 
information on the prospects for the immediate future. 
The need for non-toxic and offective antibiotics in the 
treatment of Gram-negative infections, the fungal infec- 
tions, and in venereal diseases was repeatedly emphasized. 
Among the topics discussed at the ‘informal discussions’ 
were: practical methods for handling information on anti- 
biotics and chemotherapy; the activities of the Inter- 
national Center for Antibiotic Information (Liége): 
antibiotic nomenclature; and ecological roles of antibiotics 
The following rules were proposed for choosing antibiotic 
names: (a) an antibiotic’s name should be chosen so that, 
if it is later shown to be a member of a family, the root- 
name can be modified to show members of the related 
series. (b) The name should be based on chemical struc- 
ture, and, except where the structure is known, the name 
should be based on the generic class of the producing 
organism. (c) The name chosen should be euphonious. 
A symposium on the chemotherapy of tuberculosis 
(organized by Dr. G. Brouet, Paris) included discussion of 
experimental bases of chemotherapy (by Dr. F. Grum- 
bach), therapeutic possibilities with minor antibacterial 
drugs in infections with Mycobacterium tuberculosis (Prof. 
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K. L. Radenbach), and the United States Public Health 
Service trials of isoniazid prophylaxis. In the latter, 
Mrs. Shirley Ferebeo summarized the experience with 
trials involving 73,000 participants, and concluded that 
in the 4-9 years of observation after the prophylaxis 
year, isoniazid reduced the incidence of tuberculosis 
by 50 per cent in all trials. i 

Cancer chemotherapy was the subject of another 
symposium (convened by Prof. C. Heidelberger). Among 
the subjects reviewed were the antitumour antibiotics 
(by Prof. H. Umezawa), immunological approaches to 
host-tumour interactions (by Dr. M. Feldman), the rela- 
tionships of pharmacology and cancer chemotherapy (by 
Dr. D. P. Rall, National Institutes of Health), and the 
present status of clinical cancer chemotherapy (by Prof. 
F. J. Ansfield). Of particular interest was Dr. Feldman’s 
presentation of the value of the immunological approach 
in experimental cancer chemotherapy. 

The pharmacology and pharmaco-kinetics of chemo- 
therapeutic agents were discussed in a variety of the 
contributions. Of noteworthy interest was a discussion 
of the antibiotic absorption following otic administration 
as observed by M. J. Weinstein and colleagues (Schering 
Corporation). (This approach reminded the audience of 
Shakespeare’s treatment of the subject in Hamlet (Act I, 
scene 5).) The pharmaco-kinetic discussions included 
experimental models, the logistics of chemotherapy, the 
pharmaco-kinetic studies using sulphonamides and ABOB, 
and protein binding studies. The latter subject was 
treated more fully in a symposium on penetration of drugs 
into tissues (convened by Prof. W. F. Verwey), where 
special attention was given to serum protein binding of 
penicillins and other drugs, the penetration of chemo- 
therapeutic agents into cells, passage of drugs into and 
out of the central nervous system, and mechanisms of 
drug transfer across the placenta. 

As more is known of the mechanisms of action of various 
antibiotics, it is possible to use these inhibitory agents 
as biochemical tools. Prof. J. T. Park led a symposium 
which discussed the use of chloramphenicol in the investi- 
gation of the synthesis of lysine peptides by enzyme 
systems, antibiotics as inhibitors of cell wall synthesis, 
the use of aminoglycoside antibiotics in studying the 
genetic code, and the antifungal antibiotics as agents in 
observing the physiology of moulds and yeasts. 

The first day of the Congress was devoted to a series of 
papers on problems of infectious disease. These included: 
a discussion of endotoxin; clinical significance of the 
occurrence of various Gram-negative organisms; infections 
following cardiac surgery; a series of papers on Myco- 
plasma as infectious agents; and immunization using 
adenovirus vaccines and parainfluenza virus vaccines. 
New penicillins were discussed in other clinically oriented 
discussions, with special emphasis on cephaloridine in 
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therapy of a variety of bacterial infections. The differ- 


ences in the @-lactamases hydrolysing penicillins and 
those splitting cephalosporin C were summarized by 
Sabath and Abraham, who noted a zinc co-factor require- 
ment for the latter, as well as differences in heat stability 
in these enzymes from Bacillus cereus. 

The chemistry of antimicrobial agents was discussed 
in a symposium (organized by Prof. K. L. Rinehart, 
University of Illinois) and in a series of contributed papers. 
Among the especially noteworthy reports were: 

(1) The presentation of the structure of the iron-con- 
taining antibiotic, ferrimycin A,, and the disclosure that 
@ ‘minor change’ of an amide group changes this from an 
antibiotic to a growth factor. (This work was done at the 
Federal Institute of Technology, Zurich, under the direc- 
tion of Prof. V. Prelog.) 

(2) A study of the structure-activity relationships 
among the depsipeptide antibiotics (with special reference 
to valinomycin) was summarized by Academician M. M. 
Shemyakin (Institute for Chemistry of Natural Products, 
Moscow), who concluded that there is a parallelism between 
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their anti-fungal aesivity and their ability selectively to 
induce active K+ transport in mitochondria. 

(3) Proof of the structure of the antibiotic verrucarin A 
was used by Prof. 3. A. Sim (University of Illinois) to 
demonstrate the usefulness of X-ray crystallography in 
determining the structures of antibiotics and other natural 
products. 

(4) The mode of anti-tumour action of the copper- 
containing phleomycins, and the new antibiotics, bleo- 
mycins, was reported by Prof. H. Umezawa (Institute of 
Applied Microbiology, Tokyo) to involve mhibition of 
DNA synthesis as with pluramycin. Qn the other hand, 
the high molecular weight enomycin was found to have a 
selective action on ascites cells and was more rapidly 
absorbed by these calls than by normal cells. 

(5) A series of antibiotics, the rnoenomycins, were 
described by Schmidt-Thome (Hoechst) as having the 
empirical formula: (CoH yagN;OuoP)a- Hydrolyses showed 
the presence of: ghicose; glucosamine; quinovosamine; 
phosphoric acid monoesters; a terpene-like carbon chain ; 
and a chromophore. These antibioti¢s are active against 
Gram-positive bacteria. Very slow elimination was noted 
on subcutaneous sdministration, ‘and blood: levels of 
moenomycins were demonstrated 47 days after admin- 
istration. The moenomycins have been widely tested as 
feed supplements, end were found more useful than the 
tetracyclines in growth promotion tests with broilers, pigs 
and calves. 

(6) Kasugamycin, an aminoglycoside antibiotic, was 
originally selected on the basis of antifungal activity 
against rice blast disease. It was reported by Prof. H. 
Umezawa and Dr. T. Ichikawa (First National Hospital, 
Tokyo) to be useful in controlling Pseudomonas infections 
in clinical trials. 

(7) Desdamine, desdamethine and ethesdamine are new 
antibiotics formed when S-methyl cysteine or S-ethy) 
cysteine was added to celesticetin producing fermenta- 
tions. 

(8) Everninomicin B is an antibiotic produced, by 
Micromonospora carbonacea. It is active in vivo against 
Gram-positive bacteria. 

(9) A group of antibiotics called the sugordomycins 
were described by Serger et al. (Hoffmann-LaRoche) as 
chemically related to the coumermycins, and having 
favourable in viva potentialities against Gram-positive 
infections. 

(10) Wiley (The Upjohn Company) reported on the 
identification of a cytotoxic agent U-20,904 as czs-B- 
acrylamidine. 

(11) The structure of alazopeptin was reported by 
Patterson (Lederle Laboratories) to be L-alanyl-(6-diazo- 
5-oxo)-L-norleucy] -(6-diazo-5-0xo)-L-norleucine. 

Most of the papers presented at this Congress will 
appear in Antimicrobial Agents and Chemotherapy—1964, 
which will be published in June 1966, by the American 
Society for Microbiology. The book will be distributed to 
all registrants at the meeting, and will be available from 
the headquarters of the Society, 115 Huron View Boule- 
vard, Ann Arbor, M@chigan. 

Plans for the 1956 Interscience Conference on Anti- 
microbial Agents ard Chemotherapy are already under 
way. This conference will be sponsored by the American 
Society for Microbiology and organized with the co-opera- 
tion of the Infectious Diseases Society of America. The 
sessions will be held during October 26-28, 1966, in the 
Sheraton Hotel, Philadelphia. Among the topics which 
will probably be discussed in symposia and round tables 
are: identification of antibiotics; chemical modification 
of antibiotics; adverse reactions to drugs; chemotherapy 
under immunosuppressive conditions; epidemiology of 
antibiotic-resistant infections; and non-pharmaceutical 
uses of antibiotics. Further information on the meeting 
and abstract forms can be obtained from Mr. R. W. 
Sarber, executive secretary, American Society for Micro- 
biology, 115 Huron View Boulevard, Ann Arbor, Michigan. 
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SUPERNOVA PHENOMENA IN OB ASSOCIATIONS AND COSMIC 
X-RAY SOURCES 


By L. L. E. BRAES and J. W. HOVENIER 


Observatory, University of Leiden, The Netherlands 


E wish to direct attention to the fact that most of 
the cosmic X-ray sources so far observed)~* are 
located close to OB associations, and that three of them 
are situated between associations and ‘runaway’ stars 
which originated from them (Fig. 1). In view of the 
probable relation between OB associations, ‘runaway’ 
stars and supernovae on one hand‘, and supernovae and 
X-ray sources on the other!-5-8, it is tempting to suggest 
that supernova phenomena in these associations may be 
the origin of the X-ray emission. It is not necessary that 
these X-ray sources be associated with the particular 
supernova, outbursts that released the ‘runaway’ stars. 
The presence of such stars should be regarded only as an 
indication of former supernova activity. 

Most striking is the proximity of the strongest X-ray 
source, ScoX R-1, to the nearest association Scorpius II. 
Situated at «= 16h 15m, 8 = — 152° (IŒ = 359°, 
bu = + 24°), its position is nearly midway between the 
centre of Sco IT (IE = 341° to 2°, b = + 10° to + 30°) 
and the ‘runaway’ star ¢ Oph, which originated from it 
I-] x 10° years agot. It has already been suggested that 
ScoXR-1 is a nearby object because it is the most intense 
source, at the highest galactic latitude. If identified 
with a supernova remnant associated with Sco II, it 
would indeed. be a nearby object with a distance of 170 
parsec (pc) (ref. 9). 

The X-ray source ScoX-2, located at « = 16h 50m, 
§ = — 39-6° (IE = 345°, bU = + 3°), lies between the 
emission nebula [C4628 in,the Sco I association (I€ = 
343° to 345°, ÞE = + 1° to + 2°) and the ‘runaway’ star 
HD151397. There is some evidence that several super- 
nova explosions did occur in this-association‘, for which a 
distance of 1,800 pc is adopted?. 

CygXR-2 at a = 21h 43m, ð = + 38-8° (H = 88°, 
b = — 11°) is an X-ray source situated between the 
association Lacerta I (IH = 92° to 107°, bu = — 7° to 
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-‘runaway’ stars H.D197419 and HD201910 (ref. 4). 





— 20°), at a distance of 600 pe (ref. 11), and the two 
Be- 
cause of its relatively high galactic latitude the relation 
to Lac I seems probable. 

In summary, these three X-ray sources lie near the 
apparent edges of the stellar associations, but since it is 
certain that the ‘runaway’ stars belong to the associations, 
some members may be beyond these edges. This fact, 
combined with the uncertainty in the adopted positions 
of the X-ray sources, makes it possible to regard them as 
association members as well. 

Without considering ScoX #-1 and CygX R-2, we should 
now like to direct attention to the resemblance between 
the general distribution of the X-ray emission along the 
galactic equator", and that of associations and clusters of 
early-type stars within 2 kpe (ref. 12). 

The complex of sources and the regions from which 
X-ray signals were clearly observed above the background 
between ĮI! = 330° and 40° may be associated with the 
groupings of early-type stars in the Sagittarius spiral arm, 
at a distance of about 1:5 kpe. The gap ın the distribution 
of X-ray emission between IE = 40° and 60° may corre- 
spond to the region between the Sagittarius and Orion 
arms. Finally, the emission from the Cygnus region 
between P! = 60° and 80° may originate from the Orion 
arm associations between 1 and 2 kpe from the Sun. If 
these identifications are accepted, the X-ray sources in 
the two regions mentioned would be at the same distance 
of about 1-5 kpc. If equal distances in general involve 
equal fluxes for X-ray sources, then the fluxes of the 
sources concerned would also be about the same and 
equal to that of TauXR-1 (the Crab Nebula). This is 
indeed in accordance with observations’. 

Apart from TauXR-1, no X-ray sources have been 
detected near the galactic equator between {7 = 80° and 
300°. This may be partly due to the fact that the search 
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Fig. 1. Map of the sky showing the locations of X-ray sources (refs. 2, 3) {filled circles}, the centres of OB associations (ref. 16) (open circles), 
and ‘runaway’ stars (ref. £) (crosses). Shaded areas indicate regions in which X-ray emission in excess of the background radiation has been 
observed (ref 2). The full line is the galactic equator 
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for X-ray emission has not yet been made as thoroughly 
in this region as elsewhere. In addition, most of the 
associations between I! = 80° and 180° are in the Perseus 
arm, which is more than 2 kpc from the Sun, and therefore 
associated X-ray radiation might be too weak to be 
detected. Also the region along the galactic equator 
between [7 = 180° and 300° is sparsely populated with 
nearby OB associations. Finally, between 7! = 300° and 
330°—-where associations are missing—mno search for 
X-rays has been made. 

Provided that all supernova remnants in nearby associa- 
tions emit detectable X-rays, which need not be true, 
X-ray emission would be expected in the direction of 
Orion I (IE = 207°, bH = — 18°), from which three 
‘runaway’ stars are known to have originated. Other 
nearby groups of early-type stars that are accompanied 
by ‘runaway’ stars, but apparently not by X-ray sources, 
are Cepheus IT (W = 101°, b€ = + 5°), NGC1502 
(i = 144°, bY = + 8°) and Perseus II (H = 161°, 
bT = — 16°), ; 

The distribution of X-ray sources over the sky can thus 
be explained by a relation with supernovae in associations 
within ~ 2 kpc. We shall now show that the observa- 
tional data on their number, spectra and angular diameters 
may also be consistent with this picture. 

Hayakawa, et al.® suggested that in general the observed 
X-ray sources may be attributed to relatively nearby gal- 
actic supernovae. They found, by comparing the rate of 
supernova outbursts as derived by Hsi and Po with the 
number of observed X-ray sources, that the X-ray emis- 
sion of a source should be appreciable for as long as 
~ 4x 104 year. This was based on the assumption that 
these sources were not more distant than about 1 kpe. 
However, if we change this limit to about 2 kpe. as we 
do here, an X-ray lifetime of ~ 1 x 104 year follows. 

A supernova remnant may emit X-rays by several 
processes, but we shall limit our considerations to the 
thermal radiation of an optically thin hot plasma, since 
the spectra of the ScoXR-1 source and the sources in the 
region near the galactic centre can be fitted very well 
with a spectrum of such radiation if the temperature is 
3-8 x 1075-8 x 10? °K (refs. 13 and 14). The 20-40 
keV photons of the Crab Nebula found by Clark!5 may then 
be due to a high-energy tail in the distribution of electron 
velocities. 

Using the results of Gould and Burbidge! and adopting 
a temperature T = 5 x 10? °K, we find for the rate of 
loss of the free-electron kinetic-energy density 1 x 10-33 
Nne erg om~? sec~!, where ne is the electron density. Hence 
the cooling time may be defined as: 


3T 
10m, SC 


where # is the Boltzmann constant. If this is taken to be 
104 years we obtain ne = 5 x 108 em. 
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The X-ray flux of a source received on Barth is given, 
by: 


where png is the X-ray emission (erg em~? sec-'), V is the 
emitting volume, and d is the distance of the source. 
Taking the observed flux in the 1-10 keV range to be 
F = 10-7 erg cm sec-!, and adopting p = 9 x 10-*4 
erg cm? sec! (ref. 6) and d = 170 pc, we find for Sco XR-1 
an X-ray emitting volume V = 1 x 10%! cm’. If this is 
to be thought of a= a sphere its radius will be 2 x 10? 
pe, corresponding to an angular diameter of ~ I’. 
This would be well within the upper limit of 7’ found 
for this source even if the volume were not exactly 
spherical. 

The flux in the 1-10 keV range of the other sources 1s 
lower by about a Zactor of 10 than that of ScoX#-1, 
whereas in our opinion their distances are larger by about a 
factor of 9. Consequently, the difference in flux cannot be 
ascribed, to a distance effect only, but could be due, for 
example, to the emitting volume of these more distant 
sources being larger. Other things being equal, their 
angular diameters would be smaller by a factor of about 4, 
which again is small enough to allow for the observational 
evidence. 

We think that tne existence of a hot plasma of the 
kind considered above in a supernova remnant cannot 
be excluded. The less so because, in the case of the 
Crab Nebula, Hayakawa et al. have shown that the 
emitted 1—10 keV photons may be due to one or more hot 
condensations with ne ~ 103 cm~ and T œ 1 x 108 °K, 
having a total vohame of ~ 1053 cm’. These values 
do not differ very much from those considered in this 
article. 

We conclude that there may be a close relationship 
between observed X-ray sources and supernova remnants 
in OB associations nearer than 2 kpe. 
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IONIZING RADIATION AND THE INTRACELLULAR 
OXIDATION-REDUCTION STATE 


By DANA JAMIESON 


Radiobiological Research Unit, Cancer Institute Board, Melbcurne, Australia 


IGNIFICANT changes in activity of oxidases and other 
enzyme systems after exposure of animals or cells to 
ionizing radiations have been described by many investiga- 
tors. However, many reports have also appeared which 
failed to confirm these changes in the same systems. For 
example, Warburg et al.1 reported that 2,000 r. markedly 
reduced the rate of glycolysis in ascites tumour cells, 


while Coe et al.?, using somewhat different incubation 
conditions, found no such effect in these cells. Barron 
et al.3 reported inknbition of respiration and oxidation of 
substrates requiring sulphydryl enzymes in tissue slices 
of various organs, but Le May* found that the succmoxi- 
dase system of the rat kidney homogenates was unaffected 
by 400-800 r. Ashwell and Hickman’ found no effect on 
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spleen succinic dehydrogenase or cytochrome oxidase 
after an LD, dose of whole-body irradiation to mice, yet 
Fischer et al.6, using rat spleen, reported the opposite 
result. More "recently, significant decreases in Krebs 
cycle dehydrogenase systems were reported in liver and 
spleen of rats immediately following moderate doses of 
whole-body irradiation, and with increasing effect with 
time after irradiation’. 

Most of the investigations which demonstrated changes 
in the activity of respiratory enzymes were carried out 
hours, or days, after irradiation, by which time the cell 
population in the ‘radiosensitivie’ tissues (such as spleen, 
gastro-intestinal mucosa, thymus, lymph nodes) has grossly 
altered—and thus alterations in metabolic activity at 
such times are of dubious importance in evaluating the 
primary effects of irradiation at the cellular and sub- 
cellular level. In addition some of the observed effects 
on tissue enzymes after whole-body exposure have later 
been ascribed not to direct radiation effects on the tissues 
per se but to indirect (abscopal) mechanisms—since local 
irradiation may fail to produce the changes which result 
from whole-body exposures*:®. 

Oxidative phosphorylation studies after irradiation 
are also difficult to interpret in terms of primary effects. 
Thus Potter and Bethel®?° reported a depression of 
oxidative phosphorylation in rat spleen, confirmed by 
van Bekkum", while other workers interpret such changes 
as most likely due to preparation artefacts*. For the 
irradiation of isolated mitochondria in vitro, fairly general 
agreement exists that no effect on oxidative phosphoryla- 
tion is produced by doses up to 30 krads})11/13~15, 

Recent detailed investigations on the respiration and 
phosphorylation in isolated mitochondria after irradiation 
im vitro show that succinate or B-hydroxybutyrate oxida- 
tion was not altered by radiation doses of less than about 
100 krads, while oxidative phosphorylation was somewhat 
more sensitive!®. The study of coenzyme-levels, princip- 
ally NAD and NADH, after irradiation has led to similarly 
conflicting reports for the different systems investi- 
gated?® 17. 

The various contradictory reports described here cover 
only a limited amount of work in this field, but serve to 
exemplify the difficulties involved in an attempt to determ- 
ine whether irradiation can primarily disturb respiratory 
metabolism and whether such effects contribute to cellular 
radiation damage. As pointed out by Dale! and Krebs!’ 
in discussing the effects of irradiation on cell metabolism, 
a depletion or activation of stored enzymes in a cell may 
not be a true indication of changes in the functional 
capacity of the enzyme. Changes in levels of enzymes which 
are not essential contre] sites of cellular function may 
also cause little disturbance of such normal function}, 
Indeed, Dalet! asks: “Can one expect from an analysis of 
tissue extracts or homogenates irradiated as such, or made 
from irradiated tissues, any answer to the question of the 
participation of enzymes in biological radiations effects ?”. 

A. different approach to this problem was used in the 
present investigation where the level of reduced pyridine 
nucleotides was monitored during and up to 1 h after 
irradiation in several organs of the rat in vivo, and in 
ascites cell and thymocyte suspensions in viro. Continual 
monitoring of the intracellular oxidation-reduction state 
as reflected by the ratio of oxidized pyridme nucleotides 
(NAD and NADP) to reduced pyridine nucleotides 
(NADH and NADPH) was possible with the fluorometric 
techniques developed by Chance et al,?°-82, Decreases in 
dehydrogenase activity cause oxidation of NADH, while 
inactivation of the electron transport chain between pyri- 
dine nucleotides and the final electron acceptor, oxygen, 
produces reduction of pyridme nucleotide. This tech- 
nique can provide a continuous monitor of ‘functional’ 
activity of the respiratory system in the intact cell, thus 
removing tissue preparation artefacts and also allowing 
measurement of any changes in the system during the 
actual irradiation of cell suspensions or tissues. 
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The apparatus used for in vivo fluorometric measure- 
ments was as described by Chance et al.*4. Rats (150-220 g 
Canberra Black males) were anaesthetized with 1-2 g of 
urethane per kg body-weight, a trachael cannula inserted, 
and the organ under investigation exposed. As most of 
the fluorescence measured ən vwo is emitted from the 
exposed surface of the tissue, to a depth of about 0°5 mm*4, 
large doses of radiation could be given in a short time, by 
using a Phillips beryllium window source operated at 
50 kV and 2 m.amp, with no added filtration. The 
remainder of the animal was lead-shielded during irradia- 
tion. For cell suspension work the fluorometer was 
mounted above a small gassing (pressure) chamber, 
mounted over a magnetic stirrer, as described by Chance 
et al, 

In vivo expervmenis. The tissues investigated were 
kidney and ileum, the latter with either serosal or mucosal 
surfaces uppermost. The kidney has previously been 
used for the study of în vwo oxidation-reduction 
states®*?1.24 and its responses are well characterized. 
Thus increases in fluorescence, due to pyridine nucleotide 
reduction, are observed in the aerobic—anaerobie transition 
in vivo and similar fluorescence responses to inhibitors of 
electron transport are obtained in the kidney*, as have 
been shown to occur in isolated mitochondria**, The use 
of ileum for such fluorometric measurements has not been 
reported previously but it proved to be a very suitable 
tissue; large consistent fluorescence responses were 
obtained with changes in the steady state, and the emis- 
sion spectrum of the isolated perfused tissue under aerobic 
or anaerobic conditions was similar to that of the other 
organs previously reported#1. Cyclic changes in fluores- 
cence were often observed in the ileum for both mucosal 
and serosal surfaces, but particularly for the latter. 
Their origin has not yet been investigated but, by analogy 
with results obtained with skeletal’? and cardiac muscle’, 
it is possible that they are due to cyclic activity of the 
intestinal smooth muscle, such as pendulum movements. 
Examples of such cyclic activity, together with the 
responses of the ileal smooth muscle in vivo to injections 
of amytal and sodium sulphide, are shown in Fig. 1. It 
can be seen in Fig. 1A and B that anoxia, amytal and 
sulphide cause approximately the same increase in 
fluorescence, due to pyridine nucleotide reduction, and 
the responses are similar to those described for kidney 


in vivo®®, Results in this respect for the mucosa were 
similar. Thus ileum behaves in a ‘predictable’ fashion. 


Liver, particularly in the aerobic-anaerobic transition”, 
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Fig. 1. 4, Comparison of the effect of anoxia and an intravenous injec- 
tion of amytal on pyridine nucleotide fluorescence in rat ileum (serosa) 
in vvo. B, Effect of sulphide in causing pyridine nucleotide reduction. 
Fluorescence increase due to pyridine nucleotide reduction in this and all 
subsequent figures corresponds to a downward deflexion of the trace. 
The calibratlon fluorescence, 20 per cent in the ileum in A and 10 per 
cent in B, is an arbitrary value, with 100 per cent corresponding to the 
initial level of fluorescence (dark current as zero) from the aerobic tissue, 
in this and the following {Dustrations 
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is less predictable, and unfortunately spleen, which has 
often been investigated for radiation effects, was found 
unsuitable due to the high concentration of haemoglobin 
in this tissue causing excessive absorption of the fluores- 
cence signal. Therefore, in vivo irradiation investigations 
were confined to kidney, smooth muscle of the ileum and 
gastrointestinal mucosa. The dose-rate was usually 
6-12 krads per min. Before irradiation one or two anoxic 
cycles were recorded by connecting the tracheal cannula 
to a nitrogen atmosphere. Immediately after irradiation 
another anoxic cycle was recorded, and such anoxic 
challenges were repeated every 15-20 min. Control 
experiments showed that most preparations gave repro- 
dueible responses for at least 1 h, especially if the tissne 
was kept moistened with warm saline and if the anoxic 
cycles were repeated at not over-frequent intervals. Some 
preparations remained apparently unchanged for up to 
3 h, but sometimes fluorescence loss was observed in 
controls after 1 or 2 h, and thus it was considered that 
evaluation of the results should be restricted to 1 h 
after irradiation. 

A typical record from the ileum is shown in Fig. 2. In 
this experiment cyclic activity was not seen. Nitrogen 
inhalation caused a large fluorescence increase, with a 
return to normal intensity preceded by a slight oscillatory 
response on ventilating the animal with oxygen, the oxygen 
being substituted by air as soon as spontaneous respiration 
was re-established (Fig. 2A). Irradiation with 12 krads 
produced no effect (Fig. 2B) and an anoxic cycle a few 
minutes after irradiation was essentially similar to the 
control responses prior to irradiation (Fig. 2C). Fig. 2D 
shows that even at 1 h following irradiation the fluores- 
cence signal was similar to that before irradiation. This 
lack of effect of irradiation was seen in a total of fifteen 
experiments on this tissue with tissue exposures up to 
100 krads. (High dose rates above 25 krads/min often 
produced a non-reversible decrease of the aerobic fluores- 
cence amounting to 10 per cent-15 per cent when a total 
dose exceeding 50 krads was delivered. This decreased 
fluorescence with such large doses at high dose-rates does 
not, however, appear to be a biochemical oxidation of 
NADH since the magnitude of the fluorescence increase 
in the aerobic—anaerobic transition is unaltered, that is, 
the whole level of fluorescence has decreased. Similar 
effects were also observed in irradiation of a standard 
gelatine filter under the same conditions. This effect, 
therefore, appears to be a direct chemical phenomenon, 
such as depolymerization of macromolecules.) Experi- 
ments using ileal mucosa gave a similar result, and in 
preparations showing cyclic activity the latter was not 
abolished by doses up to 50 krads of X-radiation. 

Experiments with kidney were performed in the same 
way, but in addition one or two flexible 50 mu gold 
electrodes to record tissue pO, were inserted, to lie beneath 
The technique of measuring tissue 
pO, with such electrodes has been described previously*®*}, 
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Fig 2. The effect of irradiation on the rat ileum (serosa) pyridine nucleo- 
tide fluorescence in vive. Calibration figures as in Fig. 1 
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Fig. 3. The effect of irrediation on rat kidney pO, and fluorescence, The 
top trace in each section is the oxygen tension, the lower trace fiuores- 
cence. The figure is exnlamed in the text; calibrations of fluorescence 
are asin Wig. 1. A, Before irradiation; B, during and immediately after 
irradiation; C, approximately 1 h_after irradiation 


The results obtained are illustrated by the example in 
Fig. 3. When nitrogen was inspired the pO, rapidly fell 
and when a level af only 1-2 mm mercury of oxygen was 
recorded, the fluorescence began to increase, to attain a 
maximum when the oxygen electrode recorded a near- 
zero pO, value. Chance”? has calculated that the’ intra- 
cellular pO, for pyridine nucleotide reduction is of the 
order of 0-5 mm ofmercury. On returning the animal to 
oxygen, followed by air, the fluorescence recovered more 
rapidly than the oxygen tension, and after some minutes 
equilibrium was reszored. This control cycle was repeated 
and the tissue was then irradiated with 50 krads at a dose- 
rate of 12:5 krads/min. No effect was seen on the fluores- 
cence trace but & slight decrease of oxygen tension 
occurred. Some minutes later nitrogen breathing resulted 
in a normal response, similar to the pre-irradiation effect, 
and 1 h later the responses still remain unaltered. The 
slight decrease in vO, during irradiation was seen con- 
sistently on doses of irradiation exceeding 50 krads. In 
some experiments with the kidney where pO, was recorded, 
0-5 mm aluminium filtration was used to obtain better 
depth dose, but failed to affect the results. The magnitude 
of the radiation-mduced pO, effect varied but never 
exceeded a 30 per cent decrease even with the highest 
doses of radiation used (100 krads). This decrease in 
tissue pO, could be due to local vascular effects, or to 
increased oxygen consumption through uncoupling of 
oxidative phosphorylation’*4. Partial uncoupling in vivo 
may occur without significant changes in pyridine nucleo- 
tide levels if the tissue is already in an active metabolic 
state (State 3) as discussed by Chance et al.*°; ‘It is also 
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- transition of thymocytes (Fig. 5). 
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oxygen utilization due to the high radiation dose*. 
Ascites Lettre hyperdiploid line tumour cells. For the 
irradiation of single-cell suspensions tumour cells were 
gathered from the intraperitoneal cavity of mice 5-6 days 
after inoculation with 10° cells, the cells from each mouse 
centrifuged gently, washed twice with buffered medium 
(tris buffer 0-005 M; sodium monohydrogen phosphate, 
0-005 M; sodium chloride, 0-12 M; potassium chloride, 


- 0-006 M; magnesium sulphate, 0-001 M; calcium chloride, 


0:002 M) and then re-suspended in a volume of the same 
medium equal to the packed cell volume. 

70 ul. of such a suspension was placed in a small cuvette 
as previously described. All experiments were done at a 
room temperature of 26°-28° C. After establishing a 
control aerobic—anaerobic transition in the gassing chamber 
the sample was removed from the chamber for irradia- 
tion, as the quality of radiation was too soft for penetra- 
tion through the thick-glass window of the gassing 
(pressure) chamber. A 0°5 mm aluminium filter was used 
and the dose was measured in 2 mm maximum depth of 
fluid with constant stirring during irradiation. The 
fluorometer was not moved, so that the sensitivity 
remained unaltered during the experiment. The dose in 
the vessel used was measured with a modification®® of 
Fricke’s chemical dosimetry technique**. Results of a 
typical experiment are shown in Fig. 4. Panel (A) shows 
the control response to anaerobiosis. About 30 sec after 
flushing with nitrogen an increase in fluorescence began, 
reaching a plateau in about 1:5 min. On flushing with 
oxygen re-oxidation of pyridine nucleotides immediately 
resulted and equilibrium was restored within 1 min. - The 
cells in their container were removed from the chamber, 
and irradiated in air with 10 krads (dose-rate 2-5 krads 
min). Rapid stirring was maintained during irradiation. 
Immediately after irradiation the cells were replaced in 
the gassing chamber and another anaerobic—aerobic 
transition recorded (Fig. 4B). The cycle recorded was 
similar to the pre-irradiation response. At room tempera- 
ture, 1 h later, the response was still unaltered. Similar 
experiments were performed using three different samples 
of ascites tumour cells, and radiation doses of 1, 2, 5, 10 
and 20 krads were delivered to aliquots of each sample. 
In addition, in separate experiments, the fluorometer was 
so positioned that the fluorescence signal could be recorded 
during irradiation. No definite effects of irradiation were 
observed in any expermment. 

Thymocytes. Thymocytes prepared from Canberra 
black rats of 150-200 g weight were washed once in the 
medium already described and the packed cells re- 
suspended in an equivalent amount of medium. They 
were then subjected to the experimental methods already 
Thymocytes initially gave a 
somewhat weaker fluorescence signal than ascites cells, 
which is not unexpected in view of Scaife’s finding that 
most of the pyridine nucleotide in these cells is present as 
NADY. 

A small but definite oxidation consistently preceded the 
reduction of pyridine nucleotides in the aerobic—anaerobic 
The cause of this 
initial decrease in fluorescence is not known. Irradiation 
of thymocytes with 5 krads produced no change during 
irradiation (Fig. 58), immediately after irradiation 


55 mins 
at room temp. 





Fig. 4. Aerobic~anaerobic transitions in ascites tumour cells before (4), 
several minutes after (B) and 1 h (C) after 10 krads irradiation’ . 
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Fig. 6. Isolated thymocytes before (A), during (B), immediately after 
(C) and 1h (D) after irradiation with 5 krads 


(Fig. 5C), and little effect even 1 h later (Fig. 5D). Doses 
of 1, 2, 5 and 10 krads were given to each of three samples 
of cells, and the results were similar to those shown in 
Fig. 5. After doses of 20 krads there was again no immedi- 
ate effect but the response to nitrogen, 1 h post-irradiation, 
showed some diminution. Nigrosin counts showed only 
2-3 per cent non-viable cells in cells studied before or 
immediately after irradiation. The nigrosin dead cell 
count increased to 9-10 per cent after thymocytes were 
left at room temperature for 1 h, whether irradiated or 
not. Pyknotic counts showed only a slight increase 
between fresh cells and cells examined 1 h later (2—4 per 
cent respectively). Irradiation did not affect the pyknotic 
count at 1 h after irradiation. 


The results reported here demonstrate the rather striking 
insensitivity of the electron transport chain, including 
dehydrogenases and associated coenzymes, to X-irradia- 
tion. The intracellular oxidation-reduction state was 
virtually unaltered even when massive doses of radiation 
were administered, and up to 1 h post-irradiation electron 
transport reactions appeared to function normally. Thus 
changes reported in respiratory enzyme-levels or coen- 
zymes, assayed at later times after irradiation, appear to 
depend on other forms of cellular damage and are not a 
primary radiation lesion. Changes, also, in enzyme and 
coenzyme levels investigated by in vitro assay methods 
may not be a true reflexion of their functional activity in 
the cell. The present investigation includes several 
tissues of varying radiosensitivity—from kidney and 
smooth muscle, generally classed among ‘radioresistant’ 
tissues, to gastro-intestinal mucosa n vivo—a ‘radio- 
sensitivie’ tissue and rapidly dividing ascites cells in 
vitro of known high ‘radiosensitivity’. Non-dividing 
thymocytes are of special interest in that these cells have 
been shown to be destroyed by small radiation doses 
insufficient to cause the destruction of most other cells in 
the mammalian body**-**, This death is ‘degenerative’ 
rather than the result of mitotic aberrations induced by 
ionizing radiations, and pyknosis can be observed in 
thymocytes and small lymphocytes within a few hours of 
irradiation. The pyknotic death of these .cells, which 
becomes evident about 3 h after irradiation, -is a peculiar 
response, since high doses of radiation (> 5 krads) appar- 
ently inhibit the development of pyknosis®*??, Shrek®¢ 
regards this high-dose effect as one of ‘delayed fixation’ 
of cells. However, irrespective of whether low doses 
or many times supra-lethal doses of radiation were 
received by these cells, their respiratory function remained 
unaltered. 

Laser®*-4! has produced evidence for the inactivation of 
some electron transport components (namely, cytochrome 
c and riboflavin) by X-irradiation in vitro. Large radia- 
tion exposures, in excess of 10 krads, were used to produce 
these effects and the reaction recorded showed a reversed 
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‘oxygen effect’; with greater damage resulting from 
irradiation under anaerobic conditions, where these com- 
ponents are in the reduced state. However, the observed 
effects would seem of little radiobiological significance 
in explaining irreversible radiation damage to cells, for 
with very few exceptions both n vwo and in vitro 
biological and chemical systems show a positive oxygen 
effect, and cellular cytochrome c im vivo would under 
normal physiological conditions be almost fully oxidized*. 
The lack of an oxygen effect and the radiation protection 
afforded by cyanide in the bacteria used by Laser’ remains 
paradoxical, and is certainly not a universal phenomenon 
in radiation damage to micro-organisms‘. 

The results of Barron et al.*4 and Scaife!’ are particularly 
relevant to the present investigation. Barron has shown 
that irradiation of NAD in solution has little effect and 
no conversion to NADH occurs even with doses of 100 
krads, but NADH in solution is fairly sensitive to irradia- 
tion, with 1 krad producing measurable effects. This is 
in contrast to in vivo effects, where very high doses of 
irradiation fail to cause NADH oxidation, verifying that 
binding of substances and the presence of cellular com- 
ponents may’ greatly modify their radiosensitivity, as 
demonstrated by Dale’®. 

Scaife!? assayed NAD-, NADP- and NADH-levels in 
rat thymus and isolated thymocytes before and after 
irradiation. One h after irradiation a decrease of NAD 
content had occurred in the thymus and isolated thymo- 
cytes which increased with time, with no corresponding 
effect on NADH. Such NAD loss without reduction to 
NADH can occur without affecting the fluorescent signal 
recorded in these experiments, which is a measure of 
NADH and its changes during transitions between various 
metabolic states. Probably either the stored NAD from 
a different cellular compartment (nuclear ?) or defective 
NAD synthesis is responsible for the reduced NAD content 
of thymocytes assayed after irradiation. Indeed, Scaife 
concluded that the most probable explanation of his 
results was that NAD is released from bound NAD within 
the cell after irradiation, and metabolically destroyed— 
a view in keeping with the enzyme release theory of 
Bacq and Alexander‘, 

A further aspect of this investigation concerns the theory 
that the effects of ionizing radiations and high-pressure 
oxygen are produced by similar mechanisms, a theory 
proposed by Gerschman et al.4* and elaborated by Laborit 
and Brue*’?. Considerable evidence exists which fails to 
support this theory**, which states that similar oxidizing 
free radicals may be produced by hyperbaric oxygen and 
ionizing radiations, and cause similar intracellular lesions. 
The present work fails to support this hypothesis. The 
lack of effect of irradiation on pyridine nucleotide fluores- 
cence contrasts sharply with the immediate effect of 
hyperbaric oxygen on the intracellular oxidation reduction 
state, described previously for various systems, including 
rat kidney, brain, liver, ascites tumour cells, isolated 
mitochondria, and succinoxidase particles*. The same 
effect of high oxygen pressure was found also in rat 
thymocytes in this investigation and is illustrated in 
Fig. 6. IZfimdeed ‘oxidizing free radicals’ are the primary 
cause of cellular lesions induced by radiation and high- 
pressure oxygen respectively, then their reaction with 
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Fig. 6. The response of pyridine nucleotides to hyperbaric oxygen, 

After a typical fluorescence merease in anaerobiosis the cells are re- 

oxygenated, then when equilibrium is restored rapidly pressurized to 

8 atm. absolute in oxygen. An immediate decreasein fluorescence occurs 

indicating oxidation of reduced pyridine nucleotide, and reaches a plateau 
in about 4 min 
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cell components must occur at different loci, with electron 
transport reactions being particularly susceptible to high- 
pressure oxygen but, as shown in the present investigation, 
particularly resistant to ionizing radiations. 

I thank Prof. Britton Chance for supplying me with the 
fluorometer, and the gift of the gassing chamber, used in 
this investigation. J also thank Prof. Chance and many 
members of the Johnson Foundation, Philadelphia, for 
their help with ths techniques involved. Dr. H. A. 8. 
van den Brenk is thanked for histological examination 
of the thymocytes, his advice and criticism of the manu- 
script. 
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CRYSTALLIZATION OF PETROLEUM WAXES 
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HE nature of petroleum wax crystals is often impor- 

tant in both the processing and the end usage of these 
waxes. Likewise, the modification of the normal crystal 
habits is practised in a number of applications. Typical 
of these are the use of pour point depressants ın lubricants, 
the use of modifiers in refinery wax filtrations, the use of 
modifiers to control the physical properties of commercial 
waxes, and the use of ‘paraffin inhibitors’ in the production 
of crude oils. This article reviews the present knowledge 
of this topic as reflected by the literature. 


Crystal Habits of Pure Hydrocarbons 


X-ray investigations of pure hydrocarbons have revealed 
that -paraffins crystallize in triclinic, monoclinic, hexa- 
gonal or orthorhombic crystal systems, depending on the 
particular hydrocarbon and the temperature’*. The 
reasons for assumption of one of these symmetry relations 
by the crystals have been discussed by Kitaigorodskii? 
on the basis of even—odd carbon numbers and packing 
(or stacking) efficiencies. 

The temperature relation concerns a solid-state transi- 
tion that many (but not all) the n-paraffins exhibit?-®-), 
and involves symmetry and packing changes associated 
with rotation or non-rotation of the molecwes about their 
chain axes. 

In all cases, the -paraffins crystallize with the chain 
axis parallel to the crystallographic c-axis. In the hexa- 
gonal and orthorhombic lattices, this implies that the 
chain ends will all lie in a plane joining one layer of the 
long molecules to the next layer. Hence, the bonds 
joining the layers will be different from those joming the 
members of each layer. Such an arrangement is typical 
of the platy minerals (such as mica and clays). It is not 
surprising, then, that pure m-paraffins exhibit a tabular or 
platy crystal habit, the most common forms of which are 
thin hexagonal or rhombic plates?»1}. 

There is much less crystallographic information in the 
literature on the iso-paraffins than on the n-paraffins. No 
X-ray data for these hydrocarbons were located. Investi- 
gations using polarized hght microscopy’: indicate that 
pure branched chain paraffins also predominantly crystal- 
lize as plates with an orthorhombic lattice, with some 
apparently crystallizing in monoclinic or triclinic plate 
forms. In one case it has been reported that the pure 
naphthenic waxes crystallized primarily as orthorhombic 
plates, with one compound crystallizing in rectangular 
plates apparently belonging in the tetragonal system’. 
All naphthenes investigated, however, possessed long 
alkyl side-chains. 

X-ray data suggest that most of the pure aromatic 
waxes crystallize in the monoclinic system with a few 
taking the orthorhombic forms*:*, Plates were observed 
as the predominant forms in a limited investigation’. 


Crystal Habits of Refined Waxes 


The highly refined petroleum waxes that contain high 
proportions of n-paraffins exhibit crystal forms and sizes 
very similar to those characteristic of the pure n-paraf- 
fins§-12,14-16. This indicates that the n-paraffiin waxes 
are fairly compatible with each other and even tolerate 
small amounts of other types of hydrocarbons without 
drastic modification of the crystal habit. Edwards! 


suggested that this is because the n-paraffins tend to form 
continuous series of solid solutions over a fairly wide range 
of chain-lengths. He also suggested that the crystal 
lattice is largely controlled by the more numerous n- 
paraffins, and the hexagonal and orthorhombic lattices 
seem to be able to tolerate solid solutions better than the 
other crystal systems. Others also maintain that n- 
paraffin mixtures crystallize as a series of solid solu- 
tions®14,17-19, although some believe that the refined 
microcrystalline waxes, containing considerable amounts 
of iso-parafiins and naphthenes (and possibly aromatic 
resins), form systems exhibiting eutectic compositions*®?*. 

One group has reported that they could not use X-ray 
diffraction as a means of determining the iso-parafiin 
content of refined petroleum waxes, since the moderately 
high iso-paraffin content fractions investigated gave 
crystallographic data very near that of pure n-par ad, 
At very high iso-paraffin percentages, however, the crystal 
forms became almost exclusively ribbon or blade-like, 
rather than rhombic plates. 

Less highly refined petroleum waxes, generally having 
low n-paraffin content and a wide variety of impurities, 
almost never crystallize as plates, but rather produce 
crystals described as ‘needles’®*1*,221 and ‘malerystal- 
Iine’}?,22,23 forms. 


Mechanisms of Crystal Habit Modification 


A review of several texts and a number of papers on the 
general topics of crystal nucleation, growth and habit 
modification revealed that these subjects are far from 
well understood. 

Supersaturation is a basic requirement for nucleation. 
Some impurities permit only minute supersaturation 
before spontaneous nucleation occurs, and others necessi- 
tate quite large supersaturation before nucleation is 
possible; yet we can seldom predict how a given impurity 
will affect the crystallization of a particular solution. 

Many theories of crystal growth have fallen into dis- 
favour through the years; present-day theories, however, 
still cannot explain many crystallization phenomena, and 
continue to be controversial. 

The control of crystal habit modification is desirable in 
many industries, and there is a wealth of reported informa- 
tion in the literature concerning specific instances; how- 
ever, a general theory of habit modification has not been 
possible. Indeed, Wells*4 points out that, “The discussion 
of abnormal crystal growth implies that we know what is 
meant by normal growth, but this is far from being true”. 

The most controversial of the modified forms the petrol- 
eum waxes assume is that of ‘needles’. Some of the earliest 
research workers in this field ascribed the crystallization 
of petroleum waxes in the needle form (rather than plates) 
to the effect of high viscosities of the solvent media**:**, 
Others considered that high rates of cooling caused the 
needle forms’#1, The temperature of crystallization and 
its relation to the transition temperature and melting- 
point of the wax was assigned importance by some; 
erystallization above the transition point was supposed to 
cause needle forms, and crystallization below the transi- 
tion temperature was believed to create plates*-*. One 
group of investigators considered that there were simply 
different homologous series present in the waxes and that 
some crystallized as plates, some as needles, and some as 
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malerystalline masses!2:?7, Others considered that hydro- 
carbons other than n-paraffins were indeed present, but 
that they caused needle formation through their action as 
impurities rather than imposing their form as ‘needle 
waxes ’?20,25,28. Still others agreed that impurities were 
the cause (these impurities could be even other n-paraffins), 
but that the mechanism involved was curling of stressed 
plates to form ‘needles’ of oval or rounded cross-sec- 
tion 1429-31, 

Curling of the plates to form needles appears to be a 
real phenomenon; the origin of the stresses responsible 
for the curling is still controversial, however, and there 
are a number of reports of the formation of needles which 
cannot be explained by the curling mechanism. 

It seems probable that the milder modifications of the 
plate forms, such as rounded and irregular corners, notched 
ends and truncations, are the result of hindered ordering in 
the development of the crystal. That is, the n-paraffin 
molecuies of different chain-lengths do not have sufficient 
time during the crystallization to arrange themselves in 
the most efficient manner; the iso-paraffins and naph- 
thenes similarly are caught up in the lattice or adsorb 
on the crystal faces before they can be displaced by the 
n-parafiins. Asa result, many deformities and dislocations 
occur in the lattice structure, and the ‘normal’ geometric 
habit is not always completely obtained. 

It would be expected, on the basis of this postulate, 
that modifications would occur increasingly with both (a) 
the concentration of components other than n-paraffins 
(or range of n-paraffins), and (b) the rate of crystallization. 
Increased malformation of plate crystals with increased 
rates of cooling has been reported even for pure hydro- 
carbons’; similarly, a gradually increasing degree of plate 
modification due to increased amounts of non-normal 
paraffin content at the same rate of cooling has been 
demonstrated". 

The solvent itself can be considered an impurity. The 
ease with which the solvent molecules can diffuse away 
from the area immediately surrounding the growing crystal 
will affect diffusion of the wax molecules toward the wax 
crystal, and could thus cause disorder at high rates of 
crystallization. This probably explains the viscosity 
effects on wax crystal habit that have been reported*®*s, 
That the chemical nature of the solvent will also effect 
mild modification also has been reported**?7, Further, 
adsorption of a solute is known to differ even from solvents 
of identical solubility for the particular solute**, and the 
solvent itself is often appreciably adsorbed**; thus, it is 
to be expected that the solvent will play at least a minor 
part in the crystal modification mechanism. 

The tendency toward disordering may offer an explana- 
tion for the dislocation spirals and rosette aggregates 
formed**, Indeed, the dislocation spirals themselves 
may be necessary for the crystals to grow at all in thick- 


*ness, since two-dimensional nucleation on the lamellae 


surfaces would be expected to occur with cifficulty®. The 
frequent occurrence of wax crystals with features that 
appear to be associated with twinning operations again 
suggests that lattice dislocations are an important 
mechanism. 

Concentration of impurities alone does not explain all 
the crystal modifications, as equal concentrations of 
different impurities quite often produce strikingly different 
results. A plausible explanation for this difference would 
seem to lie in specificity of adsorption of the additives. 
although this effect surely would not be as i 
as with the habit modification of 3 
even those containing polar mo 
of the -paraffin plate crystalg 
packed CH, groups, while th 
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surfaces of the plate edges), but gave contact angles of 
25°-46° on the basal (001) faces of n-hexatriacontane 
plate crystals. Gutsalyuk and Yatsenko* have observed 
that mono- and bi-cyclic aromatic compounds selectively 
adsorb on to paraffin wax from cracked residues. Indeed, 
the adsorption of alkyl-aromatics on to paraffin wax 
crystals has been postulated for many years in connexion 
with the pour point depression of lubricating oilst4-49, 

On the basis of this evidence, it would seem reasonable 
to presume that condensed ring aromatics, such as 
naphthalene and acthracene, would adsorb on to the ‘edge’ 
surfaces of the wax plates and provide sufficient bulk to 
retard the accretion of paraffin wax molecules on to these 
surfaces. Recently, however, experiments by one of us*4 
have indicated thst a number of aromatic compounds 
have virtually no affect on the particular wax crystals 
studied, and certainly did not ‘stunt’ the plates by inhibit- 
ing their growth on the (110) faces (plate edges). 

It would appear, then, that the adsorption-type aromatic 
additives are of questionable value in modifying wax 
crystals, unless they possess the long alkyl side-chains 
characteristic of the well-known alkyl-aromatic pour 
pomt depressants. One should note, however, that 
Lorensen’! found that a biphenyl—isopropyl ether reaction 
product (containing no long side-chains) exhibited mild 
pour depressant qualities, although he did not describe 
the crystal forms produced in the presence of this additive. 

The most severe modifications observed on the wax 
crystals, commonly called malcrystalline forms, have 
received only minar comment in the wax refining litera- 
ture. Ferris and Ccwles'* believed that these FERA 
line forms were simply due to the presence of ‘mal- 
waxes’. Clarke’, however, showed that they could Be 
obtained even in pure hydrocarbons of n-paraffin, iso- 
paraffin, naphthenic, and aromatic types under conditions 
of very rapid cooling. He suggested that these mal- 
crystalline forms were associated with high supersatura- 
tion. Few other explanations are offered in the literature, 
although-the malcrystalline forms are generally associated 
with the most impure wax fractions, for example, petrol- 
atums or distillation residues. Some have postulated 
that these forms ere clusters of ordinary wax crystals 
cemented together by a nucleus of naturally occurring 
aromatic resins or asphaltic particles®®."*, This has also 
been implied by others, but such a mechanism is not 
compatible with thas involved in Clarke’s work with pure 
hydrocarbons. 

Recent work by ane of us?“ has shown that the presence 
of asphaltic and resinous impurities definitely promotes 
these malerystalline forms. It is believed, however, that 
they promote these forms by causing the wax to grow 
dendritically, rather zhan serving as nucleating or cement- 
ing agents. Close examination of photomicrographs of 
malcrystalline forms in the literature indicates that almost 
all represent dendritic growth. 

There have been many theories of dendritic crystal 
growth presented, brut most of them agree that one of two 
causes are generally present: a rapid crystallization rate, 
or high-impurity concentration. The explanation for the 
characteristic branching is usually that the crystal must 
rapidly change growth directions to avoid the localized 
accumulation of (a) heat of crystallization under rapid, 
extreme cooling, or (b) impurity concentration under 
high-impurity con disiiis ES high supersaturation®?. 
It seoj la “then, that malerystalline 
duced on pure substances 
ry high rates of cooling, or 
sh-impurity concentrations 
oling; hence the data in 
sonflicting. 
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nucleate or promote growth in new directions. A second 
is the formation of foliated dendrites through a mechanism 
involving impurities and screw dislocation growth, as 
proposed by Gorodetsky and Saratovkin®. 
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WINE TANNINS—ISOLATION OF CONDENSED FLAVONOID PIGMENTS | 
BY GEL-FILTRATION 


By T. C. SOMERS 


Australian Wine Research Institute, Glen Osmond, South Australia 


HE molecular size of polyphenols is generally con- 

sidered to be the most important factor in determining 
tanning activity, astringency, and also the inhibition of 
enzymes by such compounds? ?, the term ‘tannin’ being 
best reserved for those phenolics of sufficiently high 
molecular weight (> 500) to have such properties*®. How- 
ever, no data on molecular size of tannins are available 
except for that concerning several oligomers of leuco- 
fisetinidin which were isolated from black wattle heart- 
wood by counter-current extraction and two-dimensional 
paper chromatography’. The lack of a satisfactory pro- 
cedure for routine isolation of condensed tannins from 
plant materials has greatly hampered progress in this 
field. 

Monomeric flavonoids are conveniently isolated and 
purified by cellulose and polyamide chromatography. but 
highly polymerized polyphenols are irreversibly adsorbed 
on these materials. Consequently, the analysi@of tannins 
has depended on exami agi 
reactions which have some 
structural features, as in tl 
glucinol residues and the g 
content by acid converg 
reasons, little is kn 














This article reports some preliminary investigations 
which we have carried out using the technique of gel- 
filtration in both the preparation and analysis of wine 
tannins. By means of this technique we were able to 
investigate for the first time their chemical constitution. 

The adsorptive capacity of ‘Sephadex G-25’ dextran- 
gels for wine tannins is almost completely eliminated by 


preparation of the gel in aqueous alcoholic media. The, 


gel then functions as a molecular sieve for tannins when 
irrigated with the same aqueous alcoholic solvent, and 
enables separation, of the high polymers in a narrow 
band. The procedure is rapid and gives quantitative 
recovery of extract. It has been applied on a preparative 
scale to the isolation of condensed tannins from dry red 
table wines. Residual anthocyanins present in the wine 
are also partially resolved, apparently by adsorptive 


- partition. 


Optimal separations were obtained in a medium con- 
dme of 60 parts ethanohe 0-1 per cent hydrochloric 
sated hydrochloric to 11. ethanol) and 
a pH of about 2:0. Aqueous meth- 
of the same composition serves 
at critical but, as all fractions 
ə colour was dependent on 
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Fig. 1. Gel-filtration curve of 1964 Shiraz wine phenolics on ‘Sephadex 
O25’ in 60 per cent aqueous alcohol (hydrochoric ucid). Visible colour. 
absorbancy at 535-540 my (twenty-fold dilution) ; 
—O—O-—, absorbancy at 278 my (fifty-fold dilution) 
aforementioned solvent—a glass paper disk was used to 
prevent disturbance of the gel surface. Non-phenolic wino 
constituents were first removed from a 1964 dry red wine 
(V. vinifera, ev. Shiraz, 20 ml.) and the phenolics con- 
centrated twenty-fold by precipitation of total phenols 
with basic lead acetate solution, regeneration and solution 
in the solvent (1-0 ml.), keeping temperatures below 35° C, 
The concentrate was applied to the column and the flow- 
rate adjusted to about 12 ml./h. The pigment quickly 
separated into two bands, the first (I, very dark red) 
being completely oxcluded from the gel (Kae ~ 0) and 
the second (II, bight red) becoming more diffuse with 
development, adsorption effects being finally evident 
(Ka > 1). Optical densities at the visible maxima (535~- 
540 mu) and 278 mu were read after suitable dilution in 
the same solvent, and plotted against effluent volume, 
Ve (Fig. 1). 

The nature of bands I and IT was revealed by paper 
chromatography of all fractions in »-butanol—acetic acid— 
water (4: 1: 5, upper phase). Band I fractions A (Fig. 1), 
dark red in solution, were almost completely immobile, 
showing as brown stains at the origin with slight brown 
trailing to about Rp 0:5. Subsequent fractions B con- 
tained tannins of relatively greater mobility, and antho- 
cyanins (Band II) of progressively decreasing Rr appeared. 
from this point onwards. However, slight quantities of 
tannin, judged by chromatographic behaviour, still per- 
sisted through all fractions to Ve 80 ml. Recovery of 
total phenolic material was almost 100 per cent within 
60 ml. of effluent, and overnight elution with the same 
solvent gave effluent of zero absorption at 278 mp. Such 
columns have been used repeatedly for fractionation of 


¿Wine pigments in this way. 


By co-chromatography with anthocyanins previously 
identified in Shiraz grape pigment’, the fractions D were 
shown to contain malvidin 3-glucoside with some petunidin 
3-glucoside, the peak fraction having only the former; 
the content of fractions E was similar but with relatively 
more of the petunidin pigment, and the final eluates from 
Ve 63 ml. (F) contained petunidin 3-glucoside and 
delphinidin 3-glucoside. The early eluates of Band II, 
fractions C, contained unidentified anthocyanins, prob- 
ably peonidin 3-glucoside with traces of acylated antho- 
cyanins. 

By precipitation with dry ether from solution in 
ethanol, the condensed tannins of Band I (A) were 
recovered quantitatively as a stable mauve red powder 
(14 mg), representing, with allowance for that used on 
optical density measurements, 900 mg/l. in this 1964 
wine. The material precipitated gelatin from solution, 
and the tannin solution in 12 per cent v/v aqueous 
alcohol saturated with potassium bitartrate had both 
flavour and astringency. 
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Gel filtration on ‘Sephadex G@-25’, modified for the 
polyphenols by use of aqueous alcohol, thus provides a 
solution to the problem of separate measurement and 
isolation of wine tannins. An elution curve of total 
phenols, as in Fig. 1, gives both qualitative and quanti- 
tative information regarding the polymerization state of 
these compounds, as the area under the peaks is a direct 
measure of contribusion to colour at the visible maximum 
by condensed tannins and monomeric anthocyanins at 
this pH. The content of individual anthocyanins may also 
be estimated fairly accurately by use of control paper 
chromatograms. 

The ultra-violet absorption of the condensed tannin 
fraction (Band I, Fiz. 1) paralleled the visible absorption, -~ 
and no phenolic material was eluted which was not 
highly coloured. The intensely red colour of the tannin 
band and the fact that the colour is dependent on pH 
suggested that anthocyanidin or anthocyanin pigments 
are incorporated in the tannin structure. This is quite 
contrary to present-day theories on wine tannins, which 
are supposed to be yellow-brown in colour rather like 
some wood tannins and similarly constituted, principally 
of leuco-anthocyanidin units’. Thus the red colour of 
wine has been attributed to the monomeric anthocyanin 
pigments only, with superimposed tannin effects produc- 
ing the familiar brick-red tints of an aged wine. However, 
degradative and other data described below have shown 
that the tannins of red wines actually contain anthocyanin 
units in their structure, and must be regarded as condensed 
flavonoid pigments. The changing hues and tints of a red 
wine are then explicable in terms of the relative contribu- 
tions of polymeric and monomeric pigments to total 
colour. 

For experimental purposes 160 mg of wine tannin was 
used. This had been isolated as before by gel-filtration 
from a 1959 Shiraz red wine (200 ml.), in which the 
anthocyanin contribution to total colour (Band I) was 
quite low. The soluvion of this tannin in 12 per cent v/v 
aqueous alcohol saturated with potassium bitartrate 
(pH 3-8) had, like tkat of the 1964 wine tannin, a similar 
appearance and absorption spectrum to that of an aged 
red wine, with a maximum at 520 mp and high absorbance 
in the 400~500-mp region (Fig. 2)—an Elż, value of 
25 was found for the ‘simulated’ wine solution using this 
tannin sample. The affect of pH on visible colour (Fig. 2), 
while much less marked than with anthocyanins, was 
similar to that which characterizes the anthocyanins, 
through the pH range 2-10. At lower pH the material 
was partially precipisated from aqueous or dilute alcoholic 
solutions. 

Micro-analysis of the 1959 tannin gave the following 
percentages: C 55-4, H 4:7, O 36-5, alkoxyl (as OCH,) 3-8, 
N <0-5. A single extraction with zso-amyl alcohol of the 
products of mild acid hydrolysis removed all pigment 
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Fig. 2. Absorption spectrum of 1959 Shiraz wine tannin: „In 


12 per cent v/v aqueous alcohol saturated with potassium bitartrate 
(pH 38), ~mm m , in 12 per cent v/v aqueous alcohol citric phosphate 
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from the reaction mixture, and chromatography of this 
extract in Forestal solvent or in formic acid—conc. hydro- 
chloric acid—water (5:2:3) gave three anthocyanidin 
bands as obtained from Shiraz grape pigment. Multiple 
chromatography in n-butanol-2 N hydrochloric acid 
(1:1, upper layer) of eluted bands enabled identification, 
by co-chromatography with authentic pigments, of all of 
the anthocyanidins which occur as their 3-glucosides in 
Shiraz grapes‘, namely, delphinidin, petunidin, malvidin 
and peonidin. However, the major anthocyanidin found 
was cyanidin, derived from the high leuco-anthocyanidin 
content of the tannin. The aqueous fraction from the 
acid hydrolysis reaction contained glucose which, analysed 
by the method of Pridham®, was found to constitute about 
8 per cent of this wine tannin. 

The content of ‘hydrolysable tannins’ in wine is known 
to be very low’, so that wine tannins are regarded as 
‘condensed tannins’, and the glucose found present must 
be still in its original state of combination with antho- 
cyanidins. It is thus evident that the anthocyanin pig- 
ments of a new wine, which are known to disappear very 
rapidly during maturation and ageing, are actually 
incorporated into the polymeric complex of leuco-antho- 
cyanidin and possibly other flavonoid units. A measure of 
the extent of this reaction is given by the gel-filtration 
elution curve, as in Fig. 1. The glucose and methoxy! 
contents of the wine tannin, together with the relative 
yield of cyanidin from acid hydrolysis, suggest a ratio of 
one anthocyanin molecule to about four leuco-anthocyanin 
moieties in the polymer. 

That the mean molecular weight of the wine tannin 1s 
comparable with that of other condensed tannins was 
indicated by application of the concept of Goldstein and 
Swain’. Thus, analysis by the vanillin (V) and Folin 
Denis (F.D.) reagents for phenols, using eatechin as 
standard, gave E}%,, values of 116 and 531 respectively. 
Tho value of 22 for the ratio V/F.D. per cent, which they 
showed to be a measure of polymerization, is actually 
lower than any quoted by these workers for various plant 
tannins and catechin polymers, indicating a somewhat 
higher average molecular weight for the wine tannin. 
The use of the V/F.D. per cent concept is valid in this case 
as simple phenols, which otherwise give rise to meaningless 
results*, have been removed by the gel-filtration procedure. 

However, the characteristics of ‘Sephadex’ gels, once 
established for condensed polyphenols, may enable the 
assignment to tannins of accurate molecular weight ranges, 
as has been done with proteins’®. In the absence of known 
standards, it is considered that, since ‘Sephadex G-25’, in 
the 60 per cent aqueous alcoholic solvent used, swells to 
about half its volume in aqueous medium, the minimum 
molecular weight for complete exclusion from the gel, as 
found with the wine tannins, would be about 2,000. 
Evidence that a wide range of molecular weights occurs in 
wine tannins and some idea of the relative distribution 
throughout this range were obtained by further gel- 
filtration of the 1959 tannin and of total wine phenols on 
‘Sephadex G-50’ and ‘G-100’ gels in 40 per cent and 
33 per cent aqueous alcohol (hydrochloric acid) respec- 
tively. Both gels swelled to about half the normal aqueous 
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value in these solvents. Neither separated tannins from 
anthocyanins but each gave a wide spread of tannin 
pigment up to the exclusion point, though no bands were 
observed. Recovery of tannin from each experiment was 


quantitative and again no phenolic material was eluted . 


which was not pigmented. Use of ‘G-50’ in 60 per cent 
aqueous alcohol (hydrochloric acid), in which the gel 
swells to one-quarter the aqueous value, gave complete 
exclusion of tannin as a narrow band and just separated 
tannins from smaller pigments in the total phenol extract, 
showing how the same gel may be modified to give dif- 
ferent performances as a molecular sieve for tannins. 
From these observations it is concluded that most of the 
condensed polyphenols in this 1959 wine tannin were in 
the molecular weight range 2,000-5,000, but that some 
material having molecular weights up to 50,000 was 
present. 

Tannin formation in wines probably proceeds initially 
by acid catalysed polymerization of leuco-anthocyanidins 
which are very acid sensitive, but no information is avail- 


able on the mode of cross-linkage in such poly-leuco- ' 


anthocyanins!!, The finding of anthocyanins in the wine 
tannin structure poses further problems—so far as we are 
aware, no ‘polymeric anthocyanins’ have previously been 
reported. The ease with which anthocyanidin pigments 
are released from the tannin structure by mild acid 
hydrolysis suggests that only weak chemical bands are 
involved between the main leuco-anthocyanidin matrix 
and anthocyanins, if indeed any at all. It does, in fact, 
seem reasonable to postulate that the pigment molecules 
are physically rather than chemically incorporated into 
the three-dimensional tannin structure of C,, leuco- 
anthocyanidin units. Between five and fifteen flavonoid 
units are apparently involved in the tannin structure, and 
physical inclusion in a coiled structure is a possible 
explanation of the development of tannin pigments in an 
ageing wine. 

Although condensed tannins from different sources are 
of diverse chemical types, it seems likely that any extract 
of plant phenolics could be handled by gel-filtration in the 
manner described for wine phenolics, and the condensed 
tannin fractions thus isolated. Lignin degradation 
products of suitable solubility might also be purified in 
this way. Finally, the adsorptive effect observed with the 
anthocyanins suggests that ‘Sephadex’-gel columns could 
be useful for preparative partition chromatography of 
these pigments. 
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VARIATIONS IN AMINO-ACID SEQUENCE NEAR THE DISULPHIDE BRIDGES 
OF BENCE-JONES PROTEINS 


By Dr. C. MILSTEIN 
Medical Research Council Laboratory of Molecular Biology, Hills Road, Cambridge 


NE of the key problems in investigations of the 
molecular basis of the immune response is the 
mechanism by which an indefinite number of protein 
molecules are synthesized to account for the large number 


of highly specific antibody activities. 
functional heterogeneity, a surprising structural similarity 
of the antibody molecules is observed. This similarity 18 
well illustrated by the common arrangement of two pairs 


In spite of their 
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of chains—A(H) and B(L) chains—proposed for all 78 
antibodies??, However, a high degree of heterogeneity 
has been shown on isolated L chains®:4, and has also been 
suggested on isolated H chains®. It is now generally 
believed that this heterogeneity is the result of the 
functional heterogeneity already referred to. What 
appear to be single molecular species of chains have been 
isolated from myeloma proteins, which do not share the 
heterogeneity, possibly because they derive from a single 
clone of tumour cells’. The observation that the Bence- 
Jones proteins of myeloma patients represent in most 
cases isolated L chains™! has helped considerably in a 
more detailed chemical investigation of the nature of the 
heterogeneity. So far two immunologically distinct types 
of Bence-Jones proteins have been established®*" and 
named, type K (1) and type L (II). Each of these has a 
characteristic C-terminal sequence, and studies of the 
yield of these sequences have indicated that most of or 
all the heterogeneous population of normal L chains 
contains them in the same proportions"! as the proportion 
of type K and type L reacting material observed in normal 
serum’®?°, Recent work has shown the sequences of two 
individual Bence-Jones proteins to be similar along a 
stretch near the C-terminus of the chain. With the 
exception of a single residue, identical peptides accounted 
for half the total protein, and overlapping of the peptides 
located them at the C-terminal half. The peptides of the 
other half showed no clear similarities!®. Analysis of a 
third Bence-Jones protein indicated in some detail that 
the sequence in the C-terminal half of the chain was the 
same as in the other two, with the exception of the single 
residue already mentioned. However, in this case the 
N-terminal peptide, which comprises eighteen residues, 
was probably also identical with that of one of the two 
other proteins!*. There is an obvious need for analysing 
a larger number of proteins, which is difficult, but a wider 
survey of selected stretches of chain, such as those 
adjacent to the disulphide bridges, may give useful 
information. 

Two disulphide bridges may be common to many or 
all individual type K Bence-Jones protems*. The 
corresponding sequences have also been found in the 
three Bence-Jones proteins already mentioned, suggesting 
that the common. C-terminal half is folded so as to link 
cysteines in positions 192 and 132. (Numbering of residues 
throughout is taken from ref. 12.) The C-terminal 
cysteine provides the interchain link'*. Another two 
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cysteine residues have been observed in at least six 
proteins—the protain of Roy? and five individual Bence- 
Jones proteins in which the cysteine peptides were 
investigated (see later). These two cysteine residues 
were bridged to form the third disulphide in the protein 
B.J.35, It remains to be seen if all proteins of the K type 
have five cysteine rasidues linked in two intra-chain and 
one inter-chain bridge, or whether there are exceptions 
to this rule. 

The variation of the sequence of the L chains has now 
been investigated with the help of a radioactive technique. 
The disulphide bridges of Bence-Jones proteins were 
quantitatively reduced and alkylated with 1C-iodo- 
acetate; the radioactive protein was then digested with 
trypsin or chymotrypsin, and the radioactive peptides 
purified by ‘Sephadex’ fractionation and paper electro- 
phoresis. This technique is suitable for the analysis of 
longer stretches of sequences in a comparatively large 
number of proteins. I shall discuss the results obtained 
in a preliminary study of five of these proteins and 
compare them with the information obtained from other 
proteins. 

The C-terminal st-etch. Cysteines in positions 212 and 
192 have facilitatec the analysis of the last twenty-four 
amino-acid residues of the five proteins. The results 
summarized in Tabs 1 support the conclusion that in the 
eight proteins listed the only variation is that at position 
189, where either Fal or Leu is found. So far Leu has 
always been associazed with the Inv factor (a) and Val with 
Inv (b). The detailed evidence for thenew sequences reported 
here will be published elsewhere. The order of the residues 
in parenthesis has been decided only on comparative 
grounds. The next cysteine residue going towards the N- 
terminus has provided evidence for the similarity in 
a stretch comprising residues 112—133; that is, a stretch 
of 22 residues just after the first half of the molecule. 
The results listed in Table 2 show no detectable difference. 

The ‘variable’ region. The peptides contaming the two 
cysteine residues waich occur next in protein Roy (gaing 
towards the N-terminus) can be identified in several 
Bence-Jones proteins from their amino-acid analysis and 
partial sequences. Table 3 shows a comparison of the 
sequences around the cysteine which, on the basis of these 
results, is probably residue No. 86. There are some 
interesting differences, some of them based on established 
sequences and others based only on amino-acid analysis 
and comparison with the established sequences. In 





Table 1. A COMPARISON OF THE PEPTIDES CONTAINING THE CYSTEINE RESIDUES 192 (ROY NUMBERING) AND O TERMINUS OF SEVERAL TYPE K(I) 
BENCE-JONES PROTEINS 
Protein Ref, 
BJ. Leu Tyr.Ala.Cys.Glu(Val, Thr, Hs, Qn, Gy, Leu Ser, Ser, Pro, Val, Thr)Lys. Ser Phe Asn Arg. Gly.Glu Cys 
190 200 210 

Roy Leu Tyr Ala.Cys.Glx Val(Thr, His,Glx Giy)Leu. Ser(Ser,Pro,Val,Thr)Lys Ser.Phe. Asx Arg. Gly.Glx Cys 12 
Cum Val(Tyr, Ala,Cys,Glx, Val, Thr, His,Glx,Gly,Leu, Ser,Ser,Pro,Val,Thr)Lys Ser.Pre. Asx Arg. Gly(Glx Cys) 12 
Ag Val Tyr Ala Cys Glu Val.Thr His Gin.Gly. Leu. Ser Ser Pro.Val.Thr.Lys Ser.Phe. Asn Arg Gly.Glu Cys 18 
Rad Val Tyr.Ala Cys Glu(Vai,Thr, His, Gln, Gly, Leu)(Ser,Ser, Pro, Val, Thr Lys)(Ser,Phe)(Asn, Arg) Gly.Glu Cys 

Day (Val, Tyr,Ala.Cys,Glx Val,Thr,His,Gix Gly, Leu, Ser,Ser,Pro, Val, Thr, LysX Ser, Pte, Asn, ArgX Gly Giu,Cys) 

Man (Val Tyr,Ala,Cys,Glx Val, Thr, H1s,Gix Gly, Leu, Ser,Ser,Pro, Val, Thr, Lys)(Ser, Phe, Asn,Arge}(Gly,Glu,Cys) 

Ker Leu. Tyr.Ala.Cys Glu(Val, Thr, His,Gin,Gly, Leu)(Ser,Ser, Pro, Val, Thr)Lys. Ser(Phe, Asn,Arg)(Gly,Glu,Cys) 


Glx and Asx mean that no distinction between glutamine and glutamic acid and between asparagine and aspartic acid is available 
Proteins B J and Man were kindly provided by Prof. $ Cohen and proteins Rad, Ker and Day by Dr. A. Feinstein. Rad, Day and Man are Inv (b+) and 


Ker is Inv (a+) (A. Q Stemberg, personal communication) Roy ts Inv (a+). 


Table 2. A COMPARISON OF THE PEPTIDES CONTAINING THE CYSTEINE RESIDUE 132 (ROY NUMBERING) OF SEVERAL TYPE K(J) BENOE-JONES PROTEINS 


Protein Ref, 
Ag .. Ile Phe Pro Pro Ser Asn Glu Hn Leu.Lys Ser.Gly Thr Ala Ser. Val. Val Cys Leu.. 12 
Rad .. Ile(Phe,Pro,Pro,Ser)Asp Glx Glix Leu(Lys,Ser,Gly,Thr,Ala,Ser)Val.Val Cys Leu . 

BJ. (Tle, Phe,Pro,Pro,Ser,Asx}(Glx Glx Leu)Lya(Ser,Gly, Thr, Ala,Ser)Val.Val.Cys.Leu ., 
Ker (Lys,Ser,Gly,Thr,Ala,Ser)Val(Val,Cys,Leu).. 
120 130 
Roy  .. Ile(Phe,Pro,Pro,Ser, Asx Glix Gix)Leu Lys.Ser(Gly, Thr, Ala,Ser)Val(Val,Cys)Leu . . 13 


The corresponding peptides from the proteins of Day and Man have not been prepared. 
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several cases the peptides are extremely similar. <A 
reasoneble guess about the sequence of a variable peptide 
of which only the amino-acid composition is known seems 
to be possible, and this in itself is a very interesting 
observation. Table 4 shows the comparative sequences 
around the cysteine residue, which is probably No. 23 
(Roy nunibering). Again great similarities are observed, 
but there are also well-established differences in some 
residues. Investigations of disulphide bridges have been 
earried out on three of these proteins (B.J., Rad, and Ker). 
The results indicate that the two variable cysteine 
residues form a disulphide bridge. 

The detailed analysis of the variable region is particu- 
larly interesting because it makes it possible to test 
hypothetical mechanisms by which variability in protein 
sequences could be achieved starting from a much simpler 
set of genes. There are several assumptions one is forced 
to make for such a test, the most important being that 
the proposed genetic code is applicable to the system 
under investigation. 

The simplest question one can ask is the following: 
Is it possible to explain all the differences by using only 
two different sets of nucleic acid sequences with multiple 
crossing-over and strict preservation of phase? Let us 
assume, as an example, the following two sequences of 
nucleotides: 

(1) GAA ACG UCU 
(2) CUU GAU CUU 


Sequence (1) may code for—Glu.Thr.Ser. 
Sequence (2) may code for—Leu.Asp.Leu. 


Sequence (1) corresponds to the sequence of Rad 90-92 
(see Table 3). All variations found in those three positions 
of Table 3 can be explained by interchanging nucleotides 
of these two sequences as follows: 


GAU GAU CUU (crossing at second base) 
Asp.Asp.Leu as Ker 

GAA AAU CUU (crossing at fourth base) 
Glu.Asn.Leu as B.J. 


The only other established position in this region is Cu 90 
which is a Leu, which is also in agreement with the 
nucleotide sequence (2). Unfortunately, this hypothesis 
does not explain the three residues at position 94 (Thr, Pro 
and Tyr) which require as first code letter A, C and U. The 
position is worse if either Leu or Phe is confirmed in posi- 
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tion 94, if Gly is confirmed at position 98, and if either Phe 
or Leu is confirmed at position 89 (all in Roy protein). 

The variations observed in Tables 3 and 4 do not seem 
to fit with the intra-chromatid inversion hypothesis'®. A 
direct test can be made if only one inverted loop is 


allowed. ‘The model predicts in that case that there ~“ 


should not be two variant regions separated by a common 
stretch. Protein B.J. and Rad (Table 3) have a region 
of variation between positions 90 and 94 and the five 
residues preceding it are identical. Yet the peptide with 
cysteine in position 23 of B.J. was not found in Rad, 
but a completely different peptide around a cysteine 
residue was found instead, indicating that at least two 
variable regions were separated by a common stretch 
which involves not less than five residues. Other examples 
of this sort may be inferred from the available data. 

Another hypothesis which has been tested is the one 
proposed by Potter, Appella and Geisser??. According to 
this hypothesis, some unusual triplets coding only for 
the variable region will bind specific sRNA charged 
with amino-acids which will differ from clone to clone 
due to specificity changes of the activating enzymes. 
This would suggest that replacements of a given residue 
in a new sequence should be done with only one amino- 
acid. That is, the sRNA involved in, say, two sites 
containing aspartic acid, instead of being charged with 
Asp in a different clone will be charged with some other 
residue; it would then be likely that both sites will 
contain the same residue, whichever it may be. In 
Table 3 protein Ker shows Asp in positions 90 and 91 
and the corresponding residues in B.J. and in Rad are 
Glu. Asn and Glu. Thr, respectively. 


Investigations of the sequences around the cysteine 
residues of several individual Bence-Jones proteins, 
combined with previous sequence studies, indicate that 
the heterogeneity of the L chains of y-globulin is the 
result of the heterogeneity of restricted stretches of the 
polypeptide chain. So far, and with the exception of a 
Val/Leu substitution, which seems to be related to the Inv 
factors, no variation in the C-terminal half of the molecule 
has been found. This half includes one common intra-chain 
disulphide bridge and the inter-chain disulphide bridge. 
Possibly the invariance of this region is due to the strict 
requirements for inter-chain binding, essential to the 


Table 3. A COMPARISON OF THE PEPTIDES CONTAINING THE CYSTEINE RESIDUE 86 (ROY NUMBERING) OF SEVERAL TYPE K BENCE-JONES PROTEINS 


Protein 














Ref. 











B.J. Tyr.Tyr.Cys.GIn Gln.Tyr Glu Asn. Leu(Pro,Tyr) 

Ker Tyr. Tyr.Cys.Gln.Gln. Tyr. Asp.Asp.Leu.Pro.Pro. Thr.Phe.Gly.Pro.Gly.Thr. Lys 

Rad Tyr Cys Gin Gin. Tyr Glu Thr Ser. Pro. Thr. Thr.Phe. 

Roy Aaieneees Tyr(Tyr,Cys,Glx Glx Phe, Asx Asx Leu,Pro,Leu,Thr,Phe)Gly(Gly,Gly,Thr)Lys. 12 
Cu (.... Tyr, Tyr,Cys,Glx Glx)Arg Leu(GIxIle, Pro, Tyr, Thr,Phe,Gly,Glx Gly, Thr)Lys. 12 
Ag Thr.Phe.Gly.Glo.Gly.Thr.Lys 13 


The 


osition of the residues in parenthesis is suggested by comparison with the other specimens. When there were no grounds for comparison the residues 
were placed in random order and underlined. From Day’s protein a peptide was isolated with an amino-acid composition, His,Cys, 


„Ser,Glu, Ala, Phe. 


This is presumed to be a large variation of the sequence around the corresponding half cystine. Simularly the protem from Man gave two Cys peptides which 
could not be related to either the common sequences of this Table or those of Table 4. 


Table 4 A COMPARISON OF THE PEPTIDES CONTAINING THE CYSTRINE RESIDUE 23 (ROY NUMBERING) OF SEVERAL TYPE K BENOE-JONES PROTEINS 








Protein Ref 
BJ. Arg Val.Thr Ile Thr Cys Gln Ala.Ser Gin Asp Ile Asn Lys. 
Ker Asp Arg Ile Thr Ile Thr.Cys Gln. Ala(Ser,Gln, Asp, Ile, Lys) 
Day Val(Thr, Le, Thr,Cys,Gin, Ala,Ser,Gln, Asp, [e,Ser, A8x Phe, Leu, Asx Try,Tyr) 
Roy  Asx.Arg(}. Thr,Ile, Thr,Cys,Glx Ala,Ser,Glx,Asx,Tle,Ser, 150 PheyLeu(Asx, Tiy, Tyr) 12‘ 
Ag Leu Asn.Try Tyr 13 
Rad Ala Thr Leu Ser Cys Arg Ala Ser Gin 


The conventions are the same as those used 1n Table 3 
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formation of the complete antibody, and perhaps other 
common—but so far unestablished—functions. 

The variations of the other half of the molecule present 
varying characteristics. Some proteins may be very 
similar indeed. In those cases (as Ker, B.J., Roy and Ag) 
all that has been observed so far are variations of individual 
residues, which may include stretches of a small number 
of residues. In other examples much larger variations 
around a cysteine residue are found, which may reflect 
very large variations in a given stretch. Some attempts 
have been made to see whether these sequences could be 
related by phase shifts and/or inversions, but without 
success. Wo cannot exclude the possibility of some 
cysteine residues being located differently in individual 
Bence-Jones proteins, and this is in fact suggested by the 
available data on Cummings’s protein”. 

Several simple hypotheses which could explain the 
variability of certain regions of the protein starting from 
a small number of parent genes have been tested but 
none of them accounts for all the variations observed. 
If further assumptions are made, such as, for example, 
the operation of more than one of these hypothetical 


No 5021 


~ 


NATURE ' 


373 


mechanisms, it beromes progressively more difficult to 
exclude them on the sole grounds of comparative 
sequences. 

I thank the members of the Laboratory of Molecular 
Biology, Cambridgs, for many helpful suggestions, and 
Mr. J. Jarvis for his skilful technical assistance. 
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SPECIFICITY AND PREVENTION OF ANTIBIOTIC RESISTANCE IN 


Staphylococcus aureus 


By SAMUEL J. De COURCY, jun., and Pror. M. G. SEVAG 


Department of Clinical Pathology, Philadelphia General Hospital and Department of Microbiology, School of Medicine, University of 
Pennsylvania, Philadelphia, Pennsylvania 


N previous communications!—* it was reported that the 
emergence of antibiotic resistance in Staphylococcus 
aureus and Escherichia coli is prevented by incorporating 
into the medium the combination of an antibiotic, to 
which the organisms have never previously been exposed, 
together with atabrine or spermine. It must be noted 
that, conversely, prior exposure to an antibiotic enabled 
these organisms to grow in the presence of the homologous 
antibiotic-atabrine combination. Thus, it is possible to 
differentiate the de facto antibiotic-resistant bacteria from 
those which have the potentiality but fail to give rise to 
demonstrable resistance. Streptomycin resistance can 
develop in penicillin-resistant staphylococci following 
their exposure to streptomycin, but our experimental 
results show that this resistance failed to appear when the 
penicillin-resistant organisms were exposed to the combina- 
tion ofatabrme plus streptomycin. We decided to carry out 


a more comprehensive investigation in order to determine. 


whether or not these findings applied to other antibiotics 
of diverse chemical structure and mechanism of action. 

To evaluate our results on a comparative basis, the 
inocula in a prototype experiment were prepared from 
single clones and replicated according to the Lederberg 
technique’, an antibiotic-free and corresponding antibiotic- 
supplemented agar plates. It was necessary to determine 
the optimal concentration of antibiotic in these plates by 
prior titration. Under the conditions used, the same 
number of colonies grew in both antibiotic-free and anti- 
biotic-supplemented replica agar plates. 

The sister colonies obtained by this method were indi- 
vidually suspended in M/30 phosphate buffer, gH 7-35, 
and used as the inocula into growth systems. All the 
growth systems contained the same liquid medium (see 
footnote to Table 1) and included the specific antibiotic 
in the presence of which the colony had grown on an agar 
plate. At the same time, similar growth systems, each 
containing other individual antibiotics, with and without 
atabrine, were inoculated with the same number of cells 
from the corresponding bacteria] suspensions of replicated 
colonies. In this report only the results with streptomycin 


and erythromycin are presented ; these are considered to be 
representative of the results which we obtained. 

The data presented in Tables 1 and 2 reveal that, where- 
as the clone exposed to a given antibiotic can survive the 
combination of that antibiotic plus atabrine, the same 
clone is incapable of surviving the combination of other 
antibiotics plus atebrine. This would seem to emphasize 
the fact that each drug elicits the development of specific 
resistance. 

The results presented in Table 3 are from a systematic 
investigation undertaken to determine the stability of 


drugs incubated for a prolonged period in a sterile 


medium. This was made necessary by the fact that 
aureomycin deviated from the common pattern of results 
(see under ‘Freshly prepared systems”, Table 3) by 
growth during a period of 221 h. It can be seen that the 
potency of aureomcin, on incubation in a sterile medium, 
with or without asabrine, decreases, and thus this anti- 
biotic was found tc be incapable of preventing the emerg- 
ence of even normal strains. It can also be seen that, 
with the exception of chloromycetin, all other drugs 
deteriorate to varying extents (see the results given 
under “Aged systems”, Table 3). It should be emphasized, 
therefore, that reHable conclusicns can be made from 
results observed in experiments with antibiotics plus 
atabrine, which are confined to a short period of time 
(that is, 48-96 h) during which a complete bactericidal 
action must occur. The results presented in Table 4 
show that the two different clones, when exposed to 
streptomycin and “Novobiocin’, respectively, may reveal 
differences as regards their ability to survive in 150 pg 
of streptomycin abne (compare system A-3 with system 
C-3, Table 4). Furthermore, the clone exposed to strepto- 
mycin and later grown in ‘Novobiocin’ plus atabrine 
(system B-6), and the clone exposed to 1:5 ug of “Novobio- 
cin’ and later inoculated into 5 pg of ‘Novobiocin’ plus 
atabrine (system D-6), failed to produce a ‘Novobiocin’- 
resistant strain, ihus indicating the possible need for 
added exposures to acquire a capacity for survival in 
5 g of ‘Novobiocin’. 


374 


Bacteria inoculated into series of identical growth 
‘systems, which individually contain various antibacterial 
agents, multiply following a period of suppression of 
division, or following the elimination of certain numbers 
of bacteria by death, or when both actions occur simul- 
taneously.- Those which can survive the drug action 
and multiply are considered to be drug-resistant. Bacteria 
that are already resistant to one drug but can also multiply 
in the presence of unrelated drugs are considered to possess 
cross-resistance. These facts have been explained by the 
supposition that a normal population of bacteria contains 
pre-existent drug-resistant individuals which survive the 
drug-action and multiply. Since strains capable of 
surviving various other drugs can emerge from a given 
normal population, it has been surmised that the normal 
population may contain as many pre-existent drug- 
resistant individuals as there are drugs. On this basis, 
one could postulate that a normal population of bacteria 
should manifest a cross-resistance behaviour. 

The concept outlined here has derived additional support 
from the results of experiments by Lederberg, using a 
replicating procedure. Originating from a single clone 
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or & ‘master’ colany, the growth of replicated colonies on 
geometrically superimposable loci in drug-supplemented 
plates has been interpreted to show that the corresponding 
sister colonies on drug-free plates, and the master colony 
as well, possess the same drug-resistant character as that 
which grows on the drug-supplemented agar plate. In 
other words, the master colony and the sister colony on 
the drug-free plate are interpreted to be resistant without 
prior exposure to the drug used. 

In reality, however, and despite the refined procedure 
used by Lederberg, the fundamental question remains 
unanswered of whether or not the cells in the parent colony 
and the sister colonies derived therefrom (with and without 
drug) are in all cases resistant to start with, or prior to 
multiplication in the presence of drug. To answer this 
question, a more sensitive procedure was required which 
made allowances for the differentiation of the actually 
resistant bacteria and those which were disposed to, or 
possess the potentiality for, the acquisition of a resistance 
character triggered by drug action. In addition, it was 
most important to set up a critical growth system which 
made allowances for the free growth of bacteria with 


Table J. SPEOIFICITY OF THE RESISTANCE REACTION TO THE COMBINED ACTION OF STREPTOMYOIN AND ATABRINE OF CLONES (THAT IS, RESPECTIVE INOOULA) 
FROM REPLICATED SISTER COLONIES GROWN WITHOUT AND WITH PRIOR EXPOSURE ONLY TO STREPTOMYCIN AND ABSENCE OF CROSS-RESISTANOE REACTION 
TO OTHER ANTIBIOTIONS IN COMBINATIONS WITH ATABHRINE 









g 











Additions (#g/ml.}) 0 
1) None IX A 3 
2) Atabrine 150 IX A 3 
3) Streptomycin 150 IX A 0 
(4) Streptomycin 150 
+atabrine 150 IX A 0 
(5) Tetracycline 1 IX A 8 
{6) Tetracycline 1 
+atabrine 150 IX A 2 
(7) Penicillin 0-5 V. IX A 3 
(8) Penicillin 05 U. 
+atabrine 150 IX A 1 
(9) Erythromycin 0:5 IX A? 0 
(10) Erythromycin 0 5 
+atabrine 150 IX Ar 2 
ay Chloromycetin 10 IX Ar 3 
(12) Chloromycetin 10 
+atabrine 150 IX Ar 5 






Inoculum size for experiment IX A=1 8x10? cells and for experi- 
ment IX Ar=3-1 x 10’ cetls/5 mi. medium. 


A 
Growth systems | Inoculum from a sister colony grown on drug-free agar 


Growth turbidity readings at hours of: 
—ć 











B 
Inoculum from a sister colony grown on agar with 
10 ug of streptomycin/rml. 


Growth turbidity readings at hours of: 

















182- | 204- 

0 24 48 72 96 168 | 240 

5 320 

0 120 244 

0 0 71 250 

0 0 5 50 80 222 

6 10 14 41 226 

1 6 9 6 ii 2 

7 9 14 135 = m = 

0 2 7 6 = am 0 

9 14 10 | 96 179 280 = 
13 13 12 — — mn 11 

3 25 47 7 155 ni = 

7 5 9 6 == EE 7 


Inoculum size for experiment IX A = 24 x 10° cells and 
for experiment IX Ar=2-6 x 10 cells/5 mi. medium 


Medium: 8 g of nutrient broth (Difco) per litre were supplemented by. sodium chloride 8-5 g, sodium monohydrogen phosphate 7-58 g, potassium dihydrogen 
phosphate 1-82 g and, following sterilization, sterile glucose solution added to render 0-5 per cent. Final pH was 7:34. 


Table 2. SPECIFICITY OF THR RESISTANCE REACTION TO THE COMBINED ACTION OF ERYTHROMYCIN AND ATABRINE OF CLONES (THAT IS, RESPECTIVE INOOULA) 
FROM REPLICATED SISTER COLONIES GROWN WITHOUT AND WITH PRIOR EXPOSURE ONLY TO ERYTHROMYCIN AND ABSENCE OF CROSS-RESISTANCE REACTION 
TO OTHER ANTIBIOTICS IN COMBINATIONS WITH ATABRINE 





Growth systems 
drug-free agar 


188- 
Additions (ug/ml.) 204 
(1) None 
Bet van os 
rythromycin 
“ Erythromycin 0 5 


+atabrine 150 
(5) Tetracycline 1 0 
(6) Tetracycline 1 0 
+atabrine 150 
2 Chloromycetin 10 
8) Chloromycetin 10 
+atabrine 150 
(9) Penicillin 0 5 v. 
(10) Penicillin 6-5 y, 
+atabrine 150 
(11) Streptomycin 150 
(12) Streptomycin 156 
+atabrine 150 
(13) ‘Novobiocin’ 5 
(14) ‘Novobiocin’ 5 
-+ atabrine 150 


Inoculum size for experiment IX Hr= 3-2 x 107 cells and 
for experiment IX Ẹ = 8-3 x 10" cells/5 ml. medium. 


A 
Inoculum from a sister colony grown on 





B 
Inoculum from a sister colony grown on agar with 0-1 ug 
erythromycin/ml. a 


Growth turbidity readings at hours of” 


204- 
240 


Inoculum size for experiment IX Er=8 x 10° cells and 


for experiment IX E=2 8 x 10° cellsa/5 ml. medium 


Pad 


79 


g 


nx 
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established. resistance character, but which at the same 
time eliminated, by death, those which possessed potential, 
but not actual, resistance. Such requirements for the 
absolute characterization. of these two types of bacteria 
were met by the findirgs®? thet a strain of bacteria which 
has been exposed only once to a given drug can readily 
grow in @ combination of that drug plus spermine or 
atabrine. In contrast, the strain of bacteria which has 
never before been exposed to that drug is completely 
eliminated by death under identical conditions. Further- 
more, the specificity of these reactions, or the absence of a 
cross-resistance character in a bacterium resistant to a 
single drug, was demonstrated by the finding that, where 
penicillin-resistant staphylococci can survive the action of 
streptomycin per se—giving the appearance of the presence 
of _& cross-resistance .character—the same penicillin- 
resistant strain is annihilated in a combination of strepto- 
mycin plus spermine or atebrine. This shows the absence 
of streptomycin-resistance character in the penicillin- 
resistant strain, and that the survival in the absence of 
spermine or atabrine is due to an acquisition of a sscondary 
resistance to streptomycin. 

Expanding the foregoing findings in the present study, 
replicated colonies grown both in the presence and absence 
of an antibiotic were subjected to a systematic investiga- 
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tion to elucidate, in a broad sense, the question of the 
specificity of resistance to a drug and of cross-resistance 
to other drugs (such as streptomycin, tetracycline, 
penicillin, erythrcmycin, chloromycetin, ‘Novobiocin’ and 
aureomycin). For example, the sister colonies which 
were grown. with, and without, streptomycin were chal- 
lenged by the afore-named antibiotics with and without 
atabrine. 

The findings from all freshly prepared systems, as 
presented in Tables 1, 2 and 4, clearly show that each 
antibiotic produces a certain degree of its own specific 
effect of resistance. In other words, the colonies grown 
in the presence of a given antibiotic are capable of sur- 
viving & combination of that antibiotic plus atabrine, but 
are incapable of surviving similar combinations with 
other antibiotics. 

In conclusion, we believe that our previous find- 
ings!-*.8-17 and those presented here differentiate the 
resistance character established in bacteria following 
exposure to a dreg from those of a potential nature. It 
would seem that the commonly supposed selection of 
resistant individuals in a bacterial population deals 
primarily with the selection of those bacteria which 
possess the potensiality for resistance. This potentiality 
is specifically triggered into an actual resistance by a 


Table 3. EFFECT OF AGEING, WITH AND WITHOUT ATABRIKE, ON THR Pomor OF ANTIBIOTIOS AS CCMPARED WITH FRESHLY PREPARED CORRESPONDING 
YSTEMS 
(Ageing for 300 h in sterlle growth media) 







Growth systems Aged systems * 


Growth turbidity readings at hours of. 


























Additions zg/ml. | 0 + 18 | 38 | 63 | 77 
None 0 270 — — 305 
Atabrine 150 0 190 — — 246 
Streptomycin 150 0 0 136 260 — 
Streptomycin 150 

+atabrine 150 4 5 — — — 
Chloromycetin 10 0 5 85 — 185 
Chloromycetin 10 

+atabrine 150 3 — — = 
Tetracycline 1 1 188 — 288 315 
Tetracycline 1 

+atabrine 150 4 25 185 — 197 
Erythromycin 0 5 0 3 105 — — 
Erythromycin 0 5 

+atabrine 160 3 6 3 85 247 
Aureomycin 8 1 252 — — —= 
Auteomyein 3 ns 

+atabrine 1 7 10 31 128 228 
Penicillin 0-5 v. Q 214 — 205 — 
Penicillin 0 5 v. 
; +atabrine 150 8 27 166 — 141 

Novobiocin 5' 0 23 190 — 207 


‘Novobiocin §' 
+atabrine 150 


nw 
oO 





~* Inoculum size 3-5 x 10’ cells/5 ml. medium for all systems, 





Freshly prepared systems * 





Growth turbidity readings at hours of: 





Table 4 REOCIPROOAL EFFECTS OF STREPTOMYCIN AND ‘NOVOBIOCIN’ ON THE BEHAVIOUR OF INOCULUM FROM COLONIES GROWN ON PLATES CONTAINING 
ONE OR THE OTHER ANTIBIOTIC 






Growth systems 


Growth turbidity readings at hours of: 


1) None : 3 300 320 
2) Atabrine 150 0 33 110 185 .| 210 
3) Streptomycin 150| 3 8 7 8 
(4) ‘Novobiocin’ 5 ($) 87 262 278 
(5) Streptomycin 150 
+atabrine 150 7 11 11 13 


(8) ‘Novobiocin’ 5 
+atabrine 150 5 13 12 12 





Additions (2g/ml.) C 














1a None 4 295 320 
(2) Atabrine 150 12 80 211 259 


290 320 


‘3 Streptomycin 150 
100 280 295 


4) ‘Novobiocin’ 5 
(5) Streptomycin 150 


oOo WwW RAS 


+atabrine 150 6 6 6 
(6) ‘Novobiocin’ 5 
+atabrine 150 15 12 


1o] 


wa 


~~ ener a a: ee 


A 
Tnoculum from a sister colony grown on drug-free agar 





ee ren te | — a a | e ae e a 


Additions (ug/ml ) 0 18 44 | 68 90 162 | 210 


Inoculum from a sister colony grown on drug-free agar 


i B 
Tnoculum-from a sister colony grown on agar with 15 ug 
of streptomycin/ml 





Growth turbidity readings at hours of. 


reid tee | | eerie | ea | EH | Nh | Net Aer | Hifi sett fiber 



















234 0 90 162 210 234 
0 
4 270 
6 0 295 
0 
11 ö 55 240 
15 4 15 











D 
Inoculum from a sister colony grown on agar with 
1 5 ug of “Novobiocin’/ml. 















2 296 315 
5 12 66 200 260 
4 32 305 330 
2 195 280 
6 0 2 0 1 
16 4 8 8 tH 8 









Inoculum size for: system A =2 3 x 10? cells; system B=1 6 x 107 cells, system C= 1-3 x 10? cells; system D=8-0 x 10° cells/6 mi medium. 


-. 376 . Ba o 


~ 


drug, but is blocked by a combination of any number of 

antibiotics plus atebrine or structurally related pheno- 
thiazine tranquillizers or antidepressants’. Conversely, 
the pre-existent drug-specific resistance character would 
seem to be insusceptible to this blockage. 

We thank Dr. Stuart Mudd for his advice during the 
course of this work, which was aided by a contract 
between the Office of Naval Research, U.S. Department 
of the Navy, and the University of Pennsylvania; the 
National Institutes of Health, U.S. Public Health Service, 
grant A1—05473, and U.S. Veterans Administration Central 
Office Research Service. 
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FUNCTIONAL SITES IN TRANSFER RIBONUCLEIC ACID 


By HIROSHI HAYASHI and Dr. KIN-ICHIRO MIURA 
Institute of Molecular Biology, Faculty of Science, Nagoya University, Chikusa, Nagoya, Japan 


CCORDING to present concepts of protein bio- 
synthesis! the raw materials of a protein molecule, 
amino-acids, are arranged on a template by transfer 
ribonucleic acids (RNAs). Each RNA molecule, which is 
specific for each of the twenty common amino-acids, 
combines with a definite amino-acid with the aid of a 
specific aminoacyl RNA synthetase. An aminoacyl 
RNA thus synthesized is transferred by a common 
transfer enzyme on to a definite position on the messenger 
RNA. (mRNA). The mRNA serves as a template for a 
polypeptide and forms a polysome with a few ribosome 
particles. A tRNA molecule selects the correct position 
among nucleotide sequences of the mRNA. by virtue of 
its adaptor site (or coding site), which is considered to 
be a complementary sequence to the codeword of the 
mRNA. However, little is known about the sites of specific 
interaction between tRNA molecules and aminoacyl RNA 
synthetases. A tRNA molecule must ‘recognize’ a specific 
aminoacyl RNA synthetase in order to pick up a specific 
amino-acid from the amino-acid reservoir. In order to 
determine the site in RNA which ‘recognizes’ the amino- 
acyl RNA synthetase, an investigation was undertaken 
of the inhibitory effect of various kinds of polynucleotides 
on the aminoacylation of RNA’. It was assumed that 
inhibition would be observed when the polynucleotide 
contained a specific structure corresponding to the site in 
{RNA which ‘recognized’ the aininoacyl RNA synthetase. 
Modified tRNA, which was oxidized by periodate to 
destroy the acceptability of amino-acid, inhibited the 
aminoacyl RNA synthetase. Similar results have already 
been reported by other research workers**. Ribosomal 
RNA showed no inhibitory effect, but the ribosomal RNA 
partially degraded by mild alkaline treatment had an 
inhibitory effect. A mild alkaline digest of (RNA was also 
found to be inhibitory. The inhibition by these poly- 
(or oligo-) nucleotides was competitive with the amino- 
acylation of 7RNA, and this did not depend on the terminal 
phosphate of the oligonucleotide. For valine incorpora- 
tion into tRNA, oligonucleotides longer than tetra- 
. hucleotides in the ribonuclease digest of RNA showed an 
inhibitory effect, whereas dinucleotides showed no effect 
and trinucleotides showed little effect. This article 
reports on the inhibitory effect of several kinds of syn- 
thetic oligonucleotides on the incorporation of amino- 
acid into tRNA, and discusses a possible structure for 
the site in ¿RNA responsible for ‘recognizing’ the amino- 
acyl RNA synthetase. 

Aminoacyl RNA synthetase, which was partially 
purified from brewer’s yeast, was incubated with Torula 
yeast tRNA, amino-acids and other requirements. 
(Details of the reaction mixture were given in an earlier 


report®.) The amino-acid to be tested was labelled with 
carbon-14 and added to a mixture containing the other 
nineteen unlabelled amino-acids. The incubation was 


carried out at 37° C. At various times the radioactivity - 


incorporated into the nucleotide (insoluble in 5 per cent 
cold trichloroacetic acid (TCA)) was counted. The poly- 
peptide was insoluble both m cold TCA and m hot TCA, 
whereas aminoacyl RNA was soluble in hot TCA. In 
this experiment there was a small, but negligible, radio- 
activity in the hot TCA insoluble fraction of the reaction 
product. Therefore, it would seem that amino-acids were 
only incorporated into RNA. Theincorporation of amino- 
acid into {RNA increased linearly during the initial 10 
min of the reaction. We measured the incorporation 
3 min after the commencement of incubation. It was felt- 
that this might give an indication of the initial rate of 
the reaction. In order to observe an inhibitory effect for 
this reaction, oligonucleotide was added to the reaction 
mixture at various concentrations. The oligonucleotides 


Mba 


were synthesized chemically according to Michelson‘. z 
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Relatıve velocity (per cent) 
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Amount of the Inhibitor added (O D.9.,.) per tube 

Fig. 1. Inhibitory effect of oligonucleotides for phenylalany! RNA 
synthetase. Reaction medium contains: 6 wmoles of ATP, 60 mumoles 
of 19 amino-acids, 60 mmoles of **O-phenylaJanine (10° c-p.m.), 50 ug 
of partially purified aminoacyl RNA synthetase, 12 mumoles of transfer 
RNA, and various amounts of inhibitor in 0 6 mi. of 0-01 M Mgt+-0:06 M 
gris buffer, pH 7 5. Incubation at 37° C for 3 min gives an initial velocity 
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(Oligonucleotide samples were gifts from Dr. A. M. 
Michelson, whom we thank.) The average chain-lengths 
(estimated by terminal and total phosphate analysis’) 
of oligouridylic acid (oligo-U), oligoadenylic acid (oligo- 
A), oligocytidylic acid (oligo-C), and oligoguanylic acid 
(olgio-G) were 4:8, 5-6, 5-2 and 5-6, respectively. These 
synthetic polymers contained 2’-,5’-phosphodiester 
linkages as well as 3’-,5’- phosphodiester bonds. A mild 
alkaline digest of poly-A synthesized by polynucleotide 
phosphorylase from Jzcrococcus lysodeikiucus® was also 
used. The free phosphate ends of these oligonucleotides 
were eliminated by Escherichia colt phosphomonoesterase’. 

The rate of the formation of phenylalanyl tRNA. was 
strongly inhibited by the addition of oligo-A, but only 
slightly by oligo-U, while oligo-C showed no inhibition 
(Fig. 1). The inhibition of the phenylalanyl RNA formation 
by oligo-A was a typical competitive inhibition as seen 
in the Lineweaver—Burk plots of 1/v against 1/s for various 
concentrations of the ‘inhibitor’ (Fig. 2). The rate of 
lysine incorporation into {RNA was strongly inhibited by 
oligo-U in a competitive manner, only slightly inhibited 
by oligo-A, and not inhibited by oligo-C (Fig. 3 and Fig. 
4). The incorporation of proline into tRNA. was inhibited 





1 2 
Lfs 
Pe 2 ~om enon Poea tRNA and oligo-A for yeast phenylalanyl 
A synthe » Reaction medium contains 1040 mymoles of 


FRNA, others a M as Fig. 1, without inhibitor. IT, Oligo-A is added 

as an inhibitor at the concentration of 4'8 O.D. units per 0'6 mi. Units 

of the substrate concentration are moles of phenylalanyl ¢RNA/! , and 
velocity 1s mymoles ‘RNA acylated per hour per tube 


Relative velocity (per cent) 
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Amount of the inhibitor added (O.D.s.,.) per tube 


Fig. 3. Inhibition effect of oligonucleotides for lysy] RNA synthetase, 
Reaction mixture is the same composition to Fig. 1, except ?‘C-lysine 
(17x10 c.p m./mumole) has been used imstead of ’4C-phenylalanine 
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Fig.4. Competition between: RNA and oligo-U forlysyl RNA synthetase. 


I, without inhibitor. II, Inhibited by oligo-U (4:5 O.D. units/0-6 ml.). 
, Inhibited by oligo-U (9 00.D. units/0-6 ml.). (Units of S are mumoles 
of lysyl tRNA per 0:6 ml. Units of V are mumoles of (RNA acylated per 
hour per tube) 
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Fig. 5. Inhibition effect of oligonucleotides for prolyl RNA synthetase 
Reaction mixture ıs tke same composition to Fig. 1. except C-proline 
(17 x 10‘ c.p.m./mynmles) has been used instead of 1!C-phenylalanine 


strongly by oligo-G, slightly by oligo-C, but not inhibited 
by either oligo-A. ar oligo-U (Fig. 5). 

If a tRNA molecule contains a complementary sequence 
for a codeword of mRNA as suggested in the adaptor 
concept of Crick?, phenylalanme RNA may contain 
ApApAp as a coding site for mRNA, since the codeword 
of mRNA for phenylalanine is UpUpUp". A reasonable 
amount of triaderylic acid cluster was observed in un- 
fractionated tRNA molecules??. The fact that the in- 
corporation of phenylalanine into ~RNA is inhibited by 
oligoadenylic acid 2lusters might be considered as follows: 
the enzyme recognition site in phenylalanine {RNA would 
also be an adenylic acid cluster. Slight inhibition of 
phenylalanine incarporation into tRNA by oligo-U would 
be eaused by the formation of complementary complexes 


3:78 


for the adenylic acid clusters in iRNA. It is possible that 
the formation of such complexes may reduce the velocity 
of the reaction. The inhibition by oligo-U to phenylalanine 
incorporation did not extend beyond 15 per cent with 
increasing quantities of oligo-U. 

For the incorporation of lysine and proline into tRNA. 
also, the complementary oligonucleotide to the mRNA 
eodeword showed competitive inhibition and the same 
“sort of oligonucleotide as the mRNA codeword caused 
slight inhibition, since the mRNA codewords for lysine 
and proline are ApApAp and CpCpCp, respectively!*14. 
If the anti-codon part (that is, the coding site in RNA) 
were to consist of complementary nucleotides to the 
mRNA code and the codeword were to be universal 
for any species, we might assume from the foregoing 
results that the coding site also (or the same nucleotide 
sequence as the coding site) acts as an enzyme-recog- 
nizing site when a specific amino-acid is incorporated into 
the terminal site of the specific tRNA by the specific 
aminoacyl RNA synthetase. 

Usually a cross-reaction between (RNA and amino- 
acyl RNA synthetase from different sources shows species 
specificity, which suggests that the enzyme recognizing 
site in ‘RNA would vary from species to species. Loftfield 
and Higner’, however, found that the Michaelis constants 
were quite similar for the amino-acylation of tRNA. by 
heterologous enzyme when compared with the constants 
obtained for amino-acylation by the homologous enzyme. 
They concluded that the enzyme-recognizing site may be 
identical in all species and that it may be unnecessary to 
distinguish it from the coding site in tRNA. Modification 
of tRNA. from different species by bromination led to 
inactivation of aminoacylation at different rates**, Yu and 
Zamecnik?* concluded that the enzyme-recognition site in 
tRNA varied from species to species and that it differed 
from the coding site in the sam? molecule. Other workers 
came to similar conclusions after studying the effect of 
modifications of tRNA by treatment with nitrous acid?’, by 
methylation and bromimation!’, or by irradiation with 
ultra-violet light!®. These treatments, however, might 
conceivably inactivate RNA not only by a direct modi- 
fication of the enzyme-recognition site, but also through 
changes in the tertiary structure essential for the tRNA. 
activity arising from modifications of parts other than 
the enzyme-recognizing site. Such a phenomenon is 
suggested by the various inactivation experiments of the 
aminoacylation of tRNA. by semicarbazide modification 
of cytosine residues”*, or by ribonuclease treatment}; 
this possibility is discussed even in those reports which 
concluded that the enzyme-recognizing site and the coding 
site were different. 

Structural differences in the tRNAs specific for an 
amino-acid among different species have, in fact, been 
observed??-24, If the enzyme-recognizing site were iden- 
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tical throughout all species, the structural differences 
would be located at sites other than these functional sites. 
That the enzyme-recognizing site and the coding site 
in ¿RNA were identical was also suggested by a few modi- 
fication experiments. Penniston et al.25 compared the 
inactivation rates of the ammoacylation activity and of 
the transfer activity to polysome for the formaldehyde- 
modified ‘RNA and found that they (the rates) were 
similar. Zachau®* modified uracil residues in (RNA with 
ultra-violet light, which makes uracil dimerize intra- 
molecularly. The incorporation of lysine into (RNA 
decreased much more than did phenylalanine. He con- 
sidered that the anti-codons of lysine tRNA and of 
phenylalanine ‘RNA might be UpUpUp and ApApAp, 
respectively, and that they might also act as the enzyme- 
recognition site, so that the ultra-violet inactivation was 
more effective for the inhibition of lysine incorporation. 
Similar experimental results?? were also obtained by a 
specific modification of uracil residues in ‘RNA with treat- 
ment by hydroxylamine at pH 9. These data are in agree- 
ment with our present recults and their interpretation. 
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BLOOD LYMPHOCYTE CULTURES 


By A. S. COULSON and Dr. D. G. CHALMERS 
Department of Pathology, University of Cambridge 


HE tissue culture of human lymphocytes separated 

from peripheral blood has become widely used to 
investigate the responses of lymphocytes to antigens in 
vitro. This technique provides a possible method for 
investigating the immunological status of the lymphocyte 
donor. 

The lymphocytes obtained from human blood are 
mostly small. If these cells are kept in culture without 
any apparent stimulus a small number of them spon- 
taneously transform into ‘blast’ cells (Fig. 2). If the 
initial population of small lymphocytes is more than 


90 per cent pure then after 80—90 h ın culture the majority 
of leucocytes present are lymphocytes or ‘blast’ cells. 
There are many reports that antigens stimulate the 
transformation of lymphocytes into ‘blast’ cells in vitro. 
Our experiments with cultures derived from almost pure 
suspensions of lymphocytes suggest that the lymphocyte 
is the source of these dividing ‘blast’ cells. Experiments 
with lymphocytes from different donors mixed together 
confirm that in the presence of foreign cells the trans- 
formation into ‘blast’ cells is greatly increased over 
simultaneous unstimulated control cultures. 


J 


\ 







‘he ‘problem. is to , quantitate this phenomenon of 
hocyte transformation in vitro in a meaningful way. 
Some workers have cited th. percentages of blast cells 
-found after a certain period = Sean indication of 
-the responsiveness of the .,. Se antigen 
used in vitro. However, using teva. d as the 
antigen, a number of differing percentages has been 
found; these are listed in Table 1. 

Factors affecting percentage. There are at least three 
separate events occurring in the cell suspension which 
have a direct bearing on the final percentage of ‘blast’ 
cells. First, part of the original small lymphocyte 
population may die and disintegrate, if not naturally as 
a result of manipulation procedures, then by the lethal 
< -= effect-of the antigen on sensitized cells. There are reports 
oF in vitro lysis of leucocytes by tuberculin and by a 

soluble extract from an 8-h Salmonella enteritidis broth 

_-eulture®-®, In addition, certain stimulants or the preserva- 
tives they contain may be directly toxic to some of the 

small lymphocytes. 

The decline in total cell counts during short-term 
culture in the presence of tetanus toxoid is shown in 
Fig. 1. The scatter of the points does not permit a 
precise determination of the shape of this curve so the 
- best straight line was fitted to the points es a first 
“approximation. Infinite weight was attached to the 
point at zero time since all experiments bad been stan- 
dardized at the beginning, and a line was drawn through 
-the centre of gravity of the points. The error was esti- 
mated by calculating the mean deviation from this best 
straight line of the y co-ordinates for those points above 
ie line, and for those below. 

_ Secondly, the ‘blast’ cells are actively dividing in culture. 
Sampling shows that over a 20-h period in the same 
culture there is an increase in the absolute number of 
last’ cells per mm? of culture. This point is illustrated 
by results in Table 2. 

‘Finally, the ‘blast’ cells may die and disintegrate. 
Thus it is more meaningful to refer to the absolute 
number of ‘blast’ cells per mm? in a culture at any given 
me rather than to the percentage. 

ndex of response. Accurate quantitation of ‘blast’ cell 
production in culture is promoted by allowing cultures 
only a standard time for growth and development. In 
Paragua this time period should be such that the small 
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Table 1 ELT FOUND. IN CL 
AFTER TETANUS TO OID. STIMULATION 
i Time of oS 
Towestigators sampling Pereenta 
Ling and Pusband (ref. 2} 4 days 40 
Cowling and Quaglino (ref. 3) 72h 7 
Elves et al.tref, 4) 72 h > 80 
Table 2. INCREASE OF ‘BLAST’ CELLS IN MIXED LY MPHOCYTE. cu 


WHICH INITIALEY CONTAINED 2,000480 LYMPHOCYTES PERE. x 
Absolute number of ‘blast’ 


Cukure cells per mm? 
reference At 70h At 90h 
EV AjCOO 7244 17349 
LA¥IGOU 110+6 297 +15 


lymphocytes have sufficient time to transform into large 
‘blast’ cells, but not so long that the ‘blast’ cells have 
themselves proliterated by division to any great extent. 

Once the absolute number of ‘blast’ cells per mm* has 
been determinec it is possible to derive an index of — 
response. 





Let To= time when culture starts, 
= time cf sampling, 
N = original absolute number of small lympho ytes: 

per mm’ at Ta 
n =absolute number of ‘blast’ cells per 
present at Te. 


Assuming all “blast’ cells in culture are derive 
small lymphocytes, and assuming that the time 
T:-T, is sufficient for all the small lymphocytes th 
been stimulated to assume a ‘blast’ cell morpholo 
index of response is given by: 





























Index of tvepO age = 


For example, wsing the data in Table 2 2, culture E AF 
COO has an index of response given by Dao rN 


173 + 5 per cent 


A ET RATAN A teeter a rum rem 


2,000 + 4:5 cer cent * 


when T;-7',=90 2. Similarly for LAY/GOU the index l 
of response in this case is 


1,000 = 87 + 7 per cent T 


297 + 5 percent 


2,000 + 4-5 per cent 
The index of response is a measure of the actin timber 
of original small lymphocytes which undergo tra 
tion in culture. 
Allowance must: be made for the lymphocyte 
transform into ‘blast’ cells in the control cultures 
no appar ent stimulus. We propose that a ‘correcte 
of response’ may be calculated by subtracting the 
cell count in the control culture from the ‘p 
count in the antigen-stimulated culture. The res 
corrected index cf response indicates more. clear 
responsiveness of the lymphocytes to the in vitro: st 
For example, in mixed lymphocyte cultures: 
If na is the abselute number of ‘blast’ cells: per am? 
present at T, in control culture of donor a@; na, the 
absolute number of ‘blast’ cells per mm? present at Teina 
control culture of donor b; nay, the absolute number of : 
‘blast’ cells per mr” present at T, in a mixed lymphocyte 
culture of donors a and b; N, the original absolute number 
of small lymphocytes at T, i in all three cultures, then 3 tho 
corrected index of response is given by: | 


x 1,000 = 150 +7 Ps cont, 








by centrifuging a j | falcon from ti y 
increase the cellularity of the smear. Iti 
centrifugation is fast enough to ensure 


x 
380 


the sample are spun down, otherwise there might appear 
to be a falsely high percentage in the smear of the denser 
cells from the sample. There are three possible sources 
of error in determining the absolute number of ‘blast’ 
cells. The first lies in the error inherent in visual cell 
counting technique’. We have also found that electronic 
cell counting can give false results on samples taken from 
cultures due to the debris present. 

The second possible source of error lies in performing 
the differential count. Rumke has shown that counts 
of less than 1,000 cells are only reliable to within about 
+2 per cent when the minor cell population lies between 
1 per cent and 10 per cent. It may be necessary to 
examine as many as 10,000 cells from any one sample 
to achieve a significant result especially as there is a 
tendency for blast cells to be distributed at the tail and 
edge of the smear. 

The third and most serious problem lies in the identi- 
fication of ‘blast’ cells in the stained smear. The fully 
differentiated ‘blast’ cell is easily recognized (Fig. 2). In 


wet preparations the cell has an over-all diameter of 


about lôu and the nucleus is central. After spinning, 
smearing and staining with Romanowsky stains the 
‘blast’ cell has basophilic cytoplasm, the nucleus may 
appear eccentric, and the chromatin of the nucleus in 
interphase appears to be a combination of a stippled and 
a fine reticular pattern. The nucleus may contain up to 


T three small nucleoli or one large nucleolus. In the cyto- 
* plasm there may be azurophilic granules and small, well- 
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Fig. 2: ‘Bins’ cells, Figs. 3-7. 
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defined vacuoles. ‘Blast’ cells in mitosis are readily recog- 
nized (Fig. 4); indeed, some workers rely on the percentage 
of mitotic figures in a preparation to indicate the extent 
of the in vitro response”. The error in determining the 
mitotic index is + 30 per cent (ref. 10). 

The daughter ‘blast’ cells shown forming in Figs. 3-7 are 
a source of difficulty, as with a Romanowsky stain the 
main detectable difference between a medium lymphocyte 
and a daughter ‘blast’ cell is the depth of cytoplasmic 
basophilia. With experience, however, it is possible to 
distinguish these forms in well-stained preparations. The 
use of a size threshold as a criterion for transformation can 
be misleading as Winter et al.“ have pointed out, because 
it is arbitrary and may exclude transitional forms. The 
size of a ‘blast’ cell can also vary depending on its position 
in the smear. It has also been shown that the size of a 
lymphocyte smeared on a slide often bears no relation to 
its size in the wet state’’. 

Uptake of tritiated thymidine. At present ‘blast’ cell 
production is judged visually by many workers and the 
index of response is an attempt to make the measurement 
of the ‘blast’ cell response meaningful, but it would 
undoubtedly be of value to have a parameter by which to 
measure ‘blast’ cell activity other than a purely morpho- 
logical one. 

Pulse labelling of lymphocyte cultures with tritiated 
thymidine can later be quantitated by autoradiography 
or liquid scintillation counting. Autoradiography is, of 
necessity, followed by differential counting and is thus 
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Various stages of mitosis of ‘blast’ cell encountered in Romanowsky-stained smears made from lymphocyte 
cultures, The scale of magnification is the same for all the figures 
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2 sredi in the ene 
; m s already discussed. Furthermore, auto- 
ograph “only detects those cells i in the S compartment 
f the cell cycle. This information would be of greater 
- value if it could be shown that the number of ‘blast’ cells in 
the S compartment bore a constant relationship to the 
total number of ‘blast’ cells present produced at the time 
of sampling. Our experience indicates that differential 
> counting on Romanowsky-stained smears by eye is 
“sensitive enough not to miss ‘blast’ cells that can later be 
identified autoradiographically. 
-Laquid scintillation counting detects the amount of 
a label incorporated into the DNA of the cultured cells en 
=: masse. Besides the need to show a constancy of relation- 
ship between ‘blast’ cells in the S compartment and the 
=- — total ‘blast’ cell population there is an added complica- 
tion. Pele** has shown that in many tissues DNA is not 
. perfectly stable and that labelled precursors of DNA can 
_ be incorporated into non-dividing cells. It is possible 
that the conditions prevailing in culture may induce or 
exacerbate instability in the DNA of those lymphocytes 
which are not responding by ‘blast’ cell transformation. 
The subsequent incorporation of labelled precursors into 
the total DNA of the culture would thus not be correlated 
‘directly with DNA synthesis in the ‘blast’ cells. This 
would interfere with accurate quantitation. 























































; j The whole problem of quantitating a ‘blast’ cell response 
is a reflexion of the ability of the ‘blast’ cell to grow and 
ivide and allowance must be made for the dynamic 


MHE first lymphoid cells appear in the thymus of 
CA vertebrates and in the thymus and the bursa of 
Fabricius of avian vertebrates and emigrate to lymphoid 
tissues whieh differentiate later’. The recognition and 
interpretation of this phenomenon differ sharply from 
earlier views. Most importantly, it differs from John 
Beard’s view that all leucocytes, including the bursa 
ymphocytes, are derived from the thymus??. Beard’s 
ow, brilliantly in advance of those held by haemato- 
ogists, cannot account for the proliferation and differentia- 
ion of polymorphonuclear granulocytes which occur 
before the formation of the thymus‘. These granulocytes 
cannot originate in the thymus or from emigrant thymus 
ells, The thymus does not exist at the time when the 
granulocytes appear’. Nor can Beard’s statements be 
reconciled with the histological and ultrastructural 
_ evidence that the bursa lymphocytes develop from cells of 
_ the bursa epithelium‘. These two defects in Beard's 
_ hypothesis are not generally recognized. This may be due 
to frequent representation of the term ‘leucocyte’ to 
mean. ‘lymphocyte’ and fortuitous inattention to his 
view of the bursa of Fabricius. Beard’s ‘thymus’ hypo- 
hesis was his final contribution to a distinguished investi- 
ation of the pharynx and its derivatives. His hypothesis 
was derived, in major part, from an investigation of elasmo- 
wanchii, which would seem to account for its inade- 
acies when applied to all vertebrates, 

Beard emphasized the origin of the thymus. In Raja 
is, and other fish‘, the thymus appears as placodes of 
thelial cells at the junctions of branchial ectoderm 
aryngeal endoderm. This peculiarity would, in 
ime, serve to distinguish the thymus from the 
‘abricius of birds. It was commonly believed 
“sa, originates from cloacal or caudal endoderm 
ly distant from the o prookodoal ectoderm”. 
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NUCLEAR STRUCTURE IN LYMPHOID PRIMORDIA 


By L. T. CHEN and Prof. R. F. RUTH 
Department of Zoology, University of Alberta, Edmonton. 






nature of the $ 
tion. Certainly t 

































he etme. of ‘per : 
the time of sampiing without. ETE total 
open to criticism, and in our experience may bem 
The index of response is suggested as a method of 
tion for short-term culture and the errors in this: aj 
have been discussed. It is to be hoped that it wi 
possible to correlate the different methods used for) 
ing the cellular response in lymphocyte cultures,- 
labelled precursor uptake, mitotic index and the index 


response. 
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We now know thet the bursa, hke the thymus, ori 
at or near a point of contact between ectoderm an 
derm!*. The present realization might well has 
derived from two classical studies’!*. Neither 
however, attributed importance to the contact of ec 
derm and endoderm. In this respect, these investig 

parallel the views of most students of the mam 
thymus’, The principal proponent of the signifie 
ectodermal—endocdermal contact was Edgar Norris 


human pharynx and its derivatives". 
the ectoderm was confirmed experimentally” i z 
(ref. 15). If the branchial ectoderm is removed before it- 
contacts the pharyngeal endoderm the thymus. does not — 
develop normally. The present report describes nuclear 
peculiarities in the region of contact between ectoderm i 
and endoderm. 

Fig. 1 represents a sagittal section through the ologio: | 
of a 5-day-old ehicken embryo, For our purpose, it 
iS impossible to describe any one section as a true mid- 
sagittal section because the most important ‘mid-sagittal 
structure is a curved membrane which does not lie entirely 
within one plane. This is the urodeal membrane (UM) 
seen between the cloaca (CL) and the proctodeum (PR). 
The urodeal membrane is a thin, median partition which — 
separates the right and left halves of the body. The. 
membrane is continuous from front to rear and top to 
bottom except for the vesicles (Fig. 2, BV), which 
multiply, enlarge sad fuse to form the cavity of the 
of Fabricius. ease 

Fig. 3 is an electron micrograph of an area adjacent — T 
to a bursa vesicle (BY). The vesicle contains mi | 
which is precipitated by routine preparation for ele 
microscopy. The vesicle is bound by elongated epit m 
cells linked by desmosomes and interdigitations of the- i 
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cell membranes. The nucleus (N) of a typical cell lies 
at the bottom and its nuclear membrane (NM) appears 
as a double membrane in the centre. At the arrows (—-—), 
the outer membrane of the nuclear membrane is directly 
continuous with the cell membrane (CM). The cell 
membrane parallels the nuclear membrane and is closely 
applied to the cell membrane of an adjacent cell. Con- 
tinuity between the nuclear membrane and the cell 
membrane has been described in the fusiform cells of 
Rous sarcomata'™, but we are not aware of previous 
reports of direct connexions in normal cells of vertebrates. 
We attribute the direct connexion to the elongation of 
the cells which surround the vesicles. This brings the 
nuclear and cytoplasmic membranes into proximity, 
which may be a necessary condition for the visualization 
of the connexion in one electron micrograph. The resolu- 
tion obtained is at the practical limit of our equipment. 
Fig. 3 includes a part of a bursa vesicle (BV) which 
obviously contains precipitated materials. The formation 
and growth of these vesicles will be discussed elsewhere. 

Fig. 4 represents a frequent feature of the nucleoli 
of the urodeal cells. The nucleoli contain electron-dense 
material which forms serpentine threads or meandering 





Fig. 1. A diagram of a sagittal section through a 5-day-old chicken 
embryo. The head lies to the right, outside the figure, and the tail 
curves to the left below the proctodeum (PH). The proctodeum is 
separated from the cloaca (CL) by the urodeal membrane (UM). AL 
tois; R, rectum; NT, neural tube; ND, notochord. The framed 

x AE- 


area corresponds to Fig. 2. 
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Fig. 2. A phase-contrast photograph of the area framed in Fig. 1. The 
vesicles (BV) which will fuse to form the lumen of the bursa of Fabricius 
are present in the urodeal membrane. The ectodermal epithelium (EC) 
of the proctodeum abuts against the endoderm (EN) which occupies 
most of the ufodeal membrane. The tissue was fixed in 1 per cent 
osmium tetroxide, embedded in ‘Araldite’, and sectioned at 10”, The 
photograph was taken with ‘Agepe’ FF 35-mm film, a Leitz ‘n’ dark 
phase contrast 10 objective, and a Leitz Heine condenser. (x c. 120) 
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Fig. 3. An electron micrograph of part of the urodeal membrane of a 


‘ oJ 9 


f-day-old chicken embryo. Part of a bursa vesicle (BV) is included. 
Parts of two typical, elongated cells are seen adjacent to the vesicle. 
Small vesicles may be seen in the cytoplasm of both cells. One of these 
appears as a continuation (—++-) of the outer nuclear membrane (NM) 


with the cytoplasmic membrane (CM). N, Nucleus, The tissue was 


prepared in the same way as that represented in Fig. 2, except that the 
plastic sections were stained with uranyl acetate. 
microscope was used with an objective aperture of 25y, 


A Phillips EM100B 
( x 18,400) 
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Fig. 4. An electron micrograph of the urodeal membrane of a 5-day-old 


chicken embryo. The dark, thread-like or membranous mass lies within 
the nucleolus (X L) of a typical nucleus (N). The figure was prepared 
to emphasize the contrast between this mass and the remainder of the 
nucleolus. The section was not stained with uranyl acetate. Otherwise 
the preparation and conditions were the same as for Fig. 3. (x c. 8,935) 








membranes. It is difficult to imagine that these represent 
random aggregates of granules. The density is equivalent 
to that of desmosomes. The threads are found in large, 
dense nucleoli and do not reach the edges of the nucleoli. 
The only other structures in these nucleoli are the granules 
which are distributed uniformly. We advance no inter- 
pretation of the dense threads. 

Fig. 5 represents the intimate contact (—~<—) of ectoderm 
and endoderm in the region of the thymus (<-). The thy- 
mus primordium appears in the area marked by one 
arrow, but is in an adjacent section. Fig. 5 is selected 
because it shows the point of contact particularly well. 
Although the thymus primordium proper shows signs of 
active proliferation, both it and the adjacent epithelia 
undergo severe degenerative changes. 

Fig. 6 represents a form of degeneration common in 
the primordium of the thymus. Normal nuclear pores 
(NP) are present in a nuclear membrane which has begun 
to form myelin figures. If we extend the term introduced 
by Hruban et al? we might term this ‘focal nuclear 
degradation’. This would be misleading because the 
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cytoplasm also forms myelin figures. Myelin figures 


sprout up everywhere. This is just one characteristic of 
a degeneration which involves the nucleus and cytoplasm 
of every cell in some parts of the epithelial complex. 
The degradation of the nucleus is a prominent feature in the 
formation of the thymus, but is less evident in the forma- 
tion of the bursa. In the region of the bursa, the cyto- 
plasm may undergo focal cytoplasmic degradation! 
while the nucleus remains normal. In the region of the 
thymus, the nucleus and the cytoplasm change and 
deteriorate simultaneously. The cytoplasmic changes 
and their relation to nuclear changes are the subject of a 
more detailed report. 

The present report confirms the intimate contact of 
ectoderm and endoderm at the points of origin of the 
thymus and the bursa of Fabricius. This contact is 
associated with contrasts in cell behaviour. Many of the 
cells degenerate and die. Others persist to form the bursa 
and the thymus. The degeneration in the region of the 


thymus is characterized by a simultaneous degradation of 
the nucleus and the cytoplasm. The degeneration in the 
region of the bursa is characterized by degradation of 
the cytoplasm which precedes or is unaccompanied by 
degradation of the nucleus. 
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The degenerstion precedes 
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Fig. 5. A phase-contrast photograph of a frontal section through the 
pharynx of a 5-day-old chicken embryo. The branchial ectoderm extends 
nward from the outside surface (OS) of the body to a point (—<) 
nt to the primordium of the thymus of the third pharyngeal 
pouch (<=), The endoderm of the third pharyngeal pouch (?H3) 
extends outward to the primordium of the thymus. The seconc p mm- 
geal pouch (PH2) lies to the left and the third aortic arch (A43) lies 
tween the pouches. The preparation of the tissue and photographic 
conditions were the same as for Fig. 2, except that the fixation with 
osmium tetroxide was preceded by fixation in glutaraldehyde. (x e. 135) 
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Fig. 6. An electron micrograph of the primordium of the thymus of a N 
ö-day-old chicken embryo. uclear pores (VP) are seen in a n 
membrane which is feeming myelin figures at two widely spaced points, | 
one of which is shown Degradation of this type accompanies d 
tion of the mitochondria (M) in the thymus, but has not been seen in the 
bursa, The preparation of the tissue and the photographic conditions 

are the same as those for Fig. 3. (x 20,000) 


the formation of the thymus and the bursa; the intimate | 
contact between the persisting and degenerating cells 
suggests that the degeneration is a stimulus to the fo 

tion of the lymphoid primordia and an early step in the 
acquisition of specific immunological reactivity. 

This work was supported by the National Research — 
Council and the Medical Research Council of Canada. — 
We thank Mr. G. Menges for photographie assistance, 
and G. R. J. Law of the Hy-Line Poultry Farms, John- 
ston, Iowa, for providing the embryos used. 
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INCREASED AORTIC BETA-GLUCURONIDASE ACTIVITY WITH 
PROGRESSIVELY SEVERE ARTERIOSCLEROSIS IN FEMALE BREEDER RATS 


By Pror. BERNARD C. WEXLER and Dr. JOSEPH T. JUDD 


May Institute for Medical Research of the Jewish Hos 
University of Cincinnati 


| previous reports we described the development of 
naturally occurring arteriosclerosis in both male and 
female rats after repeated breeding'-*. Microscopic 
arterial lesions begin to appear in male and female breeders 
as early as the first or second breeding. Such lesions 
appear first in the abdominal aorta and consist of focal 
sub-intimal accumulations of acid mucopolysaccharides, 
endothelial hyperplasia and fibrosis. With advancing 
arterial disease the media show pooling of acid mucopoly- 
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saccharides about individual elastic fibres, elastosis, 
ground substance degeneration and calcification. As the 
enzyme, $-glucuronidase, may be involved in muco- 
polysaccharide metabolism'-’, we undertook to determine 
whether it might be involved in the pathogenesis of the 
ground substance degeneration and arteriosclerosis in 
breeder rats. Accordingly, this enzyme was assayed in 
serum, adrenal glands and aortas of virgin animals, which 
were free of arterial disease, and of breeder rats having 


384 : > 


arying degrees of microscopic and grossly visible arterio- 
ieee In addition, combined histochemical and 
histological techniques were used in an attempt to 
determine whether §-glucuronidase activity could be 
. demonstrated in areas of mucopolysaccharide accumu- 
lation in and about arterial lesions. 

The animals used in this investigation were Sprague- 
Dawley rats obtained from the Sprague-Dawley Farms, 
Madison, Wisconsin. The animals were housed in air- 
conditioned quarters, were given tap water to drink and 
were allowed free access to food at all times. The diet 
consisted of a pelleted commercial rat diet (Texlad, Ine., 
Monmouth, Illinois) which has a relatively low fat con- 

tent (4 per cent). 

Male and female virgin rats served as controls and were 

ble in age to the breeder rats. The degree of 

| pment of arteriosclerosis of the aorta was determ- 

n ined by gross examination at the time of autopsy. Since 
male breeder rats develop only microscopic lesions in the 
aorta, the arterial samples removed from these animals 
were considered as a separate class. Female breeders, 
however, develop varying degrees of grossly visible 
arteriosclerosis which are readily detected at autopsy. 
The arteries and tissues from these animals were separated 

= into four classes: clear, minimal, moderate and severe, in 
keeping with the severity of gross arteriosclerosis found 

in the aorta!. To avoid the stress of anaesthesia at the 
time of autopsy, all animals were decapitated instantly 

by means of a guillotine. Arteriovenous blood was col- 
lected from the large severed vessels in the neck; samples 

of serum were prepared by prompt centrifugation. The 

. adrenal glands were quickly removed, trimmed free of 
fat and extraneous tissue, homogenized in ice-cold water 
and filtered. The entire aorta extending from the heart 

_ down to the bifurcation into the iliac arteries was removed, 
k weighed, stripped of extraneous tissue, cut up with fine 
scissors, homogenized in ice-cold water and filtered. In 
some investigations, specific segments of the aorta, for 
example, arch, thoracic and abdominal, were removed 
treated in the same manner. The arch of the aorta 
consisted of the ascending and descending limbs of the 
aorta free of the innominate and carotid artery branches. 
The thoracic aorta consisted of that portion of the aorta 
between the point at which the superior vena azygos 
crosses the aorta down to the folia of the diaphragm. The 
abdominal aorta extended from the diaphragm, free of side 

__ branches, down to the bifurcation into the iliac arteries. 

The method of Fishman et al.* was used with only minor 
modifications to determine the 3-glucuronidase activity 
in serum or in the supernatants from homogenates of 
adrenal or aortic tissue. Buffered serum or an aliquot of 
tissue homogenate was incubated with phenolphthalein 
glucuronic acid as described in the original method* and 
the amount of phenolphthalein released was determined. 
The activity was then calculated as the amount (ug) of 
phenolphthalein liberated per hour—|! g/h equalling one 
unit. Serum samples were incubated for 20 h, adrenal 
homogenates, 2-5 per cent (w/v), for 2 h, and aortic 
homogenates, 5-10 per cent (w/v), for 20 h. 

In order to demonstrate histochemically the presence 
of 8-glucuronidase, tissue was fixed overnight in cold 
chloral hydrateformalin as preseribed by Fishman and 
Baker’. Cryostat sections were cut at 8u and stained 
according to the method described by Seligman et al.™, 

Segments of the aorta and adrenal glands were all fixed 
in 10 per cent buffered neutral formalin (Lillie) em- 
bedded in paraffin and sectioned at 3u. Frozen sections 
were cut at 5-10u. Haematoxylin and eosin were used 
for routine examination; Gomori's aldehyde fuchsin 
stain for elastic tissue; alcian blue and toluidine blue for 
demonstration of metachromasia and acid mucopoly- 
saccharides as well as the Hale stain; the von Kossa 
method for calcium; and Sudans II and III, oil red O 
and Sudan black B for the demonstration of lipids in the 
frozen sections. 
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No significant differences were found in the serum 
levels of B-glucuronidase between rats without 
arterial disease and breeder rats with either microscopie 
or gross arteriosclerosis (Table 1). Although the adrenal 
glands contained a considerable amount of B-glucuronidase 
activity, no significant differences could be found between 
animals with and without arterial disease (Table 1). 
Furthermore, no difference could be demonstrated 
between the -glucuronidase activity of adrenal glands 
from male or female rats (Table 1). 


Table 1. 8-GLUCURONIDASE ACTIVITY IN THE SERUM AND ADRENAL GLANDS 
OP VIRGIN AND BREEDER 


Breeders 
Microscopic No grossly Gross 
Sample Virgins arterio- ble arte- arterio- 
No arterial disease sclerosis 
Maleg* Females * Males* Females * 
Serum t 
(units/0- 
ml, +8. D. } 1134017 1354026 15124014 1214016 1-2640-23 
—t 
(units/mg 
=SD.) 3054046 3234084 2-3320-78 3544050 3424072 


* Number of samples for each determination was 5. 
+ One unit of activity equals 1 ug of phenolphthalein released per h. 


Significant increases, however, were found in the 
6-glucuronidase activity of aortas taken from female 
breeders with advanced gross arteriosclerosis (Fig. 1). 
These increases paralleled the severity of arteriosclerosis ; 
that is, aortas from female breeders with moderate or 
severe gross arteriosclerosis had the greatest enzyme 
activity (Fig. 1). There was no significant difference in 
enzyme activity of the aorta between male virgin controls 
with no arterial disease and the male breeders with 
microscopic arterial lesions (Fig. 1). 

Separation of the aorta of female breeder rats with 
varying degrees of gross arteriosclerosis into three 
anatomical segments, that is, arch, thoracic and abdom- 
inal, revealed striking differences in enzyme activity in 
these segments (Fig. 2), which coincided with: (a) the 
anatomical progression of arteriosclerosis as it develops 
and spreads in these animals; (b) the increasing severity 
of the disease. 
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Fig. 1. gp adh A-glucuronidase activity of whole aortas (+S.D.) 
removed from male a. female virgin rate having no arteriosclerosis 
ony breeders having 


yea ca vi th aortas removed from 

microscopic lesions w oniy and with female breeders having either 
early or advanced gross arteriosclerosis. One unit of gl 

activity equals 1 ug pe phenoiphthalein released per h. Statistical com- 
parison (using the 't-test') shows that there is no significant difference 
(P >0-05) between the aortas of virgin rats and ao 


ebay a don $ rtas of breeder — 
y early gross riosclerosis. However, ighi significan 
differences were found among the aortas of virgin females with no arterio- 


sclerosis and female teteders with advanced gross arteriosclerosis, P = 
<0-005, (Five samples of aorta were used In each ech of the classes depicted) 
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_ In the female breeder rats the aortas of which showed 


tame: ret 


no grossly visible lesions, that is, ‘clear’ (these grossly 
clear aortas, however, contain microscopic arterial lesions), 


no real differences could be determined between the three 


aortic segments. However, in female breeders with mini- 
mal gross arteriosclerosis, where the gross arterial plaques 
can be seen in the abdominal aorta only, 8-glucuronidase 
activity was significantly elevated in only the abdominal 
aorta (Fig. 2). 

In female breeders with moderate arteriosclerosis, where 
grossly visible plaques could be detected first in the 
abdominal and secondly in the arch segments of the 
aorta, the {-glucuronidase activity was significantly 
elevated in these two segments, specifically (Fig. 2). The 
thoracic aorta, which displays no grossly visible plaques 


in female breeders with moderate arteriosclerosis, showed 


> significant increase in $-glucuronidase activity (Fig. 
2), 
Female breeders with severe gross arteriosclerosis 


showed a significant increase in 8-glucuronidase activity 


in all segments of the aorta (Fig. 2) in keeping with the 
presence of advanced arteriosclerosis throughout the aorta 
of such animals. 

In general, a clear, step-wise trend toward increased 
aortic 8-glucuronidase activity was noted within each of 
the aortic segments concomitant with increasing severity 
of arterial disease, that is, clear, minimal, moderate and 
severe, 

Chemical analyses of aortic 8-glucuronidase activity 
agreed well with the histochemical demonstrations of the 


enzyme. The enzyme was demonstrable histochemically 
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segments (+S.D.) of aortas remo m female 
breeder rats cme À degrees of gross arteri 8 ing from 
clear to minimal to moderate to severe. One unit of §-zlucuronidase 
activity equals 1 a beg D sengoos aie ype released h. Statistical treat- 
ment of Gata by the method of analysis of variance showed that 
there ificant difference in aortic 8-glucuronidase activity 
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vere, statistical application of the ‘t-test’ showed that, in all cases, there 
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in those arterial segments with the more advanced and 
complicated arteriosclerotic lesions. The aortas of virgi: 
rats free of arteriosclerosis, and of breeder rats with 
microscopic arterial lesions only, showed no trace of 
8-glucuronidase activity. 

The most intense positive reaction for 8-glucuronidase 
was concentrated in the media, particularly in areas 
of degenerating ground substance and around elastic 
fibres which were undergoing dissolution (Fig. 3). Medial 
sites of dystrophie calcification also showed substantial 
enzymatic activity. In foci of cartilaginous metaplasia, 
the individual cartilaginous cells displayed a halo which 
reacted positively for 8-glucuronidase. igs 

In some aortas, particularly those with advanced 
arteriosclerosis, a ciffuse positive reaction for the enzyme 
was observed in the media often accompanied by a very 
strong positive reaction in the adventitia. Those medial 
foci which were intensely basophilic (with haematoxylin), 
strongly metachromatic, and which reacted ely 
with alcian blue and to the Hale stain showed the 


greatest enzyme activity. Since the spleen has a very 


high level of 8-glueuronidase activity, sections of spleen 
were tested simultaneously as control tissues together 
with the aortic tissue. The sections of spleen were in- 
tensely positive for the enzyme. 

Unlike aortic tissue, the adrenal glands showed a much 
more positive reaction for B-glucuronidase. The zona (z.) 
glomerulosa showed only slight positive enzyme activity 
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inter ng than that Sue in the one Z. Aeacioulata ey 
virgin rats. 

“The details of the histological changes involved in the 
pathogenesis of arteriosclerosis in breeder rats have been 
reported’-4, The earliest changes seen in the aortas of 
breeder rats consisted of a focal aggregation of basophilic 
cell elements both in the intima and media. These cells 
are surrounded by a metachromatic substance, probably 
acid mucopolysaccharide, and are either mesenchymal 
cells or smooth muscle cells. Large quantities of acid 
mucopolysaccharides appear in the intimal space and 
become transformed into fibrotic plaques. 

With advancing arteriosclerosis the media show 
generalized accumulation of acid mucopolysacchandes 
between medial muscle cells and concentrated pooling 
about individual elastic fibres. In scattered foci the 
elastic fibres and ground substance undergo degeneration 
followed by haemorrhage and necrosis. The accumulation 
of acid mucopolysaccharide is intense in those loci which 
be me filled-in or repaired either by cartilaginous meta- 
plasia or dystrophic calcification. 

The. finding of significant increases in aortic B- glucuron- 
idase activi ity with increasing severity of art teriosclerosis in 
breeder rats is interesting because changes in 6-glucuron- 
idase activity may be associated with: (e) mucopoly- 
= saccharide metabolism*-?; (b) active cell proliferation, for 

example, arteriosclerosis’. ? or cancer 1513; (e) cycle 

-changes within the female sex organs accompanied by a 
nd fall in enzyme activity during menstruation and 
ancy®® 18; (d) increased enzyme activity in various 
nae srine glands and in serum ìn response to adrenal 

EES stress aa Cushing’ S e The arterio- 
















! i. Pease in the temale: Fa) a meee changes 

in ease steroid function ane histology’, accompanied 

by degenerative changes associated with hyperadreno- 
corticism, 

_- The increase in arterial enzyme activity was not 
~ reflected through any apparent change in serum levels, 
: However, these breeder rats were examined several weeks 
post partum when serum enzyme activity would be at its 

lowest leve]!1.13,20-22, 
The results of the chemical analyses of adrenal 
8-glucuronidase activity provided no clue as to how this 
enzyme in the adrenal cortex might participate either in 
changes in cortical function per se or in the enzyme 
-ehanges observed within the arterial wall. 
‘However, the histochemical testing of adrenal gland 
slices revealed specific zonal differences in the concen- 
tration and distribution of 6-glucuronidase, that is, 
absence of 8-glucuronidase in the z. reticularis of adrenals 
of virgin rats which have no arterial lesions compared with 
its presence in this zone in arteriosclerotic breeder rats. 
This condition could be a reflexion of altered 17-keto- 
steroid production in breeders. 
3 The: significant increase in aortic content of 8-glucuron- 
idesi in female breeders with ineressing severity of gross 
< arteriosclerosis is particularly meaningful and provocative. 
o Kirk* reported that although the activity of this enzyme 
we is relatively low in normal human aortas, it did become 

elevated in arteriosclerotic aortas. Kayahan® claims that 

. $-glucuronidase activity is low in the serum of animals 

-prone to develop atherosclerosis and high in those resistant 
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the disease in breeder rats. 
illustrated in the case of female breeders with moderate 
arteriosclerosis (see Fig. 2). Although high enzyme- 


activity was demonstrated in both the plaque-ridden arch 


and abdominal aortic segments, the thoracic segment, 
free of any gross plaques and serving as an internal control, 
was devoid of any significant enzyme activity. 

The close association of enzyme activity with ground 
substance degeneration and ‘acid mucopolysaccharide 
accumulation is in accord with the findings of Zemplényi 
et al.’. These investigators also found, just as we did, 
increé ased enzyme activity in medial smooth muscle cells 
and endothelium. Furthermore, they found increased 
8-glucuronidase activity in cholesterol-fed rebbits pre- 
ceding the development of any recognizable arterial 
lesions’. 

The appearance of arterial lesions in first the abdominal 
and later the arch and thoracic segments of the aorta of 
female breeders may be due to physico-chemical differ- 
ences between the arterial segments conditioned by female 
sex hormones. In this connexion, Malinow et al.” and 
Christie and Dahl! have shown that there are cyclic 
changes in aortic oxygen consumption associated with 
sexual activity in female rats and that the aerobic and 
anaerobic metabolism of the rat aorta is under the 
influence of gonadal hormones. Similarly, Bertelsen** has 
shown that mueopolysaccharides, the sulphated muco- 
polysaccharides in particular, tend to accumulate im 
tissues having a low oxygen tension. We have also 
observed considerable differences in calcium, hydroxy- 
proline (as an index of collagen content) and mucopoly- 
saccharide between aortas of male and female breeder 
rats, between aortas with early and advanced arterio- 
sclerosis and between the various segments of the 
aorta??, 
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LETTERS TO THE 


RADIO ASTRONOMY 


High-resolution Spectra of Decametric 
Radio Bursts from Jupiter 


A PREVIOUS experiment relating to the fine structure in 
the dynamic spectra of decametric radiation from Jupi- 
tort? was repeated during the 1964 apparition of the 
planet, but using different techniques of observation. 

The main instrument was a high-resolution multi- 
channel spectrograph. The centre channel was tuned 
to 19:0 Mo/s and the others at 50-ke/s intervals on both 
sides of it—-their 3 and 40 dB band-widths being 5 and 
50 ke/s, respectively. The number of channels varied 
from 10 to 14. The dynamic spectra were recorded 
photographically from intensity-modulated indicators, 
the time constant of integration being 30 msec. The 
aerial was a two-element collinear array with driven 
reflectors. 

Two phase-switching interferometers were used to 
identify the Jovian radio bursts. One was of a panoramic 
type sweeping, repeatedly every 6 sec, the ranges 20-15 
Mc/s. The dynamic spectra with phase were recorded on 
colour film from an intensity-modulated white-prosphor 
cathode-ray tube display, in front of which a colour disk 
with red and green segments was synchronized to rotate 
with the broad-band phase-switch. The other inter- 
ferometer was of. a single-frequency type (worxing at 
19-3 Mc/s) driving a pen recorder. The aerials consisted 
respectively of two horizontal biconical dipoles with 
reflecting screens, and two three-element Yagi aerials, 
the baselines extending a few wave-lengths in the east— 
west direction. 

The multi-channel spectrograph was operated for 4-5 h 
each night from September 1 to December 15, 1964, and 
the other receivers continuously over the same period. 
Almost no local interference was experienced at either 
of the two isolated sites of observation and the low night- 
time values of the ionospheric critical penetration fre- 
quency resulted in the absenco of long-range interference 
during the Jovian transits. 

Only the strongest bursts were recorded with tke high- 
resolution equipment, the total number of nighss with 
activity being 33. Most of the recordings showed roughly 
similar variations of intensity with time from channel to 
channel, indicating radiation band-widths of the order of 
500 ke/s or more, the durations ranging from a few seconds 
to a few tens of seconds. On 14 nights recordings were 
obtained in which the variations were not similar at all, 
indicating fine structure composed of pulses with band- 
widths of the order of 50 ke/s or less. The duration of 
pulses varied from the time resolution of the instrument 
to a few seconds. A typical spectrum is reproduced in 
Fig. 1. 
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Fig. 2. (a) Probability of occurrence plotted agaimst System IIT longt- 
tude. " Recordings thas are dissimilar from channel to channel are 
denoted by shaded areas and those that are on average similar by 
unshaded areas. (b) The radio storms observed in high resolution 
plotted on System IC longitude and the position of the satellite Io 


The probability of occurrence as a function of System 
ITI central meridian longitude’ is shown in Fig. 2a, the 
shaded profile denoting narrow-band structure. The 
relatively low over-all gain of the multi-channel installa- 
tion results in low values of probabilities. Following the 
precedence of Bigg* the storms are plotted in Fig. 2b on 
the co-ordinate system of the longitude of the Jovian 
satellite Io in its orbit, measured from superior geocentric 
conjunction’, and the radio longitude. Here the width 
of the lines is closely related to the total duration of the 
bursts in equal intervals of observing time. 
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Fig. 1. A Jovian radio burst recorded with a multi-channe? saat h showing a different variation of intensity with time in each of the % 
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It is worth noting that the trains of short-duration 
pulses observed in 1963 (refs. 1 and 2), which occurred at 
radio longitudes of the central meridian of 140°—190° 
and Io’s position of 55°—75°, seem to be a different spectral 
phenomenon, although they were not recorded with 
certainty in 1964. 

It is possible that these observations indicate some 
variations in the spectral fine structure depending on the 
positions of the radio system and the satellite Io. Various 
authors’? have discussed the Jovian decametric emissions 
presuming some kind of exospheric disturbances; the 
extension of the present experiment to weaker radio 
storms would probably have some interest in studying 
the nature of the disturbances produced by the satellite. 


J. J. RUHMAA 
Radio Astronomy Station, 
University of Helsinki, 
Finland. 
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ASTROPHYSICS 


interstellar Grains and the Diffuse Galactic 
Light 

Present knowledge of the physical nature of the 
interstellar grains is based principally on interpretations 
of the observed extinction and polarization of starlight. 
Some scattering of the galactic radiation field by the 
interstellar grains must occur and it is recognized that a 
precise determination of the brightness of such a diffuse 
galactic light can also contribute to our knowledge of the 
grains. Since the first investigations of the diffuse light 
by Elvey and Roach! in 1937 there have been further 
studies by Henyey and Greenstein?, van Houten? (using 
the measurements of the brightness distribution in the 
Milky Way by Elsässer and Haug‘) and Roach and Smith’. 
Unfortunately the results of these four investigations are 
in considerable disagreement. Two important sources of 
this disagreement arise from uncertainties in assessing 
(1) the contributions to the observed brightness of the 
airglow, zodiacal light and light scattered by the Earth’s 


Table 1. SURFACE BRIGHTNESS OF THE DIFFUSE GALACTIC LIGHT AT THREE 
ALACTIO LONGITUDES 








Observed Diffuse 

jie pre integrated Integrated galactic 

galactic starlight light, D 

light i 

46 —123 118 80 Ae 38 {45 
50 — 9-9 160 92 83 68 (77 
58 —77 175 106 Hs 69 h 
57 — 5 177 120 98 57 79 
61 —2:8 164 147 (107 17 (57 
65 — 123 111 82 (75) 29 (86 
66 — 7-0 192 99 (84 93 108 
66 —3°6 269 125 (95 144 174 
67 -17 280 141 (97 89 183 
67 4-0 134 95 E 89 ee 
67 9-3 83 60: 53 28 30 
185% —1-2 138 120 fea 18 58 
164 ~~. -59 119 63 oo 56 87 
163 ~c ipd 91 44 40) 47 51 
163 -150 59 38 (36) 20 23 





The brightness anit 18 the equivalent number of stars of magnitude B = 
10-0 per square degree = n(B). 


Table 2, 






| Authority 
Henyey and Greenstein* 


Roach and Smith* 
Wrolstencroft and Rose 





106 + 34 


055 + 0°30 
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atmosphere; (2) the contributions from faint stars, the 
integrated starlight. 

This communication reports a new determination of the 
brightness, D, of the diffuse galactic light based on measure- 
ments secured from a sounding rocket. These measure- 
ments were obtained from altitudes above 180 km and 
consequently corrections for scattering and extinction 
in the atmosphere and for contamination by airglow 
(see Packer‘) are not required. The night-sky photometer, 
containing a standard B filter and with a field of view of 
2:7 square degrees, was flown aboard an Aerobee 150A 
rocket launched from the White Sands Missile Range on 
September 15, 1964, at 0235 h m.s.r. Observations were 
made along three great circle scans crossing the galactic 
plane at longitudes I = 63°, 66° and 164°. To derive 
D, it was necessary to subtract the zodiacal light and 
integrated starlight contributions from the measured 
brightness. The zodiacel light at low galactic latitudes 
was derived as follows: the zodiacal light away from the 
galactic plane was determined before and after the galactic 
crossing by subtracting the integrated starlight (well 
determined for bI > 20°) from the total brightness; the 


‘zodiacal light at low galactic latitudes was then obtained 


from the foregoing by interpolation. The zodiacal light 
changed only slowly along the three scans so that this 
procedure introduced a small error in D of less than 10 
(expressed in units of n(B) = the equivalent number of 
stars of magnitude B = 10-0 per square degree). 

It has already been noted that there is an uncertainty 
in the integrated starlight contribution. Two independent 
determinations by Bottlinger’ and by Roach and Megill®, 
based on different star counts, show good agreement only 
at latitudes bI > 20°. The sources of this disagreement have 
been discussed by Henyey and Greenstein’, van Houten? 
and Roach and Smith’, but no definite conclusions have 
been drawn. In interpreting the present measures we 
shall assume that the integrated starlight contribution 
lies in the range of values derived by Bottlinger’ and Roach 
and Megill®. The resulting values of D are given in Table 1. 
The numbers in columns 4 and 5 with and without paren- 
theses correspond to values based on the starlight correction. 
from Bottlinger’? and Roach and Megill® respectively. The 
maximum values of D for the three galactic crossings are: 


aa bl D (units of n(B)) 
53° — 8° 76 + 20 
66° —4° 159 + 29 
164° —6° 6l + 14 


We remark that the diffuse light is centred several degrees 
south of the galactie plane, as found earlier by. Henyey 
and Greenstein?. i i , 

Before comparing these values with the results of earlier 
studies we draw attention to the conclusion of Roach 
and Smith‘ that the calibrations used by Elvey and Roach? 
and by Elsässer and Haug’ most probably give brightnesses 
too high and too low respectively (for both the zodiacal 
light and the integrated galactic light). The present in- 
vestigation supports this conclusion. In Table 2 we have 
listed, the results of three determinations of the diffuse 
light, D, omitting the results of Elvey and Roach! and 
Elsässer and Haug‘ because of the uncertainty in calibra- 
tion. The mean value of all determinations in Table 2 is 
D = 8l + Il. 

In concluding this communication we use the values of 
D in Table 2 to place a lower limit on the mean albedo 


BRIGHTNESS OF THE DIFFUSE GALACTIC LIGHT FOUND BY sab are AUTHORS (IN UNITS OF n(B)) AND THE CORRESPONDING MINIMUM ALBEDO 
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of the interstellar grains. If the grains are perfect forward 
scatterers they will produce the maximum diffuse light 
for a given albedo y. This fact can be used to place a 
lower limit on y. In this case the relation between y and 
the brightness of the diffuse light D and integrated star- 
light Z is: 
D ,. 41 
Y= oT I em 7 Tmin 


(see Henyey and Greenstein*), where te is the optical 
depth in the direction of observation. We do not attempt 
to place an upper limit on y since its value is critically 
dependent on two unknowns—the asymmetry of the 
phase function and the value of tp The values of ymin 
(at A ~ 0-45u) corresponding to t, = 00 are given in Table 
2. The mean value of theso determinations is ymin = 
0-49+0-11, which is close to the value of Ymin based on the 
present measurements alone. We conclude that there is 
an even chance that y > 0-49; it is practically certain that 
y >0-38. A more detailed description and discussion of 
this work will be given in a forthcoming publication. 
R. D. Worsrenorort * 
L. J. Rose 
Kitt Peak National Observatory, 
Tucson, Arizona. 


* Now at the Royal Observatory, Edinburgh. 
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High-energy Astrophysics and a Possible 
Sub-nuclear Energy Source 


_ ENERGY is always released when, due to the natural 
interactions, more bound states are formed from less 
bound states. This happens, for example, during the 
gravitational contraction of a given mass, the energy 
release being related to the long-range gravitational 
attraction and to the macroscopic properties of the 
matter. This is also true of nuclear reactions, when the 
process is connected with the nuclear structure of the 
matter and the short-range nuclear interactions. _ 

As is well known, these two processes seem to be suffici- 
ent to explam the stellar energy sources. However, the 
enormous energy release in some extragalactic (and prob- 
ably cosmological) phenomena, such as the radiogalaxies 
and the quasi-stellar sources, poses once again the problem 
of energy sources in astrophysics. 

The energy required in these violent events can reach 
about 10°-10® ergs and perhaps even more, corresponding 
to about 105-108 Moc?. The associated time-scale is 
probably not larger than 105-10! years. Since the effici- 
ency of the nuclear reactions is rather low (less than 
about 1 per cent of the mass can be converted to energy), 
the release of 10°10 ergs would require the nuclear 
transformation of more than 108-10" Mo. This seems 
rather unlikely on such a short time-scale. 

_The other possibility, that is, the release of gravita- 
tional energy in the contraction of large masses, has been 
investigated by many research workers (see, for example, 
refg. 1-3). The problem is of interest per se and poses 
some fundamental questions in physics’. However, the 
binding energy of a configuration in general relativity 
is different from that derived by the use of Newtonian 


- theory, and the maximum amount of energy available 


a 


from a contracting mass M is not given by G = == 
8 


4 Me? (R: is the Schwarzschild radius =): The energy 
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released due to the contraction from infinity to the 
radius, R, is given by the binding energy: B.E. = (My, — 
M)c*, where M is the observable mass of the configuration 
with radius R, and M, is the original mass when the 
particles are dispersed to infinity. Many authors have 
shown that for some configurations we have M > Me 
(refs. 5-7 et al.). It is clear that these configurations 
cannot be obtained by spontaneous contraction. 

More clearly, Fowler’ showed that the binding energy 
of a contracting sphere in a post-Newtonian approxima- 
tion contains a negative term and that, because of the 
presence of this term, the binding energy does not 
monotonously increase when the radius of the configura- 
tion decreases. The binding energy increases up to a 
certain radius, but further contraction gives rise to less 
bound states. Thus the energy available through the 
collapse is much Jess than 4 Mc? and its exact value 
depends on a detailed investigation of the properties of 
contracting relativistic configurations. 

From another point of view, no direct evidence exists 
for the occurrence of the gravitational collapse, since the 
evidence is only for explosive phenomena. 

It is difficult to understand why the contraction of a 
given system with a totel mechanical negative energy 
would give rise to a subsequent expansion of the same 
system, since the expansion demands that the energy 
be positive. It is necessary to assume that during the 
collapse of a centre] unobserved configuration the energy 
is transferred to the outer region. The sum of the energies 
in the internal and external regions is always negative if 
no other energy source is available. For these reasons, it 
is interesting to consider other possible energy sources. 

A. first proposal, initially suggested by Burbidge and 
Hoyle? and extensively investigated by Alfvén in a recent 
paper? concerns che possibility of matter—-antimatter 
annihilation. Thare is another possibility for energy 
release in a sub-nuclear process which is based on. the idea 
of a compound structure of the elementary particles. 

We shall assume the quark’s model of hadrons in the 
SU(3) and SU(6) theory of strong interactions. However, 
these considerations could be made in the framework of 
any theory based on the idea that the elementary particles 
are bound states of more fundamental unities. 

In the quark’s model the mesons are composed of a 
quark and an anti-quark and the baryons are the bound 
state of three quarks (for further details see, for example, 
ref. 10). 

Since the experimental search for quarks gives a lower 
Limit for their mass of about 5 GeV, the formation of the 
normal matter starting from the quarks would be 
extremely exoenergetic. However, this process is possible 
only in a situation of very high density, during which the 
distance between the quarks is of the order of, or less 
than, the range of the forces which cause the super- 
binding. 

The order of magnitude of this distance is given by the 
Compton. wave-length of the bound state. For the proton 
the Compton wave-length is: 


ñ 
hy = — ~ 13 x 10- em 
"O pe 


which corresponds to a minimum density for the quark’s 
matter of about 2 x_101* g cm~; l 

A knowledge of the statistical properties of the quarks 
would make it possible to compute the relative concentra- 
tion of quarks and hadrons under given physical condi- 
tions. This can be done in a way similar to that used by 
Ambartsumian and Saakian! to analyse the composition 
of a superdense gas of elementary particles. 

Since this primordial matter would have a density much 
greater than that corresponding to the gravitational 
radius of large masses, the cosmic explosions could repre- 
sent the delayed Friedman expansion of some regions 
in the primeval universe as suggested by Novikov™. 
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It is, however, difficult to suppose that this process is 
the general cosmogonical process. If all matter were 
created in this way, the universe would be extremely 
hot and there would be a large diffuse flux of X-rays. I 
hope to be able to give more details on this point in the 
near future. 

Finally, I would like to point out that if the quarks 
exist at low concentration in the stars, their mutual 
binding is rather unlikely under normal stellar conditions. 
However, at the end of stellar evolution very high densities 
and temperatures can probably be reached and the quarks 
can ‘burn’. The related emission of high-energy particles 
from the super-dense star could produce phenomena 
similar to those observed in cosmic ray physics and in 
some celestial eee (X-rays, optical- and radio- 
emission), 

I was the recipient of a European Space Research 
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PHYSICS 


Auroral Effects and Excess Energy Electrons 


AURORAL displays are usually attributed to increased 
leakage of electrons from the outer radiation belt. The 
mechanism. responsible for this increased leakage is not 
yet understood, but the leakage is known to occur following 
the arrival of corpuscular radiation from the Sun. The 
time delay between solar eruptions and the onset of 
auroral phenomena shows that any solar electrons in- 
volved must have energies below 100 eV. Because, on 
the other hand, auroral electrons typically have energies 
in the range of several tens of keV, an electron acceleration 
mechanism must exist, presumably within the radiation 
belt. The purpose of this communication is t “point out 
similarities _between~ auroral effects—_-a laboratory 
observations of electron leakage from a magnetic mirror, 
accompanied by electron acceleration, and to suggest that 
the same basic mechanism may play a part in both cases. 

Previously it was shown! that through space-charge 
oscillations electrons confined in a Penning type structure 
can acquire abnormally high energy, and that such excess- 
energy electrons readily diffuse across magnetic lines of 
force?. These effects appear if the electron current in- 
jected into the system exceeds a critical value. The 
present experiments extend these observations to electron 
confinement in a magnetic mirror. 
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The experimental arrangement is shown in Fig. 1. Ther- 
mionic electrons from a filament are injected into an ọpen 
anode cylinder, which they are prevented from reaching 
by applying a sufficiently strong uniform axial magnetic 
field. The electrons therefore move along the field lines 
to the end plates P, and Pa which are positive with 
respect to the filament. A sample of these electrons passes 
through small holes in P, and is subjected to a retarding 
potential analysis by means of the grid G, which is placed 
at a variable potential V,, negative with respect to the 
filament. Fig. 2a shows a typical retarding potential 
curve obtained in this way. The collector current becomes 
zero at V, ~ — 5 V, a value which can be accounted for 
by the heater voltage (about 4 V) and the initial velocities 
of thermionic emission. By energizing the two coils C, 
and C, the magnetic field can be made to assume mirror 
geometry, and the electrons then tend to be confined 
within the anode cylinder. When a certain degree of 
confinement has been achieved, space-charge oscillations 
suddenly set in and impart excess energy to the electrons. 
A typical retarding potential curve under these conditions 
is shown as Fig. 26, where it is seen that the average energy 
of the electrons passing through the mirror field has been 
considerably increased, and that excess energies up to at 
least 20 eV are measurable. The magnitude of the excess 
energy depends on the injected electron current, the 
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magnetic field configuration and presumably also the 
geometry of the system. 

The effects described resemble those encountered in 
auroral phenomena. It seems likely that the arrival of 
comparatively slow electrons from a solar flare in the 
radiation belt raises the charge density within the belt 
beyond the threshold-level required for the appearance 
of excess-energy electrons, and these high-energy electrons 
leak out into the auroral zone. 

I thank Dr. W. Schwietzke for his interest in the work, 
and Messrs. L. Bessant and I. Varga for assistance in the 
construction and operation of the apparatus. 
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Quasars, Anti-matter and Optical Asymmetry 


Wrru reference to recent letters on quasars, anti-matter 
and optical asymmetry!”’, it should be noted that Vester 
directed attention to the parallel between the asymmetry 
of matter and the optical asymmetry of metabolites, a 
few weeks after the discovery of parity non-conservation 
in weak interactions’. The relationship between asym- 
metry at the level of elementary particles and at the 
molecular level has been discussed in a number of publica- 
tions*-*, In particular, the problem of the origin of 
optical activity in connexion with the origin of life has 
been considered, and it has been suggested that the 
optical asymmetry found on Earth is related to the 
structure of matter itself, that is, it is a reflexion of 
the asymmetry of our part of the Universe. 
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Rheological Behaviour of Granular Material 


INSTRUMENTS normally used for measuring viscosity 
are used from time to time for studying the flow properties 
of granular materials, especially rotational viscometers. 
Wieghardt! used, for sand, a large rotating cylindrical 
vessel, and measured the torque on a partly immersed 
long, smooth metal cylinder of small diameter. Benarie?, 
working with powders, made use of an ordinary visco- 
meter with a rotating bob, which had radially arranged 
baffles to avoid slippage. Kuno and Kurihara? in similar 
work used a MacMichael viscometer, rotating the outer 
cylinder, which also had baffles. 

The aim of such investigations was to measure or 
compare the internal friction of granular materials, to 
eliminate wall-friction or slippage and to ensure a regular 
and well-controlled type of flow. 

We carried out some experiments with a Rotavisko 
meter, using a special rotating body—a continuous 
helical screw—which conveyed the material upwards 
(Fig. 1). The screw was short-pitched, and had four 
pitches on a length of 6-2 cm. The speed of rotation could 
be varied over a very broad range-—from 0:06 to 486 r.p.m. 
Readings of the torque were referred to in arbitrary units 


NATURE 


391 


{one unit being 4-42 g cm). Smooth glass beakers of 
varying diameters were used as the containers, allowing 
an annular width of between 0:9 and 3-7 cm. 

Our experiments were carried out on dry pearl barley— 
a roundish grain with dimensions of 0-16 x 0:25 x 0-27 
cm and a kernel-weight of 6-7 mg. Some experiments 
were undertaken with a barley product in platelet shape 
(0-12 x 0-50 x 0-77 em and a kernel-weight of 30-5 mg). 
Both materials could, for our purposes, be considered as 
free flowing and cohesionless. Due to the large size of the 
particles there was none of the complications associated 
with the formation of agglomerates, or with irregular 
and varying slippage planes in the mass of material, such 
as frequently occur in powders. 

On rotating the screw in the granular mass, the particles 
could be seen to be taken up, to descend at the outer 
parts of the cylindar, to move inwards and to be picked 
up by the screw again, over the whole length—but for the 
most part in the upper half of the screw. The screw was 
filled largely, but not completely, with particles. The 
torque exercised on the rotating body would seem to be 
brought about largely by the friction between the ascend- 
ing and the descending grains. At the centre, around the 
axis, a small bulge was observed. Compared with the static 
position, the surface rose 0-5-1-5 em, depending on the 
speed of rotation. This rising indicates the dilatation which 
is necessary for the flow of a granular material. The 
movement of the grains was rather regular. With smaller 
annuli, or very high speed of rotation, turbulent eddies 
and slippage along the outer wall of the vessel were 
observed. 

Readings were jerky, but this is not surprising for 
such large particles. The spread from moment to moment 
was larger with a small annulus, lower speeds and larger 
particle size. On the other hand, it could be reduced to 
+ 5-10 per cent when the annulus was large, the speeds 
high and the particles smaller. Ten or twenty readings 
were taken over s 5-min period, and the mean value 
calculated. Only a few minutes were required to reach 
the steady state. When rotation was interrupted and 
then resumed after some time, the same mean reading was 
obtained. 

Apart from measurements taken when the screw was 
rotating, readings were taken after stopping it. Within 
a minute or so a ecnstant value was found. This reading 





Fig. 1. Rotating screw 
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could be zero at very high speeds, 55-70 per cent of the 
rotating reading at average speeds, and frequently rose 
to 95 per cent for the lowest speeds of rotation. It could 
not, however, be taken as the true yield value of the 
granular material. On rotating, the mass was dilated and 
the packing density became lower than the static value. 
It took some time to settle and in this time the reading of 
the torque decreased to some extent. 

The reading of the friction value was found to be 
independent of the speed of rotation. At 0-06 r.p.m. some 
irregularities were found; from 0-18 to 18 r.p.m. the read- 
ing barely increased (for larger annuli); but from 50 
r.p.m. onwards larger values were found. The increase 
from 0-18 to 486 r.p.m., however, was not more than 1-5 
fold. This can be explained by turbulent flow and eddying. 
It would seem that the internal friction, using the method 
described here, was largely independent of the velocity 
gradient—as would probably be so for any free-flowing 
granular material. 

The influence of the width of the annulus was surprising- 
ly small. With the round barley, annuli of 0-9-2-4-2-9- 
37 cm gave readings, at 6 r.p.m., of 9-5-7-8-8-3-8:-6. At 
lower speed the difference was still smaller and at high 
speed it was somewhat larger. Even with the larger 
barley platelets the annuli of 2-4-2-9-3-7 cm did not have 
any great effect. The apparatus could thus also be kept 
within modest dimensions for larger particles. 

The effect of the height to which the vessel is filled is 
given, for round barley, in Fig. 2. The reading. of the 
torque has been plotted against (4E + h), where L is 
the length of the screw (6-2 cm) and h the head above the 
screw. The friction was found, for the main, to be directly 
proportional to the pressure. 

Comparing the two different types of barley, the 
smaller roundish and the larger platelet-shaped particles, 
we found torque (friction) readings of 7:9 and 87 
respectively. Dividing by the loose bulk densities 
of 0-84 and 0-57 g/ml., we have calculated ‘corrected’ 
readings of 9-4 and 15-3. The platelets had a considerably 
higher internal friction coefficient. In these tests an 
annulus of 2-9 em was used, and a head, k = 0; the mean 
readings at six speeds between 0-18 and 18 r.p.m. were 
calculated. 

The addition of 3-0 and 5-7 per cent arachide oil to the 
round barley grains gave some cohesion to the particles. 
Under the same test conditions the friction readings 
dropped to 78 and 69 per cent respectively. 

With the present instrument, it would be very diffi- 
cult to calculate the friction coefficients in absolute 
units. It would be possible, however, to calibrate 
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Fig. 2. Relation between head and friction 
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the apparatus by means of particles such as uniform 
glass spheres. 
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METALLURGY 


instrumented Impact Testing of Zircaloy 


Coleman and Hardie’s recent letter! on slow bend 
testing of hydrided zirconium poses some interesting 
questions with regard to the interpretation of the transition 
behaviour of zircaloy-2 (zirconium + 1-5 per cent tin) in 
impact tests. By instrumenting the Charpy machine to 
obtain the load/time relationship during fracture’, the 
modes of brittle and ductile behaviour can be identified 
in & similar manner to slow bend testing. Using this tech- 
nique, load/time curves have been obtained on hydrogen- 
free and hydrided (180 p.p.m. and 700 p.p.m.) zircaloy 
Charpy V specimens throughout the transition range. 

Tracings of the loadtime curves are shown in Fig. 1 
together with the energy absorbed during the test. The 
energy transition of hydrogen-free zircaloy can be attri- 
buted to ‘the rate of fall in load (corresponding to the 
advance of a crack through the specimen) which increases 
as the test temperature is lowered. This implies a change 
in ductility of the material at the root of the crack. At 
—196°C the load drop is extremely rapid, the crack 
presumably becoming self-propagating, as in Coleman and 
Hardie’s work, due to the stored elastic energy in the 
specimen. At higher temperatures, continuous application 
of load is necessary to drive the crack through the 
specimen. The ‘crack speeds’ were calculated from the 
time interval between the point of maximum load and 
zero load, taking the maximum slope of the falling load- 
time trace, and are shown in Fig. 2. The ‘crack speeds’ 
for the self-propagating cracks possibly represent minimum 
values due to the limitation of the recording equipment. 

The transition from slow crack growth to self-propaga- 
tion occurs at much higher temperatures with the hydrided 
material. Within the transition range, curves similar to 
Coleman and Hardie’s type B were obtained. It is con- 
sidered that the load drop does not represent a general 
yield behaviour, but rather, at these large bend angles, 
the occurrence of a self-propagating crack down the 
centre of the specimen. The tail after the rapid load drop 
(250° C, 180 p.p.m.; 350° C, 700 p.p.m.) possibly repre- 
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sents the tearing of surface shear lips after the arrest of 
the rapid initial crack. The observation of this surface 
behaviour would possibly account for Coleman and 
Hardie’s low value of the crack speed. 

It is concluded that the wide transition in unhydrided 
zircaloy is due to a gradual decrease in ductility which 
facilitates easier ductile crack propagation. The inter- 
vention of rapid, self-propagating fractures in the hydrided 
material results in a much narrower transition range. 

G. D. FEaRNEHOUGH 
United Kingdom Atomic Energy Authority, 
Reactor Materials Laboratory, 
Culcheth. 
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CHEMISTRY 


Diffusion of Carbon Dioxide through 
Thin Layers of Solution 


WE have adapted the Millipore filter principle of 
Scholander and Hemmingsen? to an extremely simple 
apparatus, and have used this to investigate the diffusion 
of carbon dioxide through buffer solutions with and 
without carbonic anhydrase. While the accuracy of 
absolute determinations of diffusion coefficient using this 
method is limited by uncertainty as to the thickness of 
the layer of fluid, the porosity of the Millipore filter, and 
the precise [CO,] gradient, it is clearly an adequate 
method for demonstrating large ratios of fluxes. 

In order to measure the diffusion coefficient of carbon 
dioxide in aqueous solution it is customary to work at 
low pHs to reduce the concentration of bicarbonate to a 
negligible amount®. At pH 7-4 the concentration of 
bicarbonate m equilibrium with dissolved carbon dioxide 
is twenty times the concentration of the latter and, as a 
consequence, in such a system the apparent diffusion 
coefficient of carbon dioxide should be increased by the 
concomitant diffusion of bicarbonate ion, which is 
reported to be as rapid as that of carbon dioxide’. It 
seemed possible that, during the rapid transit of carbon 
dioxide through the thin (0-015 em) layer of solution in 
the Millipore filter, chemical equilibrium between dissolved 
carbon dioxide and HCO,- might not be established and 
the theoretical facilitation would not be realized. In the 
presence of excess carbonic anhydrase, however, chemical 
equilibrium should be closely approached and the apparent 
diffusion coefficient of carbon dioxide increased. 

The diffusion cell of Mochizuki and Forster was used’ 
(Fig. 1). Since carbon dioxide diffuses much faster than 
carbon monoxide, nitrogen or oxygen for the same partial 
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pressure gradient the gas sampling technique previously 
used for measuring the flux of carbon monoxide could not 
be used. Instead a 0-l-ml. pipette containing a drop of 
paraffin oil was connected between the two chambers so 
that the movement of gas from one to the other with 
time could be followed. One chamber was filled with 
air, the other with expired gas (I. L.), which simplified 
the procedure and which varied less than several tenths 
of 1 per cent from the average value of 36 mm mercury 
when analysed on numerous occasions. 

In this system the net flow of gas across the film is 

“measured. However, the permeability of the film for 
carbon dioxide is about twenty times that for the other 
gases present, namely oxygen and nitrogen, owing to its 
greater solubility. The rate of exchange of these two 
gases will be only 4 per cent of the rate for carbon dioxide 
under the conditions in these experiments, and therefore 
we have neglected. it. 

In performing an experiment, the two chambers were 
filed with ar and 5 per cent carbon dioxide mixture 
respectively with the stopcocks open to permit the 
pressures to equiliprate with atmospheric, the stopcocks 
then closed, and the tame taken for the oil droplet to pass 
about eight successive 0-01 ml. divisions recorded. Since 
the total change in volume was 0-2 ml., this represents 
about 40 per cent of the process, and the back pressure 
cannot be ignored. It can be shown that the net change 
in volume (v) should be described by the following 
approximate equation: 


v= 713 a (1-exp(-D 713 Fr +7] :)) (1) 
Wa + A 


P 4, 18 the partie. pressure of carbon dioxide initially 
introduced into chamber A in mm mercury. 713 is the 
barometric pressure less the vapour pressure of water at 
37° C, and consicered constant. Va and Vg are the 
volumes of the twc chambers, which were 11:5 and 6 ml. 
respectively. The carbon dioxide was usually placed in 
the 11:5 ml. chamber. D is the transfer coefficient for 
carbon dioxide in vhe film in ml. (standard temperature 
pressure dry)/(minxmm mercury); ¢ is the time in sec. 
The experimental results fitted this equation satisfactorily, 
so it was used to calculate D in conjunction with a semi- 
log plot. The ecuation 1s based on the simplifying 
assumption that the total gas volume of the chambers 
does not alter; however, this introduces an error of less 
than 3 per cent in the results. All experiments were 
performed at 37° C. 

Pertinent results are summarized in Table 1. Although 
the absolute value of the apparent D is unreliable for 
the reasons already mentioned; its value in water is close 
to that extrapolated to 37° C from values reported in the 
literature? at 20° C, namely 2:4 x 10-5 cm/sec, as is the 
value in N/100 hydrochloric acid. Attempts to take 
measurements at lower pH resulted in changes in the 
physical properties of the Millipore filter. There was no 
significant facilitation of carbon dioxide transfer in buffer 
at pH 7-9. However, on the addition of a fraction of a 
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Table 1. APPARENT DIFFUSION COEFFICIENT FOR CARBON DIOXIDE IN 
Various FLUIDS 

No. of 
Fluid measure- Apparent D iS.E. mean 
ments (cm*/sec) (cm?/sec) 
Water 4 2 8 x 107 +0 186 x 107 
Water + she HCl 3 31x10 +4047x10> 
0-4 M Barbiturate buffer pH 7-9 9 8-2 x 10-5 +015 x 19> 
04 M Barbiturate buffer pH 7 9 
+carbonic anhydrase 9 *4 5 xig +0 30x107 
04M Barbiturate buffer + 
human blood 4 *3 8x19 +030 x 10-5 
Whole human blood: lysed 2 *§ 1x 1i9-5 — 


* Probability that the value is greater than that for water is more than 
95 per cent. 
milligram of commercial carbonic anhydrase per ml., 
there was a 40 per cent increase in the apparent D (P 
less than 0:05). Addition of human blood, with its 
known carbonic anhydrase content, to the barbiturate 
buffer increased D, but not significantly. Facilitation 
was most marked in freeze-thawed whole human blood. 

These observations-are in line with A. V. Hill’s comment 
on Krogh’s estimations of the Doo, in tissue®, which showed 
it was increased only 1:5 times over that in water. He 
suggested that the failure to find the twentyfold mcrease 
that would be expected on the basis of the [HCO,-] 
gradient was due to the impermeability of cell membranes 
to the ion. However, ions cannot move in solution 
without the simultaneous movement of those of opposite 
charge in the same direction, or those of similar charge 
in the opposite direction. Thus in our system the bicar- 
bonate ion could move across the membrane carrying 
with it the buffer cation, the [Ht] being extremely small, 
which would set up a back gradient of buffer cation. 
Regardless of the identity of the ions that flow, the net 
effect would be to slow the overall process, which may be 
the explanation for the relatively small amount of facilita- 
tion found, about one-twentieth that expected from the 
experimental gradients of [CO,] and [HCO,-]. 

The increase in apparent Dco, resulting from the 
addition of a miniscule amount of carbonic anhydrase 
to the buffer indicates that the hydration or hydrolysis 
of carbon dioxide is rate limiting in the absence of a 
catalyst. It is also pertinent that the diffusion of one 
weak electrolyte is decreased in the presence of others’. 

I. S. LONGMUIR 
R. E. FORSTER 
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New Structure in the Electron Spin 
Resonance Spectrum of y-irradiated Single 
Crystals of ice 


ELECTRON spin resonance spectra obtained here for 
single crystals of ice, y-irradiated and measured at 77° K, 
show structure not previously reported for the resonance 
near g = 2, which is generally assumed to be due to OH. 
radicals. Earlier work by other authors has been directed 
mainly to the investigation of polyerystalline ice, except 
for a report? giving results on single crystals rather different 
from those reported here, and a recent communication? 
published near the end of these preliminary experiments. 

The spectra obtained in the present work, which was 
at X-band, are in general complex and diffuse. How- 
ever, the occurrence of quite sharp peaks for certain 
orientations of the crystalline axes with respect to the 
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magnetic field, and also of a small, partly resolved splitting 
superimposed on the main OH doublet, suggests that the 
OH radical ıs at a normal oxygen site m the crystal lattice. 

Single crystals from both ordinary water and heavy 
water (D.O) were grown by the method of Adams and 
Lewis‘, and cylindrical samples were cut with their axes 
along the three symmetry axes of the crystal; these were 
then irradiated at 77° K with doses varying from one to ten 
Megarads in a cobalt-60 y-source. Spectra were taken at 
5° intervals for rotation about each of these axes, when 
arranged perpendicular to the applied field. Rotation 
about the ¢ (unique) axis exhibited the expected six-fold 
symmetry with alternate mirror planes every 30°, while 
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Figs. 1-3. X-band spectra for single crystals of hexagonal ice, y-irradiated 
and measured at 77° K, In each case the second derivative spectrum is 
shown with the absorption spectrum immediately below it. The calcu- 
lated neighbour proton splitting 18 indicated under each absorption curve 
The orientation of the magnetic field H with respect to the crystal 
c-axis and bond directions 1s also shown For the doublet in Figs. 1 
and 3, g = (20207 = 00005), A = (868 + 03) gauss. For the doublet 
in Fig, 2, g = (2:0151 + 00005). A = (34-3 + 0 3) gauss 
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on rotation about the other two axes each showed two 
mirror planes at right angles to one another?. 

Hexagonal ice has its oxygen atoms on a wurzite-type 
lattice, with one hydrogen atom to every bond. Each 
oxygen is surrounded tetrahedrally by four hydrogen 
bonds, with two of the hydrogen atoms bound covalently 
to it at a distance of 1 A, and the other two loosely bound 
at a distance of 1-75 A (ref. 5). 

Three examples of second derivative spectra obtained 
are shown in Figs. 1-3, with the electronically integrated 
spectra below them. The bond symmetry for each orients- 
tion is shown to the right. Fig. 1 shows the spectrum 
obtained with the crystal c-axis parallel to the applied 
field, H. In Fig. 3 (c-axis at 70° to H). the bond co-ordina- 
tion of Fig. 1 is repeated around half the oxygen sites, 
and part of the spectrum in Fig. 1 is seen to recur at half 
intensity. In Fig. 2 (c-axis at 55° to H), the tetragonal 
axis of the bonds for half the oxygen sites coincides with 
H, so that there are four bonds making equal angles of 
55° with the field, and at this angle a sharp resonance is 
again observed. These results suggest that the various 
orientations have a symmetry very similer to that of the 
hydrogen bonding of the lattice—in contradiction to the 
model proposed by McMillan et al.?. It is thought possible 
that the radiation simply removes one hydrogen atom from 
the lattice. This would leave a hydroxyl radical either 
along one of the bond directions or, more probably, 
deflected from this direction towards the plane containing 
the three axygen atoms to which the radical is still 
hydrogen bonded. Present analysis favours the latter 
model. 

The small additional splittings observed are accounted 
for by a dipole-dipole interaction between the spin- 
electron and neighbouring protons. The result of a 
simple calculation in which it is assumed that the spin- 
electron is a point dipole at a normal oxygen site, with 
the two normal hydrogen-bonded protons at 1-765 
distance, is shown under each spectrum. Transitions’ 
of the form Am: = 1 were included in the calculation. 

In the recent communication? reporting work on single 
crystals and powders of ice, it has been proposed that the 
low-field broad resonance (which clearly shows in the 
integrated spectrum of Fig. 2) is also due to the OH 
radical. Both annealing experiments and the angular 
variation of the D,O spectrum observed in this laboratory 
tend to confirm this. 

However, there is a small residual broad spectrum 
which remains when the OH resonance has been annealed, 
and this is also being investigated. 
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Oxidation of Cyclohexane by Lead Tetra- 
acetate 


PossIBLy because of displacement by apparently more 
attractive substrates, the reactions of lead tetra-acetate 
with simple paraffins has not received much attention. 
Earlier discussions!? suggested that reaction in warm 
solvent was not hkely although the promoting effect of 
paraffins on the thermal decomposition of the reagent in 
hot acetic acid had been noted?. Recently slow reaction 
with alkyl and aryleyclopropanes has been reported‘. 

Cyclohexane has been used in photoreactions, for 
example, with nitrosyl chloride’, ultimately resulting in 
large yields of cyclohexanoneoxime as a result of the 
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rearrangement of the initially formed nitroso compound 
indicative predomcnantly of mono-substitution, and with 
halogens’, characserized by the appearance of poly- 
substituted products. 

Contrary to the earlier suggestions, it has now been 
found that cyclohexane reacts at a reasonable rate with 
lead tetra-acetate, giving good yields of a mixture of 
acetoxy derivatives. From the reaction of the paraffin 
(42 g; 0-5 M) with the oxidant (222 g; 0-5 M) in acetic 
acid (400 ml.) only 50 per cent of unchanged material was 
recovered from ths thermal reaction at 80° (in the dark) 
and less than 40 per cent from the photoreaction (sun- 
light) at 20°-25° ©. However, as shown in Table 1, 
there was a considerable difference in the distribution of 
products of the two reactions. 

In the thermal reaction, the main bulk of products is 
divided between syclochexyl acetate and higher boiling 
material with comparatively little intermediate diacetates. 
This result suggests that initially formed monoacetate 
competes with unchanged hydrocarbon as a substrate for 
further oxidation. 

By contrast, cyclohexyl acetate appears as the main 
product of the photoreaction with markedly less higher 
boiling products, suggesting in turn that the hydrocarbon 
itself is the preferrad substrate, that is, the tendency is to 
react preferentially with material of least degree of acet- 
oxylation. This point was examined more directly by 
using cyclohexyl asetate es initial substrate. 

The acetate (71-2 g; 0-5 M) with lead tetra-acetate 
(222 g; 0-5 M) in acetic acid (400 ml.) was oxidized in 
a photoreaction. Products of the reaction, analysed as 
before, are indicated in Table 2. 

The contrast with the thermal reaction in distribution 
of products is maintained. The total yield of diacetates 
is now far greater than that of higher boiling materials, 
which is again indicative of preferential attack on lower 
acetoxylated matezial—in this case the cyclohexyl] acetate. 
It seems likely that the build-up of higher acetates occurs 
mainly after the yield of diacetates has assumed competitive 
proportions. 

A further point of specificity appears within the 
diacetate products. It is clear that much less attack occurs 
at the 2-position—the combined yields from the 3- and 
4-positions giving a ratio of 13: 1 with respect to distribu- 
tion of products. This result can most probably be 
attributed to steric hindrance to attack at the 2-position. 

In essence these results suggest that the thermal and 
photo-oxidations proceed by different mechanisms. The 
thermal reaction is subject to substituent influence, so 
that as acetoxylation proceeds the products tend to become 
the preferred substrates, thusyielding greater amounts of 
higher boiling mazarials without build-up of intermediate 
fractions to any great extent. It is very important, 
however, to note that this course of reaction only applies 
so long as unchanged cyclohexane is present. An attempted 
thermal oxidation "80° C) of cyclohexyl acetate in the dark 
showed no evidence of reaction even after a heating period 


Table 1. OXIDATION oF COycloHEXANE (05 M} BY LEAD TETRA-ACETATE 
(0 5 M) IN ACETIC ACID 
Thermal oxidation Photo-oxidation. 
at 80° © (g) 


Oxidation product * at 20°-25° C (g) 

Cyclohexane not converted and methyl 

eyclohexane formed 21 1 156 
Cyclohexyl acetate 85 16°95 
Crs and trans 

1,2-diacetates 19 15 

1,8-diacetates 0-18 Q 33 

1,4-diacetates 0 28 0 37 
Higher boiling acetates 100 89 


* Analysis of neutral esters by gas chromatography using di-isodecy)- 
phthalate (20 per cent w/w) on ‘Celte’ as stationary phase, and helfum (50 ml./ 
min) as carrier gas. The eolumn temperature was 170° C 


Table 2, PHOTO-OXIDATION OF CycloHEXYL ACETATE WITH LHAD TETRA- 
ACETATE AT 20°-25° Ç 


Product Yield (g) 
Unconvertesl cyclahexylacetate 447 
Cis and irang 

1,2-diacetates 13 
1,3-diacetates 6-7 
1,4-diacetates 9°6 
Higher boing acetates 8-3 
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of 170 h. Reaction was promoted by the addition of 
cyclohexane. 

The products of the photoreactions possibly result from 
an Initial attack on the substrate by a methyl radical 
arising from the direct decomposition of the tetra-acetate’. 
Analysis of gas evolved during the photo-oxidation of 
cyclohexyl acetate showed a methane/carbon dioxide 
ratio close to 1. The recovered hydrocarbon from the 
photoreaction of cyclohexane included a small proportion 
of methyl cyclohexane. 

On the other hand, the mechanism of the thermal 
reaction is less obvious but must involve an association of 
paraffin, oxidant and ester. Work on this aspect is con- 
tinuing. 

J. Usnazy 
E. B. Core 


Department of Applied Organic Chemistry, 
University of New South Wales, 
Sydney. 
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Isolation of Ammonium Thiophosphite by 
means of Preparative lon-exchange 
Chromatography 


ALTHOUGH the existence of thio-derivatives of lower 
phosphorus anions has been accepted for some time, 
only one claim has been made of their isolation—by 
Lemoine? in 1881 and 1884. It now seems unlikely 
that his method of slow crystallization from a phosphorus 
sulphide hydrolysis mixture yielded single products, 
especially since he had no means of checking the purity. 

A preliminary investigation showed that all of P,S,, 
P,S;, P,S,, and PS, gave thiophosphorus species, yn 
addition to simple phosphorus oxyanions when submitted, 
to hydrolysis by solutions of sodium hydroxide or sulphide. 
Further investigation with anion-exchange columns coupled 
to a Technicon autoanalyser® established that one unidenti- 
fied species was eluted just before monothiophosphate 
(PO,83-) at pH 11-4 (see Fig. 1). 

A. linear gradient of increasing chloride concentration 
was used and comparison of the retention times of phos- 
phite (H-PO$”) and phosphate (POY) led to the prediction 
that this unknown anion was monothiophosphite 
(HPO.S?-). 

Samples of this species were separated from the other 
phosphorus compounds by heavily overloading a large 
column (50 cm long, 3 em diameter) of anion-exchange 
resin “De-Acidite FF” and eluting with a constant strength 
of ammonium chloride buffered to pH 10 with ammonia. 
The resultant solution was evaporated down to a few 
millilitres at room temperature (20° C) under low vacuum 
and then adsorbed on to cellulose. Washing with a mixed 


A 


Transmittance 





3 8 9 
Time (h) 
Fig. 1. Elution pattern of products formed after refluxing of P,S, with 
excess 1 N sodium hydroxide for several minutes A, Hy pophosphite, 
B, phosphite; C, phosphate; Pamiponp monothiophosphite); E, mono- 
ophospha 
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solvent (42:5 isopropanol: 42-5 2-butanone: 15 conc. 
ammonia) removed the chloride, and the pure phosphorus 
salt was stripped off with ammoniated water. A white 
microcrystalline salt was precipitated from this solution 
with excess alcohol and the purity of the precipitated salt 
was checked using both thin-layer and anion-exchange 
chromatography. 

The salt proved to be unstable towards water vapour, 
losing hydrogen sulphide in acid solution with the conse- 
quent formation of ammonium phosphite. Concentrated 
nitric acid and bromine water both react powerfully with 
the salt ; a yellow solid is produced—presumably elemental 
sulphur. Its strong reducing properties are illustrated 
when silver nitrate is changed into the metal and a nickel 
spatula into black nickel sulphide. 

A precursory examination of the infra-red spectrum 
reveals a sharp peak at 2,350 cm~ which corresponds to 
the characteristic P—-H stretching frequency. Weaker 
absorptions at 1,005 cm- and 415 cm- may be tentatively 
assigned to P--H deformation and P—S stretching 
vibrations respectively. A strong absorption due to the 
ammonium ion was seen at 1,415 cm., 

Analysis of the compound showed the phosphorus : 
sulphur : nitrogen ratio to be 1-00: 1-01: 2-03. For the 
empirical formula (NH,),HPO,S: 


P S N H 
Calculated 23°4 24°3 21-2 6-87 
Found 22°7 23°8 20-8 7-01 


The elution position under anion-exchange was sufficient 
evidence that there was one phosphorus atom per mole- 
cule. Moreover, the anhydrous nature was indicated when 
the salt decomposed on heating without melting, and no 
water was detected in the decomposition products 

From the foregoing evidence the salt appears to be 
anhydrous diammonium monothiophosphite and its 
structure probably resembles that of trisodium mono- 
thiophosphate‘, that is: 


[NH] 


Further investigations are in progress. 


[The late] F. H. POLLARD 
G. NICKLESS 
J. D. MURRAY 
School of Chemistry, 
University of Bristol. 
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? Pollard, F. H., Nickless, G., Rogers, D. E , and Rothwell, M T , J. Chroma- 
tog., 17, 167 (19865). 
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Synthesis of Alkyl-§-p-xylopyranosides in 
the Presence of Mercuric Salts 


SYNTHESIS of alkyl-§-p-glycosides has been achieved 
mainly through the reaction of poly-O-acetylglycosyl1- 
halides with alcohols ın the presence of a heavy metal 
(Koenigs-Knorr). 

Except with simple alcohols, the most common pro- 
cedure has been to dissolve the O-acetylglycosylbromide 
in an inert dry solvent, after adding a drying agent and 
silver oxide (dry and freshly prepared) and then adding 
an excess of the appropriate alcohol. 

In recent years, mercuric salts have frequently been 
used. While there seems to be a general tendency for the 
reaction to proceed with Walden inversion, either anomer 
may be produced, depending largely on the aglycon con- 
centration. Although the time of reaction is much shorter 
and a commercially available catalyst is used, mercuric 
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Table 1. AOBTYLATED B-D-XYLOPYRANOSIDES 
Mp. (° ©) (a)?8 Analytical value 
cryst. solvent D “Yield = G H OB,CO 
Ethyl 106—108 — 61° $ 48 514 66 425% 
Cy3H 2,05 Ethanol c 4 51-3 6°7 42°3 t 
Propyl 108-109 ~ 60° 6 40 52-8 6-9 405 
C14H 20. Ethanol-water , 4 527 69 40:0 
oprops! 122-124 — 62° 5 35 528 69 40°56 
Ci. 3 Ethanol-water ĉ, 4 52 8 8-8 40:2 
n-Butyl 100-101 — 58°F 0 41 64-2 72 838-5 
Cis He,Og Ethanol-water c, 4 54:1. 70 38°5 
tert-Buty! 180-132 — 44°38 60 54-2 72 885 
Tarr 6, 2 54l ven 38 0 
n-Amyl 4-55 — 58° 7 60 655 8 75 37-0 
C,.H2;,0; Tthanol-water c, 2 55 2 78 36°38 
n-Hexy — 56° 8 40 56°6 78 35 5 
Cy,H2;05 ne A EA e2 584 79 856 
n-Hepty! 55-56 — 55° 0 30 578 $0 342 
CysH yO, Methanol-water C, 2 576 81 34 3 
n-Octyl 52-5 —§3° 4 30 58 7 8-3 33°0 
CisHs305 TA C, 2 584 83 £381 
* Calculated. 
+ Found. 
Table 2. £-D-XYLOPYRANOSIDES 
Analytical 
mp (a)3 Yield value 
crys ehi c H 
Ethyl 95-96 — 37° 0 75 471 7*Q* 
C,H,,0,; Acefone ` Water, c, 2 472 79t 
Propyl 82-93 — 58° 6 80 50-0 83 
CHO; Acetone erry ae c, 2 50 1 84 
Isopropyl 115-116 9 80 500 83 
Methylethylketone Methanol, c, 4 49 9 8-4 
n-Butyl 89-90 87 525 87 
OH iOa Acetone Methanol; c 4 52-6 87 
tert-Butyl 122-123 — 28° 5 80 §2°6 87 
Acetone Methanol; c, 2 §2 3 88 
n-Amyl 88-89 — 54° 6 81 54 6 91 
CreHanOs Acetone Methanol, c, 2 545 91 
n-Hexyi 88-89 — 50° 9 78 66 4 94 
Ca H2203 Acetone Methanol; e, 2 58-4 93 
n-Heptyl 84-85 —4B° 4 82 581 9-7 
13H30; Acetone Methanol; c, 2 57-9 96 
n-Octyl 91-82 —45° 1 80 59 5 9-9 
Gi3H 3,03 Acetone Methanol; c, 2 59 6 99 
* Calculated. 
} Found. 


salts apparently are not widely used, and this is especially 
so for higher alcohols. 

In the present work we prepared the tri-O-acety]-alkyl- 
B-p-xylosides by condensation of tri-O-acetyl-«-n-xylo- 
pyranosylbromide with the appropriate alcohol (up to 
n-octanol) and used mercuric acetate as a catalyst. In 
each case the B-anomer was formed in good yield. Thus, 
even with higher alcohols, the more simple reaction with 
mercuric salts can be used. 

The alkyl-B-p-xylosides were prepared by catalytic 
deacetylation of the corresponding acetates. 

Preparation of the alkyl-tri-O-acetyl-6-p-wylosides. The 
tr1-O-acetyl-a-D-xylopyranosylbromide was prepared by 
the method of Barezai-Martos and Kérosy*. In the 
condensation reaction all the apparatus and reagents had 
to be thoroughly dry. The presence of water would have 
resulted in the production of a considerable amount of 
by-products, chiefly 2,3,4-tri-O-acetyl-p-xylose and a 
xylobiosacetate, tentatively identified as 6-p-xylopyrano- 
syl-8-p-xylopyranoside-hexa-acetate. 

Acetyl groups were determined by the method of Kunz. 
Mercuric acetate (16 g, 0-05 mol.), absolute chloroform 
(200 ml.), ‘Sikkon’ (18 g) and the appropriate alcohol 
(1-1-5 mol., except for heptanol and octanol, where 0-2 mol. 
was used) were stirred for 15 min at room, temperature. 
During stirring, acetobromoxylose (33-9 g; 0-1 mol.) was 


- added and the mixture refluxed on a water bath for 


15 min. After cooling, the solution was filtered, thoroughly 
washed with water, dried, using sodium sulphate, and 
evaporated ¿n vacuo. The resulting syrups were crystal- 
lized from the appropriate solvent. 

The amyl-, hexyl-, heptyl- and octyl-xylosideacetates 
were purified by dissolving the final syrups in petroleuni 
ether (b.p. 60°-80°), filtering of an insoluble residue 
(tri-acetylxylose and xylobioseacetate) and evaporating 
the filtrate an vacuo. The residue was dissolved in 95 per 
cent ethanol and kept at 4°. The products crystallized 
very slowly when water was added drop by drop over a 
period of several days. 
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Table 1 shows the alkyl-tri-O-acetyl-8-p-xylosides which 
were prepared in this way (all rotations were determined 
for chloroform solutions). 

Preparation of alkyl-8-p-xylopyranosides. The xylosides 
were prepared by catalytic deacetylation with sodium- 
methoxide as described by Thompson and Wolfrom’. 
Table 2 shows the @-p-xylopyranosides which were pre- 

ared. 
i We thank Prof. L. Massart for his advıce in this work. 


C. K. DE BRUYNE 
E. G. LOONTIEÆENS 
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Partial Specific Volumes of Solubilized 
Collagens and their Derived Gelatins 


DETERMINATION of molecular weight by the method of 
sedimentation diffusion: necessarily involves the measure- 
ment of solute partial specific volume, 6. Owing to the 
highly viscous nature of solutions of soluble collagen, the 
determination of é for such materials is not easy. Previous 
investigators** have adopted a value of 0-70 ml/g for 6 of 
collagen; this is the value obtained for the much less 
viscous parent gelatin that is formed when collagen 1s 
denatured. It is tnus implicitly assumed that there is no 
change in @ on denaturation and we considered that this 
matter required experimental investigation. Accordingly, 
the normal pycnometric procedure for obtaining 6 has 
been utilized and found satisfactory for very dilute col- 
lagen solutions, despite the high viscosity. In 0-15 M 
citrate buffer, pH 3-67, at 20° C, typical values are: 


calfskin acid soluble collagen, 6 = 0-645 + 0-010 ml./g 
calfskin soluble encollagen, 6 = 0-625 + 0-010 ml./g 
ossein soluble encollagen, 6 = 0-650 + 0-010 ml./g 


After thermal denaturation, the parent gelatin of 
acid soluble calfskin collagen gave 6=0-695 + 0-005 ml./g 
at 40° C. This i3 in good agreement with the values 
previously obtained? for denatured ichthyocol and with 
the estimates computed from the amino-acid composition 
of gelatin" and the specific volumes of the component 
amino-acid residuss®. 

The present results clearly demonstrate a significant 
change in 6 on denaturation of collagen, and the lower 
value in the undenetured state indicates not only a compact 
structure but also that strong intramolecular compressions 
must exist. At least a partial release of such compressions 
accompanies denaturation. 

In the presence of 1 M sodium salicylate, a chemical 
denaturant, 6 for the calfskin parent gelatin is 0-755 + 
0:010 ml./g, a value much higher than that obtained by 
thermal denaturation. It is suggested that this result may 
reflect the release of highly compressed water from the 
protein by the binding of salicylate ions, though other 
mechanisms are not excluded. Rice et al.” have recently 
reported a small difference in @ for calfskin collagen, 
according to whether the solvent is citrate or phosphate 
buffer. It would sem, therefore, that additional careful 
investigations of the variation of 6 with environment are 
required both for the highly compact collagen and for 
gelatin. 

The introduction of the appropriate, new collagen values 
into the usual expression for molecular weight in terms of 
sedimentation and diffusion coefficients yields values some 
17 per cent lower than previously obtained, in agreement 
with the indications of osmotic pressure work. By argu- 
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ments which will be presented fully elsewhere, the physico- 
chemical investigations taken together tend to the view 
that a single (« —) chain of parent gelatin possesses a 
molecular weight of 90,000 + 5,000. 
P. W. Heaps * 
P. JOHNSON 
G. STAINSBY 


Procter Department of Food and Leather Science, 
University of Leeds, 
and 
Department of Colloid Science, 
University of Cambridge. 


* Present address: Spillers Ltd., Technological Research Station, Station 
Road, Cambridge. 
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BIOPHYSICS 


Efficiency of lon Transport Mechanisms 


Ir has often been assumed, as in the theory of active 
transport of ions, that metabolic energy is required to 
transfer sodium ions from a low intracellular concentration 
to a higher concentration in blood serum or an external 
fluid’~*. On that assumption, the efficiency of any trans- 
port mechanism would be expressed as the ratio of output 
of work to input of energy. Theoretical calculations have 
been based on the following approximation, derived from 
the laws of ideal solutions: 


Ideal molal work = RT In 2X* (1) 
CNa 





The work per unit time divided by the rate of energy 
conversion yields a value for the efficiency of the assumed 
mechanism. If the external concentration, cya’, is 
140 m.equiv./l. (as in blood serum), and if ey,” is taken as 
28 m.equiv./l., then: 


Ideal molal work = 1-0 keal per equivalent at 37°C (2) 


If such an assumed process were to be continuous and 
irreversible, it would be accompanied by a large number 
of irreversible side-effects which do not appear to occur in 
Nature. The concentration of extracellular sodium would 
increase as intracellular sodium is depleted. There would 
be a simultaneous change in the electrolyte balance, which 
would be compensated only by a cyclical return of sodium 
ions from the higher concentration cya’ to the cellular 
concentration cya”. To maintain a steady invariant state 
in cytoplasm and serum, it is necessary not only that 
CNa and cya” remain constant, but also that the concentra- 
tions of chloride, potassium, and the other physiological 
ions remain fixed. A true calculation of the efficiency of 
any ion transport mechanism must consider the conditions 
of intracellular and extracellular invariance. For sodium 
the free energy change, AG, of the reversible isothermal 
process is zero: 





AG, = RT In S* = (Apya) (3) 
CNa 
AG, = RT In INE = (Apya): ` (4) 
CNa 
AGtotal = (Apwa): + (ANa): = 0 (5) 


where Auwya is the change of chemical potential of sodium 
ions. 

Similar considerations apply to the other ions. Equa- 
tions (1)-(5) are based on the ideal solution laws, often 
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assumed to be approximately valid for cells and tissues. 
In a generalized formulation, non-ideal terms are re- 
quired‘-*. According to the theory of electrolyte solutions, 
the chemical potential, uz, of any ion is defined by the 
equation: 

vi = p? + LT In of; (6) 


where u? is the standard chemical potential and fi is the 
activity coefficient. By an appropriate definition of the 
standard state of a physiological system, the activity 
coefficient of any ion may be assigned the value 1-0, and 
the non-ideal deviations may be expressed by a change of 
u? between two different phases. Thus the change of 
chemical potential, Auna, between blood serum and 
cytoplasm is given by: 


Ayya = Auye® + RT In SE (7) 
CNa 


This may be expressed in the following way: 


Real molal work = non-ideal molal work + ideal 
molal work 


The magnitude of Apya’ is of the order of 2-3 kcal, or 
— 100 mV in electrical units®»*. If the ideal molal work is 
—1:0 kcal (equation (2) ), then the real value of Auna is 
1-3 keal, or —56 mV. The value is of the same order of 
magnitude as the ideal molal work, but of opposite sign. 
Therefore, when account is taken of the ‘non-ideal work’, 
there is no need of a hypothetical pump to force sodium 
ions up a ‘concentration gradient’. Its place is taken by 
Auwa®, the value of which depends only on non-ideal 
deviations from the ideal equation of state. 

Over any closed cyclic process in an invariant system, 
Auya is zero (equation (5) ). The conditions of invariance 
require Cya and cy,’ to remain constant. The constant 
Auna’ depends only on the nature of the two phases, and 
is independent of intermediate steps or mechanisms. The 
condition of invariance requires that the integral of dy, 
for any ion over any pathway C depends only on the 
initial and final states. The value becomes zero over any 
path in which the initial and final states are the same. 
These conditions are expressed by equations (8—10). 


fous = 0 (8) 
fdu! = 0 (9) 
C 


{kT dln ce; = 0 (10) 
0 

All other thermodynamic functions, such as entropy, 
free energy and enthalpy, have the same property: they 
depend only on the physicochemical state of any phase, 
and are independent of the paths of transport processes. 

In any physicochemical system at constant temperature 
and pressure, the condition of invariance requires that 
AG be zero for all possible redistributions of ions. Spon- 
taneous processes can occur only in the direction in which 
AG is negative. We have shown‘- that the conditions for 
maximal stability in a heterogeneous system are: 


Aurea = Aux = $Auca = $Aumg = — Apoa (11) 
The most stable distribution is determined by the value 
of Ap’ for each ion. 


In general, the maximal work, Wmax, is equal to the 
decrease of freeenergy. Thus: 


AG = — Wmax (12) 


For an ideal gas: 


AG = RT ln ® 

Pı 

A gas pump requires a supply of energy to transport 
air from a low pressure, p, to a high pressure, pa. However, 
if the air simultaneously returns to the lower pressure, AG 
is zero, and no effective work is performed. The efficiency 
is zero. In the atmosphere there is a pressure gradient 
with increasing altitude, but this cannot be converted to 


(13) 


A, 
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useful work. The condition of maximal stability requires 
that AG be zero between any two altitudes or pressures. 
Air may freely circulate between any two levels with no 
change of free energy or performance of work. 

If there is a sodium pump or other ion transport 
mechanism within cells, operating to perform work by 
increasing the free energy or chemical potential of the ions, 
then its maximal efficiency must be zero. The reason for 
this is that it operates in an invariant, isothermal, hetero- 
geneous system. The condition for invariance requires, 
among other things, that an equivalent quantity of ions 
must immediately return to the cells. The values of AG 
and Au over any cyclical isothermal process in an invariant 
system may readily be shown to be zero, since they depend 
on only one fixed state. According to Carnot’s principle, 
the reversible isothermal work is zero. Therefore, the 
efficiency of any energy-consuming mechanism operating 
in the reversible cycle must aleo be zero. Efficiency can 
be measured only for work-producing processes, such as 
muscular cantraction, which involve both reversible and 
irreversible steps. 

If there is no sodium pump, it is meaningless to calculate 
its efficiency. 


Norman R. JOSEPH 
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BIOCHEMISTRY 


Structure of «-Keratin 


In a recent publication, Fraser, MacRae and Miller! 
have given a comprehensive interpretation of the X-ray 
diffraction photograph of «-keratin (porcupine quill tip) 
and, in particular, considered the quantitative aspects of 
the small-angle and large-angle equatorial scatter. This 
problem has also been discussed by Wilson*, whose 
approach differs in some important respects from that of 
Fraser et al., although based on a microfibril model of the 
same type. Wilson supposes that interferences effects 
between protofibrils within a microfibril, as well as 
between different microfibrils, affect the X-ray intensity 
at small scattering angles, whereas Fraser et al. consider 
only the ‘between microfibril’ interference. According 
to them, the small-angle scatter can be ascribed solely to 
a difference in effective mean electron density between 
the microfibrils and their surrounding matrix, and for a 
given microfibril-matrix texture the intensity should be 
simply proportional to this difference. The evidence in 
favour of this idea is that when heavy metals, such as 
silver or osmium, are incorporated in the matrix material 
the main effect on the diffraction is to enhance the small- 
angle scatter, leaving the maxima of intensity at the 
same scattering angles as before. 

On physical grounds, Wilson’s theory is inadequate? if 
only because of his neglect of the side-chain scatter. 
Fraser et al. consider the side-chain scatter, but assume 
that it completely annuls the protofibril scatter at small 
angles. We believe that the truth lies somewhere between 
these extremes, and that the effect of the side-chains and 
other material between the protofibril main-chains must 
be to reduce, but not to eliminate, the protofibril intensity 
at small angles. 
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This belief is strengthened by our experimental results 
for the equatorial scatter of Lincoln wool. In a general 
way these are similar to those quoted by Fraser et al. for 
porcupine quill, with one important exception. This is 
that the relative itensities of the 45 A and 27 A reflexions 
are quite different in untreated and metal-containing 
wool (the intensities are roughly equal in untreated 
fibres, but the 45 A reflexion is some five times stronger 
than the other in the silver-wool). The intensity contour, 
therefore, cannot depend on the relative electron densities 
of the matrix and. microfibril in the way which Fraser et 
al. suppose; some other factor, presumably associated 
with the arrangement of the protofibrils in the micro- 
fibril, must modify the intensity at small angles in 
untreated wool. 

We have examined this possibility in its quantitative 
implications, and have evolved a model structure which 
seems to have the correct scattering properties. In this, 
the microfibril corsists of an annular array of protofibrils 
surrounding a cora. The protofibrils have organized and 
less organized regions along their lengths, the former 
having diffraction properties like Crick triplet coiled-coils. 
A maximum of nine such protofibrils could be fitted into 
the annulus, but they need not all be organized into 
coiled-coils in any particular cross-section of the micro- 
fibril; we supposs, therefore, that there is an effective 
average number fa (less than 9) of coiled-coils in the 
annulus. The microfibril core might also show coiled-coil 
organization and we suppose that it scatters X-rays as 
if it contained fe (less than 2) coiled-coils in the cross- 
section. The uncrganized material in the microfibril is 
taken to scatter like a uniform electron cloud filling the 
gaps between, and to some extent within, the coiled-coils. 
A similar cloud between the microfibrils simulates the 
scatter from the matrix. The small-angle scetter of such 
a model consists of (a) a part due to microfibril-matrix 
texture, of the type envisaged by Fraser et al., and (b) a 
part due to protofibril scatter modified by interference 
between protofibrils in the same microfibril. Both com- 
ponents have mazima near 45 A and 27 A; in (a) the 
former is more intense, in (b) the latter (to an extent 
depending on the ratio f./fa). In untreated Lincoln wool 
component (a) must be small (the mean electron densities 
in the matrix and microfibril being approximately equal) 
so that the small-angle scatter is mainly due to (b). In 
silver-stained woo. only (a) is important (electron density 
of stained matrix being large). In other keratin fibres it 
may happen that both (a) and (b) contribute significantly, 
to give an intermediate type of intensity contour. 

This work was done under a project sponsored by the 
Wool Textile Research Council. 

H J. Woops 
i C. N. Tyson 
Textile Physics Laboratory, 
Department of Textile Industries, 
University of Leeds. 
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Incorporation of Labelled Lysine into the 
Desmosine Cross-bridges in Elastin 


THE isolation and chemical characterization of two new 
amino-acids, desrmosine and isodesmosine, which form 
bridge-points between peptide chains in elastin has 
already been described!-*. The isomeric compounds are 
1,3,4,5- and 1,2,3,5-tetra-substituted pyridinium salts 
with the empirical formula C,,H,,N,;0,Cl (as the chloride). 
Consideration of the structure of the two compounds and 
their location as eross-bridges between peptide chains led 
Partridge et al.* td suggest a possible biosynthetic route 
through ring closure on four lysine residues pre-existing 
in the peptide chains of a soluble pro-elastin. 
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A preliminary attempt to verify this suggestion experi- 
mentally has already been reported". In these experiments 
groups of rats, 25 days old, were injected at intervals for 
9 days with U-!4C-lysine and the animals were killed 12 h 
after the last injection. Lysine, desmosine and isodesmo- 
sine were isolated from purified elastin prepared from the 
aortae. The results showed that under the conditions of 
the experiments about 2 moles of lysine, instead of the 
expected 4 moles, were incorporated into each mole of 
desmosine and isodesmosine; it was remarked that this 
unexpectedly low result could have arisen because of a 
time lag between the incorporation of labelled lysine and 
ring-closure to form the desmosines. 

About the same time a publication by Miller, Martin and 
Piez® showed clearly that the elastin from the aortae of 
12-day-old chick embryos contained much more lysine 
and less desmosine and isodesmosine than elastin from 
full-grown birds. Over the age-range investigated the sum 
of lysine and quarter-desmosine remained constant and 
there was a smooth transition of the lysine/quarter- 
desmosine ratio with increase in age. The same authors 
reported that, in tissue culture experiments with chick 
embryo aorta, the amount of lysine incorporated into 
desmosine and isodesmosine increased steadily for some 
days after the culture had been allowed to take up a 
quantity of radioactive lysine from the medium. When 
the aortae were allowed to grow in a medium without 
labelled lysine for 11 days after a pulse dose of U-4C- 
lysme, the specific activity of desmosine and isodesmosine 
was a little more than four times that of the lysine isolated 
from the same sample of elastin. 

The experiments now reported confirm our tentative 
conclusions from the preliminary experiments® and show 
that the results of Miller et al.*, obtained with avian 
embryo aorta in tissue culture, are valid for the growing 
rat. 
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Fig. 1 


The experimental procedure adopted was similar to that 
described earlier’ except that after receipt of a concentra- 
ted pulse dose of U-4C-lysine the groups of animals were 
fed a normal growth ration ad lib. until they were killed. 
Three groups of ten weanling male Sprague-Dawley rats 
were each kept for 8 days under the conditions of the 
experiment before the injections were started. Each rat 
received a total of approximately 0-030 mc. of U-MC- 
lysine given in three doses per day for 10 days. The 
groups were killed 0-5 days, 5 days and 17 days after the 
last injection. The aortae were dissected from the aortic 
valve to the bifurcation; they were then freed from con- 
nective tissue and washed exhaustively with 0-15 M sodium 
chloride and dehydrated with acetone. The dried defatted 
aorta, powder was treated with 0-1 N sodium hydroxide 
at 98° for 45 min’, washed six times with hot water, and 
dried by treatment with ethanol and ether. The purified 
elastin was hydrolysed by refluxing with iron-free 6 N 
hydrochloric acid for 72 h in a current of nitrogen; desmo- 
sine, 1s0desmosine and lysine were isolated chromato- 
graphically as already described’. Samples (1-0 ml.) were 
taken from the centre fraction of each peak for scintilla- 
tion counting in Bray’s solution (21 ml.) containing 
‘Thixcin’ (25 g/l.). A second sample (0-5 ml.) from the 
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same fraction was used for the estimation of the amino- 
acid concentration using the Technicon ‘Auto-analyser’. 
The results are given in Table 1. 


Table 1. INCORPORATION OF U-O-LYSINE INTO DESMOSINE AND 
ISODESMOSINE 
Sample Days after cpm. moles c.p.m j c.p.m /umole 

last injection amino-acid fumole ratio to lysine 

(1) 05 days i 
Isodesmosine 408 0 062 660 157 
Desmosine 45°9 0 080 573 1°36 
Lysine 176 2 0-418 421 1 

(3) 5 days 
Tsodesmosine 91-7 0:079 1,150 80 
Desmosine 83 2 0 085 O77 2-6 
Lysine 199-0 0 527 377 1 

(4) 17 days 
Isodesmosine 1085 0-118 958 4:56 
Desmosine 113 0 0°1256 905 4-30 
Lysine 767 0 366 210 1 


It will be observed that the molar specific activity of the 
desmosine isomers increased with time after the pulse 
dose of U-14C-lysine and eventually reached a value of 
rather more than four times that of the lysine isolated 
from the same sample of elastin. That the figure was 
fractionally in excess of four was to be expected since there 
was considerable growth of aorta tissue during the 17 
days which elapsed before the animals were killed. 
Since elastin from young animals contains a higher lysine/ 
desmosine ratio®, the activity of lysine is diluted to a 
greater extent relatively to the desmosine isomers. The 
results also show that the activity of isodesmosine was 
significantly higher than that of desmosine throughout 
the duration of the experiment. This may result from a 
difference in the rate of formation of the isomers and from 
the circumstance that mammalian, elastin contains more 
desmosine than 1sodesmosine. 

The incorporation of four molecules of lysine into both 
desmosine and isodesmosine, and the demonstration that 
the cyclization process is a slow one occupying up to 17 
days after the uptake of the lysine, provides an adequate 
explanation for the observed variation in the composition 
and physical properties of elastin from animals at different 
stages of growth. However, it does not preclude the pos- 
sibility that residues other than lysine may be involved 
in cross-bridges. 

Chemical investigation of the structure of the isomeric 
desmosines*»? has resulted in the location of all the carbon 
atoms except for the methylene groups in the side chains 
on positions 3, 4, 5 in desmosine and 2, 3, 5 in isodesmosine. 
The demonstration of the biosynthesis of the desmosines 
from four lysine residues shows that the isomers arise by 
cyclization of straight-chain 6-carbon units and indicates 
(I) and (II) as the probable structures of the isomers. 
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Inhibition of the Biosynthesis of the Cross- 
links in Elastin by a Lathyrogen 


In some animal species nutritional deficiency of copper 
is known to result in a defect of the walls of the large 
arteries which leads to aortic rupture’?. The defect has 
been attributed, at least in part, to a change in the amino- 
acid composition of elastin®+. The lysine content of elastin 
isolated from copper-deficient animals is abnormally high, 
and there is reason to believe that this is related to a 
failure in the biosynthesis of linkages connecting the pep- 
tide chains. 

Recently two new amino-acid isomers, desmosine and 
isodesmosine, have been isolated from hydrolysates of 
elastin and characterized as tetra-amino-tetracarboxylic 
acids containing quaternary pyridinium rings®:*, These 
substances appear to be in peptide linkage with at least 
two primary chains and thus can act as cross-links. The 
empirical farmula of the isomeric desmosmes, C4H3 N05 
suggested that they might arise biosynthetically by the 
oxidation and cyclization of four lysine side chains’ and 
this was confirmed by feeding experiments with U-4C- 
lysine®)®, Using chick embryo aorta in tissue culture, 
Miller, Martin and Piez!* showed that added U-4C-lysine 
is incorporated into the desmosines im vitro and that the 
molar ratio of the specific activities of the desmosines and 
lysine reached 4:1 about 11 days after the addition of a 
pulse dose of labelled, lysine. 

The symptoms of copper deficiency and lathyrism in 
turkey poults are highly analogous'!! and unpublished 
observations!? have shown a decreased content of elastin 
in the aortas removed from poults fed B-aminopropionitrile 
(BAPN). Chick embryo heart tissue grown in organ culture 
produces extra-cellular fibres which give tinctorial reac- 
tions typical of elastin, and these fibres are reduced in 
amount in cultures which contain BAPN™. In the present 
experiments, some of which have already been briefly 
reported, the amino-acid composition of elastin from 
BAPN-fed chicks has been determined and the effect of 
BAPN on desmosine formation in aorta grown in organ 
culture has been investigated. 

Two groups of chicks were fed a commercial chick meal 
for one week. Then 0:05 per cent of BAPN (3-amino- 
propionitrile fumarate, Aldrich Chemical Co., Milwaukee, 
Wisconsin) was added to the diet of one group and the 
feeding continued for 2 weeks. At 3 weeks of age the 
aortae were removed, cleaned of blood and adhering 
tissues and ground in a glass homogenizer in 0-9 per cent 
saline. The insoluble portion was dehydrated with acetone, 
washed. with diethyl ether, and dried. Sufficient water 
was added to rehydrate the powder and 0-2 ml. of 90 per 
cent formic acid per mg of dry tissue was added. The 
suspension was held at 45° C for 36 h (ref. 15), then washed 
thoroughly with water and finally with acetone and ether. 
The amino-acid composition was determined by use of & 
Technicon ‘Autoanalyser’ after hydrolysis in 6 N hydro- 
chloric acid under reflux for 72 h. For purposes of com- 
parison, elastin prepared by 0-1 N sodium hydroxide 
treatment of aortae from copper-deficiont and control 
chicks was similarly analysed (we thank Dr. J. E. Savage 
and Mr. D. Bird, University of Missouri, for the preparation 
of this material). Without correction for losses during 
hydrolysis, approximately 91 per cent of the nitrogen in 
the ‘control elastin and 96 per cent of that in the ‘BAPN- 
fed’ elastin was recovered. There was essentially no 
difference in the amino-acid composition of the experi- 
mental and control elastins except for lysine and the 
desmosines. The results are shown in Table 1. In the case 
of the copper-deficient elastin, the lysine content was 
nearly five times that of the control, while the desmosines 
averaged only 60 per cent of the control values. The 
‘BAPN-fed’ elastin showed no change in desmosine and 
had only twice the normal lysine content. The failure to 
observe mare significant differences was doubtlessly due 
to the mild nature of the lathyrism induced. Mortality 
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was low and no gross abnormalities of the aorta were 
observed. 

For investigations of organ cultures, aortae were 
removed from young ducklings, 1-7 days of age, under 
aseptic conditions, and placed in roller tubes containing 
tissue culture medium 199 supplemented with 25 units 
each of penicillin and streptomycin per ml. One half of 
the tubes contained 5 x 10-3? M BAPN and all contained 
0-1-0-75 uc. of [U-C]-lysine per ml. during the first 2 
days of culture. The cultures were then supplied with 
medium without labelled lysine and continued for 1014 
days with renewel of ‘medium on alternate days. The 
cultures were collected, washed, dehydrated with acetone 
and, finally, washed with ether. Elastin was isolated by 
heating in 0-1 N sodium hydroxide for 1 h in a boiling 
water bath and repeated washing with hot water. Lysine, 
desmosine and isodesmosine were isolated and their 
specific activities determined as previously described. 
Table 2 shows that the specific activity of the lysine isolated 
from the elastin was directly proportional to the concen- 
tration of the labelled lysine in the culture medium. The 
presence of BAP slightly increased the specific activity 
of lysine, but in each experiment the specific activities of 
desmosine and isodesmosine were depressed to about 
one-tenth or less-cf the value found for the controls. 

The results now obtained show that, as in copper 
deficiency, the presence of the lathyrogen results in the 
formation of an elastin with a high lysine content. The 
organ culture experiments demonstrate that BAPN 
inhibits the incorporation of lysine into the desmosine 
cross-linkages. Since the amino-acid analyses shown in 
Table I were performed on elastin which remained in- 
soluble after extraction with hot alkali or concentrated 
formic acid it seems reasonable to suppose that the elastin 
isolated was at least partly cross-linked, and a marked fall 
in the content of desmosine and isodesmosine was not to be 
expected. However, with lathyritie elastin, as with that 
resulting from copper deficiency, the sum of lysine plus 
quarter-desmosine is markedly greater than is found with 
normal elastin, either from young or old animals. It is 
therefore apparent that there is an intermediate in desmo- 
sine synthesis which is destroyed by acid hydrolysis or 
has not yet been-found in the hydrolysis products. 

The analogy between the effects of BAPN and copper 
deficiency on the chemical and physical properties of 
elastin suggests that an enzyme system concerned in the 
condensation of lysine side-chains to desmosine requires 


Table 1. EFFECT oF COPPER DEFICIENCY AND BAPN FEEDING ON THE 
COMPOSITIDN OF PURIFIED CHICK AORTA ELASTIN 


Sample Control (1) Copper- Control (2) BAPN-fed (2) 
deficient (1) 
Purification O-1NivaOH 01 NaOH Formic acid Formic acid 
procedure ats8° at 98° at 45° at 45° 
N % (ash and 163 16-6 167 171 
moisture free) 
(Amino-acid residues per 1,000 residues) 
Hydroxy- 1-2 12°5 107 0-5 
proline 
Isodesmosine i- 07 08 0-9 
Desmosine st 0-8 09 0-9 
Lysine 3°6 17°4 5-3 10°5 
uarter- 10-9 60 6'8 T2 
desmosines 
Lysme + 13-8 23:4 12-1 17°7 


$-desmosines 


Table 2. Eyrror oF EAPN ON THE INCORPORATION OF LYSINE INTO THE 
DESMOSINES OF ELASTIK ISOLATED FROM AORTAE GROWN IN ORGAN CULTURE 
Culture conditions Specific activity of compounds isolated * 


Exp. *C-lys. Davet in Lysine Desmosine Isodesmosine 
No per mi. cuiture Control BAPN Control BAPN Control BAPN 


{uc.) 
ił 01 8/3 950 1,240 600 0 950 0 
2 0 25 2/14 2,450 2,720 1.580 220 1.880 90 
3 075 2/13 6,680 7,760 6,910 700 7,810 410 


* Cpm per umole. 

+ Days in presence Df “C-lysine/days without “C-lysine 

t Whole aortae from 7-day-old ducklings were used in Exp. 1 and from 
2-dsy-old ducklings in Exp. 2 Chopped aortae (2-8 mm pieces) from day-old 
ducklings used in Exp. 3. 
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copper and that BAPN inhibits at least one step in the 
reaction chain. Although collagen and elastin have very 
different compositions and structure, it is of interest to 
note the apparent parallelism displayed in the effect of 
BAPN on the processes by which primary peptide chains 
‘are organized into a coherent fabric. 

One of us (B. L. O’D.) is on sabbatical leave from the 
University of Missouri and is supported in part by a 
special fellowship of the National Heart Institute, U.S. 
Public Health Service, and thanks Dr. T. Gillman, 
Agricultural Research Council, Institute of Animal 
Physiology, for providing facilities during the course of 
this work. 

B. L. ODELL 

D. F. ELSDEN 

J. THOMAS 

S. M. PARTRIDGE 


Low Temperature Research Station, 
Downing Street, Cambridge. 


R. H. SMTA 
R. PALMER 


British Glues and Chemicals, Ltd., 
Bermondsey, London, S.E.1. 
‘O'Dell, B. L., Hardwick, B. C , Reynolds, G., and Savage, J. B., Proe. 
Soc, Exp. Biol. and Med., 108, 402 (1961), 


? Shields, G. S., Coulson, W. F., Kimball, D. A., Carnes, W. H., Cartwright, 
G. E ,and Wintrobe, M. M., Amer. J. Path., 41, 603 (1962). 


3 ve N., Shields, G. S., and Carnes, W. H., J. Biol. Chem., 238, 3115 


1 Starcher, B., Hill, C. H., and Matrone, G., J. Nutrit., 82, 318 (1964). 

* Partridge, S. M., Elsden, D. F., and Thomas, J., Nature, 197, 1297 (1963). 
* Thomas, J., Eleden D. F., and Partridge, S. M., Nature, 200, 651 (1963). 

7 Partridge, 5. M., J. Soc. Leather Trades Chemists, 49, 41 (1965) 


8 Partridge, S. M., Elsden, D. F., Thomas, J., Dorfman, A., Telser, A., and 
Ho, P -L , Buochem. J., 98, 30e (1964). 


* Partridge, S. M., Elsden, D. F., Thomas, J., Dorfman, A., Telser, A., and 
o, P.-L. (preceding communication). 


10 Miller, E. J., Martin, G. R , and Piez, K. A., Biochem. Biophys. Res Comm., 
17, 248 (1964), 


u Savage, J. E., Ross, D. A , Reynolds, G., and O’Doll, B. L , Fed. Pioc., 
21, 311 (1962) 


't Savage, J. E., Bird, D., Reynolds, G., and O’Dell, B. L (unpublished 
observations), 


u O'Dell, B. L., Elsden, D. F., Thomas, T., Partridge, S. M., Smith, R. H., and 
Palmer, R., Biochem. J., 88, 35P (1965) 
u MeCalim, H. M., J. Path. Bact., 89, 637 (1965). 


‘Ss Ayer, J. P., Hass, G. M., and Philpott, D. E , Amer. Med. Assoc Arch 
Path., 85, 519 (1958). 


Rate of Protein Biosynthesis in Hepatoma 223 


Heratoma 223, unlike the liver of an adult rat, rapidly 
increases its protein content. It might, therefore, be 
expected that its protein-synthesizing activity would be 
greater than that of liver so the efficiency of the in vitro 
systems from the two tissues were compared. 

The cell sap and ribosome fractions of liver were 
obtained by methods previously described’. The cell sap 
was passed through a column of ‘Sephadex G-25” equilib- 
rated with medium B (48 mM sodium chloride, 100 mM 
potassium chloride, 10 mM magnesium chloride and 50 mM 
Trizma, buffer, pH 7-6) to remove low molecular weight 
inhibitory substances*. The ribosomes and cell sap of the 
tumour were isolated by an essentially similar procedure. 
Ribosomes and excess of the cell sap fraction were incub- 
ated together in medium B containing 5 mM adenosine 
triphosphate, 0-05 mM guanosine triphosphate, 10 ug/ml. 
of an amino-acid mixture (lacking leucine) and 0-1 ye./ml. 
px-[1-4C] leucine. The reaction was stopped by addition 
of 0-5 N perchloric acid and the proteins isolated and 
prepared for counting as previously described}!. 

It was found in a number of cross-over experiments m 
which ribosomes of tumour were incubated with tumour 
or liver sap that the efficiency of the ribosomal fraction of 
the tumour did not differ significantly from that of liver 
(96 per cent + 8 per cont). It was found that the efficiency 
of the cell sap fractions from the two tissues were also 
very similar provided that their concentrations were not 
limiting. 
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Fig. 1. The dependence of the incorporation of amino-acids into protein 
by the cell-free system, on the concentration of cell sap protem. The 
conditions of incubation are given in the text. 100 per cent represents 
about 3,000-5,000 c.p.m./mg ribosomal protein. —, Liver,..., tumour 


The extent of amino-acid incorporation into protein in 
the ribosome cell-free system is, however, greatly affected 
by the amount of cell sap protein added (Fig. 1). It will 
be seen that, in the case of liver, a ratio of about 20: 1 of 
cell sap protein to ribosomal protein is needed to ensure 
that enough sap constituents are present. It is also clear 
that the tumour cell sap saturates at a lower protein con- 
centration than does that of liver. For example, the 
amount of protein required to give 80 per cent saturation 
in the liver system is about 3-5 times as much as in the 
tumour system. The higher efficiency of the cell sap 
protein from the tumour seems to reflect a higher concen- 
tration of soluble components of the protein synthesizing 
mechanism relative to other proteins in the cell sap frac- 
tion. We have noted, for example, that the tumour sap 
contains twice as much sRNA as liver sap per gram wet 
weight of tissue (that is, four times as much sRNA per mg 
cell sap protein) and this may account for the difference. 


Table 1. COMPOSITION OF TUMOUR AND LIVER (MG/G WET WEIGHT TISSUE) 


Liver Tumour 
RNA 11 6:3 
Protem 225 110 
Ribosomes 13 75 
Solubic fraction 90 44 


RNA was estimated by the method deseribed in ref. 1. 

For the calculation of the quantity of ribosomes it is assumed that 50 per 
cent of the RNA of the cell is associated with ribosomes (ref. 3) and that 
they are 42 per cent RNA. It was also assumed that the amount of soluble 
fraction protein is 40 per cent of the protein of the whole tissue (ref. 3), 


Table 1 shows the experimentally determined RNA and 
protein contents of liver and tumour and the calculated 
concentrations of ribosomes and cell sap. The tumour 
contains about half the ribosomal and cell sap content of 
liver (per g of tissue). The ceil sap of tumour is several 
times as active as that of liver so it appears to be unlikely 
that cell sap activity is rate limiting. Since the tumour 
has half the number of ribosomes of liver and each has 
about the same activity as those of liver, the rate of 
protein synthesis of the tumour must be about half that 
of liver. Nevertheless, the tumour accumulates protein. 
This must arise because of some mechanism other than an 
increased rate of protein synthesis. It could be explained 
by differences between liver and tumour in the proportion 
of the protein produced which is retained by the tissue, 
or by differences in the type and stability of proteins 
made, and by other factors. 
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Presence of Sodium-—Potassium-stimulated 
ATPase in Boar Epididymal Spermatozoon 


SINCE Skou? reported that an adenosine triphosphatase 
(ATPase) stimulated by sodium and potassium in the 
presence of magnesium (Na-K ATPase) is present in 
submicroscopic fraction of crab nerve, many investigators 
have reported the presence of the same ATPase in various 
tissues®-* (see also Hokin and Hokin’s recent review’), 
and it was suggested that it plays an important part in 
the process of active transport of potassium and sodium 
ions. However, information concerning the presence of 
such an ATPase in spermatozoa is not, as yet, available. 
It seoms very likely that active ion transport mechanism is 
also present in the spermatozoon, as its motility is affected 
by ionic environment. This communication reports our 
detection of Na-K ATPase activity in boar epididymal 
spermatozoon. 

Spermatozoa obtained from fresh epididymal tissues 
of a boar were washed twice in 0-25 M sucrose solution and 
re-suspended in a 0-25 M sucrose solution containing 35 
mM tris-hydrochloric acid buffer (pH 7-4). ATP was 
rendered free of sodium and potassium by passing it 
through a “Dowex 50’ cation-exchange resin column in 
the hydrogen form. The free acid was brought to pH 6'8 
with 1 M tris solution. The reaction mixture contained 
3 mM ATP, 3 mM magnesium ions, 35 mM sris-HCl 
buffer (pH 7-4) and various concentrations of sodium and 
potassium ions. Quabain was added to the medium as 
required. The total volume of the reaction mixture was 
kept constant at 2:0 ml. After incubation for 20 min 
at 37° C, the reaction was stopped by the addition of 1 ml. 
of 30 per cent trichloroacetic acid, and liberated inorganic 
phosphorus (P;) was determined by the method of Fiske 
and SubbaRow. Activity was expressed as moles of 
inorganic phosphorus/10?° sperm/h. The ATPase activity 
of intact spermatozoa is shown in Fig. 1. 

As shown in Fig. 1, ATPase activity of intact spermato- 
zoa increased in the presence of 3 mM of magnesium, and 
it was stimulated further by sodium ions but not by 
potassium ions alone. The activity was greatly enhanced 
by the addition of both sodium and potassium ions in the 
presence of magnesium ions. Fig. 1 shows also that the 
ATPase activity in the complete system is inhibited by 
the addition of 5 x 10 M ouabam. The presence of 
such an ATPase activity in intact spermatozoa suggests 
that spermatozoa may have a function of active transport 
of potassium and sodium ions. The following experiments 
were undertaken to investigate the distribution of Na-K 
ATPase activity in the spermatozoa. 

Washed spermatozoa were suspended in 0-25 M sucrose 
solution containing 0-2 per cent sodium deoxycholate, 
5 mM EDTA, 30 mM histidine—HCl, 30 mM 2-amino-2- 
methyl-1,3-propanediol, at pH 7-0, and subjected to ultra- 
sonic treatment at 10 ke/s for 5 min. The sonicaze was 
homogenized using a ‘Teflon’ pestle-glass homogenizer at 
1,000 r.p.m. for 3 min, and the homogenized sonicate was 
fractionated by differential centrifugation into four 
fractions, namely, head, tail, Fraction 1 (which was 
collected by centrifugation of the supernatant at 10,000g 
for 10 min) and Fraction 2 (which was collected by centri- 
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Fig. 1. 


ATPase activity of intact boar epididymal spermatozoa. The 
incubation medium consisted of 3 mM , Various cations as described 
above, anid 35 mM tris-HCl buffer (pH 7-4) 


fugation of the supernatant of Fraction 1 at 105,000g 
for 60 min). Each fraction was washed twice in 0-25 M 
sucrose solution and tested for the Na-K ATPase activity. 
Typical results of an experiment are shown in Table 1. 


Table1 ATPase AOTIVITY OF FRAGMENTED BOAR EPIDIDYMAL SPERMATO- 


Fragmented Activity es umoles/N mg/h} 
spermatozoon Mg +Nat+K Mg+Na+K/Mg 
Head 2°07 212 1:02 

Taal 17-72 18-90 1:07 
Fraction 1 5°53 6 90 1-25 
Fraction 2 6°68 8-70 130 


‘nee incubation medium consisted of 8 mM ATP, 3 mM magnesium chloride, 

5 mM sodium chloride, 30 mM potassium chloride, 35 mM ¢trvs-HCl buffer 

i oF 7:4). The enzyme suspension was added after 6 min temperature equilib- 

ration at 30° ©, and incubation was continued for a further 30 min. The 

reaction was stop ed by the addition of 1 ml. of cold 30 per cent trichloro- 

acetic acid and aliquots were assayed for inorganic phosphate by the method 
of Fiske and SubbaRow. 


It will be seen from these results that in the presence of 
magnesium alone ATPase was highest in the tail—which 
agrees with the results obtained by Nelson? for fragmented 
bull spermatozoa. On the other hand, Na-K ATPase 
activity was highest in Fraction 2, which contains micro- 
somal sediment, and rather low in other fractions. In 
other experiments, Na-K ATPase activity of Fraction 2 
was inhibited by addition of 105 M ouabain. Conse- 
quently it seems likely that Na-K ATPase activity in 
intact spermatozoon did not originate from the tail 
fraction, which consists of a myosine-like substance, but 
chiefly from Fractions 1 and 2, namely, membranes, 
mitochondrial and microsomal fractions. It is probable 
that this sodium—potassium-activated ATPase plays an 
important part in the enzymatic mechanism of active 
ion transport involved in the excitation and movement 
of the spermatozoon. 
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Sub-cellular Distribution of Serotonin in the 
Developing Rat Brain 


Ir is well known that the neonatal rat brain contains 
relatively little serotonin! ? and that the level of this amine 
increases slowly with age. Karki ef al? have shown that 
the enzymes mediating the synthesis and oxidation of 
serotonin are also low in the immature rat brain, and 
increase thereafter with growth of the animal. The 
aforementioned authors suggest that the low levels of 
indolamines in the rat brain at birth can be attributed to a 
deficiency of the binding or storage system, and are not a 
reflexion of the imsufficiency of the enzyme systems. 
Schanberg and Giarman* have shown that endogenous 
brain serotonin distributes itself between the particulate 
matter of brain homogenates and the supernatants, and 
that this relationship is susceptible to alteration by drugs. 
It was, therefore, of interest to investigate the sub- 
cellular distribution of serotonin in the developing rat 
brain and to determine whether it will parallel other 
maturational changes. 

Rats of the Wistar strain, bred in our colony under 
standard conditions of management and nutrition, were 
used in this investigation, and were selected at various 
ages after birth. Animals were decapitated rapidly, the 
brains minus cerebella removed, weighed and homogenized 
in unbuffered 0:3 M sucrose containing tranyleypramine 
(1 umole). All procedures were carried out at 4° C. 
Sufficient brains were pooled to give a homogenate dilution 
of 20 per cent (w/v). Duplicate aliquots of the homo- 
genates were centrifuged for 30 min in a No. 40 rotor of the 
model L Spinco ultracentrifuge. The high-speed residue 
and supernatant were extracted separately for their seroto- 
nin content by the method of Shore and Olin’, as modified 
by Mead and Finger’ and assayed in concentrated hydro- 
chloric acid as described by Bogdanski et al.*. All results 
are averages of six or more individual determinations, and 
represent 10-30 animals, depending on the age group. 


Table 1. WET WEIGHTS AND SeA CONTENT OF THE DEVELOPING 
AT 
Brain wet Percentage ~ Brain 5-HT gers oe Ratio 
Age welght- ofadult 5-HT y/gm as per cent tal brain wt, 
(days) sarabslluni brain wet (y/g) sh adult levels S-HT in §-HT 
(zg) weigh residue content 
cerebellum 
1 0-26 17-1 0 26 893 724 1-0 
2 0°26 172 0:27 41°6 720 1-05 
4 0-43 28'6 0-31 473 73 5 1'4 
10 0:68 45:5 0 30 48-4 778 2°3 
12 0:85 56-3 0 36 5a'3 776 2°4 
22 1:03 68 6 0:37 56 9 73 2 2'8 
31 113 753 0°50 78-9 734 2°38 
33 1 32 88°0 0-51 73°9 72 0 25 
Adult 15 — 0-85 — 745 23 


‘The weight of brains and the amine content of rat 
brains at various stages of development (Table 1) were 
obtained without the cerebellum. It is apparent that the 
rat brain at one day of age contains 39 per cent of the adult 
amine content, but only 17 per cent of the adult weight. 
The values for 5-HT content in the developing brain are 
in agreement with those quoted by Karki et al.5. At 1 day 
post-natally, the ratio of brain weight to serotonin is 
unity, and, increases to 2:3 by 10 days. Thereafter, this 
ratio 1s approximately constant, suggesting that both wet 
weight and serotonin-levels are maturing at équal rates. 

A number of investigators’:* have consistently observed 
that the bulk of endogenous brain serotonin (75 per cent) 
is associated with the high-speed residue. Our results 
show that homogenates prepared from rat brains at all 
ages from 1l day post- -natally yield essentially an adult 
subcellular distribution, in that in excess of 70 per cent is 
recovered in the particulate fraction. The concentration 
of a number of enzymes, such as succinic dehydrogenase”, 
cholinesterase"!, and glutamic acid decarboxylase??+15, js 
low in the immature rat brain and increases slowly to adult 
levels. Typical adult electrical activity can only be re- 
corded from the rat cortex at 2 weeks of age!4, and it has 
been suggested that mature bioelectrice activity depends on 
completion of synaptic connexions in the cortex!®-16, 
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The suggestion has been made by Karki? that the 
immature rat brain cannot bind serotonin as efficiently as 
it does at maturity, and a similar phenomenon has been 
observed by Glowinski eż al.17 for the binding of circulating 
norepinephrine by the developing heart. Though the 
immature brain may be deficient in its ability to store 
serotonin, such differences are not evident in the present 
results on the sub-cellular distribution. It can only be 
suggested that if specific cellular components are respon- 
sible for the binding of small quantities of endogenous 
amine, then these components do not exhibit maturational 
changes which are qualitative in nature. It is tempting to 
speculate that the in vivo binding of serotonin might 
correlate with the maturation of synaptic vesicles, and 
also possibly to the biosynthesis of gangliosides. Possibly 
the cellular components responsible for the binding of 
serotonin are present at birth in the rat brain and mature 
at the same rates as the wet weight, and the total amine 
storage capacity, thus resulting in an essentially constant 
sub-cellular distribution. 

We thank Dr. Williamina A. Himwich for her advice in 
the preparation of this paper. 
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Oscillation in Enzyme Reactions 


THE widespread existence of periodic phenomena in 
living organisms is well known. These events, like all 
other material phenomena in livmg systems, should 
ultimately be considered in terms of the individual chemical 
reactions occurring during the life process. Since chemical 
reactions occurring in biological systems are catalysed 
by enzymes, it was the purpose of our investigation to 
examine the possibility of oscillatory behaviour in 
enzyme-catalysed reactions. 

The mathematical treatment of the differential equations 
arising in chemical kinetic problems is often impeded by 
the fact that the exact analytic solution of the equations 
is difficult, if not impossible, to obtain. Nevertheless, 
Lotka! in 1910 proposed an autocatalytic system wherein 
periodicity is clearly possible, and in 192] Bray? illustrated 
experimentally a chemical system wherein periodicity: is 
actually observed. 

Difficulties attending the mathematical treatment of 
the differential equations arising in enzyme kinetic 
problems have served as a severe impedance to the develop- 
ment of enzyme kinetic theory. However, Christiansen’ 
and Ozawa‘ obtained analytical results indicating that 
oscillations could occur in certain types of enzyme- 
catalysed reactions, provided certain conditions aré’ met. 
Since then, Anderson’, Chance? and Shnoll? have 


a! 
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Table 1. M#OHANISMS INVESTIGATED FOR POSSIBLE OSCILLATORY CHARACTER 
Mechanism It TII 
Y + se Xe re.. SMH... S re X + P n= n= 2 n= 3 
Mechanism IV S27 
Xo + SPX + Py Xy + So XN, + P; 
Mechanism n 7 x Vv YI VIT 
Xx, t AS + 
Xit ae, + Py PSs PSs P,,S8; 
Xs + Se Xo + Ps absent absent absent 
Mechanism VIII TX. 
Xo + 5 => Ay + Py A + Sy Xa + Pa, Pi, Pa SgS: PaSa Pada 
Ag + G X, + Pi Xs + Sys Xo +P absent absent 


Mechanism X 


each obtained experimental results wherein periodicity 
1s experimentally observed in enzyme systems. 

The present investigation involves the examination of 
the behaviour of analogue computer simulations of each 
of the ten commonly encountered enzyme mechanisms 
listed in Table 1. The simulations were carried out on & 
TR-48 (solid state} computer, and the resultant concen- 
trations displayed on an oscilloscope with time as the 
other axis. Hopefully, observations made for a large 
number and range of initial conditions and mdividual 
rate constants enable one to ascertain whether or not 
oscillatory behaviour should be expected for any of the 
mechanisms. The details of the procedure used for drawing 
inferences from this type of investigation are discussed 
elsewhere®*, Briefly, negative results from this type of 
procedure are, strictly speaking, useless, but positive 
results are quite meaningful. 

No evidence of oscillatory behaviour was found for any 
substrate or product (S or P) for any of the mechanisms 
listed in Table 1. Furthermore, no evidence of oscillatory 
behaviour for any form of the enzyme (X;) was found for 
mechanisms I-IV in Table 1. On the other hand, the two- 
substrate, two-product mechanisms wherein more than 
one enzyme intermediate occurs (mechanisms V—X, Table 
1) can experience up to three identifiable occasions when 
the intermediates pass through maximum or minimum 
concentrations. A typical example of the oscillatory 
behaviour is illustrated in Fig. 1. 

Many other simulations were obtamed wherein oscil- 
latory behaviour occurred. We now define: 


T = (be — t)i 


where #, is the instant the first maximum occurs, ta is 
the instant the second maximum oceurs, and & is the 


a 
40 


0 0-2 04 20 40 60 
Time 


Fig. 1. a, A typical plot of X,(¢) for mechanism X, Table 1. b, A typical 
plot of X(t) for mechanism X, Table 1 


time required for zhe products to grow from their initial 
concentrations (zero) to half their equilibrium concentra- 
tions, the equilibrium concentrations being defined in the 
absence of the enzyme. The general range of values found 
for T for mechanisms V-X, Table 1, is between 0:1 and 
0:5.- This range, however, can be extended in either 
direction by proper choice of the individual rate constants. 

I thank Dr. M. F. Morales for providing facilities in 
his laboratory for the ‘experimental’ part of this work 
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Highly Damped Oscillations in a Peroxidase- 
like Enzyme Reaction 


Ruytamic biological processes are known to occur an 
most living organisms!. Even though these rhythms have 
been extensively investigated, little is known about their 
enzymatic or physical basis. Damped oscillations of 
glycolytic intermediates have been reported to occur in 
anaerobic yeast?-®. These findings heightened interest in 
oscillatory phenomena because the basis for these oscilla- 
tions 1s more readily examined in this system. Indeed, 
simulation studies by Higgins* indicated that an activa- 
tion of phosphofructokinase by fructose-1,6-diphosphate 
could produce oscillations similar to those experimentally 
observed. Another oscillatory system based on an inactive 
enzyme has been described by Spangler and Snell’. 

It is of fundamental importance to determine whether 
oscillations can only occur in enzyme systems having 
inhibition or activation of enzymes by other reactants, or 
whether most enzymatic reactions can oscillate. The 
present investigation indicated that any reaction involving 
two or more enzyme-substrate complexes has kinetic 
equations characteristic of damped oscillations, if the 
kinetic constants and substrate concentration satisfy 
certain conditions. 

As a specific illustration, consider the peroxidase-like 
mechanism as follows: 


ky 
E + S— ES (1) 
(e — pı — P) æ Pı 
ka 
E-S, + AH —> E Sut A (2) 
Pı a Pe 
ks 
E-Sir+ AH —> H + A + product (3) 
Pa a : Ps ' 
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The pertinent kinetic equations are: 
dp,/di = kya{e — Pı — pe) — kap, (4) 
dp,/dt = kap, — kap: (5) 
dp;/dt = kaap (6) 


The solutions of these simultaneous non-linear differen- 
tial equations do not exist in closed form. Fortunately, 
however, the general solution is not needed to demon- 
strate that damped oscillations can occur. Consider an 
open system in which the reaction vessel has sensors and 
a control unit to maintain the substrate concentration (x) 
and donor concentration (a) at constant levels after the 
reactants have been mixed, As a further simplification, 
assume that the two enzyme-substrate complexes and the 
product initially have zero concentration. Under these 
conditions, equations (4), (5), and (6) can be solved ex- 
plicitly for Pı, po, and p, by using Laplace transforms®: 


Pp, = Bi(1 — evi cos wt) + het sin wt (7) 
Pa = Bl — e-z? cos wt) + A,e77 sin wt (8) 


kya 
Pa = kgaRot + a {loi — YBa) (L — env cos wi) — 
(mB. + Yà) ev?! sin wt} (9) 











where 
k kax 
B, = v2 F ~p steady-state level of p, 
k keax 
6. = a = steady-state level of p, 
o= VOT, O >y 
y = 1/2 (hye + (ka + ks) a) 
D = kya (kæ -|- ka) + kik,ax 
se kex [ i kya 
i &) _ ya + to* 
De kkzyeax 
"aly? + a?) 
t = time of reaction 
7:0 
8o 
PRODUCT 
50 


ae 

= 
Ti 
jo 

pe 


Concentration x 10? (molar) 
fe] 
5O 


tS 
& 


1:0 





0 190 20 3-0 49 50 
Time (sec) 


Fig 1 Transients during the approach of peroxidase-like reaction to the 
teady state. kz = kat = kya = 1-0 sec", yjw = y3, 6 = 1:0 x 10° M 
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The sine- and cosine-exponential terms in equations“ 
(7), (8), and (9) indicate that the concentrations of the 
enzyme-Intermediates will show damped oscillations. 
This condition will exist when Ọ is greater than y?. 
The extent of damping is related to the ratio of y to w 
and is determined by the kinetic constants and substrate 
concentrations. Analysis showed that the oscillations will 
be least damped when the following conditions hold: 
kæ = ka = ka. Even under these conditions, however, 
the oscillations damp out rapidly (Fig. 1). The oscillations 
are so small that an accuracy of one part in ten thousand 
is necessary to observe them. Thus, it is understandable 
that the analogue computer investigations® and also 
experimental measurements’?! of peroxidase kinetics 
have failed to reveal these damped oscillations, because 
the errors in these systems approach + 10 per cent. 

In summary, it appears that the oscillations in a peroxi- 
dase-like reaction are too highly damped to be observed 
experimentally with present techniques. Thus it appears 
that enzymatic reactions of systems such as peroxidase 
will have measurable oscillations only if some type of 
enzyme activation or inhibition is involved in a metabolic 
pathway. 

This investigation was supported in part by contract 
AT (04-1) GEN 12 between the Atomic Energy Commission 
and the University of California and in part by U.S, 
Public Health Service grant #R-00007. Certain numerical 
calculations were made at the Computing Facility, 
University of California, Los Angeles. 
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Experimental Detoxification of Groundnut 
Meals containing Aflatoxin 


Dure work involving sterilization by autoclaving of 
groundnut meals containing aflatoxin, the hepatotoxic 
metabolites of Aspergillus flavus, Link, ex-Fries1, it was 
noted that an apparent reduction in the aflatoxin B1 
content was induced when. the normal methods of fluores- 
cence assay? were afterwards applied to the sterile meal. 

We have now demonstrated that sterilization by auto- 
claving at 15 Ib.jin.? (120° C) of wet toxic groundnut 
meals resulted in a progressive reduction in their toxicity, 
due to aflatoxin Bl, with time. Similar experiments 
involving treatment of pure aflatoxins (either produced by 
artificial culture or isolated from toxic extracts by pre- 
parative-scale thin-layer chromatography) resulted in the 
recovery of non-fluorescent products m which the charac- 
teristic ultra-violet absorption band at 363 mp (ref. 3) 
hed disappeared. 

In a typical experiment, dupleate 20-g quantities of 
toxic groundnut meals (having moisture-levels of 10 per 
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cent and 60 per cent, respectively), shown by thin-layer 
chromatographic assay? to contain 7,000 ug/kg (7-0 p.p.m.) 
aflatoxin Bl, were autoclaved at 15 ib./in.? (120° C) for 
0-5, 2:0 and £0 h, respectively. After this treatment the 
samples were re-assayed, with the results shown in 
Table 1. The individual replicates in the two moisture- 
level series showed no significant differences. 


Table 1. EFrrect OF AUTOOLAVING ON AFLATOXIN Bi CONTENT OF TOXIC 


GROUNDNUT MEALS 
Molsture content 


Autoclaving Aflatoxin B1 


time (h) (per cent) content (ug/kg) 
00 10 7,000 
00 60 7,000 
0:5 10 5,000 
06 60 5,000 
2-0 10 2,300 
20 60 2.000 
40 10 370 
40 60 340 


In order to ascertain whether autoclaving of toxic 
meals resulted in any significant alteration in their 
hepatotoxic effects, a sample (60 per cent moisture) 
containing 7,000 ug/kg aflatoxin BI was autoclaved for 
4h and submitted, after re-drying, together with a similar 
quantity of untreated material, to the Central Veterinary 
Laboratory, Weybridge, for biological testing. Feeding 
trials were carried out using day-old Khaki-Campbell 
ducklings, both the original and the autoclaved meals 
being administered at two levels, representing 5 per cent 
and 10 per cent dietary incorporations, respectively, to 
matched groups of four ducklings. The category of 
toxicity of each prepared diet was assessed by histo- 
pathological examination of the liver tissue of both dead 
and surviving ducklings. Results are shown in Table 2. 


Table 2. EFFECT OF FEEDING AUTOCLAVED TOXIO GROUNDNUT MEAL 


Toxic groundnut Level in diet Duckling Category of 
meal (per cent) deaths toxicity of diet 
Untreated 5 1/4 High 
(7,000 agikg B1) 10 4/4 Very high 
Autoclaved 0/4 Very slight 
(1,000 agikg B1) 10 0/4 Slight 


From these results it was clear that autoclaving a moist 
toxic groundnut meal reduced its toxicity very consider- 
ably. 

Autoclaving of pure aflatoxin B1 at 15 Ib./in.? (120° C) 
for 4 h gave methanol-soluble, non-fluorescent reaction 
products in which no traces of starting material could be 
detected by thin-layer chromatography. Examination 
of the ultra-violet absorption spectrum of this solution 
showed that the characteristic peaks at 265 my and 363 mp 
of pure aflatoxin B1 had disappeared to be replaced by a 
broad band at 258 mp. Addition of alkali to this solution 
induced a bathochromic shift of 10 my to 268 my. Similar 
results were obtained using aflatoxin Gl. The autoclaving 
treatment was applied also to a concentrate of aflatoxin 
B1 prepared from a toxic groundnut meal by separating 
and purifying the band formed on thin layers of Kieselge! 
‘Œ (Merck). (Three successive developments with 2 
per cent methanol in chloroform and final desorption by 
methanol*.) A similar result was again obtained. 

Finally, 20 ug pure aflatoxin B1 was refluxed with water 
for 10h. Extraction of the reaction products with chloro- 
form, followed by thin-layer chromatography on Kieselgel 
‘G’ (Merck) as previously deseribed?, gave a blue fluorescent 
compound (fr 0-32) not identical with aflatoxin Bl 
(Ry 0:50). The ultra-violet spectrum of this compound in 
methanol gave a well-defined band at 324 mp, subsequent 
addition of alkali producing a bathochromic shift to 360 
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my. The spectrum of pure o-coumaric acid 
0 also showed a characteristic band at 324 mp, 
alkali likewise inducing a bathochromic 
shift of 36 mp. Aflatoxin Gl behaved some- 
what similarly under these conditions. 

In view of the known heat stability of the 
(anhydrous) aflatoxins it does not appear that 
the detoxification of meal by prolonged 
autoclaving can be explained by simple 
thermal degradation. As the presence of moisture is 
necessary it is likely that the first change is the hydrolytic 
opening of the lactone ring of aflatoxin B1 (I) to form a 
substituted o-coumaric acid (II). The aqueous hydrolysis 
experiment already described gives support to this, since 
one of the coumarie acid-type spectral bands was observed. 
However, after the autoclaving treatment this character- 
istic band was noz seen, suggesting that more drastic 
changes ensued: for example, decarboxylation of the acid 
might occur (III), but in any event the way would then 
be open to further decomposition, leading to non-toxic 
breakdown products. 

We thank Mr. A. B. Wood for ultra-violet absorption 
measurements, and Dr. Ruth Alleroft for the biological 
testing involved. 
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PHYSIOLOGY 


Evidence for a Humoral Natriuretic Factor 
released by Blood Volume Expansion 


ForLowmwe the demonstration that diuresis and 
natriuresis, caused by blood volume expansion with iso- 
oncotic infusions in dogs, are similar in denervated and 
innervated kidney=?, it was logical to attempt the direct 
demonstration by crossed perfusion of a humoral effector 
mechanism. This undertaking was preceded by the report 
of Mills et al.? that diuresis and natriuresis produced by 
iso-oncotic infusiors in dogs could not be prevented by 
pitressin and mineralocorticoid administration. In the 
description by de Wardener et al.? of complicated cross- 
perfused whole-animal preparations, as well as of isolated 
kidney perfusions, evidence was advanced for the opera- 
tion of a natriuretic material following large saline in- 
fusions in dogs. Cort and Lichardus‘, using carotid 
occlusion in the cat, have shown that a resulting natri- 
uresis, presumed to be due to blood volume redistribution, 
could be elicited in a second cat by transferred blood. 


-This experiment offered direct evidence of a natriuretic 


substance by a bioassay procedure in which the stimulus 
itself could not have influenced the test animal. A large 
amount of early work led Homer Smith® to deduce the 
existence of a natriuretic system other than the mineralo- 
corticoid mechanism for regulation of sodium metabolism. 
Recently, evidence has been accumulating, in particular 
from the work of Levinsky, Rector and Berliner et al., 
that expansion of the extracellular fluid volume with saline 
can decrease renal tubular sodium reabsorption in circum- 
stances where neither change in mineralocorticoid levels 
nor in glomerular filtration rate can explain the effect. 
In the crossed renal perfusions to be reported, carried 
out on pairs of hydrated anaesthetized dogs, we have 
observed transfer of a humoral effect increasing sodium 
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excretion and urine flow following modest infusions 
(30 per cent of estimated blood volume) of iso-oncotic 
solution or ‘artificial blood’; the latter was previously 
shown by exchange transfusion to cause a renal response 
attributed almost entirely to the stimulus of intravascular 
expansion’. The results of the crossed renal perfusion 
have already been communicated briefly?®. Animals were 
prepared for crossed perfusion from the femoral artery 
of the heparinized donor to an isolated aortic sac of the 
recipient connected to the left renal artery—the right 
renal artery being tied off. The renal venous return from 
an inferior vena cava sac was collected at constant 
pressure into a reservoir from which it was returned with 
& sigmamotor pump to the femoral vein of the donor. 
The connexion procedure involved no more than a few 
seconds of renal ischaemia. Arterial perfusion pressure 
was maintained constant (or deliberately altered) with a 
clamp on the perfusion line. Renal blood flow was 
measured directly by intermittent diversion of the venous 
return into a graduated cylinder, and filtration rate 
(GFR) and effective ronel plasma flow (ERPF) were 
estimated by measuring exogenous creatinine and para- 
aminchippurate clearance, respectively. After control 
periods, the blood volume of the donor animal was 
expanded by infusion of ‘artificial blood’ consisting of 
washed canine erythrocytes resuspended in 6 per cent 
bovine albumin in Ringer-Locke solution. In other 
experiments the bovine albumin solution alone or the 
Ringer—Locke solution alone was used. Fig. 1 shows a 
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Fig. 1. Renal responses in the donor dog (left side) shown with simul- 

taneously recorded responses in the perfused recipient dog kidney (right 

side) following infusion (INF) of artificial blood to the donor animal. The 

values for the perfused organ have been doubled. During the last two 

experimental periods, the clamp vae removed from the arterial perfusion 
ne 
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Fig. 2. Renal responses in donor dog and in perfused recipient dog 

kidney following infusion of nee bodies solution to donor animal. 

During the perlods included in the hatched column the perfusion pressure 

was deliberately lowered; increased sodium excretion continues in spite of 
reduced GFR in the perfused organ 


good response in the perfused kidney, with changes in 
some renal parameters representative of eight experiments 
with artificial blood as the infusate. Averaged data are 
given in Table 1. 

The perfusion pressure was held constant at a some- 
what reduced. level (range of-difference from donor blood 
pressure, 17-72 mm mercury, the average being 37) .to 
enable regulation in spite of fluctuations and decline to 
normal of donor pressure after the infusion; that this 
contributed to the usually low output of the perfused 
organ is supported, by the recorded effects of abrupt 
increase in perfusion pressure (Fig. 1). Although perfused 
at constant pressure, the recipient kidney consistently 
exhibited an increase in renal blood flow (RBF), attri- 
butable to vasodilation, during and immediately following 
the infusion to the donor. This change did not persist 
and was outlasted by increase in water and sodium 
excretion. The patterns of the latter in donor and per- 
fused kidneys were not usually parallel; the peak natri- 
uresis, on the average, was delayed in the recipient kidney 
as was the peak diuresis. Haemodynamic alterations, 
consisting of increasing values of GFR and ERPF in the 
perfused kidney, became stable or decreased in trend while 
the sodium and water excretion continued to increase. 
This observation, coupled with the demonstration (Fig. 2) 
in five experiments (using ‘artificial blood’ and other 
infusates) of persisting Increase in sodium output above 
initial levels during deliberate reduction in GFR below 
control values (achieved by clamping the arterial perfusion 


Table 1. COMPARISON OF PEROENTAGE CHANGES IN RENAL PARAMETERS OF DONOR (D) AND PERFUSED RECIPIENT KIDNEYS (A) FOLLOWING BLOOD VOLUME 
EXPANSION (INFUSION) IN THE DONOR 
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Periods 
(min) 30 


*120 + 16 


40 
V *203 + 67 
UNV 
ERPF 


RBF 
GER 


D 
R 
D 
R 
D 
R 
R 
D 
R 


116415 117416 





Followmg infusion 
60 70 


*253 + 104 *288 + 94 
*170 + 44 *161 +40 
*332 +174 *347 + 183 
*184 + 55 *107+4 64 
96+13 1038 +14 
13i+t11 12847 
10545 10142 
89+ 13 89417 
118415 12210 
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*228 + 87 
*138 + 29 
*358 + 196 
*162 + 42 
112414 
123 +21 
101+6 
108 + 22 
115 +21 


*278 + 103 
*163 + 41 
*362 +178 


* Changes from control values significant at P< 0-01; variation given is S.D n=8. 
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line), acids that reduced tubular sodium reabsorption 
had also occurred. 

It would appear that a humoral influence operated on 
these cross-perfused kidneys to produce natriuresis and 
diuresis related to the same changes in the donor animals. 
In view of the constant perfusion pressures, the associated 
increases in renal haemodynamic parameters were also of 
humoral origin. They may have contributed to, but are 
unlikely to account for, the alteration in output. The 
sub-normal output of the perfused kidney in the majority 
of our experiments may not be explicable entirely as an 
effect of reduced perfusion pressure and is the subject of 
further investigations. This shortcoming does not. how- 
ever, in our view, invalidate the conclusion that a natri- 
uretic substance (or inhibitor of an anti-natriuretic sub- 
stance as discussed by Cort and Lichardus*) operated on 
renal excretion of sodium in response to the stimulus of 
blood volume expansion. 

This work was supported by the Medical Research 
Council of Canada. We thank Mr. D. Charles and Miss 
L. Richards for their help. 
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Effect of Glucagon on the Alkaline 
Phosphatase Activity in the Pancreatic 
Islets of Rats 


ALKALINE phosphatases have been demonstrated by 
histochemical staining methods in the pancreatic islet 
cells of different species+~*. In the islets of adult mammals 
a positive reaction for this enzyme has so far been found 
only in the « cells?*, while in birds the reaction is present 
mainly ın the # cells**. Since at least in mammals the 
islet œ cells represent the site of glucagon production, it 
is noteworthy that Verne and Petkov® reported a dimin- 
ished staining intensity for alkaline phosphatases ın these 
cells after administration of glucagon to rats. In the 
present investigation the effect of glucagon on the alkaline 
phosphatase activity of the islet tissue has been re- 
evaluated by the application of quantitative chemical 
micro-methods to isolated pancreatic islets of rats. 

Male Sprague-Dawley rats, weighing about 95 g and 
allowed free access to food and water, were separated into 
two groups: (1) Ten rats received subcutaneous injections 
of glucagon (Eli Lilly and Co.) dissolved in glycine-sodium 
hydroxide-sodium chloride buffer (0-1 M, pH 9-6), each 
injection corresponding to 0-3 mg glucagon per kg body- 
weight. The injections were given at intervals of 8 h 
until a total amount of 3-0 mg glucagon per kg body-weight 
had been administered to each animal. (2) Ten control 
rats received corresponding injections of buffer solution 
only. Three hours after the final injection the animals 
were killed by a blow on the neck and the pancreas rapidly 
excised and immersed in 0:25 M sucrose solution main- 
tained at + 2° ©. About 25 islets from each animal were 
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isolated by free-hand dissection’? and homogenized 
in 100-200 ul. ice-cold bi-distilled water. Homogenates 
of exocrine pancreatic parenchyma and of the liver were 
also prepared. The alkaline phosphatase activity was 
assayed in triplicate samples (10 ul. each) of homogenate 
at pH 10-0 as deseribed by Bessey et al.8. The protein 
concentration of the homogenates was measured in tripli- 
cate samples (10 pl. sach) according to Lowry et al.*®, and 
the enzyme activity was expressed as moles of substrate 
split per kg dry weight of a standard serum albumin 
reference (Armour Pharmaceutical Co., Lot 0370) and 
hour. It was ascertained that the substrate cleavage 
constituted a linear function of the incubation time and 
the enzyme concentration. For histochemical staining 
purposes small pieces of fresh pancreas were frozen at 
—70° C, and cryostat sections, 10u thick, attached to 
glass microscope slides. The fresh sections were treated 
according to Gomori’ using sodium-8-glycerophosphate 
(0-02 M) as substrate at pH 9-4. Incubations were carried 
out for 1-2 h at +37° C, control experiments being per- 
formed by incubating sections in a medium lacking the 
substrate. 

There was a marked retardation of growth in the gluca- 
gon-treated animals, the body-weights of which had 
decreased no less than 18 + 2 g at the end of the experi- 
ment. By contrast, the weights of the controls increased 
16 + I g. As can te seen in Table 1, the alkaline phos- 
phatase activity of the islet tissue in the control animals 
was more pronounced than that of the exocrine paren- 
chyma (P < 0-01), while it appeared less intense than m 
the liver (P > 0-05). Administration of glucagon brought 
about a marked increase of the enzyme activity in all 
the three tissues, the differences between control and 
experimental animals being significant at the 3 per cent 
level for the islets and at the 1 per cent level for the acinar 
tissue and the liver. A positive histochemical staining 
reaction was noted in the islets of both control and 
glucagon-treated rats, the staining being distinctly local- 
ized to cells at the periphery of the islets and to capillary 
walls. There was ro obvious difference in the staining 
intensity between tke two groups of animals. 


Table 1 
Animals Islets Acini Liver 
Control rats (10) 0-56 + 0°09 0 24+0°03 0 81+0 14 
Glucagon rats (10) 0-°94+013 0'46 +0 06 1-544020 


Alkaline phosphatase activity in the endocrine and exocrine pancreas 
and the liver of controls and glucagon-treated rats. The figures denote 
mean value and standard error of the mean expressed as moles of substrate 
split per kg dry weight of standard albumin reference and hour. The number 
of animals analysed 1s given within parentheses. 

There is much evidence to indicate that administration 
of glucagon brings sbout a marked functional depression 
of the islet « cells. Degranulation and atrophy of these 
cells were demonstrated in guinea-pigs" and rabbits*? 
after prolonged courses of glucagon injection, and in rats 
a few days’ treatment with this hormone exerted a signifi- 
cant reduction of the mean nuclear size of the « cells. 
More recently it has been shown that morphological signs 
of a depressed « cell function actually are confined to the 
silver negative a, cells, supporting the view that glucagon 
production 1s a special feature of this type of œ cell. 
In addition to the regressive morphological changes, histo- 
chemical signs of a decreased « cell function have been 
demonstrated after administration of glucagon. Duisap- 
pearance of zinc from the rabbit « cells was reported by 
Logothetopoulos and Salter!*, and Petersson and Hell- 
man observed a reduced staining for tryptophan in the 
a» cells of guinea-pizs. As mentioned here, reduction of 
the histochemically demonstrable alkaline phosphatase 
activity after glucagon injections has been reported in 
rats®. 

The present histachemical results agree well with the 
concept that non-specific alkaline phosphatases are dis- 
tinctly localized to the g cells of normal adult rats. The 
positive staining reaction in these cells is in line with our 
quantitative data inclicating a significantly higher enzyme 
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activity in the endocrine than in the exocrine pancreas. 
The previous observation of a diminished staining for 
alkaline phosphatases in the islets of ghucagon-treated 
rats’ was not supported by the present investigation. On 
the contrary, the quantitative chemical microassay clearly 
revealed that glucagon administration induced a marked 
rise in the enzyme activity level when expressed per unit 
protein. It seems, however, difficult to relate these results 
specifically to a depressed hormone secretion from the 
islet « cells, since the alkaline phosphatase activity was 
elevated also in the exocrine parenchyma and in the 
liver. 

This work was supported by grants from the Swedish 
Medical Research Council, Magnus Bergvalls Stiftelse, 
and the U.S. Public Health Service (4 M—05759-03). 
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PHARMACOLOGY 


Effect of Chlorothiazide on Water 
Consumption in the Rat 


CHLOROTHIAZIDE has been in use for several years as a 
diuretic drug. Its diuretic effect is usually ascribed to 
inhibition of sodium reabsorption in tubular cells’. In 
recent years chlorothiazide has been reported to decrease 
urine volume in diabetes msipidus?. The autidiuriete 
effect is accompanied, however, by saluresis, that is, 
increased sodium excretion’. To explain the paradoxical 
action of chlorothiazide it has been suggested that the 
drug could also affect thirst, by decreasing plasma osmo- 
larity through increased urinary sodium loss’5. We have 
recently reported that chlorothiazide reduced water intake 
in bilaterally nephrectomized rats, thus demonstrating an 
extra-renal effect®. Osmotic receptors related to thirst 
regulation have been postulated to be located in the 
hypothalamus’ *, Stein and Seifter have recently reported 
chemical excitation of thirst by deposition of acetyl- 
choline crystals through a cannula into a certain area in 
the hypothalamus’. Applying their technique, we have 
deposited chlorothiazide crystals in the same area of the 
hypothalamus of rats, weighing 350-400 g, using the 
co-ordinates of Stein and Seifter®. In control animals either 
calcium carbonate or tale was deposited in the same loca- 
tion. Food and water were given freely and daily con- 
sumption was recorded. Water intake was found decreased 
in rats with hypothalamic chlorothiazide deposit compared 
with the control animals (Fig. 1). No difference in food 
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consumption was noted between the two groups and the 
difference in water intake persisted also after withdrawal 
of the food. That chlorothiazide was not absorbed to any 
appreciable extent into the circulation was suggested by 
the lower urinary volume in the chlorothiazide rats 
relative to the control animals (20-26 per cent less). 
Furthermore, the potassium/sodium ratio in the urine was 
the same in the chlorothiazide and the control groups. 

The effect of hypothalamic chlorothiazide deposition on 
water consumption was accentuated when hypertonic 
sodium chloride solution was mjected subcutaneously to 
increase thirst. Animals, prepared as described here, 
received on alternate days 5 ml./kg of 4-5 per cent sodium 
chloride solution subcutaneously. The mean daily water 
intake during three days with hypertonic saline injection 
was compared with that during three days without such 
treatment. Four experiments were performed and the 
results are shown in Table 1. The results are expressed as 
the ratio of water consumption by the hypothalamic 
chlorothiazide group to the consumption by the control 
rats in each experiment. In all four experiments the depres- 
sion in water intake by intrahypothalamic chlorothiazide 
was larger when hypertonic saline was injected. 


COMPARISON OF THE EFFECT OF INTRAHYPOTHALAMIC CHLOROTHI- 
WATER CONSUMPTION WITH AND WITHOUT SUBCUTANEOUS 
INJECTION OF HYPERTONIC SODIUM CHLORIDE 


Relative water consumption* (per cent) 
3 4 


Table 1. 
AZIDE ON 


Experiment No t 
Without sodium chloridet 93 74 54 92 
With sodium chloride§ 57 50 34 79 


* Expressed as — ater consumption of control group x 100 


+ In each experiment chlorothiazide was denosited into the hypothalamus 
in four rats and calcium carbonate was deposited in the corresponding area 
in four other rats (control group). 

} Without sodium chionde—relative water consumption when no sodium 
chloride was administered 

$ With sodium chloride—relative water consumption when 4-5 per cent 
sodium chloride was injected subcutaneously 


In a further attempt to detect possible extra-renal 
effects of chlorothiazide the followmg experiment was 
performed. Rats deprived of water for four days were 
given 4:5 per cent sodium chloride solution, 5 ml./kg 
subcutaneously. This pretreatment was intended to 
increase the osmotic drive for drinking to the extreme. 
Thirty minutes later the rats were divided into two groups, 
four rats in each. One group was injected subcutaneously 
with chlorothiazide, 200 mg/kg, dissolved in dilute sodium 
hydroxide; the other group was injected with an equiva- 
lent volume of the solvent alone. Water was then given 
freely to both groups of animals. Within the next 5-10 h 
water consumption was found to be smaller in the chloro- 
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Fig. 1 Effect of intrahypothalamic chlorothiazide deposit on water 
consumption in Tats. ©, Control group (18 animals); ©, experimental 
group (18 animals) Bars indicate S.D. For further details see text 
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“ig. 2. Effect of subcutaneous chlorothiazide on water consumption in 
ehydrated rats. ©, Control group (four rats); @, experimental group 
four rats), injected with chiorothiazide. For further details see text 


jazide-treated rats than in the control rats (Fig. 2). 

‘his effect was found in four out of six experiments; in 
‘Oo. experiments no significant difference was observed. 

ossible explanation could be variation in intensity of 
‘st due to differences in humidity and ambiert room 
erature from one experiment to another.) The 
ssion of water consumption by chlorothiazide in 
y dehydrated, thirsty rats contrasted with the lack 
t or increased water intake induced by the drug in 
experiments with hydrated rats. Dicker and 
g ton have recently reported decreased urine volume 
uced by hydrochlorothiazide in water-loaded rats?®, 

ch seems to conflict with the results presented here. 

ydration in their experiments, however, consisted of 
agastric administration of a water load immediately 
r application of the drug. The possibility of delayed 
ter reabsorption from the intestines caused by the drug 
as not been explored. 

The experiments reported in this communication are 
‘Onsistent with the hypothesis put forward by Robson 
d Lambie* and Skadhauge® that the antidiuretic action 
-chlorothiazide in diabetes insipidus is through an 
ra-renal mechanism. However, these authors have 
xed that sodium loss, caused by the drug, resulted in 
odilution, thus relieving thirst. This explanation 
been. recently challenged by Kennedy et al. in a 
horough investigation on rats with diabetes insipidus". 

‘hey have shown that haemodilution induced by chloro- 
hiazide in normal and obese rats failed to decrease water 
intake. They have also correctly argued that if decreased 
-~ water intake were the only mechanism of action of chloro- 
thiazide, there is no explanation why water deprivation 
_. does not cure diabetes insipidus. It seems that a combina- 
tion of renal and extra-renal effects of the drug may offer 

= better comprehension of the paradoxical actions of 
` ehlorothiazide. The renal action results in increased 
sodium loss (leading also to haemodilution). In addition, 
the drug may decrease the urge to drink by some action 
1 the hypothalamic ‘thirst centres’, presumably through 
some effect on sodium transport in the osmotic receptors 
h may be not dissimilar from the effect on kidney 
bular cells). This, in turn, would result in decreased 
intake and decreased urine output. Thus, inereased 
loss through a renal mechanism combined with 
ed water intake by inhibiting a central thirst 
n could produce the effect of chlorothiazide 
n diabetes insipidus. This would eliminate the 
iazide to inhibit sodium 


assuming chloroth n 
and, at the. same to. inerease water 
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Xg Blood Groups of American Indian 

One hundred and ninety-five Indians, mostly 
from the area surrounding Santa Fe, New Mexie 
tested for the Xg? blood group antigen with the fe , 
results: 


Xg (a+) Xg (a~) Total 
Males 70 18 88 
Females 100 7 107 


The data were tested for mutual concordance 
gene frequency between sexes by the method of Ha 
This method gave a normal unit variance test 
with the value of approximately unity, so that. 
no evidence of discordance between the sexes 
relatively small material. Se 

The gene frequency estimate derived from- the 
q(Xg) = 0-2636, p(Xg*) = 0-7364. The informat 
the gene frequency, from Haldane’s formula, is 99 
units, corresponding to a standard error of the € 
of 0-0316. A 95 per cent confidence interval surrot 
this estimate is: 


Pr (0-2017 < q < 0-3255) = 0-95 


This estimate is significantly different from that fou 
Gavin et al.? for Caucasians, and is the lowest fre 3 
so far reported for this gene in any population. | 
Wiitiam Bouma 
J. D. Mann 
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Hypothetical Significance of Disturbances of o 
Zinc and Pretoporphyrin Metabolism in o 
Leukaemic Cells 5 


ELSEWHEREL? I have demonstrated a signif 
decrease in the zine content of bone marrow an 
granulocytes in patients with acute and chronic 
eytic leukaemias, piasmocytoma and Hodgkin's | 
and in various patients with malignant neoplasms. 
and Hoch! isolated « zinc-protein containing about 
cent zinc from normal granulocytes. This prote 
tains almost all the water-soluble zinc in the grati 
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cytes*. In their opinion, this protein is an enzyme of 
unknown specificity. It is conceivable that the amount 
of this zinec-protein in granulocytes is decreased in 
leukaemic states. The results of Gordon‘, Saillen’, 
Vanotti® and Walters’, on the disturbances in haem and 
protoporphyrin synthesis in leukaemic cells, are also of 
interest. Free protoporphyrin can be demonstrated in 
these cells, but it cannot be shown in normal granulo- 
cytes. This means that the synthesis of an unknown 
ieee with a protoporphyrin prosthetic group is in- 
ibited in leukaemic cells. 

The decrease in the content of zinc and the increase of 
free protoporphyrin appear to be closely related dis- 
turbances in leukaemic cells; a finding which may be 
important in the pathogenesis of leukaemia. 

dock* suggests that a feedback mechanism is 
involved in the maturation of granulocytes, and has 
advanced the hypothesis of the presence of a protein in 
mature ulocytes which regulates the maturation of 
these cells. The humoral regulation of cell maturation is 
also suggested by Szent-Györgyi”, who notes the lack 
of a protein regulating maturation in cancer and leuk- 
aemic cells, 

In view of the aforementioned disturbances in zinc and 
protoporphyrin metabolism in leukaemic granulocytes, it 
is possible that the protein which regulates the maturation 
of granulocytes contains a zinc-protoporphyrin prosthetic 
group. Zinc-protoporphyrin proteins are known in 
animals and micro-organisms, and bivalent zine may 
react with a protoporphyrin in the same way as does iron 
in haemoglobin or peroxidases, magnesium in chlorophyll, 
or cobalt in cyanocobalamine. 

The treatment of leukaemic granulocytes with zinc- 
protoporphyrin compounds would be an investigation of 
great interest, but such compounds seem to be difficult 
to obtain. 

One method of solving this problem may be to use 
micro-organisms to synthesize such a compound. Many 
bacteria are able to synthesize the zinc-porphyrin group 
and this may be why staphylococcal infection sometimes 
causes a remission in acute leukaemia. 
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Histochemical Demonstration of Sodium- 
Potassium-activated Adenosinetriphosphatase 
in Normal and Leukaemic Granulocytes 


SopruM—PoTassium-activated adenosinetriphosphatase 
(Na-K-ATPase) is an enzyme regulating the active 
cation transport through the cell wall'. This enzyme 
differs from other ATPases in its great sensitivity to 
cardiac glycosides, and is inhibited by ouabain (strophan- 
tine G) at a 10 M concentration*. Na-K-ATPase systems 
have been demonstrated in various animal and human 
tissues'**, In 1964 Block and Bonting’ found Na-K- 
ATPase activity in leucocyte suspensions isolated from 
human blood. The close relation of this enzyme to the 
active transport of sodium and potassium in granulocytes 
was demonstrated. Block and Bonting also observed a 
significant increase in ATPase activity in leucocyte 
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suspensions taken from cases of acute and chronic myelo- 
cytic leukaemia and chronic lymphocytic leukaemia’. 

In 1964, McChurkin® published a histochemical method 
for demonstrating Na-K-ATPase activity in tissue 
slices and confirmed the activity of this enzyme in muscle, 
kidney, brain and liver. 

In the present work, MeChurkin’s procedure* was 
modified for an investigation of bone marrow and blood 
slides. The technique used here differs from the original 
technique in the method of fixation and the period of 
incubation. The slides were fixed for 10 min in cold 
(4° C) formalin vapour and then incubated for 3 h in a 
solution containing ATP (calcium salt), magnesium, 
sodium and potassium ions and ¢ris-buffer (pH 7-8) in 
the proportions given in the original technique. The 
control reactions for other ATPases and non-specific 
alkaline phosphatase were carried out, and the inhibition 
of Na-K-ATPase with ouabain (10* M) was also per- 
formed. The pereentage of cells containing Na-K-ATPase 
was measured using the ‘score’ method (range 0-4), as 
in the investigations of alkaline phosphatase activity in 
blood cells’. 

Ten healthy adults, five cases of acute myeloblastic 
leukaemia, three cases of chronic granulocytic leukaemia 
and four of chronic lymphocytic leukaemia were investi- 

ted. 
oe The results are summarized in Tables 1 and 2, where the 
average values of Na-K-ATPase and ATPase activity 
are given. 





Fig. 2. Bone marrow. 


Chronic myelocytic leukaemia. 
Na-K-ATPase activity in granulocytes, (x 750) 
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Nia-K-ATPASE AND ATPASE ACTIVITY IN BONE MARROW 
AND BLOOD CELLS 


No. 5021 


Table 1. 


Normal cells 
Na-K-ATPase ATPase 
Erythroblasts - - 
Myeloblasts + =- 
Promyelocytes + — 
Myel + 
Metamyelocy tes ++ + 
oung granulocytes + + 
Mature granulocytes 34-6% cells 12:8% cells 
42-1 score 13:3 seore 
Lymphocytes = = 
Reticulum cells + + 
Blood cells: 
Granulocytes 26-4%, cells 86 % cells 
31-2 score 10:2 sco 
Lymphocytes =- _ 
Table 2, NA-K-ATPASE AND ATPASE AcTIVITY IN BLOOD GRANULO- 


CYTES IN NORMAL ADULTS AND IN LEUKAEMIC CASES 


Na-K-ATPase ATPase 


one adasa vae MPA 28-4% cells, 31-2 score 8:6% cells, 10-2 score 
D luren vapana MTN 94:1% cells, 144-6 score 12-6% cells, 14-7 score 
Pias À A jti 63-6% cells, 98:7 score 1419% cells, 13-2 score 

leukaemia 38-2", cells, 49-3 score 10-6% cells, 12-6 score 


Although these investigations were carried out on a 
small sample, the results show the differences between 
the activity of Na-K-ATPase and ATPase in granulo- 
cytes. The marked increase in Na-K-ATPase activity in 
leukaemic granulocytes (Fig. 2) is shown by comparison 
with the activity of this enzyme in normal granulocytes 
(Fig. 1). These results are similar to those obtained with 
the use of biochemical methods by Bonting and Block’, 
but no Na-K-ATPase activity was demonstrated by histo- 
chemical methods in lymphocytes and no marked increase 
in activity was established in chronic lymphocytie leukae- 
mia. The histochemical demonstration of Na-K-ATPase 
activity in blood cells seems to be a valuable complement 
to the biochemical technique, since it makes possiblo the 
cytological localization of enzyme activity. 

The role of this increased activity of Na-K-ATPase in 
leukaemic cells in the pathogenesis of leukaemia is still 
not clear, but it indicates that the active transport of 
cations is disturbed in leukaemic cells. 
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PATHOLOGY 


Experimentally produced Cerebral Status 
Spongiosus and Continuous Pseudorhythmic 
Electroencephalographic Discharges with a Mem- 
brane-ATPase Inhibitor in the Rat 


IN an experimental investigation of sub-acute spongi- 
form encephalopathy ', which, according to some authors®:*, 
is a variety of Jakob-Creutzfeld disease, ouabain was 
intracranially injected into the rat. 

The possibility was considered that the disease was due 
to some defect of membrane-enzymes, resulting in dis- 
turbances of water and electrolyte metabolism and 
possibly in status spongiosus. It is believed that in the 
cerebral grey matter there is an extremely limited extra- 
cellular space, and that glial cells are the pathway by 
which fluid, electrolytes and colloids are transported to 


Fae 2 
NATURE 


413 


and from neurones. Phosphatase activity has been impli- 
cated in the regulation of membrane permeability; 
ouabain is a powerful inhibitor of membrane-ATPase 
activity*. 

In rats injected intracranially with ouabain (0-3-0-6 mg 
in 0-25 m.c.c. of isotonic saline solution), a stereotyped 
response was Observed. Shortly after recovery from ether 
anaesthesia, the rats showed striking motor activity; 
they ran swiftly through the laboratory, apparently 
unaware of obstacles, cireling and jumping. Bursts of 
motor activity alternated with periods in which the rats 
lay quietly. This lasted for about half an hour and then 
generalized convulsions appeared; these became very 
frequent until one fit followed another with short intervals. 
After 2-3 h the convulsions became rarer; at this stage 
the rats lay in a coma but with their limbs almost con- 
tinuously jerking. The survival time in this condition 
was variable; some rats died 3-4 h after the injection, 
others were still alive after 2-3 days and were killed with 
ether. For electroencephalographic recording two elec- 
trodes were implented in the parietal bones before the 
intracranial injection; a third electrode was inserted in 
the nose to record rhinencephalic activity. The electro- 
encephalogram was normal until the convulsions appeared; 
then there were multiple spikes in rapid rhythm altern- 
ating with high-voltage waves and, rarely, with wave- 
and-spike pattern In the interval between the attacks 
slow waves of different type and pattern were recorded. 


Right parietal 


AAt 


Nose A | | ! i | 


TWO FOURS AFTER THE INJECTION 
Breath 


Ecol aii ak rit tdi TAAR P pigs 






z: 50yV 
i sec 


Fig.l. Electroencephalogram 2h vgn the injection. For interpretation 
see 





Fig. 2. Status spongieeus of the thalamus (65-h survival). (Haemato- 
xylin and eosin, xe. 200 








by uns of regular, bilaterally synchronous high- 
voltage bi- or tri-phasic complexes at 50-70 per min. 
High-voltage slow waves were sometimes superimposed 


on. this pattern. 

Histological examination of the brain was carried out 
in: two rats which survived for 55 h and 65 h after the 
injection. The most striking abnormality was severe cell 
loss and vacuolation of the ‘ground substance’ in the 
cerebral cortex and thalamus, amounting to true status 
spongiosus in some places, 

We believe that this experiment lends support to the 
hypothesis that spongiform encephalopathy is due to 
-some defect of membrane-enzymes. We should like to 
emphasize the similarity of ‘the electroencephalogram 
‘findings, which are considered pathognomonic of the 
disease. 
ae A. BIGNAMI 
G. PALLADINI 
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iicoment of Transplantability of 3,4,9,10- 
Dibenzpyrene-induced Fibrosarcoma in 
| Random-bred Mice 


polycyclic hydrocarbons--3-methylcholanthrene 
(refs. 1-3), dibenz (a, h) anthracene (DBA) (ref. 4) 
enzo (a, t) pyrene (3,4,9, 10-dibenzpyrene ; DBP) (ref. 
g0 far been shown to induce tumours antigenic to 
ogeneic and/or their autologous host. The immunity 
ed is weak and can usually be overcome by a suffi- 
wee inoculum of tumour cells. Thus, tumours in- 
inbred strains with these carcinogens take success- 
mplantation into isogeneic mice, but give negative 
ithe allogeneic or random-bred strains*-*. Our in- 
ons on the transplantability of the DBP-induced 
nto isogencic and allogeneic mice agree with these 
DBP-induced fibrosarcomata originally induced in 
Heston mice or GA LB/e mice and transplanted into 
wie hosts have been successfully transplanted, where- 
ue he random-bred CRC DF mouse was resistant to allo- 
: grafts of the induced tumour and we concluded that growth 
failure was due to an allograft response. 

-To determine under what conditions allografts of DBP- 
induced fibrosarcoma would grow successfully in the 
random-bred mouse, Caesarean-derived ICR/Ha random- 
bred albino female weanlings (CRCD9) obtained from 
the Charles River Mouse Farm, Wilmington, Massachusetts, 

“were given a single subcutaneous injection of DBP 
{0-5 mg/mouse in 0-2 ml. tricaprylin) at the nape of the 

neck. When the induced subcutaneous tumours measured 
I-0-2-0 em in diameter they were excised aseptically; 
fragments were implanted by trochar subcutaneously into 
random-bred mice. The mice were housed in plastic or 
‘Fiberglas’ cages, ten mice per cage, with a standard 
every diet and tap water available ad libitum. 

-In our first series of experiments, 324 random-bred 
| ORCDY females weighing 18-22 g were challenged 
sutancously with a 2x 2 mm fragment of a 

wy DBP-induced fibrosarcoma. The pooled results 
I, Series I) revealed that the tumour graft had 
eased in 310 mice and that 14 (4 per cent) of the mice 
ad progressive tumour growth lethal to the recipients. 
ey six mice in which the first transplant had regressed 
@ later rechallenged with a second primary tumour 












ighly characteristic pattern constituted "She first. grafts. 



















In a second series of experiments, : when the DI 
induced fibrosarcoma had reached a diameter of 1-0-2-0.em 
thirty-two mice were auto-transplanted with their own 
surgically excised tumour. In each case a residuum of ore 
primary tumour was present. The results showed that the- a 
autograft had taken successfully in fifteen mice (43 peroo 
cent), demonstrating enhanced acceptance. ‘To determine | 
whether the host resistance could have been depressed by 
the presence of primary tumour, allografts of DBP: 
induced fibrosarcoma were transplanted into fifty random- 
bred mice bearing primary DBP-induced tumours, and 
thirty-six (72 per cent) of the allografts grew (Fig. 1, 
Series II). On the basis of these results, it is probable that 
acceptance of tumour autografts and allografts in random- 
bred mice bearing dibenzpyrene-induced sarcomata was 
due to a depression of the host response. : 
During the course of our experiments, Matsuyama and 
Nakamura’ reported that a urethane- induced fibrosarcoma 
grew better in homologous mice bearing methyleholan-._ 
threne-induced tumours, whereas the tumours regressed o — 
completely in the normal homologous hosts, and concluded == 
that the resistance was reduced in the mice bearing methyl- 
cholanthrene-induced sarcomata. we 
Previous investigations®42 have shown enhanced | 
acceptance of chemically induced neoplasms in the seeond: 
and subsequent transplant generations. In our thir 
series of experiments, twenty-five mice were allografted. 
with the primary tumour and twenty-five mice with a 
second generation transplant from mice bearing a primary 
and first transplant generation. Our results (Fig. 1, 
Series ITI) showed the typical allograft response to the 
primary tumour, whereas the second generation allograft =. 
grew in eighteen out of twenty-five mice (72 per cent) and = 
was evidence that the antigenicity of the tumour had been 
lowered after the first transplant generation. | 
Thus, the random-bred mouse with its heterozygosity 
of genetic factors behaves similarly to homologous inbred © 
strains with respect to selective pressures which enhance 
the acceptance of tumour allografts. 
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Differential Heat Sensitivity of Cells in 
Tissue Culture 


is the search for a specific fibroblast inhibitor that 
Id not affect epithelial cells, a small but definite 
ence in heat sensitivity between these two cell types 
oted. 

iman fibroblasts were obtained from a skin biopsy 
d epithelial cells from carcinoma lines C-4 and C-27 1. 
of either type were grown as pure cultures 
ell as mixed, in Leighton tubes with 11 x 55 mm 
ows. They were fed Waymouth’s medium MB 752/1, 
pplemented with 10 per cent foetal calf serum. 

‘he effects of conducted heat and of radiant heat were 
ined. Conducted heat was supplied by total immer- 
of culture tubes in water at temperatures ranging 
ym. 44° to 48° C. The source of radiant heat was four 
200° K, 5090-W studio flood lamps, separated from the 
Itures by a Corning infra-red filter No. CS 7-56. In- 
rted culture tubes were placed at a distance of 28 em 
om the heat source. After heating by either method, 
ultures were cooled immediately, given fresh medium 
bserved. for damage over several days. Experiments 
performed on series of identical cultures, divided into 
ups of three tubes. 

In one series of experiments, the proportion of surviving 
ells was determined by vital staining with neutral red and 
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counterstaining with trypan blue. There was. ‘itt 
no cell damage right after heating, but rather it ree 
its maximum after 2-3 days; then it often t 
obscured by new cell growth. Figs. 1 and 2 show th 
percentage of live cells 2 days after heating: fibr 
were more sensitive to conducted heat as well as to 
red rays. The figures are based on 109 and 180 obs 
tions respectively. While there was a definite differs 
effect of conducted heat at 46° C, both cell types ros] 
similarly to 44° C and 48° C. In contrast to con 
heat, infra-red radiation killed 50 per cent of fibrol 
in 14 min, when the temperature in the culture tube: 
only 44° C. 50 per cent of epithelial cells were kil 
20 min of irradiation, during which time the tempe 
had reached 46° C. 

In an additional series of experiments, cultures 
heated in a waterbath at 46° C for varying periods o 
and then cell prosein per culture was determine 
intervals on groups of tubes by the method of Oy 
and Eagle*. As with results by vital staining, - 
was no difference between heated and control cultures 
the day of heating ; however, as shown in Table 1, 20 
at 46° C prevented any further increase in fibroblast 
the duration of tke experiment, while epithelia 
resumed growth afer a brief lag period. 46° C fo 
min prevented further growth in all cultures, an 
followed by a gradual loss of protein due to the releas 
dead or injured cells from the glass. If the valu 
Fig. 1 are compared with Table 1, it becomes evident —- 
that many cells contributing to the protein value on day | 
2 were severely damaged or dead, and therefore further — 
changes in protein content were probably the result of — 
simultaneous dying and multiplication of cells with 
varying degrees of mjury. 

Figs. 3, 4 and 5 are examples of mixed cultures 2 days o 
after exposure to infra-red irradiation for 0, 14 and 25 min 
respectively. The differential effect is illustrated in Fig. 4. 
with almost total Joss of fibroblasts but no noticeable 
damage to epithelia: cells. 

These observations suggest that fibroblasts in culture 
are more heat-sensitive than epithelial cells, that cell. 











Table 1. EFFECT or HestixG At 46°C ON FIBROBLASTS AND Berne 
CELLS IN CULTURE 
Days Fibroblasts Epithelial cells ` 
after Heating period (min) arse period. fn 
heating 0 1G: 20 30 10 20 
0 160 100 100 100 106 108 
2 145 «166 Hi 99 182 163 191- 
4 240 200 100 85 314 244 155. 
7 262 216 103 35 423 320 178. 
1} 394 287 94 17 588 607 BIT 


Means of cell protein determinations on triplicate cultures, expressed AR 
pereentages of values on Gay &, ae T 
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death by this method is mainly delayed rather than 
immediate, and that radiant heat kills fibroblasts at lower 
environmental temperatures than does conducted heat. 
Exposure to 46° C for 20 min is being considered as a means 
to reduce fibroblast contamination in primary epithelial 
cultures. 





Pin wl. > 
G~ 
„> G ` 
+, 


+ J Pm 





~ >) 
Fig. 4. Two days after 14 min of infra-red irradiation—most epithelial 
cellis survived, but only few fibroblasts remain. Neutral red. (x88) 
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IMMUNOLOGY 


Immunological Tolerance as the Result of 
Terminal Differentiation of Immunologically 
Competent Cells 


THE nature of immunological tolerance, the unrespon- 
siveness evoked by the administration of large doses of 
an antigen to newborns’, is usually explained on the 
basis of the views of individual authors on the mechanism 
of antibody formation*“*, The solution of the problem has 
been transferred to the cellular level. Burnet’, on the 
basis of the clonal selection theory, explained acquired 
tolerance as allergic damage and elimination of the pre- 
determined cell after contact with the corresponding 
antigen. Other authors* assumed formation of the tolerant 
cell at various stages of its differentiation. Medawar’ 
and Lengerová™ suggested that the antigen might prevent 
normal maturation of reactive cells at the stage of the stem 
cell and that this induces the state of the immunological 
tolerance (heterogeneous model), On the other hand, some 
authors", on the basis of experimental data, assume that 
the onset of tolerance is possible at all stages of cell 
differentiation when antigen is present in excess (homo- 
geneous model). 

This communication presents experimental data sup- 
porting our former view “that each specific immune 
inhibition develops on the basis of already existing or 
developing specific functions”. This aspect was based on 
earlier experimental results'*: new-born rabbits shortly 
after birth were injected with an excessive dose of antigen 
S. para B which is quickly deposited in tissues from blood 
circulation, The excessive dose accelerated and increased 
the antibody response in the new-born. After 4 months, 
these rabbits were injected with the same antigen and a 
significant inhibition of antibody formation was found in 
comparison with control animals or with animals injected 
shortly after birth with a smaller amount of the antigen. 
Thus the dynamics of the onset of immunological unre- 
sponsiveness found in new-borns was of the same character 
as the development of the immune inhibition in adults 
which followed the active immune response only'*-**, It is 
usually impossible to find antibodies after the injection of 
large amounts of antigen to new-borns, especially when it 
persists in the circulation. Therefore all theories of im- 
munological tolerance agree that the excessive amount of 
an antigen induces tolerance directly, without a previous 
immune response. 

In the experiments presented here, antibody production 
was detected in individual cells by the plaque technique. 
The results indicate that a state of unresponsiveness 
follows antibody formation after large doses of an antigen. 

New-born rabbits reared conventionally and eolostrum- 
free piglets reared under sterile conditions were injected 
with increasing doses of sheep erythrocytes. The number 
of antibody-forming cells was detected by the plaque 
technique!” in agarose!*!*, Plaques were developed by 
addition of complement only (detecting 19 S antibody- 
forming cells) or by addition of anti-yG serum against 
rabbit or pig yG (detecting 7 S antibody-forming 
cells), diluted 1: 50. The anti-yG serum was added either 
after the incubation of antibody-forming cells 1 h before 
the addition of complement, or mixed directly with the 
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After the primary injection of the antigen, the number 
of antibody-forming cells in the new-born increased simul- 
taneously with the increased amount of antigen (Tables 
land 2). Doses of antigen inducing tolerance immediately 
after the primary injection (that is, lowering the number of 
-antibody-forming cells) have not been determined. The 
¿© number of cells detected after the injection of the large 
_ dose of antigen into the new-born, an average of 109 anti- 
_ . body-forming cells per 10* lymphatic cells®*, may represent 
the total number of immunologically competent cells 
present in the organism, which are differentiated into 
producing cells, assuming that the large quantities of 
antigen inhibit the proliferation of the immunologically 
competent cells and their descendants. 
< Groups of experimental animals injected with various 
doses of sheep erythrocytes were revaccinated after 3 
eeks with different doses of the same antigen (Tables 1 
and 2). The number of cells producing antibodies after 
-secondary stimulus was significantly lower in the 
umals stimulated with maximum doses of the antigen 
wing the primary reaction, that is.in those animals that 
oduced maximum of antibody-forming cells and highest 
tres of antibodies during the primary reaction. Inhibition 
does not result from accumulation of the persisting antigen 
h the new dose because the dose used for the secondary 
mulation is below the level of the amount which stimu- 
s antibody formation (Table 2). However, one large 
e of antigen as the primary stimulus does not evoke 
lete tolerance. For the development of complete 
rance, especially for the inhibition of the formation of 
ype antibodies, repeated doses of antigen seem to be 



























‘the basis of the results obtained we assume that 
quired immunological tolerance may be considered as 
result of the process of terminal exhaustive differentia- 
on. In the excess of antigen almost all immunologically 
petent cells and their activated descendants are differ- 
ated directly (without proliferation) into short-lived 





intibody-producing cells (about one per 108 cells). After 








able 1. ANTIBODY FORMATION IN YOUNG RABBITS IMMUNIZED AFTER 
METH WITH DIFFERENT DOSES OF SHEEP RED BLOOD CRLLS (SRBC) AND 
REVACCINATED 3 WEEKS AFTER THE PRIMARY IMMUNIZATION 


Average number of plaque-forming cells per 10° 

lymphoid cells 

5 daya after secondary stimulus 
with 2 x 10° Srbe 


8 days after 
- primary stimulus 


Developed by Complement. Anti-rG + 
complement only complement 
9 2,585 732, 
0 2,735 532 
3 14,070 102,438 
9 1,788 7,810 
35 978 1,445 
46 66 166 


| Table Z. ANTIBODY FORMATION IN STERILE PIGLETS IMMUNIZED AFTER 
> BIRTH wird DIFFERENT Doses or SHEEP RED BLOOD CELLS (SEBC) AND 
oe REVACCINATED 3 WEEKS AFTER THE PRIMARY IMMUNIZATION 


Average number of plaque-forming cells pcr 10° 

lymphoid cells 

§ days after secondary stirnulus 
with 2 x 16° Srbe 






10 days after 
primary stimulus 


Developed by Complement Anti- 9G + 
complement only complement 
0 0 
0 0 0 
0 Q 0 
22 21,600 
389 890 











their death, only a small number of cells capab 

responding to specific antigen are available (state 
ance). In contras:, small doses of antigen 6 
immunologically competent cells, but not all such act 
cells are directly transformed to producing cells. M 
the activated cells proliferate, increase in number and 1 
the basis for the secendary reaction when the secon 
of antigen is injected. For establishment of toler 
this situation (that is, for the exhaustion of all ac 
and proliferated celle), the quantity of an antigen. ac 
tered must be related to the increased number of cell: 
This assumption may explain spontaneous escape of 


tolerance, induction of tolerance in adult individuals and 
even in individuals primed to give a secondary response. 
In this hypothesis, the inhibition of immune reaction. 
(tolerance) as well as the preparation for secondary reaction 
is only the expression of various processes in the differen- 
tiation of immunoloezically competent: cells. cere 


J. Svera, 


Department of Immunology, 
Institute of Microbiology, 
Czechoslovak Academy of Sciences, | 

Prague. ae 
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Immunization with Protein-Cellulose 
Co-polymer (Immunosorbent) 


In order to prepare an immune serum with a high level — 
of antibodies it is usually necessary to use many injections. 
of soluble antigen. Antigens adsorbed on aluminium 
hydroxide or precipitated with alumina are frequently | 
used for this purpose. Especially good results can be’ 
obtained using antigens mixed with different water-oil 
emulsions usually containing Bacille Calmette-Guérin 
(BCG). ee 
The very intensive production of antibodies whieh is 
obtained when such adjuvants are used is apparently 
conditioned both by the prolonged action of the antigen — 
and by the non-specific effect of BCG, or by other com-: 
ponents of the emubion. : 
In our experimenss we attempted to discover wh 
it was possible to induce the intensive biosynthes 
antibodies by introducing antigen into the bod 
another form, namely, in the form of a durable chemica. 
co-polymer supported on an insoluble cellulose medi 
This method eliminated such factors of the no 
adjuvants as the infuence of organic or inorganic oi 
microbial components. At the same time, however, | 
























was prepared by coupling the protein antigen to the 
cellulose with the help of organic residues by the method 
described earlier. The co-polymer was prepared in the 
form of a suspension and was found to be convenient for 
the detection and isolation of antibodies. It seemed 
advisable to use a similar suspension for the immuniza- 
tion, bearing in mind its extremely large surface and its 
comparatively high content of antigen. 
_ Six Chinchilla-strain rabbits (males) were used in the 
immunization experiments. A y-globulin fraction pre- 
pared from horse serum (HGG) by ethanol precipitation 
was used as antigen. Three were injected subcutaneously 
(on both sides) with a total of 25 ml. HGG—cellulose 
immunosorbent suspended in 0-9 per cent sodium chloride 
solution. These animals each received 212 mg sorbent 
(dry weight). This amount of immunosorbent contained 
nearly 25 mg of protein. At the same time, 100,000 units 
of penicillin and 200,000 units of streptomycin were 
injected into each rabbit. Three other rabbits were used 
‘as control. In all, they received 100 mg HGG in 10 ml. 
of 0-9 per cent sodium chloride solution injected as before. 
- Several months after the first immunization all the 
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ts were injected again, this time with soluble antigen 
~(HGG) only. The controls were injected after 4 months, 
and those treated with immunosorbent were injected 
after 5 months and 10 days. Injections were made from 
behind, at four points, into the muscles of the shoulder 
and the hip. Each received 150 mg HGG in 0-9 per cent 
sodium chloride solution with antibiotics (30,000 units of 
_ penicillin and 30,000 units of streptomycin). During the 
course of the experiment, after the first immunization 
and also after the second, samples of blood were period- 
~deally taken (about 15 ml. each time), The absolute 
sount of antibodies in serum was determined by meas- 
ing the absolute increase in protein on the immuno- 
bent?, All the animals used in the present experiment 
mained in good health during the course of immunization. 
esults obtained are summarized in Table 1. 
We also found the characteristics of the curves which 
“show the changes in the quantity of antibodies in the 
serum. after the second immunization. As shown in 
1, in which the corresponding data are given, the 
aracteristics of these curves are, on the whole, typical 
hose for curves normally obtained during ordinary 
vaccination, that is, there is a maximum and then a 
Fin antibody level. 
At the same time, it follows from Table 1 and Fig. 1 
that rabbits immunized with protein—cellulose co-polymer 
(immunosorbent) produced very large amounts of anti- 
bodies. This happened in spite of the fact that the 
quantity of antigen used for first immunization was four 
times less (25 mg) than in controls (100 mg). 

An attempt was also made to find whether the rabbits 
first immunized with immunosorbent would produce 
not only the antibody against protein, but also the antibody 
against the insoluble basis of immunosorbent. To examine 
this question, rabbits Nos. 176, 182 and 195 were in- 






































ou ry l 22 , 1966 sc eee 


rh 
“_ 
~ ii Á a 
E í 
any ~Y 
n j ; 
no 4 o 
= 9 i ` 
& x 
2 ` 
mF ` 
a a 
as ‘ 
` e 
Š 5 „t0 ` 
= = x ` 
Fea p pa \ 
+ 

< 2 : ` 

é * 

3 ; . A 

+ x ` 
r x Sg 
ig aes g “~ z 
i 3 ors a + baaa e n an aa 
PEE Bmg ers T E 
ees ++ ry 
t 3 7 li 15 19 23 27 Bi 35 


Days after immunization 
Fig. 1. Plot of antibody protein (mg/mi.) versus number of days after 
immunization forsis rabbits, ©O-——-©, 195; A~- A, 182; +4), 
176; © -> @, 694; A--*--A, 006; ee m JR <° + , 007 
oculated subcutaneously with the suspension of the 
following non-diazotized ether of cellulose: 


coll-O-CH,-0-CH,- @ Y 
| 


NH, 


with antibiotics (12,500 units of penicillin and 15,000 


units of streptomycin). Each animal was injected with 
125 mg of cellulose ether. This procedure was carried out 
7 months after the administration of protein—cellulose 
immunosorbent. Tests for antibodies were performed 1, 
2 and 3 weeks after the injection of the suspension of 
cellulose ether. The results are given in Table 1, which 
shows that antibodies specific to the insoluble portion of 
sorbent were not detected in the sera of experimental 
animals. 

The data obtained demonstrate that the animals pro- 


duced similar amounts of antibodies in response to the — 


first administration of protein antigen which was firmly 
conjugated with insoluble cellulose, as they did in response 
to the administration of soluble antigen. 

Over the 3 months of observation, immunosorbent 
produced a more protracted output of antibodies than 
did soluble antigen. Apparently some pronounced 
immunological reorganization occurs under these con- 
ditions. This is shown by the fact that animals first 
immunized with immunosorbent produce much more 
antibody in response to the new immunization than if 
they are first immunized with soluble antigen only. 

The possibility of obtaining antisera with high levels 
of antibodies (up to 10-15 mg/ml.) recommends this 
method of immunization for the preparation of hyper- 
immune sera. 

The data presented here show the significance of pro- 
longed antigen action. They also show the necessity of 
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First immunization | Second immunization | 

Weight of rabbits E RER EEPE E S O Se FORINO PE PEIEE R E Maximal amount of 

| No, of at second Amount of soluble Amount of HGG | Maximal amount of [Amount of soluble Maximal amount of | anti-cellulose ether | 
- Yabbits immunization (kg) HGS (mg) fixed on the antl-HGG antibody HGG (mg) anti-HGG antibody (mg/ml.} 
F ceHulose ether (mg); protein (ng/ml) protein (mg/ml.) antibody protein | 
3-2 100 | at : 0-55 | 150 1-34 ani | 
2-9 | 100 | = 0-33 | 150 1-00 — | 
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carrying out further experiments to find the most effective 
dose and periods for immunization with this product and 
to investigate the mechanism of its action. It is very 
likely that, in the future, it will be possible to prepare 
sera with still higher levels of antibodies by means of 
such immunosorbents. A-B ÖLOYNIKOV 
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BIOLOGY 


Test-plants for Investigations of the 
Physiology of Fruiting in Vitis vinifera L. 


EXPERIMENTAL work on the physiology of fruiting in 
woody plants is often made difficult by the large size of 
most mature fruit trees and vines. Many potentially 
useful techniques are denied the research worker, for 
example, growth of plants under closely controlled environ- 
mental conditions. The annual occurrence of the crop 
raises another difficulty because treatments must be 
applied and data recorded within the space of a few days 
or weeks, and the information obtained must suffice until 
the following year, as repetition of experiments in the 
same year is impossible. 

A way of overcoming some of the difficulties inherent in 
research with woody plants would be to use small test- 
plants, that is, fruiting plants with essentially the same 
characteristics as field vines or fruit trees, but which are 
more amenable to experimentation. In this way, under- 
standing of the factors controlling fruit set and develop- 
ment may be facilitated, and information from test- 
plants may ultimately provide the basis for less empirical 
field experiments. 

In the orange and the grape vine (Vitis vinifera L.), 
progress has been made in producing fruiting test-plants. 
Using softwood cuttings, Gates, Bouma and Groene- 
wegen' have propagated small orange trees which bear 
mature fruits within 15 months of striking the cutting. 
In the sultana vine (syn. Thompson's ‘Seedless’), two 
methods of - Sy small fruiting plants have been 
developed. The first is by aerial layering of the present 
year’s shoots*, and the second by taking softwood cut- 
tings from the present year’s shoots after flower initiation 
in the primary buds*, These techniques overcome the 
problem of size of the experimental unit, but involve much 
labour and the maintenance of very large numbers of 
container-grown plants. In this laboratory, techniques 
have been developed which greatly simplify the production 
of small fruiting vines. Test-plants are raised in large 
numbers throughout the year, and used in physiological 
studies of fruiting. These plants are produced from single 
node one-year-old hardwood cuttings. 

Hitherto, dormant one-year-old vine cuttings were 
unsuitable as a source of test-plants because inflorescence 

often ceases soon after bud burst. The rachis 
fails to elongate, and further differentiation of individual 
flowers is attenuated. Inflorescences remain attached to 
the plant fer a few weeks, but later shrivel and drop 
off. Hence, in cuttings of most commercial varieties of 
Vitis vinifera, the potential of fertile buds to produce a 
bunch of grapes is rarely realized. 

Experiments were carried out to detect the cause of 
failure of inflorescence growth in vine cuttings. Growth 
analysis showed little increase in the total dry weight of 
euttings (that is, dry weight of old stem, new stem, leaves 
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and roots) during tbe tirst month after bud burst. Initi- 
ally, it appears that growth and respiration are supported 
to a large extent by reserves of the parent stem. Hence, 
leaves contribute litle to growth, and may be considered 
as importers rather than as net suppliers of photosyn- 
thate. In cuttings, therefore, failure of the inflorescence 
to grow may be related to its inability to compete with 
leaves and other organs for available food supplies. This 
theory is supported by autoradiographic studies on field 
vines by Hale and Weaver*, who showed that the inflores- 
cence has limited ability to attract photosynthate until 
after the stage of Suit set. These observations suggest 
that surgical removal of competing organs might allow 
inflorescence growth to proceed unhindered. 

Leaf removal proved the most successful treatment, for 
when leaves basal tc the lowermost inflorescence, together 
with the leaf adjacent, were removed as soon as they 
appeared, growth and differentiation of that inflorescence 
took place. Plants were pruned to a single inflorescence 
for best results. Aer removal of the lower leaves, leaves 
produced distal to the inflorescence were allowed to 
grow out normally. Using the leaf dissection technique 
it was found possible to produce bunches, containing up 
to 100 grapes, from single node cuttings within 12 weeks 
from planting (Fig. 1). 

Details of the technique are as follows. Dormant one- 
year-old vine shoots are stored under refrigeration 
(4° C) in sealed plastic containers. In collecting parent 
shoots care is taken to select for uniformity of diameter 
and internode length. Furthermore, shoots comprise 
six nodes, that is, buds number 4-10 inclusive from the 
point of insertion of the shoot on the vine. In this way, 
cuttings ean be produced from buds of known position 
on the shoot should this be so desired. Shoots of the 
required variety are removed from cold-storage, and cut 
into single nodes. Each single node cutting is weighed 
and planted in a numbered 3 in. x 1 in. plastic propagat- 
ing tube. At an arbitrary stage of bud burst, cuttings of 
similar original fresh weight, and at a similar stage of 
growth, are selected into groups. Dissection of leaves is 
carried out as soon as the first basal leaves appear beyond 
the brown bud sesles, and continued as leaves appear 
until the required number have been removed. Within 
each group of treated plants further selection is made on 
the basis of inflorescence size (number of flowers), leaf 
number distal to the inflorescence, and shoot length. 





Fig. 1. Fruiting vine cutting var. ‘Carbernet Sauvignon’. Photographed 

12 weeks from bud burst, Leaves basal and adjacent to the inflorescence 

were removed as they appeared. Leaves distal to the inflorescence were 
allowed to grow out normally 






land quent apy In awe OS more than 60 per font of treated 
plants | are discarded as a result of selection for uniformity. 
In this laboratory, 600 cuttings are propagated each month 
to provide continuity of supply of experimental material. 
Tt might be argued that the test-plants described here 
are so unlike grape vines that their behaviour gives little 
indication. of circumstances in the field. Experience 
so far does not support this criticism. Weaver et ai.56 
have shown that the kinin ‘SD 8339, 6-(benzylamino}-9- 
(2-tetrahydropyranyl)-9H purine, has marked effects 
<in Increasing fruit set and size in field vines, including the 
‘Black Corinth’ (syn. ‘Xante Currant’). Using test-plants 
-of this variety, parallel effects of ‘SD 8339 on fruiting 
have been observed. These results suggest that test- 
-plants may be of particular value in the initial evaluation 
os of effects of new growth substances on fruiting in vines. 
I thank Dr. J. VanOverbeek for supplies of ‘SD 8339’. 
M. G. MULLINS 
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delaide, South Australia. 
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Field Resistance in Lolium sp. to Leaf Rust 
= (Puccinia coronata) 


GH degree of ‘field’ resistance to infection by leaf 
Puccinia coronata var. lolit} has been developed in 
al ryegrass (Loliwm perenne), an open pollinated 
by selecting individual plants for resistance (as 
several agronomic characters) from the progenies 
n pollinated strains. The strains, selected by 
etal., were tested for combining ability and other 
mic characters. Several were allowed to inter- 
te to form the synthetic variety released as New 
| perennial ryegrass’. 
rh degree of heterozygosity has been maintained 
variety. Although leaf rust occurs on a few indi- 
plants it can rarely be transferred to neighbouring 
sven though these may be infected; this indicates 
~ that physiological races of the pathogen are present. 
- Neither the characteristics of the physiological races 
nor the genetic nature of the resistance against the patho- 

gen are at present known. Resistance would appear to be 

due to an accumulation of genes within the variety but, 
because of the considerable and intentionally high degree 
of heterozygosity of individual plants, it seems probable 

“that neighbouring plants are of different genotypes, and 
“therefore owe their resistance to leaf rust to various 
. eorabinations of a multiplicity of different genes. 

=: his resistance to many physiological races of a patho- 

gen, termed ‘horizontal resistance’ by van der Plank?, 
though treated as a minor character by the plant breeders, 

-was developed by breeding for 20 years a crop that pre- 
| viously had no noticeable resistance to the disease. A 
significant factor would appear to be that the breeding 

-= hurgery was established in a locality which experiences 
; Bovero natural infection of P. coronata var. lolii every 
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` Fractions of Pea Seedlings | eens 
THIs communication reports experiments which 
have carried out to examine and to compare some of the 
relations of the quantitative changes that ensue in theo 
alcohol-sohible phosphorus fractions of pea seedlings, =- 
which have been induced. by the effect of uncoupling snd =- 
growth-regulating substances. In the course of the ~ 
experiments, the changes in pea seedlings, which were. 
treated with uncoupling and growth-regulating compounds 
in vivo, were recorded by labelling the phosphorylated 
products with %*P-phosphate snd paper chromato- 
graphy. 

If the uncoupling effect ensues, one may expect that the 
inorganic or the ester phosphate fractions accumulate and 
that the quantity of the nucleotides containing energy- 
rich phosphate decreases. Therefore, the changes in the . ¥ 
following phosphorus fractions were analysed by meas- 
uring their phosphorus-32 activity: (1) inorganic phos- 
phate; (2) ester phosphate; (3) phosphate coupled to an 
indole skeleton; (4) nucleotid phosphate. The ester =o 
fraction contains hexose and pentose phosphates, glyceric == 
acid phosphate, adenosine monophosphate and a few = 
unknown compounds with low phosphorus-32 activity... . 
The indole phosphate fraction is an unknown compound 
which reacts in a similar manner to indole, sugar ant 
phosphate, and if labelled with phosphorus-32 it become 
radioactive. The nucleotide phosphate fraction contains 
compounds whieh react in a similar manner to purine, 
sugar and phosphate, and their Ry-values are identical 
with those of the nucleotide polyphosphates. 

Before the experiments were carried out, the plants were 
placed for 2 h in Knop’s solution, diluted ten-fold and 
then (during the experiment) transferred Into a solution —. 
containing ®*P-labelled potassium dihydrogen phosphate — 
and the regulator. The controls were initially placed in 
a similar Knop’s solution. The experimental plants were 
kept in the dark at 22° C for 24 h, and then the various = 
phosphorus fractions were analysed by means of paper = 
chromatography. Simultaneously, measurements were — 
taken to determine the growth of the roots and shoots, 
and the ¢.p.m. and distribution of radioactivity estab- 
lished as a percentage of the total activity of the single 
phosphorus fractions. a 

The data in Table 1 reveal that the total activity. is i 
highest in the control plants, thus all three compounds 
applied decrease the amount of the soluble phosphorus 
compounds in the following order: DNP > SA > IAA. 
Similarly, all the substances examined decrease the incor- 
poration of the phosphorus-32 into the nucleotide fraction. > 
The proportion of the total impulses is as follows: the ix 
quantity of inorganic phosphorus-32 decreases in the 
sequence of C > [AA > SA > DNP; in the ester frac- 
tion the sequence is approximately the opposite—SA > 
DNP > IAA > C (C, control; SA, salicylic acid; DNP, 
2,4-dinitrophenol; LAA, indolyl-3-acetic acid). The par- 
ticipation of the nucleotide fraction in the total activity 
is parallel to that of the inorganic fraction. It is present 
in the highest percentage in the control plant and de- 
creases in the order IAA > SA > DNP. The activity of => 
the fraction of indole-phosphate-32 is the highest from the =. 
point of view of both its total and percentile activity in = 
the plants treated with LAA: the percentile ratio is. 
IAA > C > SA > DNP; however, the difference between = — < 
the c.p.m. and the percentile values is not significant. =~ 

Among the results, the most characteristic is the 
decreaso which ensues in the phosphorus-32 activity of 
the nucleotide fraction in plants treated with regulators. 
This effect is greatest if typical uncoupling substances are 
applied, but it may also be observed in the case of TAA. | 
The percentile i increase of the ester fraction activity and | 
the simultaneous decrease of the activity of the nae i 
phosphate fraction are striking E m 
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Table 1. DISTRIBUTION OF ALCOHOL-SOLUBLE °*P-AOTIVITY FOR THE SINGLE FRACTICE INCORPORATED IN PRA SEEDLINGS 








Control Salicylic acid 10~+ 











Fraction C.p m.j 4 
fraction impulses | Con 
TInorg.-P 
Ester-P 
Indole-P 
Nucleotide-P 
Total 52,897 29,041 


Conflicting views appear in the literature concerning 
the uncoupling effect of the growth regulators from the 
point of view of their function in growth. Various authors 
have established that there is a close connexion between 
growth and phosphorus metabolism. Some authors inter- 
pret only the inhibitory effect; others!-°, on the basis of 
the uncoupling of the oxidative phosphorylation, also the 
stimulatıng effect. According to the various opinions, the 
regulators exert their effect on the phosphorus metabolism 
directly*-*, or indirectly*.7. Our experiments support the 
view that the IAA and the SA act directly on phos- 
phorylation. This view is confirmed by the following: 
(1) the decrease of the nucleotide phosphate present and 
the simultaneous increase of the accumulation of the 
ester phosphate; (2) the similarity of the effect of DNP, 
SA and IAA; (3) the fact that it was possible to identify 
phosphorylated glycosides of indole compounds and 
phenolic acids in different plant organs. 

The correlation between the uncoupling and growth- 
regulating effect is, however, very complex, because 
growth promotion or inhibition may both be associated 
with the uncoupling effect. This means that the growth 
regulation activity influences numerous other physio- 
logical processes. Further difficulties arise through the 
interpretation of the specific character of the regulating 
substances on the basis of the uncoupling effect. Thus, it 
seems that we cannot consider the uncoupling of the 
oxidative phosphorylation as a fundamental and general 
reaction of growth regulation. 

E. Koves 

Institut for Plant Physiology, 

József Attila University of Szeged. 
i F. SIROKMÁN 
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Availability of Biologically Fixed Atmospheric 
Nitrogen-I5 to Higher Plants 


THE direct utilization by higher plants of nitrogen fixed 
by blue-green algae could play a substantial part in the 
Earth’s nitrogen cycle. That certain species of blue-green 
algae can fix nitrogen when grown in solution culture is 
well established’. The maintenance of soil nitrogen 
supplies in rice paddy has been attributed to the growth 
and fixation of nitrogen by blue-green algae. Recently it 
was postulated that the blue-green algae may be important 
in the nitrogen economy of grazing lands?-‘. 

The blue-green algae are known actively to excrete 
nitrogenous materials in solution culture’. However, the 
fate of nitrogenous products fixed by the blue-green 
algae and/or their associated organisms in situ has not 
been completely delineated. In rice culture it was sugges- 
ted that algal-N became available to the rice plant follow- 
ing decomposition of algal tissue®. 

Surface soil encrustations of blue-green algae and 
associated organisms are found on semi-arid grassland 
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soils?. Grass seedings may be found rooted in the algal 
crusts where moissure and fertility conditions may be 
more favourable than on non-encrusted soils. Several 
grass seeds (Artemesia sp.) unexpectedly germinated in 
crusts under experimentation to assess the magnitude of 
nitrogen fixation. The use of atmospheric mtrogen-15 
provided a means of tracing the products of nitrogen 
fixation and the passible ecological contribution of nitrogen 
to higher plants. 

Native algal crusts were removed intact from the 
surface of desert-grassland soils. Excessive adhering soil 
was removed from the underside and 1 cm diam. cores 
were cut from the crust. Composite samples consisting 
of 60 random cores were placed in a desiccator containing 
74-8 per cent nitrogen; enriched with 0-53 per cent atm. 
1N; 4-9 per cent carbon dioxide, 20 per cent oxygen and 
0-3 per cent argon. The samples were moistened with 
de-ionized water by means of a cotton wick, and incubated 
in a plant growth cnamber with 12 h days of 35° C with 
light intensity of 2,C00 ft.-candles and 12 h nights at 18° C. 

After incubation she seedlings were cut 1 em above the 
algal crust and sus«cessively rinsed with 1 N HCl and 
de-ionized water. Nitrogen was determined by the 
Kjeldahl method using 1:3:1 sample: acid: salt ratio 
and a salt composition of K,SO,: CuSO,:8e in a 100: 
10: 1 ratio on a weight basis. Digestion was continued 
for 6 h after cleamng as recommended by Bremner’. 
Ammonia was recovered by alkaline distillation and pre- 
pared for isotopic nitrogen analysis by the hypobromite 
method®. We thank Dr. Arthur Edwards, Agronomy 
Department, Iowa State University, for the determination 
of N/N ratios on the Consolidated Electrodynamics 
model 21-620 mass spectrometer. 

Grass seeds (Artemesia sp.) germinated and grew for 
some time on an algal crust sample incubated for 160 days. 
At harvest the grass tops contained 1:22 mg nitrogen 
which contained 0-3733 per cent N while the host crust 
nitrogen was enricted with 0-3813 per cent N. Both 
enrichments were significantly greater than either the 
control crust sample (0-3648 per cent 1N) or a commercial 
ammonium sulphate standard (0-3663 per cent 1N). 

The algal crust materials were lyophilized and ground 
with mortar and pestle to pass an 80-mesh sieve. Approxim- 
ately 3-4 per cent of the total algal crust nitrogen was 
found to be water soluble, which included 1 per cent as 
water soluble ammonium-nitrogen. Both forms of soluble 
nitrogen contained significant isotopic enrichments of N 
and may have been the form of labelled nitrogen taken up 
by the higher plant. 

Thus, it appears zhat nitrogen taken up by the grass 
originated as atmospheric nitrogen, which was fixed by 
organisms in the algal crust and subsequently released in 
a form suitable for ctilization by higher plants. Whether 
release of fixed nitrogen occurred via active excretion of 
nitrogenous products or followed decomposition of the 
biological nitrogen. fixing organisms or both was not 
resolved. However, active nitrogen fixation was occurring 
in the algal crust at the 160 day harvest at the same rate 
as found on previous harvest dates (3, 6, 12, 24 and 52 
days). The accumulation of fixed nitrogen was found’ to 
fit a linear regression line with a correlation of R= 0-98. 

Soil nitrogen in grassland areas is depleted by removal 
by grazing animals and may be lost by soil erosion 
and denitrification processes. These losses gradually lead 
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to an impoverishment of soil nitrogen except where ıt may 
be replenished by biological fixation of atmospheric 
nitrogen or by artificial means. The evidence provided 
here indicated that the algal crust organisms fix atmo- 
spheric nitrogen and release it in forms available for uptake 


by higher plants growing in association with the crusts. 


The crust organisms appear to be an important source of 
nitrogen on semi-arid grassland. 

This research was supported in part by the Cooperative 
Western Regional Research Project W-31. 
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Suppression of Schistosomiasis in Snails by 
Chloramphenicol 


CHLORAMPHENICOL is known to inhibit protein synthesis 
m bacteria and in proliferating mammalian cells'*. The 
experiments described here were undertaken to determine 
the effect of chloramphenicol on the protein synthesis 
which must occur during certain stages of the schistosome 
cycle when there is rapid growth or proliferation of the 
parasite. Following the penetration of a snail by a mira- 
cidium of §. mansoni, marked proliferation of the parasite 
occurs, leading to the development of tens of thousands of 
cercariae®. nails exposed to miracidia were maintained 
in water containing chloramphenicol in an effort to 
inhibit protein synthesis and thereby to suppress forma- 
tion of cercariae. 

Fifty-two laboratory-reared snails approximately 12 
mm in diameter, descended from a Puerto Rican strain of 
Australorbis glabratus, were used in these experiments. 
The snails were exposed overnight in 3 ml. of dechlorinated 
water to 15-20 miracidia of a Puerto Rican strain of Schist- 
esoma mansoni. ‘The miracidia came from eggs obtained 
from the livers of mice infected for 7-8 weeks. 

On the day following exposure, the snails were divided 
into one group of twenty-six snails and two groups of 
thirteen snails each. Each group was put into 4 l. of 
dechlorinated water in covered stainless steel pans. The 
room temperature was maintained at 23° C; the water 
was aerated and the snails were fed lettuce ad libitum. 
The larger group (twenty-six snails) was untreated and 
served as the control group. Thirteen snails were kept in 
water containing chloramphenicol in a concentration of 
625 parts per million (p.p.m.); the other thirteen snails 
were kept in water containing chloramphenicol in a con- 
centration of 312 p.p.m. The water was changed each 
week and fresh chloramphenicol was added to water 
containing the two experimental groups. The treatment 
groups did not receive the drug between the third and 
fourth weeks as the water alone was causing some signs 
of toxicity in the snails. Five weeks after exposure to the 
miracidia and four weeks after exposure to drug, the snails 
were all placed in fresh water. i 

At six weeks the snails in each of the three groups were 
each placed in a medicine glass containing 3 ml. of water 
to see if they were shedding cercariae. At this point two 
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of the control snails were dead but six of the surviving 
twenty-four snails were shedding. There were no deaths 
among the treated snails and none was shedding cercariae. 

The shedding of cercarias by the control and experi- 
mental groups is summarized in Fig. 1. At 7 weeks, 
twenty-two of the twenty-four control snails were shedding 
cercariae, but at 7, 8 and 9 weeks none of the snails exposed 
to chloramphenicol was putting out cercariae. At 10 
weeks, twenty of twenty-two control snails were shedding 
cercariae, two more having died. There was still no 
shedding of cercariae in either of the treated groups at 
10 and 11 weeks and one death occurred in the snails 
that had been maintained at 625 p.p.m. At 12 weeks, 
however, four of the twelve remaining snails previously 
maintained at 625 p.p.m. started shedding cercariae, as 
did eight of the thirteen snails kept at 312 p.p.m. At 
13 and 14 weeks the number of snails shedding from the 
greater concentration of chloramphenicol rose to 8/10 
and to 8/8 as two more snails died, and those in the lesser 
concentration rose to 10/13 and 12/13. At 14 weeks the 
ten remaining control snails were shedding. 
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exposure of A. glabratus to miracidia of S. mansoni 


One major method of controlling schistosomiasis has 
been through the use of molluscicides*. To our knowledge 
no one has attempted to break the cycle through the 
prophylaxis or treatment of the disease in snails. The 
possibility of inhibiting protein synthesis during the rapid 
proliferation of the parasite from the muracidium to 
cercariae provided the rationale for an attempt to treat 
the infection in snails. The results indicate that, under 
the conditions used, chloramphenicol can suppress the 
development of the disease in snails, and that this suppres- 
sion can be obtained with low concentrations which are 
not toxic to the snails. No deaths occurred until there 
was prolonged exposure to more than 1,000 p.p.m. of 
chloramphenicol. We have confirmed our initial results 
with an experiment now in progress using 280 snails in 
groups of 40 each. The drug at a concentration of 40 
p-p.m. was completely effective in delaying the appearance 
of cercariae. However, the delay in development of 
cercariae was proportional to the time during which the 
infected snails were exposed to chloramphenicol. Thus, 
snails exposed to chloramphenicol] over a 5-week period 
exhibited a 5-week delay in the shedding of cercariae as 
compared with the control groups. Similarly, In our 
present experiments, snails exposed to chloramphenicol 
for a shorter period of time exhibited a proportionally 
shorter delay in shedding of cercariae as compared with 
control groups. 

The smallest concentration of chloramphenicol which is 
effective in suppressing the development of cercariae m 
snails is at present being determined. The possibility 
that S. mansoni may be more susceptible to chloram- 
phenicol during other phases of the life-cycle of the para- 
site is also being examined. Conceivably other inhibitors 
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of protein synthesis may be more effective than chloram- 

phenicol in interrupting the life-cycle of S. mansoni. 
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Dependence of the Olive Fly, Dacus oleae, 
Larvae on Symbiosis with Pseudomonas 
savastanoi for the Utilization of Olive 


Tse extracellular bacterium Pseudomonas savastanoi 
(Smith) Stevens has been suspected as a mutualist of Dacus 
oleae Gmelin for more than fifty years. Petri! described 
in detail how the bacterium was preserved through the 
pupal and adult stages in an oesophageal diverticulum 
in the head of the olive fly, and also discovered how the 
bacteria were transmitted from generation to generation. 
During oviposition the egg is smeared with the bacteria 
which are housed in invaginations near the distal end of 
the ovipositar. The bacteria enter the egg through the 
micropyle and ultimately become established in caeca 
arising from the anterior end of the larval mid gut. The 
functions of this symbiote, however, were not determined. 

Other Tephritidae contain extracellular bacteria in 
special structures**, but the nature of the symbiotic 
relationships has not been elucidated. Hellmuth? cultured 
isolated bacteria from various tephritids and concluded 
from the metabolic products in the culture substrate of 
P. savastanoi and P. mutabilis Hellmuth that these species 
produce aldehyde-like substances from proteins and that 
they can grow on media containing urea and uric acid as 
nitrogen sources. Agrobacterium luteum, also found in 
D. oleae at times', could only convert uric acid and not 
urea. to protein-like compounds. 

With the recent development of artificial media for 
larvae and techniques for culturing of D. oleae in the 
laboratory without olives‘, the symbiotic relationships 
were modified through the inclusion of antibiotics in the 
adult diet and acidification of the larval medium. 

Forty-five pairs of adult D. oleae reared from olives were 
divided into three groups (Table 1). They were exposed 
to a standard adult diet consisting of 8 g fructose, 2 g 
enzymatic protein hydrolysate of brewer’s yeast, and 
10 mg choline chloride, in 10 ml. distilled water. The tests 
were conducted at 25° + 1° ©, 60-80 per cent relative 
humidity and under normal diurnal light. 

There were three diets: a standard, the standard plus 
50 mg of streptomycin sulphate, and the standard plus 
50 mg streptomycin sulphate and 50 mg of uricase. 
Uricase was added to the third test diet when the possible 
uric acid metabolism by P. savastanoi was precluded by 
streptomycin. 

The fertility of the flies was determined in the following 
way: on three different dates after an initial feeding of 


Table 1. Errrect oF STREPTOMYCIN IN THE ADULT Foon OF Dacus oleae 
ON THE DEVELOPMENT OF PROGENY IN OLIVES 


No, of each larval instar 


Adult Oviposition dead in olives No. flies 

diet * te L2 ES produced 
Control 2/17 6 0 6 12 
3/2 1 0 0 28 
8/15 0 0 0 13 
Streptomycin 2/17 14 0 0 0 
2 25 0 0 0 
16 16 0 0 0 
Streptomycin 2/17 18 1 0 0 
+ urlcase 8/2 80 0 0 0 
3/15 11 0 0 0 


* Control diet: 8 g fructose, 2 g enzymatic protein hydrolysate of yeast, 
10 mg choline chloride and 10 ml. distilled water. Streptomycin sulphate, 
uricase and enzymatic protein hydrolysate of yeast from Nutritional Bio- 
chemicals Corp., Cleveland, Ohio, 
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Table 2. INFLUENGS OF DIETS CONTAINING ENZYMATIC PROTEIN HYDROLY- 
SATES ON THE DEVELOPMENT OF APOSYMBIOTIO Dacus oleae LARVAB 


Days to Per cent 
Larval diet* Amount No. pupa- Wt. puparia recovery 
€2) eggs tion z Tange (mg) s range 
Soy meal 3 320 mme — None 
Soy hydrolysate t 3 831 li 6-1 (57-7-0) 84 (20-45) 
Cassint 4 286 16 56 (5-3-8-0) 2 (0-11) 
Casein hydrolysate ft 4 898 ll 7:0 (6°5-8:0) 83 (22-50) 


* Basal larval meditm: 25 8 dehydrated carrot powder, 15 g brewer's 
yeast, 2 g agar, 0-05 ¢ choline chioride, 15 mi. olive oll, 5 ml. “Tween 80’, 0-3 
sodium benzoate, 005 g n-butyl parahydroxybenzoate, 125 mi. distill 
water and pH adjusted to 4-1 with 7 ml. 2 N hydrochloris acid. 


t Nutritional Biochem<cals Corp., Cleveland, Ohio. 


20 days, green, olives were exposed to the different groups 
of flies for a day and then held for at least 15 days at 25° C 
to allow development and pupation of D. oleae larvae. 
After 15 days all olives were dissected and the eggs or 
larvae were counted. 

The data (Table 1) show that flies fed the standard adult 
diet produced a normal progeny, while those adults that 
fed on diets with streptomycin produced larvae which 
failed to attain the third instar. With this latter group 
all eggs hatched in the olives, but all save one larva had 
died in the first-instar stage after tunnelling considerable 
distances. Thus, is appears that the bacterial symbiotes 
are indeed necessary to D. oleae larvae for the utilization 
of the olive flesh. 

In order to answer the question as to whether strepto- 
mycin actually inhibited the bacteria or directly hindered 
the growth of the D. oleae larvae, the following tests were 
conducted. Using the techniques described by Hagen 
et al.4, eggs were obtained from flies exposed continually 
to streptomycin; these eggs were placed on various 
prepared media. The types of media tested and the data 
obtained are shown in Table 2. 

From these date it can be seen that enzymatic protein 
hydrolysates of either soy protein or casein permitted 
faster larval development, production of larger puparia 
and greater larval survival than when the unhydrolysed 
proteins were used. This suggests that P. savastanot 
hydrolyses the pratein in the olive flesh. This method of 
protein hydrolysis is perhaps reflected by the nature of 
the feeding habits. of D, oleae larvae. The solitary larva 
of the olive fly feeds on fresh, usually solid, and relatively 
uncontaminated tissue as it bores through its host instead 
of feeding in a decaying substrate such as that normally 
ingested and re-ingasted by & group of larvae in a single 
fruit characteristic of most other species of Dacus. 

Prepared larval media adjusted to pH 4-1 also evidently 
destroyed P. savastanoi in the larvae of D. oleae even 
though the symbiotes made their entry into the embryo 
during oviposition by flies not fed streptomycin. The 
larvae developed normally in the acid medium if it con- 
tained hydrolysed protein, and adults from such aposym- 
biotic larvae are normal except where the larval morpho- 
logical sites of the usual symbiotes were invaded by 
acidophilus bacteria, which at times were numerous 
enough to block mechanically the ovipositor in adults 
about 30 days old*. The first-instar larvae that hatch 
from eggs depesitead in olives by flies containing these 
acidophilus bacteria do not develop to the second-instar, 
but eggs obtained. from these infected adults and placed 
on media containing hydrolysed protein develop to adult 
flies. This verifies the significance of P. savastanoi acting 
as a mutuslist, and indicates the inability of acidophilus 
bacteria to play the part of the normal mutualistic 
bacteria. 

Besides performing protein hydrolysis, P. savastanoi ` 
may also be involved in the synthesis of methionine and 
threonine. Olive fiosh analysed by one- and two-dimen- 
sional paper chromatography did not reveal the presence 
of these two essensial amino-acids’. However, Diptera 
in which amino-acid requirements have been determined 
invariably require these two amino-acids for completion 
of larval development*. Since cystine also was not detected 
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in Olive flesh, the possible sparing action of cystine for 
methionine is not likely either. The fact that aposym- 
biotic larvae of D. oleae cannot complete their develop- 
ment in olive flesh, with the assumption that these larvae 
require methionine and threonine, suggests that these 
amino-acids are synthesized by P. savastanoi. 

It is interesting that P. savastanoi occurs as a pathogen 
of olive trees causing olive knot, and survives without the 
presence of the olive fly. In California, olive knot is 
common, and there are no D. oleae established in the new 
world. Therefore, D. oleae is not obligatory for the exist- 
ence of the bacterium, but the olive and the bacterium 
are apparently essential in the ecosystem of the olive fly 
to-day. 
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Some Apparent Effects of Bithionol 
(‘Actamer’) on Fasciola hepatica 


For some years my research has been concerned with 
the invasive stages of Fasciola hepatica in mammalian 
hosts. Young flukes have been tracked through the 
intestinal wall, the abdominal cavity and the hepatic 
parenchyma, and adults have been studied in the bile 
duct. Much evidence has shown that the flukes can break 
down many soft tissues which they encounter and has 
indicated that the fluke is, at all stages, a tissue feeding 
animal and not a blood feeder, as is commonly supposed. 
When I infected mice experimentally, dead flukes were 
not seen, although my investigations of X-irradiated 
flukes have shown that flukes weakened in tkis way may 
be killed by phagocytosis. Band-type neutrophil leuco- 
cytes (polymorphs) penetrate the cuticle, spread throughout 
the cuticular core, and raise the epicuticle in blister-like 
formations which break down, leaving a stripped cuticle 
in a dying fluke. However, the ‘leucocytes do not penetrate 
the base of the cuticle (lamina vitrea) and the disintegra- 
tion of dead flukes is by secondary. phagocytosis, so that 
this process differs from that reported by Standen? for 
drug-treated schistosomes. Standen has suggested that 
phagocytosis and drug action are related processes in 
schistosomes, and the possibility that this is so seemed 
to be worthy of investigation in liver flukes. However, 
my aim in a recent investigation has been to study any 
histological effects on the organs of F. a ata when the 
rat hosts are treated with a drug. 

My choice of bithionol as a suitable drug to use was made 
because this liver fluke and the lung fluke, Paragonimus 
westermani, display similar feeding activities and burrow- 
ing powers, and also because bithionol has proved to be 
potent in the treatment of paragonimiasis. Yokogawa’ 
supported this contention of mine (see Dawes and Hughes, 
ref. 4) by noting the resemblance between the contents of 
the intestinal caeca of P. westermani during feeding opera- 
tions and those of F. hepatica as described by me®. Regard- 
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ing the potency of bithionol, it is known that dilutions 
less than 10-* will kill excysted forms of Paragonimus, 
and Yokogawa (loc. cit.) considers this to be the most 
effective drug ever used in paragonimiasis, adding (p. 152) 
that this disease in man ‘will gradually die out in areas 
where mass treatment with bithionol has been thoroughly 
carried out”. The antiseptic properties of bithionol (trade 
mark ‘Actamer’) are utilized in certain detergents and 
cosmetics, and the characteristics of the drug are de- 
scribed by the Hilton-Davis Chemical Co., Cincinnati, 
Ohio, in an undated publication. 

In my experiments, ten young rats (weight about 300 g) 
each received five metacercarial cysts of F. hepatsca by 
stomach tube and the infections were allowed to continue 
normally for 184-343 weeks. Eggs recovered from the 
faeces of the rats provided miracidia which infected 
laboratory-reared Lymnaea truncatula, proving that all 
infections were successful. Each of seven rats (A-G) 
began to receive drug treatment on day 131 and autopsy 
was carried out one day after administration of the final 
dose. The drug is almost insoluble in water and it was 
administered in suspension after 10 min shaking, using a 
stomach tube, and 10 mg constituted a single dose. Dosage 
was daily, so far as possible, and the rats received 2, 3, 4, 6 
or 10 doses. Rat H did not receive any drug, and this 
control infection ran for 240 days, then yielding one living 
fluke measuring 18 x 10 mm and at least two fiukes in 
serial sections of the bile duct. Two rats (I and J) carried 
their infections for 344 weeks; each of them received 
three double doses of drug (20 mg daily on days 243—245) 
and was killed for autopsy on day 246. 

Great effort was expended in the preparation of serial 
sections of the enlarged bile ducts of all these rats, to- 
gether with any flukes which they contained, and some- 
times recovered flukes, which were otherwise stained as 
whole mounts. From rats A-G, ten flukes 11-20 mm in 
length and 6:5-9 mm in breadth were taken alive, but 
these and also sectioned flukes all showed structural 
abnormalities which mainly affected the testes and the 
process of egg production, sometimes the cuticle and, to 
some extent, the vitellaria. Abnormalities of the testes 
are difficult to pinpoint at this stage for such a ramified 
organ, but numerous residual cytoplasmic bodies con- 
taining periodic acid—Schiff-positive materials are con- 
spicuous in the tubules, within which there are numerous 
abnormal, curled spermatids, but relatively few typical 
sperms. The spermatids may have been liberated pre- 
maturely from their cytophores with consequent failure 
to complete their development. 

This apparently general effect on the testes seems to 
have been brought about as a result of damage to the 
cuticle of the flukes, which is never phagocytosed but is 
often vacuolated extensively and sometimes loosened 
from underlying tissues and even stripped from some 
parts of the body both dorsally and ventrally, while 
there is no apparent damage to the intestinal caeca. 
Derangement of the egg-producing mechanism is probably 
due to faulty liberation of shell-forming materials from 
vitelline cells in the absence of sperms or else the presence 
of abnormally small numbers of sperms. It is evident in 
flukes from rats B, C and D, which received only three 
doses of drug, although the uterus of each of these flukes 
contains numerous eggs. Flukes from rats E, F and G, 
which received 4, 6 and 10 doses of drug respectively, 
show progressively diminishing numbers of eggs in utero 
until, in those from rat G, only very few malformed-eggs 
appear. The ovary is apparently unaffected by. drug 
treatment and isolated ova are plentiful in the oviduct 
and the nearby parts of the uterus. However, vitelline 
cells are not aggregated around the ova in the character- 
istic manner and typical sperms are evidently in short 
supply. Isolated vitelline cells, or small groups of such 
cells, sometimes have abnormal shells around them, and 
these cells also appear to be present only in sub-normal 


‘numbers, along with droplets of liberated secretion. 
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Neither of the rats J and J had any flukes in the hyper- 
trophied bile ducts, which were filled with coarse, darkly 
coloured materials which are presumed to be the remains 
of flukes. Rat J was given a second infection of twenty 
cysts on day 211 and at autopsy (day 246) one living fluke 
of this infection was recovered entire from the liver, while 
sections of the liver revealed flukes in a dead or dying 
condition. There is thus some evidence, albeit scanty, 
that bithionol interferes with the reproductive function of 
F. hepatica and may kill flukes which are mature in the 
bile ducts or are maturing in the liver. 

My collection of stained mounts of F. hepatica from 
various mammals includes two remarkable adults which 
are devoid of eggs. These specimens from the rabbit are 
notable because they also show derangement of the egg- 
forming mechanism. The oviduct is blocked with frag- 
ments of shell-forming secretion, the vitelloducts are 
closely packed with vitelline cells unable to continue 
their journey to the site of egg formation, and the vitellaria 
are completely degenerate. Sexual sterility has resulted 
in this instance from a simple physical effect on what 
might be called the assembly line of egg-production. 
The normal process by which the egg of a trematode 
receives its shell is subtle, and not fully understood. From 
the oviduct, vitelloducts and receptaculum seminis, 
respectively, an ovum, a cluster of vitelline cells and a 
rivulet of spermatozoa pass by a synchronized process 
into a special part of the oviduct (the ootype) and they 
become organized as a characteristic group, after which 
the shell appears by almost instantaneous liberation of 
secretion from the vitelline cells. From the time of wit- 
nessing the apparent disruption of this precision mechan- 
ism in the sterile flukes my opinion has strengthened to a 
belief that in seeking a drug that will eradicate flatworms 
it would be appropriate to try to interfere with this basic 
activity of producing shelled eggs rather than to try to 
kill or paralyse these worms. It would appear that bithio- 
nol shows some promise of providing just such an effect. 
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-Oligomycin Inhibition of lon Transport in 
Plant Roots 


INVESTIGATIONS of ion accumulation by isolated 
animali- and plant® mitochondria indicate that a high- 
energy intermediate of oxidative phosphorylation provides 
the necessary energy for the ion transport process in these 
organelles. The intermediate can be formed by either 
substrate oxidation or directly by ATP. The antibiotic, 
oligomycin, which had earlier been shown to block one of 
the terminal steps of the phosphorylation sequence’, 
does not inhibit the substrate-driven ion transport system 
but does inhibit the ATP-driven systemn}-5. 

It is not known whether ion transport across other plant 
cell membranes, such as the plasmalemma or tonoplast, is 
similar to ion transport across mitochondrial membranes. 
However, it seems possible that a similar ATP-driven 
system with the formation of a high-energy intermediate 
or other phosphorylated substance could also be operative 
in these membranes. Such a system might also be sensitive 
to oligomycin. Indeed, in the case of several animal 
tissues, that is, liver slices®, red blood cells**» 14, and kidney 
cortex slices!, oligomycin has been shown to inhibit K+ 
uptake. Whittam et al.” have also shown that the 
Nat + K+-stimulated ATPase activity of membranes 
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from renal cortex sissue is inhibited by oligomycin in a 
fashion similar to tne inhibition caused by ouabain. They 
further showed thet Nat stimulated the incorporation of 
phosphorus-32, fram terminally labelled ATP, into an 
acid insoluble fraction and that K+ stimulated its dis- 
charge. Similar results were obtained by Charnock and 
Post?*, Oligomycim and ouabain inhibited the K+ stimu- 
lated discharge of phosphorus-32 from the protein, Thus, 
in the case of verious animal membrane systems, it 
appears that a phosphorylated protein serves as an 
intermediate in ion transport and that oligomycin directly 
inhibits the transport process by blocking the functioning 
of the phosphorylated intermediate. 

Although attempts have been made to demonstrate a 
comparable salt-stumulated ATPase system in higher plant 
tissues, the efforts have met with only limited success’. 
Therefore, in view of the effects of oligomycin already 
mentioned here, it seamed reasonable that an investiga- 
tion of the effect of oligomycin on ion transport by whole 
roots might shed light on the nature of the ion transport 
system across plant membranes. 

Roots of Avena sativa (oats) were used in most experi- 
ments. The seeds vere planted on paper towels saturated 
with 0-1 mM calcium chloride and grown in a dark 
germinator (30° C) for 5 days. Entire root systems were 
excised, washed severel times in 0-1 mM calcium chloride 
and then transferred into the experimental solutions. 
For examining the ion uptake the experimental solution 
contained 1 mM potassium chloride and 1 mM calcium 
chloride. Rubidium-86 (approximately 10,000 c.p.m./ml.) 
was added as a trazer of potassium. Absorption periods 
were generally for 1 h at room temperature (24°-25° C). 
The stock oligomycin was suspended in 95 per cent 
ethanol and all treatments were adjusted to contain 
equivalent amounis of ethanol. Experiments were ter- 
minated by draining off the experimental solution, rapidly 
rinsing the roots three times with cold de-ionized water 
and then placing the roots in cold de-ionized water for 
15 min. The water wash was followed with a 15-min wash 
in an ice-cold 1 mM potassium chloride + 1 mM calcium 
chloride solution to remove exchangeable K(®*Rb). Aera- 
tion was provided during both the experimental periods 
and the washes. ‘The roots were then blotted, weighed 
and extracted three times (10 min each) with 0-5 N nitric 
acid in a boiling-water bath. Aliquots of the extracts 
were plated and counted in a gas flow'counter. Results 
are presented as moles K+ accumulated/g fresh weight 
on the basis of the accumulated isotope. 

Respiration studies were performed with the conven- 
tional Warburg apparatus. The experimental solution for 
the root respirati studies was identical to the ion 
absorption experiments. 
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Fig. 1. Effect of oligamycin on K+ accumulation and root respiration. 
See text for experimental procedure 
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Fig. 2. Time course of K+ accumulation and root respiration in the 
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The inhibitory effect of ohgomycin on Kt accumulation 
by excised oat roots is shown in Fig. 1. As little as 
l pg/ml. oligomycin caused a significant inhibition with 
half maximal inhibition occurring at a concentration of 
2-3 ug/ml. These same concentrations of oligomycin had 
no significant effect on respiration of similar roots (Fig. 1). 
Fig. 2 shows that the mhibition of K+ accumulation by 
20 pg/ml. oligomycin is apparent within 5-10 min, while 
the root respiration is unaffected over a l-h period. 
Additional experiments have shown that root respiration 
rates are unaffected by as much as 50 pg/ml. oligomycin 
over at least a 2-h period. It is well known that both 
oxygen uptake and phosphorylation by isolated mito- 
chondria are inhibited by oligomycin*-*. This has been 
confirmed for mitochondria isolated from both the roots 
and shoots of oats. Thus, the lack of inhibition of whole- 
root respiration would imply that the antibiotic did not 
penetrate appreciably into the cell, and therefore, mito- 
chondrial activity and the associated production, of ATP 
should not have been limiting. This would suggest then 
that oligomycin was functioning to inhibit K+ uptake by 
blocking ATP utilization in a process occurring primarily 
at the cell surface. 

The inhibitory effect of oligomycin on K+ accumulation 
was also found in other plant species although to varying” 
degrees (Table 1). Roots which were most efficient in 
accumulation of K+ showed the greatest inhibition to 
oligomycin. 

Oligomyecin inhibited accumulation of Cl- and 
PO,= to about the same degree as Kt (Table 2). 
However, accumulation of Cat+ was not significantly 


Table 1. Ontgosuyvern INHIBITION OF K+ ACCUMULATION IN VARIOUS 
PLANTS : 
r — 7 K* accumulated = __ 
Species (xmoles/g fresh wt./h) Inhibition 

~Oligomyein +OlHgomycin (%) 
Avena sativa (oats) 1°02 0°26 74:5 
Lolium perenne (ryegrass) 0 38 0-14 832 
Pisum sativum (peas) 0:30 017 43°4 
Phaseolus vulgars (bush bean) 017 016 58 


The ryegrass was grown in the greenhouse for six weeks in sand culture 
receiving daily watering with complete nutrient solutions. The peas and 
beans were grown in the dark in vermuculite and distilled water for six days. 
Roots were washed free of adhering sand and vermiculite, excised and placed 
into the experimental solutions. Oligomyecin concentration was 20 ug/mi 
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Table 2. EFFROT oF OLIGOMYCIN ON JON ACOUMULATION BY OAT ROOTS 
Accumulation 


(umoles/gm fresh wt./h) 

Ton — Ohgomycin + Oligomycin % inhibition 
K+ 0725 0 287 604 
Cat+ 0-373 0:358 4-0 
Ci- z 0-376 0-173 54-0 
PO, 0-292 0-113 613 


Rb, “Ca, #01 and **P were used as the tracers for potassium, calcium, 
chloride and phosphate, respectively. Solutions contained approximately 
10,000 c.p.m./ml. Oligomycin concentration was 20 ug/ml. 


affected. There is some question, however, as to how 
much of the calcium uptake measured in experiments 
such as these actually represents active ion transport™. 

Inasmuch as oligomycin inhibits respiration of isolated 
mitochondria but does not affect the respiration of roots, 
it can be deduced that the antibiotic is not penetrating 
into the cells in any appreciable quantity. Furthermore, 
the inhibition of salt uptake is noticeable within 5-10 min. 
These observations are taken to mean that oligomycin is 
acting at the cell surface. The plasmalemma must contain 
an oligomycin-sensitive transport system, similar to that 
found in various animal membranes®-4. There is one 
distinction to be made: ouabain apparently acts like 
oligomycin on animal membranes™, but I have been 
unable to detect any ouabain inhibition of accumulation 
of K+ in plant roots. In addition, oxidative phosphoryla- 
tion and the ATP-driven accumulation of calcium and 
inorganic phosphorus in isolated plant mitochondria® are 
unaffected by ouabain. 

A search is now being made to determine whether the 
plasmalemma contains a salt-stimulated ATPase, and to 
determine its response to oligomycin. 

This work was supported by a grant from the U.S. 
National Science Foundation (GB-2281). 
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Differences in the Lactic Dehydrogenases of 
Primate Brains 


In mammals, lactic dehydrogenase (LDH) has five 
molecular forms which show species and tissue specific 
patterns by starch-gel‘electrophoresis!. These molecular 
forms appear to be tetramers of two different polypeptide 
sub-units in their five possible combinations?:?. The two 
types of sub-units have been termed ‘A’ and ‘B’ (ref. 2), 
or ‘M’ and ‘F’ referring to their predominance in skeletal 
muscle and heart respectively*®. The M(uscle) type of lactic 
dehydrogenase is best suited for anaerobic metabolism 
and the H(eart) type is best suited for oxidative meta- 
bolism*-*, Since glycolysis or anaerobic metabolism is 
phylogenetically more ancient that aerobic metabolism‘, 
@ shift in certain tissues from M LDH to H LDH would 
be expected during the phylogenetic development of 
higher animals. From a comparative study of lactic 
dehydrogenases in a small series of vertebrate brains, 
Bonavita and Guarneri? provided evidence that this 
trend occurred during the emergence of warm-blooded 
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Fig. 1. LDH patterns of brains (b) from Homo fea (H), Pan troalo- 
dytes (P), and Bylobates lar Cill), and of brain (b), t (A), and skeletal 
muscle (m) of Hylobates pileatus (Hp) 


vertebrates. The present communication provides evi- 
dence that such a shift was still occurring during the 


evolution of the order Primates. 


The primate forms (Table 1) used in this study con- 
sisted of tree-shrews, lorisoids, tarsiers, ceboids, cerco- 
pithecoids, and hominoids, which show in the sequence 


Na | mentioned an increasing phylogenetic relationship to 
man’, 


b 
‘Research Center is considered a synonym paceman Bhs Hylobates lar by Fiedler 


Brain, heart, and skeletal muscle, recovered as 


quickly as possible from these primate forms, were used 
immediately or stored for a few days at —18° C before 


being used. The tissues were homogenized in cold 0-05 M 
tris buffer pH 7-4, using three parts buffer to one part 
tissue. The supernatants obtained by centrifugation at 


Table 1. THB PRIMATE Forms AND NUMBER (IN PARENTHESES) OF ANIMALS 
EXAMINED IN THIS INVESTIGATION 


H 
Sn yes chimpanzee (3) 
rete ilou , gibbon (1) 


Colas pol polykomas, lence: (3) 
acaca nemestrina, pig-tail macagne (1) 


boidea 
Ateles t, ga monkey (1) 
rv beagaii pach ae g 
Cebus uchin monke 
Saimiri 


‘Aoles burt, it 
Ocedipomidas 

ea 
Tarsius syrichta, Philippines tarsier (2) 


Lorisoldea 
Galago crassicaudatus, greater bush-baby (5) 
| senegalensis, tae: vo hi a 
yeticebus coucing, slow lo 
Perodicticus poito (1) 


Tupaioidea 
T'upaia glis, tree-shrew (7) 

The “gape gibbon, colobus, rhesus and squirrel monkey tissue were 

mee © us in dry ice from the Delta Regional Primate Research Center of 
University. Tarsiers were sent “i the rain was from auto and died in 

ust before arriving in Detroit. Human b m autopsy made 
death. AN other animals were killed mA ig laborato 
The species name used for this specimen e Delta Regional Primate 


_ + The exact species classification of these specimens has not been determ- 
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20,0009 for 20 mm were subj to vertical starch-gel 
electrophoresis at 4° C for 16 h by the technique of 
Smithies*, using the gel conditions described by Boyer et 
al.?”. The gel was then bisected and the halves placed in 
a solution of 0:05 M sodium lactate, 0-0004 M NAD, 
0-3 mg/ml. nitro blue tetrazolium, 20 pg/ml. phenazine 
methosulphate, amd 0-05 M tris buffer, pH 7-4. After 
incubation for 1 h at 37° C the zones or bands of LDH 
activity developed in the gel. The pure H LDH gave 
the band of fastest anodic electrophoretic mobility (band 
1); the pure M LDH gave the band of slowest mobility 
(band 5); and the hybrids of H and M gave the three 
intermediate bands. The formulae for these five bands 
are: (1) Ha; (2) HM; (3) H,M,; (4) H,M,; and (5) M,. 

Fig. 1 shows the LDH patterns in the brains of different 
members of the Hominoidea (man, chimpanzee, and the 
gibbons). In these patterns there are large amounts of 
bands 1, 2 and 3, and only trace amounts of bands 4 and 5, 
As can be noted in she figure, the brain patterns are much 
more similar to the heart pattern of gibbon than to its 
skeletal muscle pattern. No variations were o 
among these homiaoids in the mobilities of their LDH 
bands. This uniformity of brain LDH pattern extended 
to all the catarrhine primates listed in Table 1: the various 
members of the Cercopithecoidea (colobus, pig tail 
macaque, rhesus, «ynomolgus and vervet monkeys) as 
well as to the members of the Hominoidea. 

Fig. 2 compares the brain LDH patterns of six ceboids 
(howler, capuchin, squirrel, night and titi monkey and 
cotton-top marmoset) to that of the vervet (a catarrhine 
monkey). The H LDH of these ceboids had the same 
mobility as H LDH of the catarrhines. However, the 
ceboid M sub-units had a faster anodic mobility than the 
catarrhine M sub-wnits since bands 2, 3 and 4 had more 
anodic positions in the ceboids than in the catarrhines. 
A spider monkey tad a brain LDH po similar to 
that of the ceboids shown in Fig. 2. However, two 
capuchin monkeys had an H LDH of slower mobility. 
Furthermore, one af the two titi monkeys may well have 
been heterozygous at the genetic locus for M LDH, since 
the LDH of this monkey showed five separate electro- 
phoretic components in band 5, four in band 4, three in 
band 3, and two in band 2. The most important difference 
between the eeboid group and the catarrhine group was 
the larger quantity of M LDH in the ceboid brains than 
in the catarrhine brains. The intensity of staining in 
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Fig. 3. Tarsius 


Brain LDH patterns of Uedipomidas oedipus (O), 
syrichta oe tts Galago crassicaudatus (G), Galago senegalensis ( s), Nycti- 
cebus coucang (N), Perodicticus potto (Pe), and Tupaia glis (Tu) 


bands 4 and 5 was distinctly higher in the ceboids. 
Nevertheless, H LDH still predominated over M LDH 
in the ceboid brains. 

Fig. 3 extends the comparisons of the brain LDH 
patterns from the Anthropoidea or sub-order of higher 
primates (represented by the cotton-top marmoset) to the 
more distant primate relatives of man (represented by 
the tarsier and different lorisoids, and also the tree shrew). 
The tarsier pattern was similar to the ceboid pattern in 
the mobilities of the LDH bands as well as in the greater 
proportion H enzyme to M enzyme in the brain. How- 
ever, in the tarsier pattern, band 4 stained as intensely 
as band 1, whereas in the ceboid pattern band 4 did not 
stain so heavily as band 1. Thus, the proportion of H 
to M appeared to be somewhat less in the tarsier brains 
than in the ceboid brains. Among the Lorisoidea, the 
lesser bush-baby and potto had LDH bands with the same 
mobilities as those of the tarsier and most of the ceboids, 
while the greater bush-baby and slow loris had an H 
LDH of slower mobility. All members of the Lorisoidea 
had much larger amounts of band 5 than band 1 in their 
brains. Thus the lorisoids, in contrast to the other 
primates, had much more M enzyme than H enzyme in 
their brains. Tupaia glis of the Tupaiodea, a group long 
separated from other placenta] mammals and not regarded 
by all authorities as members of the order Primates”, 
showed a preponderance of the H enzyme in their brains. 
Thus the LDH pattern of the tree-shrew was like that of 
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the higher primates rather than the lorisoids. On the 
other hand, the African hedgehog, Atelerix, and the 
masked shrew, Sorex cinereus (representing the oldest 
order of placental mammals, the Insectivora), were also 
examined, and their brains were rich in M LDH. 

Just as the overlap of the midbrain by an enlarged 
cerebrum occurred independently and to different degrees 
in different lineages of placental mammals during the 
Tertiary epoch", the biochemical evolution of the brain 
must also have progressed independently in these lineages. 
Thus the tree-shrew results need not deter us from deduc- 
ing from the lorisoid, tarsier, ceboid, and catarrhine 
results that a shift in brain metabolism from synthesis 
of a preponderance of muscle-type to heart-type lactic 
dehydrogenase oecurred in the evolutionary development 
of man. The lorisoid results suggest that man’s primate 
ancestors at the beginning of the Tertiary epoch still had 
in their brains the form of lactic dehydrogenase which is 
best suited for anaerobic energy metabolism. 

This work was supported by research grants from the 
U.S. Public Health Service (MY 2476) and the National 
Science Foundation (GB-1241). We thank Dr. Cyrus 
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MICROBIOLOGY 


Stability of *-Galactosidase in Starved 
Escherichia coli 


THE endogenous metabolism of micro-organisms in 
aqueous suspension in the absence of added nutrients 
may involve the utilization of endogenous protein and 
RNA’, as well as amino-acid pool constituents and reserve 
substances such as glycogen and polyhydroxybutyric 
acid (see reviews by Dawes and Ribbons*). Investigations 





Table 1, CHANGES IN DRY WEIGHT, VIABILITY, PROTEIN AND INDUCED §-GALACTOSIDASE ACTIVITY IN Escherichia coli STARVED IN AERATED SALINE 
i l PHOSPHATE BUFFER (pH 6:5) AT 37° 
Hours roa O JPEN 
j j ° > . à ‘ * | 
Viable count i (per cent) | 100 103 107 98 95 100 95 85 | 
Viability by slide culture {per cent) 99 96-5 96 97 95 90 
Dry weight mg/ml.) 2-42 2-32 2-18 215 2-03 — 1-85 1-86 
i eai) } k 1-52 E 47 1-42 . 38 | {I 29 | 1+ 1720 n 17 
Í mg/ml. "52 i . +42 . 2 27 . + 
Total protein \(per cent) | 100 | 966 93-5 90-8 84:8 83-5 7 77 
-Galactosidase in í (unite) 04-5 93-6 82-8 80-4 70-5 73-2 66-9 62:9 | 
suspension | (per cent) 100 99 87-6 85 81 77°4 70°38 66°5 
B-Galactosidase in í (units) 93-8 90-1 82-5 77-4 744 71-6 66-3 63 | 
bacte i (per cent) 100 06 88 82:5 704 76:4 70:7 65°3 
NH,-N in supernatant fluid (agin. ) 22 47 11-8 14:8 23-6 24-4 26-0 33-4 | 
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with Aerobacier aerogenes', Escherichia colt and Pseudo- 
monas fluorescens have shown that starvation in aerated 
saline buffer at 37° results in a considerable loss of protein 
during a period when viability of the populations remains 
at 95-100 per cent. Since analyses of ultracentrifugal 
fractions separated from A. aerogenes after various periods 
of starvation showed decreases ın the protein content of 
the insoluble, ribosomal and soluble fractions’, the loss 
apparently represents a depletion of various cell proteins. 
It is interesting, therefore, that induced §-galactosidase 
in Escherichia colt was found to be relatively stable while 
other proteins were being rapidly ‘degraded during turn- 
overt. The relative stability of induced B-galactosidase in 
a wild-type strain of F. coli during starvation has been 
investigated and this communication records the relevant 
data. 

Escherichia coli (M.R.E. 162: from human faeces) was 
grown at 37° for 16 h in shaken flasks (2 1.) containing a 
defined ammonium-salts medium! (100 ml.) with lactose 
(1 per cent w/v) as the sole source of carbon. Stationary 
phase organisms were separated from the culture and 
washed twice with saline phosphate buffer (0-055 M 
NaCl and KH,PO, + K,HPO, (0-01 M PO,), pH 6-5) by 
centrifugation. The 6-galactosidase concentration in 
these bacteria was about 90 units whereas bacteria grown 
in a medium with mannitol as the sole source of carbon 
contained less than 0-2 units of enzyme. The bacteria 
were re-suspended (1-5-2-5 mg dry weight/ml.) in saline 
buffer and the suspension was aerated with washed air in 
a Dreschel bottle at 37°; effluent air escaped through a 
water reflux condenser fitted with an air filter. At inter- 
vals samples were removed for determinations of total 
protein by a Biuret method’ (colour obeyed Beer’s law in 
the range used; coefficient of variation, 1-1 per cent for 
fifteen replicates), 6-galactosidase with O-nitropheny}- 
galactoside® (O-nitrophenol colour obeyed Beer’s law; 
coefficient of variation, 2:6 per cent for twenty-two 
replicates), viability by viable plate count (coefficient of 
variation, 4 per cent for twelve replicates with mean 
count of 835 colonies) and viability by slide culture’ (co- 
efficient of variation, 1 per cent for twelve replicates with 
mean of 95-7 per cent). The enriched agar medium for 
viable counts and slide culture was as described by Post- 
gate, Crumpton and Hunter’ except that glucose (0-5 per 
cent w/v) replaced glycerol. 

The results (Table 1) show that during 30 h at 37°, when 
loss of viability was 5 per cent, losses of total protein and 
B-galactosidase activity were 21 and 29 per cent of the 
initial concentrations, respectively; the total protein-loss 
accounted for 56 per cent of the dry-weight loss and one 
of the products was ammonia. When starvation was 
continued for 48 h, further small losses of total protein 
and galactosidase activity occurred accompanied by a 
further small loss of viability. At each time-interval, 
8-galactosidase was determined in the whole suspension 
and in the bacteria separated by centrifugation, and 
re-suspended in saline buffer; under the latter conditions 
results were slightly lower in some cases due, perhaps, to 
incomplete recovery of bacteria or failure to re-suspend 
to exactly the same volume. When bacteria were starved 
in saline buffer containing thiomethylgalactoside® (IMG; 
1 mM), @-galactosidase activity remained at the initia 
level for at least 24 h, while loss of protein was similar to 
that In the absence of inducer. 

Thus, while under some conditions, 8 -galactosidase anç 
indeed other induced enzymes in non-growing bacte 
may be relatively stable (see ref. 4), the present res 
indicate that in the absence of nitrogen and g 
sources at growth temperature, induced B- 
activity in Æ. coli is lost at a higher rate thy 
rate of degradation of all cellular protd 
according to two methods of assay, was 3 
whe that paar bacterial lysis as i 
of protein or B-rcalactosidasa s 
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of A. aerogenes after various periods of starvation, by the 
present method, and by a copper-iodometric «-amino 
nitrogen method (after hydrolysis of the bacteria with 6 N 
hydrochloric acid for 20 h at 105°), gave similar results for 
protein losses. The stabilizing effect of TMG on B- 
galactosidase in starved Æ. coli may be due to the forma- 
tion of a stable indrcer-enzyme complex or to resynthesis 
of enzyme stimulated by the inducer. 
R. E. STRANGE 
Microbiological Research Establishment, 
Porton, nr. Salishury, Wiltshire. 
! Strange, R. E, Dark, © A. and Ness, A. G 
(1961). Strange, R. E Nature,191, 1272 asii. 
"Dawes, E. A, and Ribbons, D. W., Ann, Rev. Microbiol., 18, 241 (1962); 
Bact, Rev , 28, 126 (1564). 
3? Strange, R. E., Wade, H. E., and Ness, A. G., Buochem. J., 86, 197 (1963). 
t Mandelstam, J , Biochem. J .69,110 (1958); Bact. Rev ,24, 289 (1960). 
5 Stickland, L. H., J. Gen: Microbiol., 5, 698 (1951). 
€ Lederberg, J., J. Bact., 60, $81 (1950). 
f Ps ees , Crumpton, J. E., and Hunter, J R., J. Gen. Microviol., 24, 
"EE D. 8., Cohn, 3L, and Monod, J., Biochim. Biephys. Acta. 16, 99 
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VIROLOGY 


A Cytopathogenic Virus from the Brain of 
Fowl 


A virus has beer isolated from the brains of chickens 
which have died o? been killed while suffering from a 
disease indistinguishable by clinical signs or histopatho- 
logical lesions from infectious avian encephalomyelitis 
(‘epidemic tremor’). 

The virus has multiplied in monkey kidney cell culture 
and has been repeatedly passaged in that system, in which 
it produces a cytopathic effect similar to that produced 
by an enterovirus. The agent appears to be completely 
resistant to the effect of ether. An antiserum produced 
against the Van Roekel strain of infectious avian encephalo- 
myelitis virus has been shown to have a neutralizing 
effect against this virus in monkey kidney cell culture. 

Further investigazions of the virus are in progress, the 
results of which will be published in the near future. 

FE. B. Harem 
Department of Veterinary Medicine, 
University College, Dublin, 
Veterinary College of Ireland, 
Balisbridge, Dublin 4. 


GENETICS 


Evolution of Over-dominance during the 
Initial Spread of New Alleles 


Bodmer and Parsons!~* have discussed a model for the 
initial increase in tke frequency of newly arising, favour- 
able mutations in a large undivided population and under 
ifferent mating systems. They argued that over- 
ence (higher fitness of heterozygotes over the 
has evolved in outbreeding species during 

ows: (1) a new allele, say A, at locus 
mally in the heterozygotes when it is 
in the population ; (2) selection 
p ori increase in 
at primarily 
l inked, 
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solutions for the conditions and relative rates of gene 
frequency changes under one- and two-locus models. The 
erucial feature (3 above) of their theory has not yet been 
established quantitatively. In fact, some calculations by 
Haldane’ on the postulated role of dominance modifiers 
suggest that allelic substitution occurs largely through 
selective forces operating on the primary locus rather than 
through modifiers. These ideas are rather easily checked 
by simulation on a digital computer. This communication 
briefly re-examines the arguments involved in the theory 
of evolution of over-dominance with the help of exact 
numerical solutions obtained by simulation. 

Following Bodmer and Parsons’, consider first a model 
in which a new allele A, is introduced at a low frequency 
in an 4,4, population. Given the initial frequencies p* 
(A,A,), 299 (A,A.), g? (4:242), and their relative selective 
values, a, k, b, respectively, the frequency of A, in the 
following generation is: 


, _ ap +hpq_. 
P = ap + 2hpg + bq" 
the condition for increase in p is simply that p’ > p. 
Ignoring terms involving p°, this requires h > b, and 
thus, the authors concluded that “the heterozygotes 
must be superior in fitness to the original wild homo- 
zygote ... since the frequency of the homozygotes A As 
is of the second order in p, its viability does not affect 
the final progress”. However, it can be easily shown 
that over-dominance is not a necessary condition and 
that the selective value of A.A, is important in terms of 
the relative rates of change in p. Consider the condition 
for increase in p under the following situations: (1) no 
dominance: 


sa B ae EME E REEE: ane 


(2) allele A, recessive: 
fis spg 
(a = 1 +7, h=b=1), pip =1+ [yop 

(3) over-dominance: 


2 2 
(a=b=1—z, h=1), pjip=1 + er 
(4) under-dominance: 
(a=l+a+y, k=l, b=1+2), 
i (ety) — (p? +g) — yp? 
p’[p = 1+ Teepe +o 
so that for p’ > p, 
a(p? + —P). 


y > Dq 
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In cases (1-3), clearly p’/p > l, or p' > p (since x > 0), 
and also in case of (4), this condition 1s satisfied with an 
appropriate value of y. ; 
"able 1 gives a few numerical examples of the relative 
rates of initial progress in the frequency of A, under 
random mating versus varying proportions of mixed 
selfing and random mating. Clearly, all three selective 
values (a, h, b) influence the changes in gene frequency 
and note that under random mating, even under-domun- 
ance would allow an increase in p, given appropriate 
initial p and a large enough value of y(= a — b). Bodmer 
and Parsons! imply that this could occur only under 
inbreeding, in contrast to the random mating situation in. 
which “heterozygote advantage is & pre-requisite for a 
new gene to increase in frequency”. On the other hand, 
they ruled out any role of over-dominant loci under 
inbreeding where, in fact, the difference 1n the selective 
values of two homozygotes (a-b) 18 very restrictive m 
terms of' the long-term maintenance of polymorphic loci 
unless there is involved substantial heterozygote ad- 
vantage’. f 
The relative rates of initial increase m the frequency of 
allele A, are also relevant to the calculations of the cost 
of such a substitutional process, Since, as shown by 
Haldane®, the totel cumulative load is influenced by the 
degree of dominance and the breeding system. Haldane s 
method was criticized by Bodmer’, who considered the 
proportion of AA: Aa more relevant than the relative 
proportions of all three genotypes. However, the numer- 
ical results given in Table 2 show that Haldane’s calcula- 
tions are essentially correct; inbreeding reduces the cost 
of allelic substitution by a favourable gene proportionately 
more with under-dominance or no dominance than with 
partial or complete dominance. It should be emphasized, 
however, that instead of the total cost, the cost incurred. 
per generation is more important as a measure of 
in the reproductive potential, especially in view 0 
the different rates of change in gene frequencies. The 
cost per generation involved in this selective process 15 
indeed nearly the same for various proportions of selfing(s) 
although it varies in relation to the allelic frequency of 
A, in different ranges. Jt should also be noted that intro- 
ducing recurrent mutation rates in the model only slightly 
changes these cost figures. . 4 
Using a two-locus model, Bodmer and Parsons showe 
that “a modifier B the only effect of which is to enhance 
the heterozygote advantage of Aa will only be selected if 
it is sufficiently closely linked to locus A-a”. The example 
they used to illustrate the effect of linkago om puch & 
mechanism for the evolution of over-dominance assumed 


Table 1. FREQUENCY OF THE NEWLY ARISING ALLELE (p) AFTER 200 GENERATIONS 


z Initial 
Selective values * 

(a, , Pio) 
1-0, 0-98, 0-96 0-00005 
(No dominance) 0-005 
1-0, 0-98, 0- 0:00005 
(Partial dominance) ‘005 
1:0, 0 80, 0:90 000005 
(A, recessive) 05 
0:95, 1:0, 0:90 000005 
(Over-dominance) 0-005 
10, 0-795, 0 80~ 0:00005 
(Under-dominancs) 05 


*The new allel 
mutation uw (As. 









Proportion of selfing (8) 


0 50 0 70 0 90 0 95 1-0 

12 0 026 Q 075 0-102 0-142 
0-538 0 726 0:890 0-919 o 
0:035 0174 0 300 0 476 0: 4 
0:859 0-986 0-982 0-988 a 
0-087 0-978 0-999 1:0 Eo 
0-999 10 0 1:0 ee 
0-764 0-823 0-838 0 805 wed 
0-801 0905 0-984 0-992 Ve 
1:0 1-0 1:0 1:0 Lo 
1:0 10 1-0 1:0 


1 frequency; alternatively, the use of a constant rate of recurrent 


MRING THE INOREASE OF p(o =0 00005 TO pr~Orl* AND p~0-5* 
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Table 3, ALLELIO FREQUENCIES p4 AND pat AFTER 100 AND 1,000 GENERATIONS (n) 
Initial p4= par =0°0005 
Effect of 
modifier K | n=100 n= 1,000 m= 1,000 
j PH 
EQ ~ oo 4905 a ones | ooo | ogsg4 | 9007 0 6286 
ee ae { 0.80 07461 
0:20 | 0-25 0-6481 
i | | 0 50 0-7940 
0-25 0 02 0 25 
0-20 0 25 0-7094 
{ 0 50 08651 
of om | R 
020° 025 ' 0 7677 
l { 0-50 0 9189 
~ 025 0 02 0 26 
0-20 ` 0-25 0:8363 
i 0:50 0 9731 





abjab to be the prevailing genotype and gametes AB and 
Ab to be in very low initial frequencies. The relative 
viabilities were: ab/ab, 1:0; Ab/ab, 1:05; and AB/ab, 1-15 
(other viabilities were not specified). Such a model is 
clearly inadequate to illustrate the evolution of over- 
dominance through selection for modifiers since over- 
dominance at locus A-a is assumed to begin with. Let 
us consider a more pertinent model similar to the one 
discussed by Haldane! in which a dominant allele M 
modifies the fitness of Aa genotype such that the relative 
selective values are: 


MM 


Mm mm 
AA l 1 1 
Aa l— aak 1—~arAKk 1~)K 
aa l-K l-K l-K 


Here, à measures the degree of dominance (namely, 
à = 0, allele A dominant; à = l, allele a dominant; 
A= 0:5, no dominance, etc.), and K determines the 
selection intensity at locus A-a. Let the loci A and M 
be linked with recombination value, c. A large number 
of computer runs were made to determine the relative 
effects of A, « and K with different initial frequencies of 
alleles A and M. Table 3 gives a sample of the results 
obtained for the case of random mating and recombina- 
tion value c = 0-001, in combination with other para- 
metric values. Points to note are: (1) the frequency of 
allele A increased rather rapidly with large values of K 
and the relative rates of this increase varied with à and 
the initial p4, irrespective of the modifier effect, «a; 
(2) the frequency of modifier M increased in frequency 
with « = 0 or —0-25; this follows from the fact that 
œ < 0 gives allele M an advantage over m in combina- 
tion with Aa and due to linkage disequilibrium, genotypes 
AaMM, AaMm occurred at a higher frequency than Aamm 
individuals; (3) thus, modifier frequency did not seem to 
influence the rate of initial spread of allele A (Compare 
the values of pm for à = 0-25 and 0-50, Table 3) which 
is largely determined by the selection parameters K and 
à, as pointed out earlier by Haldane". 
c = 0-50 (no linkage), 1t was found that the frequency of 
modifier M did not increase significantly in any case and 
yet the values of p increased slightly at higher rates than 
those observed with linkage. 

It therefore seems unlikely that over-dominance has 
evolved through the accumulation of linked modifiers 
during the initial spread of a newly arising favourable allele 
as postulated by Bodmer and Parsons. The role of over- 
dominance in the maintenance of stable polymorphism 
at linked, interacting loci is, however, a different matter, 
as shown by Kimura’. Investigations by simulation 
of wide variety of selection models showed that in models 
without intrinsic over-dominance (for example, optimum 
model) linkage disequilibria result in some marginal over- 
dominance which is a necessary condition for the stability 





In fact, with . 


of gene frequency 2quilibrie**. The initial increase in 
frequency of any rere allele would be inevitable in a large 
population if there is a stable non-trivial peak in the 
neighbourhood. Ths effects of selection, mating system, 
linkage and the nazure and stability of resulting 'gene 
frequency equlilibris must be analysed jointly, if we are to 
understand the evolutionary properties of over-dominant 
linked gene complexes. 

This work was supported by a U.S. National Institute ` 
of Health grant (GM 10476). I thank the Computer 
Center at the University of California, Davis, for provid- 
ing the facilities. 


S. K. JAIN 


Department of Azronomy, 
University of California, 
Davis. 
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VETERINARY SCIENCE 


Adaptation of Bovine Sweat Glands to a Hot 
Environment 


THE increase in human sweating following acclimatiza- 
tion to heat is well known". Bianca? found that, with 
cattle, repeated exaosure to heat (37° C) in a psychro- 
metric laboratory resulted in a progressive reduction in 
body temperature, respiratory rate and heart rate. How- 
ever, there is little =vidence of any causal adjustment of 
sweat gland activity under these conditions. Experiments 
by McLean? and Banerjee et al.* suggest that the sweating 
rates of cattle under artificial heating are directly related 
to the prevailing temperatures animals have been previ- 
ously exposed to. 

To determine eny possible acclimatization of sweat 
gland production to heat, two 17-month-old bulls were 
transferred from a warm (Armidale, 30° 30’ S., 151° 35’ 
E., 3,333 ft. altitude) to a hot (Moree, 29° 20’ §., 150° 0’ 
E., 700 ft. altitude) environment. One of the animals was 

a pure-bred Herefard, the other was a # Santa, Gertrudis—} 
Shorthorn. The animals were transferred from Armidale 
to Moree on February 26, 19 63,-and remained at Moree 
for 4 weeks. Mesn monthly’ maximum and minimum 
temperatures for Armidale in February were 82° and 
58° F respectively, while the corresponding figures for 
Moree in March were 91° and .67° F. 
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Sweating rate from the back thoracic? region was 
measured using the ventilated capsule technique’, rectal 
temperature by a clinical thermometer, respiratory rate 
by counting flank movements and skin temperature 
with a copper-constantan thermocouple. Two days of 
observations are reported. Days I and II refer to data 
collected, after the animals had been at Moree for one day 
and four weeks respectively. On each of the two days, 
observations were made between 10 a.m. and 3 p.m. 
while the animals were exposed to direct solar radiation. 
Mean dry bulb temperatures on days I and II were 90° 
and 89° F respectively. 

Table 1. MEAN PHYSIOLOGICAL RESPONSES OF THE HEREFORD AND THE 


% SANTA GERTRUDIS BEFORE AND AFTER THE FOUR-WEEK ACOLIMATIZA- 
TION PERIOD AT MOREH 


Hereford ? Santa Gertrudis 
Observation Day I Day IT Day I Day IT 
Rectal temp. (° F) 1902-5 +07 1023402 101-8403 101-8+0-2 
ee) rate 94419 69+11 6548 5247 
Sweating rate 129 + 32 141437 165 +18 150 + 24 
(me/31-8 em?/5 min) 
temp. (° ©} 395421 8584168 38°9 + 1-4 35-9 + 1-1 


Of the two animals, the # Santa Gertrudis was least 
affected by the higher temperatures encountered at Moree 
on day I, this being demonstrated by its lower rectal 
temperature, respiratory rate and skin temperature 
(see Table 1). After the 4-week acclimatization period 
(day II) both animals recorded marked reductions in 
respiratory rate and skin temperature, while rectal 
temperature showed little change. 

As illustrated in Fig. la, the sweating rates of the 
animals on day I followed a similar but rather irregular 
pattern of response. Compared with maximum sweating 
rates obtained previously at Armidale® (} Santa Gertrudis 
158, and Hereford, 157 mg/31-8 cm*/5 min), only the } 
Santa Gertrudis showed any increase in sweat gland 
activity. On day Il (Fig. 16) the sweating rates of both 
animals followed a definite trend with maximum rates 
occurring about midday. This was similar to the pattern 
observed earlier at Armidale except that the range of 
sweating rates was greater at Moree (76-184, compare 
122-158 mg/31-8 cm?/5 min). 

This experiment shows that although the diurnal 
pattern of sweat production in cattle of both the types 
Bos indicus and Bos taurus can be altered by a sudden 
transfer to a hotter environment, only the sweat glands of 
the former are capable of increased secretion. Further- 
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Fig. 1. Sweating rates and skin temperatures of the Hereford and 2 

Santa Gertrudis on days I (a) and (b) af Moree. Hereford: sweat 

(O—O)}; skin temperature (O---0O)}. #3} Santa Gertrudis: sweat 
(@— @); skin temperature (@ --- @) 
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more, the pattern of sweat production after the animals 
became acclimated to the Moree environment provides 
further? indirect evidence of the importance of direct 
solar radiation in the control of sweat gland secretion. 
D. M. Murray 

Department of Livestock Husbandry, 

University of New England, 

Armidale, New South Wales. 
4 sae Th Human Perspiration (Charles C. Thomas, Springfield, Illinois, 
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PSYCHOLOGY 


Effect of Previous Exploratory Activity on 
the Exploration of a Simple Maze 


Tere has been a good deal of discussion about the 
nature of the motivation involved in exploratory behavi- 
our, and various theories have been put forwardi-s, 
Most such theories suppose that this motivation is aroused 
directly by novel stimuli, and therefore that the strength ` 
of the motivation is relatively immune to deprivation 
effects. On the whole the experimental evidence bears 
out this view, though what may possibly be a deprivation 
effect has been found with visual exploration in monkeys‘. 
Another type of test has not, however, been used. If we 
wish to examine 4 motivation such as hunger we can vary 
the period of deprivation and see how this affects the 
subsequent behaviour; alternatively we can use a fixed 
period of deprivation, give the animals varying amounts 
to eat, and see whether this appears to alter drive level. 
The first procedure has been attempted in the exploratory 
case with negative results (in rats at least)’; the second 
procedure has not. If the motivation involved ‘builds up’ 
in the rat when it is not exploring and is reduced by 
exploration, then exploration of one environment should 
reduce the motivation and so reduce the amount of 
exploration, immediately afterwards, of another quite 
different environment. If, on the other hand, the motiva- 
tion is aroused primarily by the stimuli in the environment, 
then exploration of one environment should not reduce 
subsequent exploration of another dissimilar environment. 

The subjects in this experiment were twenty-four 
satiated female hooded rats about 100 days old. They 
were given three days of pretraining in which they were 
allowed to move around a table-top for a few minutes and 
were picked up and handled a number of times. The 
animals were then randomly assigned to three groups of 
eight animals each. On the fourth day the animals in 
Group I were given exploration for 3 min in an elevated 
Y-maze, with arms 18 in. long, 4 in. wide and 18 in. high; 
they were removed from the Y-maze, kept in a small delay 
cage for 0-75 min and then allowed to explore an enclosed 
T-maze for 2 min. The plan of this maze is given in Fig. 1; 
the walls were 6 in. high and of unpainted metal. The 
animals in Group II had 3 min exploration of an open 
field 3 ft. x 3 fo, with 2 ft. high dark green and white 
striped walls; they were then kept in the delay cage for 
0:75 min and allowed to explore the enclosed T-maze for 
2 min. The animals in Group IIE were put directly into 
the delay cage for 0-75 min and then allowed to explore 
the T-maze, for 2 min. The activity of the rats was re- 
corded in terms of ‘section entries’ during each 30 sec of 
exploration. In the elevated Y-maze each arm was 
divided into two imaginary 9-in. ‘sections’; in the open 
field the ‘sections’ were nine, 1 ft. x 1 ft., squares marked 
on the floor ; the ‘sections’ in the T-maze are shown by 
the dotted lines in Fig. 1. A rat was considered to have 
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entered a section if its head and three of its paws were 
over the dividing line. 

The results m terms of section entries are shown in 
Fig. 2. The decline in activity between the first and last 
minutes of the first trial for Groups I and IT is character- 
istic of this type of situation and is in each case highly 
significant (P < 0-008, signs test). It is clear from the 
graph that there is no appreciable difference between the 
groups on the second trial. The decline between the first 
and second minutes of the second trial is significant at 
below the 0-008 level for Group I and Group IT and'at the 
0-07 level for Group IJI (two tailed signs tests). There 
are no significant differences in activity between the three 
groups individually either overall or in any 30-sec period, 
but Groups I and II combined are slightly more active 
than Group IIT in the first 30 sec of the second trial 
(P =0-05 signs test). 

It appears, therefore, that after a rat has explored one 
type of environment, and has to some degree reduced the 
capacity of thet environment to evoke exploration, it is 
just as exploratory in a new environment as a rat with no 
immediately preceding exploratory experience. The 
slight difference between the groups in the first 30 sec 
of the second trial is, of course, in the wrong direction 
for any view which predicts that previous exploratory 
activity has a depressing effect on subsequent exploration. 
It may perhaps be due to some sort of ‘warm up’ effect, 
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Fig. 1. Plan of T-maze. The dotted lines represent maze sections 
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but is too slight to merit much discussion. In this type 
of situation at leasz, the motivation for exploratory 
behaviour seems, therefore, to be aroused by the stimuli 
in the environment, rather than to be present in the 
animal, perhaps as a result of ‘deprivation’, and reduced by 
exploratory experienes. In this respect, at least, this moti- 
vation is therefore more analogous to such externally 
aroused drives as fear than to hunger or thirst. 

I thank Mr. A. J. V/atson for his advice. 

The work was carrisd out in the Department of Experi- 
mental Psychology, University of Cambridge, and sup- 
ported by a training in research grant from the Medical 
Research Council. 

M. 8. HALLIDAY 

Psychological Laboratory, 

University of Sussex, 
Falmer, Brighton. 
1 Montgomery, K, O., J. Comp. Physiol. Psychol., 47, 60 (1054). 
* Glanzer, M., Psychol Rer. 60, 257 (1953). 
3 Berlyne, D. E., Conflict, A-ousal and Curwsity (McGraw-Hill, 1960). 
1 Butler, R A., J. Comp. Fhysiol. Psychol., 50,177 (1957). 
8 Charlesworth, W. R , and Thompson, W. R., Psychol. Rep., 3, 509 (1957). 


Time Contraction and Psychomotor Per- 
formance produced by ‘Psilocybin’ 


Iv is particularly rewarding to investigate the experience 
of chronosystole, or time contraction during sympathetic 
excitation, as this state, which is connected with an 
increase in metabolic rate, can be elicited at will through 
psychotomimetic, pyretogenic drugs such as mescaline, 
manhuana, D-lysergic acid diethylamide (LSD), ‘Psilo- 
cybin’!?, We may define time contraction in terms of an 
alteration in the signal per noise ratio of the sensor, or in 
an adaptation of Stroud’s* terminology, an increase in data 
content. In short, i more events are happening within a 
chronological time tnit, the phenomenon of time con- 
traction is experienced. Hofmann’s self-observation, in 
what may be called the first description of time con- 
traction after a dose of 0-25 mg of LSD (ref. 4), relates 
“the impression. of baing unable to move from the spot” 
on his way home from the laboratory on a bicycle. Delay’s®- 
systematic descripticn of the psychic effects elicited by- 
‘Psilocybin’ also refers to experiences which may be 
considered phenomena of time contraction: “Pai Pumpres- 
sion que le temps passe plus lentement, qu’il a plus de 
densité”. “Tout est d'une longuer indéfinissable.” 

Within the framework of space-time equivalence, time 
contraction can be illustrated through the concomitant 
expansion of space; specifically, by the increased size of 
handwriting samples at the peak of the psychotomimetic 
drug experience’. When finger-tapping rates are used as 
a measure of intensification of time, the magnitude of the 
drug reaction may be assessed in relation to the control 
value, the baseline of a subject. (See in this connexion 
Wilder’s® law of inizial values.) Therefore, patients in 
various states of excitation and depression cannot be 
expected to expermnce changes in time perception 
analogous to those of an average healthy subject, that is, 
the patient’s exper-ence of time contraction may be 
different in degree or may not occur at all. (This explains 
the divergent results of Kenna and Sedman’.) 

Among the various attempts to define ‘Psilocybin’ 
reactivity, the most notable is that of Isbell®, who found 
a close correspondence between the maximum effect of 
various drug doses cn pupillary size and that on mental 
response. No effort has been made, however, to quantita- 
tively differentiate the degrees of reactivity in subjects 
who have ingested the same dose of ‘Psilocybin’. Long 
experience has shown us that a dose of 115 g/kg ‘Psilo- 
cybin’ is likely to produce one of the following reaction 
types: ‘non-reactors’, ‘mild reactors’, ‘reactors’ and 
‘strong reactors’, Hence the problem presents itself of 
characterizing them with relatively simple, quantifiable 
parameters. 
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We have refined the use of two already existing variables 
for the measurement of time contraction—handwriting 
samples and finger-tapping rates. As shown by the 
following representative examples, the former proved 
useful for the characterization of ‘strong reactors’ and 
‘non-reactors’, the latter for that of ‘reactors’ and ‘mild 
reactors’. 

Handwriting size can be quantified to measure the 
extent of psychomotor drug reactivity. A planimetric 
comparison of pen-and-ink handwriting samples on flat 
paper® reveals that whereas only 60-00 cm? is needed to 
cover the first five written lines for our ‘strong reactor’ 
under control conditions, 81-30 cm? is required at drug 
peak—an increase of 31 per cent (compare the upper and 
lower halves of Fig. 1). On the other hand, the hand- 
writing space of a ‘non-reactor’ shows no increase at drug 
peak as compared with the control performance (see 
upper and lower halves of Fig. 2). 


Table 1. QUANTIFICATION OF TIME CONTRACTION 
Mean tapping rates and varlances 
{at an 8-min period) 
At peak of ‘Psilocybin’ Next day (control) 
experience at the same time 
Mean Variance Mean Variance 
Subject A 2-21/sec 0-018 1°16/sec 0 008 
(‘mild reactor’) 
Subject B 1-31 /sec 0 001 0-42 /sec 0001 
(‘reactor’) 


Mean tapping rates and variances at drug peak, ‘that 
is, 100 min after oral ingestion of the drug, were obtained 
using silent Morse-key tappings at a freely chosen speed 
during an 8-min period. These were also measured during 
a control period the following day. Afterwards, power 
density spectra were derived according to the procedure 
of Ralston and Wilf", using a ‘Bendix’ G-20 digital high- 
speed computer. (The results of spectral analysis are to 
be published?".) The tabulated mean values of the fluctua- 
tions, and the variance in tapping rate for the 8-min 
periods for two subjects—a ‘mild reactor’ and a ‘reactor’ 
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Fig. 1. Handwriting samples of a‘‘strong reactor’ 2 h after the inges- 

tion of 115 ug/kg ‘Psilocybin’ Capper portion of figure) as contrasted 

with control sample obtained on the following day Gower portion); half 
the original size 
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Fig. 2. Handwriting samples of a ‘non-reactor’ 2h after the ingestion 
of 115 ugjkg ‘Psilocybin’ (upper portion of figure) as contrasted with 
contro] sample obtained on the following day (lower portion); half of the 
original size 
—show that there is a significant increase in tapping rate 
at the peak of the ‘Psilocybin’ experience relative to the 
respective control value (see Table 1). 

This increase also reflects the degree of the excitation 
syndrome which ‘Psilocybin’ can produce in an individual. 
It can be seen from Table 1 that subject B with a low 
mean control tapping rate (0-42/sec) and a low variance 
(0-001) increased his performance more than threefold at 
drug peak, whereas subject A with a high baseline (mean 
control tapping rate 1-16/sec) increased his performance 
not quite twofold at drug peak with a larger variance. 
This again indicates that the baseline (control value) of a 
subject is important in the assessment of his drug 
reactivity. 

These investigations were supported in part by grant 
M.-.2927-CII of the National Institutes of Health, U.S. 
Public Health Service and the Comley Coleman Fund. 
We thank Dr. A. Mace, Dr. B. Pasamanick, Mrs. J. 
Goldner and Mr. S. M. England for their assistance. We 
also thank Drs. R. Bircher and L. B. Achor and Mr. 
H. D. Burt, of Sandoz Pharmaceuticals, Hanover, N.J., 
for a donation of ‘Psilocybin’. 
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“FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, January 24 


INSTITUTE OF ACTUARIES (at Staple Inn, High Holborn, London, W.C.1), 

at 5 p.m.—Sir Paul Chambers, K B.E., C.B, C.I.E.. “Problems in Fore- 

geg a the Chemical Industry” (Twelfth Alfred Watson Memorial 
ure), 


UNIVERSITY OF LONDON (in the Botany Theatre, University College, 
Gower Street, London, W C.1), at 6 p m.— Dr. W. N. Aldridge. “Hydrolytic 
Enzymes and Their Inhibitors” (further lecture on January 31).* 


INSTITUTION OF EUECTRIOAL ENGINEERS, ELEOTRONIOS DIVISION (at 
Savoy Place, London, W.C.2), at 6.80 p.m.-Dr. H. Ahmed, Mr. ©. E. 
Malonty, Mr. J. D. Sankey and Mr. A. H. Beck: “Recent Studies of Dispenser 

athodes”, 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.0.2), at 5 30 p.m.-—Colloquium on “Gaseous Insulation”. 


ROYAL SOOILETY OF ARTS (at John Adam Street, Adelphi, London, W.0.2), 
at 6 p.m -~Prof. M. W. Thring: ‘Towards a Creative Society: The Philosophy 
of Technology”. (Second of three Cantor Lectures on ‘““The Place of the 
Technologist in Modern Society’’.) 


Tuesday, January 25 


SocrEty or CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 10.30 a.m.—Short Paper Meeting. 


CAROLINE HASLETT MEMORIAL TRUST (at the Royal Commonwealth 
Society, Craven Street, London, W.C.2), at 5 p.m.—Mrs. Elizabeth Walker: 
“The Electrical Way of Life 1n Canada”. 


INSTITUTION OF EILEOTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, W C.2), at 5 80 p.m.— Discussion on ‘The 
Use of Programmed Learning for Remedial Work in Higher Education” 
opened by Mr. D. Unwin and Mr. A. K. Spencer, 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 6.80 pm.-—Afr. E. W. Pearson: “Method 
oe Prediction of the Fading Performance of a Multisection Microwave 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
London, 8.W.7). at 5.30 p.m.— Prof, T. S. West: ‘Inorganic Trace Analysis” 
(Inaugural Lecture), * 


UNIVERSITY OF LONDON (af the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5 30 p.m—~Prof. 
E. Cotchin’ “Tumours of Domestic Animals”. (Fourth of fifteen lectures on 
“The Scientific Basis of Medicine” organized by the British Postgraduate 
Medical Federation )* i 


UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-34 Gordon 
Square, London, W O 1), at 5.45 p.m.—Prof. P. L. Shinme: “Problems of 
est African Archaeology”. * 


INSTITUTION OF MECHANICAL ENGINEERS, GRADUATES’ AND STUDENTS’ 
SEOTION (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 pm— 
Mr. R. G. Croissant: ‘“V.T.0 L. Aircraft’. 


Soorety OF CHEMICAL INDUSTRY, PLASTIOS AND POLYMER GROUP (at 14 
Belgrave Square, London, 8.W.1), at 6.80 p.m.—Dr. W. R. Moore and Dr. 
B. M. Tidswell: “Instrumentation of Molecular Weight Measurements”. 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Eccleston 
Hotel, Eccleston Square, London, 8.W.1), at 7 p.m.—Mr. D. Daniels: “Mould- 
ing Machinery Utilization and Unit Cost per Article”. 


Wednesday, January 26 


CHALLENGER Sooty (at the Linnean Society, Burlington House, Pieca- 
dilly, London, W.1), at 6 p.m—Dr. H. L. Burstyn: “Foucault’s Pendulum 
and the Progress of Oceanography”. 


INSTITUTE OF MATHEMATICS AND ITS APPLICATIONS (at Imperial College of 
Science and Technology, London, 8.W.7.), at 5 p.m.—Mr. P, M. Stocker: 
“The Integration of Man and Computer”. * 


INSTITUTION OF ELECTRONIO AND RADIO ENGINEERS, JOINT LE.R.E./ 
I.E.E. COMPUTER GROUPS (at 9 Bedford Square, London, W.0.1), af 6 p.m. 
ee on “The Linking of Computers” opened by Mr. T. Spinks and 

. D. Rowland. 


INSTITUTION OF ELECTRONICS AND RADIO ENGINEERS, TELEVISION GROUP 
(at the London School of Hygiene and Tropical Medicine, Keppel Street, 
Gower Street, London, W.C.1), at 6 p.m.— Symposium on “The Problems of 
PAL in Relation to Receivers”. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
minster, London, 8.W.1), at 6 p.m.—Mr. L., J. Clark: “The i 
Liquefied Petroleum Gases” (Thomas Lowe Gray Lecture), 


SOOIETY OF ENVIRONMENTAL ENGINEERS, PACKAGING GROUP (in the 
Mechanical Engineering Department, Impertal College, Exhibition Road, 
London, §.W.7), at 6 p.m.—Mr. T. H. Carr: “Plastics Foams for Packaging”. 


Society oF CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave Square, 
London, S.W.1), at 6.15 p —Mr. A W. Taylor: “Problems in the Manu- 
facture of Dehydrated Potato Flake”; Dr. T. P, Williams: “Chemistry of the 
Potato Cell Wall in Relation to Texture of Mashed Potatoes”. 


ASSOCIATION OF THE WILGIAM PENGELLY CAVE RESEARCH CENTRE WITH 
IMPERIAL COLLEGE CAVING CLUB (in the Department-of Physics, Imperial 
College of Science and Technology, London, 8.W.7), at 7.30 p.m.—~Mr. 
Andrew Watson: “Bats in Caves”. 


West- 
Carriage of 


Thursday, January 27 


UNIVERSITY OF LonDON (in the Anatomy Theatre, University College 
gora Street, London, W.C.1), at 1.15 p.m.-—~Dr. P. H. Kemp: ‘Sea and 
ore”, 
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UNIVERSITY OF LONDON ‘at Imperial College of Science and Technology, 
London, S.W.7)}, at 130 fm —Mr. Patric Dickinson: “Computer versus 
Crestor” (ast of three lectures). * 


ROYAL Socrery (at Burlington House, Piccadilly, London, W.1), at 4.80 
p.m-—Mr D.G. esis: ‘“‘2.Region Electron Distributions in Middle Latitudes 
Deduced from the Reflexiar: of Long Radio Waves”; Mr. N. O. Weiss: “The 
Expulsion of Magnetic Flux by Eddies”; Mr. R. L. Parker: “Reconnexion of 
Lines of Force m Rotating Spheres and Cylinders”, 


INSTITUTION OF CIVIL ENGINEERS, HYDROLOGICAL GROUP (at Great 
George Street, Westminster, London, §.W.1), at 5.30 p.m.——Informal 
Discussion on “Electrical Analogue Techniques in Ground Water Studies 
introduced by Mr. J. A. Cale, 


INSTITUTION OF ELEOTHIOAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, W.C.2), at 5.30 p m.—Mr. E. H. Noé and 
Mr. aes Flanagan: ‘‘Ionrzation Techniques Applied to Gas-Flow Measure- 
ment”. A 


INSTITUTION OF ELECTEIQAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.0.2), at 5.80 p m.—Mr. O. Kao: “Optical Surface 
aves”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, Lae at 5.80 p.m— 
Dr. G. S. Dawes, ‘New Views on Oa, Transfer Across the Placenta”. (Fifth 
of fifteen lectures on “The Scientific Basis of Medicine” organized by the 
British Postgraduate Medical Federation.)* 


UNIVERSITY oF LonpoN (in Lecture Theatre No. 1, Physics Building, 
Imperial College of Science and Technology, London, 8.W.7), at 5.30 p.m.— 
Dr. Walter Marshall: “Investigations of Magnetic Materials Using Neutron 
Scattering. III. Neutron Investigation of Many Body Problems: Critical 
Phenomens in Magnetic Materials”. * 


SOCIETY FOR ANALYTICAL CHEMISTRY, AUTOMATIO METHODS GROUP (at 
the Chemical Society, Burlingion House, Piccadilly, London, W.1), at 6.30 
p.m.—Dr, A. W. Foster: “The Economics of Automatic Analysis”. 


Thursday, January 27——Friday, January 28 


CHALLENGER SOCIETY, and REPRESENTATIVES FROM THE MARINE LABORA- 
TORIES (Natural Environment Research Council Scheme) (at the British 
Museum (Natural History), Cromwell Road, London, 8.W.7), at 10 a.m. 
daily—Scientific Papers. 


Friday, January 28 


INSTITUTION OF ELECTRIOAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C:2), at 2 p.m.—Colloquium on “Microwave Noise- 
Measuring Techniques’. 


ROYAL ASTRONOMICAL SYOrETY (at Burhngton House, Piccadilly, London, 
W.1), at 4 15 p.m.—Geophysical Discussion on “Determination of the Geoid 
from Satellite Data”. Savskcors: Mr. D. G. King-Hele, Dr. R. B. Allan, 
Maor one ni 0. A. Edge, Sir Harold Jeffreys, F.R.S., and Prof. 8. K. 

uncorn, F.R.S, 


TELEVISION SOOTETY (in the Conference Suite I.T.A., 70 Brompton Road, 
London, 8.W.3), at 7 pm.-Mr, W. J. Morcom: “U.H.F. Translators”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m.— 
Admiral of the Fleet, The Earl Mountbatten of Burma, K.G., P.C., O.M., , 
D.Sc.: “Controlling the Information Explosion”. 


Saturday, January 29 


INNER LONDON- Epvcavion AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, 8.5 23), at 3.80 pm —2Mrs. S. C. 
Coryndon: “African Faunss Past and Present”. * 


Monday, January 31 


CIBA FOUNDATION FOR THE PROMOTION OF INTERNATIONAL CO-OPERATION 
IN MEDICAL AND OLINICAD RESEARCH (at The Royal Institute of British 
Architects, 66 Portland Pixe, London, W.1), at 5 p.m.—Prof. C. P. Leblond, 
F.R S. (McGill University} “Role of the Golgi Complex in Secretion” (18th 
{Annual) Ciba Foundation Lectures). 


UNIVERSITY OF LONDON (at the London School of Economics, Houghton 
Street, Aldwych, London, W.C.2), at 5 p.m.—Prof. R. J. Harrison-Church: 
Toome Geographical Aspects of West African Development” (Inaugural 

cture). 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DrvIsIon (at 
Savoy Place, London, W.C.2), at 5.80 p.m.—Colloquium on “The Problems 
of Radiation Pressure and Associated Mechanical Forces”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION att 
Savoy Place, London, W.C.2), at 5.30 p.m —Mr. R. F. Hoskins: “The 
Definition and Properties cf the Delta Function”. 


ROYAL Socrery oF Arts a John Adam Street, Adelphi, London, W.0.2), 
at 6 p.m.—Prof, M. W. Thring: “The Status and Traming of Engineers and 
Technologists”. (Last of three Cantor Lectures on “The Place of the 
Technologist in Modern Saciety”’.) 


PLASTICS INSTITUTE, LONDON SECTION REINFORCED PLASTICS SUB- 

Grovr (at the Wellcome Building, Euston Road, London, N.W.1), at 6.30 
rier J. Kohn: “The Use of Balsa Wood in Association with Reinforced 
astics’’. 


APPOINTMENTS VACANT 


APPLICATIONS are invitet for the-following-appointments on or before the 
dates mentioned: 

EXPERIMENTAL OFFICEE (preferably with a degree or equivalent qualifica- 
tion and experience in the field of electron optics) to assist in the operation 
of a high resolution electron microscope--The Registrar, Manchester College 
of Science and Technolog, Sackville Street, Manchester, 1 (January 29) 

ASSISTANT LECTURER rpreferably with an interest in eneymoen IN 
BIOCHEMISTRY: a8 LECTURER and an ASSISTANT LECTURER (with an interest 
in electrochemistry) IN CHZMISTRY ; and a LECTURER or ASSISTANT LECTURER 
IN PURE MATHEMATIOS or APPLIED MATHEMATIOS or MATHEMATICAL 


+ 
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Campden Hill Road, London, W.8 (Janusry 31). 


LECTURER IN COMPUTER SOIENCE IN THE DEPARTMENT OF MATHEMATICS” 


~The Registrar, Queen Mary College (University of London), Mile End 
Road, London, E.1 (January 31), £ 

LECTURER or ASSISTANT LECTURER IN PHYSICAL CHEMISTRY—~'The 
Registrar, University College of Wales, Aberystwyth (January 31). 

LECTURER (preferably candidate interested in metabolism) IN Bio- 
OHEMISTRY IN THE RHEUMATISM RESEARCH CENTRE AND THE DEPARTMENT 
OF MEDICAL BIOCHEMISTRY—~-The Registrar, The University, Manchester, 13, 
quoting Ref. 235/65 (February 2). 

LEOLURER/ASSISTANT LEOTURER IN THE DEPARTMENT OF MORAL PHILO- 
sOpHY-—The Secretary, The University, Aberdeen (February 5). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF APPLIED 
MATHEMATIOS—The Registrar, The University, Liverpool, quoting Ref. 
CV/356 (February 5). 

ASSISTANT LECTURER or LECTURER IN PsyonoLoay—tThe Secretary, 
Grrkbeok ee (University of London), Malet Street, London, W.G.1 

ebruary 7). 

LECTURER (with a good honours degree and subsequent research or 
industrial experience in the general field of electrical machines) IN THE 
DEPARTMENT OF ELEOTRIOAL AND ELECTRONIC ENGINEERING—The Regis- 
trar, The University, Leeds, 2 (February 7). 

ASSISTANT PROFESSOR (with medical qualifications together with at least 
three years teaching experience and independent research interests, and 

referably a knowledge of simple workshop practice) IN PHYSIOLOGY/ 

HARMACOLOGY IN THE INSTITUTE OF MEDICAL SOLENCE, Haile Selassie I 
University, Ethiopla—The Inter-University Council, 88 Bedford Place, 
London, W.C.1 (February 10). 

RESEAROH STUDENT (with a first- or second-class honours degres or an 
equivalent qualification, for example, G.R.I.C.) IN THE DEPARTMENT OF 
CHEMISTRY, to undertake research in high temperature Inorganic chemistry, 
studying crystallization of oxide glasses, with a view to the degree of M.Sc. or 
the degree of Ph.D.—The Secretary, University of Aberdeen, Marischal 
College, Aberdeen, Scotland (February 11) 

LECTURER (with a good degree in physiology, biochemistry, pharmacology, 
chemistry, medicine, or zoology, and postgraduate experience of Ph.D. or 
equivalent standard) IN THE DEPARTMENT OF PHYSIOLOGY AND BIOOHEMISTRY 
—-The Deputy Secretary, The University, Southampton (February 12). 

ASSISTANT LECTURER (man or woman graduate) In PHysics—The Sec- 
retary, Bedford College (University of London), Regent’s Park, London, 
N.W.1 (February 13). 

LECTURER or ASSISTANT LECTURER (preferably with practical and/or 
research experience in structural analysis and in the design of both steel and 
reinforced concrete) IN THE DEPARTMENT OF CIVIL ENGINEERING—The, 
Rogister, The University, Leeds, 2 (February 14}. 

ECTURER IN ENGINEERING MATHEMATICS (COMPUTATION)—The Secretary, 
The Queen’s University, Belfast, Northern Ireland (February 15). 

LECTURER or ASSISTANT LECTURER (with a degree in physics, chemistry 
metallurgy or engineering, and postgraduate research experience in the fle d 
of structure and properties of materials) IN MATERIALS SCIENCE AND ENGIN- 
7 lel Deputy Secretary, The University, Southampton (February 

ASSISTANT LECTURER IN APPLIED MATHEMATIOS—The Registrar, The 
University, Hull (February 16). 

LECTURERS (2) IN PSYCHOLOGY (an interest in social and/or educational 
psychology would be relevant to one of the posts) IN PsrcHoLoay-—The 
aie ES Secretary, University of Durham, Old Shire Hali, Durham 

ebruary : 

CHAIR OF PHYSIOLOGY AT MONASH UNIVERSITY, Melbourne, Australia-— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, &.W.1, or the Registrar of the University, Clayton, 
Victoria, Australia (Australia and London, February 28). 

DIRECTOR OF THE COMPUTER LABORATORY, University of Auckland, New 
Zealand—The Association of Commonwealth Universities (Branch Office), 
Marino onet House, Pall Mall, London, S.W.1 (New Zealand and London, 

ebruary 

LECTURER IN MEDICAL BIOLOGY at the University College of Rhodesia and 


Nyasaland, for duties which will include responsibility for the teaching of 
ter-University Council, 33 Bedford Place, 


t-year medical students—-The In 
London, W.C.1 (February 28). 

LECTURERS or ASSISTANT LECTURERS IN THE DEPARTMENT OF PHYSICS 
(for one post preference will be given to candidates with qualifications in 
theoretical physics) IN THE DEPARTMENT OF Puysics—-The Registrar, The 
University, Leeds, 2 (February 28). 

RESEARCH FELLOWS FOR INDEPENDENT ‘ResHAROH—The Assistant 
Registrar (Room 28, O.R.B.), The University, Reading (February 28). 

ENIOR RESEARCH FELLOW or RESHAROH FELLOW IN THE DEPARTMENT 

OF DEMOGRAPHY, Research School of Social Studies, Institute of Advanced 

Studies, Australian National University—The Association of Commonwealth 

Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.12 
(Australia and London, February 28). : 

ASSISTANT LECTURER or LECTURER (preferably with interests In structural 

eology and geo ey IN THE DEPARTMENT OF GEOLOGY—The Deputy 

ecrotary, The University, Southampton (March 1). 

IMPERIAL CHEMIOAL INDUSTRIES RESEARCH FELLOWS (normally below the 
age of 30, with the degree of ‘Ph.D. or equivalent research experience) IN 
CHEMISTRY, PHYSICS, METALLURGY, ENGINEERING, GROLOGY, AGRIOULTUBAL 
SCIENCE OR RELATED SUBJECTS—The Registrar of the University of Wales, 
University Registry, Cathays Park, Cardiff (March 1). 

IMPERIAL CHEMICAL INDUSTRIES RESEAROH FELLOWS (preferably with the 
degree of Ph.D. or equivalent research experience, and normally below the 
age of 30) IN CHEMISTRY or PHysIos—The Registrar, University of Keele, 
Keele, Staffs (March 1). 

VETERINARY SURGEON to work on virus infections of domestic animals 
with special reference to the respiratory tract of the pig—The Secretary, 
Institute for Research on Animal Diseases, Agricultural Research Council, 
Compton, Berkshire (March 1). 

a LECTURER IN GEOGRAPHY—The Registrar, The Univeraity, 


BASIO GRADE SCIENTIFIO OFFICER (Bacteriology) (with an appropriato 
science degree) mainly for work in a routine laboratory—The House Governor, 
Bernhard Baron Memorial Research Laboratories. Queen Charlotte's 
Maternity Hospital, 889 Goldhawk Road, London, W.6. 

ORGANIO CHEMISTS and PHYSICAL CHEMISTS (with a Ph.D., a good honours 
degree or H.N.C. qualification, and preferably under $0 years of age) for work 
which is in many cases of a fundamental nature and every encouragement is 
given to publish the results and study for a higher degree—The Director, 
Arthur D. Little Research Institute, Inveresk Gate, Musselburgh, Midlothian, 

PRE-DOOTORAL RESEARCH ASSISTANT to work on flat slab construction— 
Dr. J. C. Chapman, Civil Engineering Department, Imperial College of 
Science and Technology, London, S.W 7. 
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SCIENTIFIC OFFICER or SENIOR SCIENTIBIO OFFICER (preterani wth an 

honours degree in agriculture or in an appropriate biological subject) FOR THE 

DAIRY HUSBANDRY DEPARTMENT—The Secretary, National Institute Ifor 

Hee Gerrit Datrying (University of Reading), Shinfleld, Reading, quoting 
e e * 
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Great Britain and Ireland 


Ministry of Agriculture, Fisheries and Food. Animal Disease Surveys 
Report No, 2, Part 2: Fluorosis in Cattle—Development and Alleviation: 
Experimental Studies. By Ruth Alleroft, K. N. Burns and ©. Nancy Hebert. 
Pp. vit59+12 plates. (London: H.M. Stationery Office, 1966.) 3 on 
net. 

Agricultural Research Council. Experimental Farm Buildings—Report 
No. 4: The Use of Concrete Staved Silos for Storing High-Molsture Barley. 
By H. J. M. Messer and J. M. Hill, Dr. B. Whiftenbury and Dr. J. Lacey. 

. 24. (London: Agricultural Research Council, 1965. Obtainable from 

.M. Stationery Office.) 38. 6d. net. [2611 

University of Strathclyde Association of University Teachers. The 
Modern University: A Symposium, Friday, Saturday, 12th and 18th Novem- 
ber 1965. Pp. 125. 1005) University of Strathclyde Association of 


” 


University Teachers, 1965 [2611 

Greater London Council: Scientific Branch. Annual Report of the Scien- 
tife Adviser 1964. AY 109+4 plates. (Publication 28.) (London: Greater 
London Council, 1965.) 18. 3d. [2811 

Philosophical Transactions of the Royal Society of London. Series A. 
Mathematical and Physical Sciences. No. 1089, Vol. 258 (11 November 
1965): The Adsorption of Krypton and Xenon on Evaporated Metal Films 
By D. Brennan and M. J. Graham. The Adsorption of Carbon Monoxide on 
Evaporated Metal Films. By D. Brennan and F. H. Hayes. The Adsorption 
of Carbon Dioxide on Evaporated Metal Films. By D. Brennan and D. O. 
Hayward. Pp. 325-386. 288.; 3.45 dollars. No. 1090, Vol. 258 (11 November 
1965): mere es Scattering and the Scattering of Light by Large or Small 
Molecules in Solution. By R. K. Bullough. Pp. 387-420. 12s.: 1.80 dollars. 
No. 1091, Vol. 258 (25 November 1965): The Ee rete of Phased Arrays 
to the Analysis of Selsmic Body Waves. By J. W. Birtilland F. E. Whiteway. 
Pp. 421-498. 448.; 680 dollars. (London: The Royal Soctety, 1965.) [2611 

Royal Observatory Bulletins. No. 102: Time and Latitude Service 1964, 
rey ee Pp. B389-B403. (London: H.M. Stationery Once, 

-) 38. net. 
Planning, Vol. 31, No. 493 (November 1965): The National Plan—lIts 


Contribution to Growth. Pp. 831-882. (London: Political and Tepnomie 


Planning, 1985.) 6s. [2611 

Proceedings of the British Ceramic Society, No. 3 (Popiera por 1965): 

ET Science, Pp. 273. (Stoke-on-Trent: British Ceramic ai 
. 8, ~i 


. Other Countries 


Tea in Kenya: The Story ofa Great Industry. Pp. 48. (Nairobi: The Tea 
Board of Kenya, 1965.) [2011 

Publications of the National Research Council of Canada 1965, Supplement 
No. 1. Compiled by the Staff of the National Science Library. Pp. lii+37. 
(Ottawa: National Research Council of Canada, 1965.) [2911 

Authors of Plant Genera. By Sydney W. Gould and Dorothy O. Noyce. 
(Vol. 2 of the International Plant Index.) Pp. 336. (New York: The New 
York Botanical Garden; New Haven, Conn.: The Connecticut Agricultural 
Experiment Station, 1965.) {2911 

-World Meteorological Organization. Technical Notes, No. 58: Tidal 
Phenomens in the Upper Atmosphere. By B. Hauriwitz. Pp. x+27. 
3 Sw. francs. Technical Notes, No. 63: Sites for Wind-power Installations. 
(Report of a Working aroun of the Commission for Aerology.) Pp. x+37. 
5 Sw. francs. Technical Notes No. 67: The Present Situation with regard to 
the Application of Numerical Methods for Routine Weather Prediction and 
Prospects for the Future. Pp. x+64. 6 Sw. francs. Technical Notes, No. 
69: Meteorology and the Desert Locust. (Proceedings of the WMO/FAO 
Seminar on Meteorology and the Desert Locust, Tehran, 25 November-11 
December 1968.) Pp.xx+310. 30 Sw. frances. (Geneva: World Meteorological 
Organization, 1865) 2911 

Twentieth Annual Report of the Council of the Queensland Institute of 
Medical Research to the Honourable the Minister for Health for the year 
ended June 30, 1965. Pp. 14. (Brisbane: The Queensland Institute for 
Medical Research, 1865.) {2811 

Nederlandse Vereniging .voor Weer- en Sterrenkunde Observations of 
Variable Stars, January-June 1965. Pp. 4. (Groningen: Kapteyn Astro- 
nomical Laboratory, 1965.) : [2911 

Commonwealth of Australia. Tertiary Education tn Australia. Report of 
the Committees on the Future of Tertiary Education in Australia to the 
Australian Universities Commission, Vol. 3. Pp. viii+172. (Canberra: 
Australian Universities Commission, 1965.) 2911 

Instituto Antartica Argentino Contribucions No. 77: Notas sobre el 
Cruce Aero del Pasaje Drake Por E, H. Acuña Pp.7. No. 93: La Campaña 
Antartica 1963-064. Por J. E. Zimmermann. .11. No. 81: Movimiento 
de la Barrera de Filchner, Antarctica. Por C. A. Lisignoll. Pp.17 (Buenos 
Aires: Instituto Antartica Argentine, 1985.) {2911 
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Pye model 79 pH meter 
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' Accessories 


The Model 79 is supplied with an 
integral electrode clamp and a Pye 
Ingold combined glass/reference 
electrode which has a measuring range 
of 0 to 13 pH, a temperature range of 
5 to +70°C (intermittent use to 
100°C) and an electrical null point of 
E.7 for long-term stability. Additional! 
accessories include a nickel resistance 
thermometer, a laboratory stand, a wide 
range of E,7 electrodes, etc 


W. G. Pye & Co. Ltd., 
Telephone: Cambridge 58866 


P.O. Box 60, York Street, 
Telegrams: Pye Cambridge 
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Clear Scale 


The fascia of the Model 79 Is at an 

ideal viewing angle and parallax errors 
are eliminated by the knife-edge 
pointer and backing-muirror on the 
meter. These features, combined with 
bold and well-defined calibration on 
the unusually wide scale, enable 
readings to be taken to 0 02 pH without 
difficulty. 


Cambridge 
Telex: 81275 


The Pye Model 79 pH Meter is a new 
instrument based on new principles. 
Moderate in cost and robust in con- 
struction, it provides exceptionally good 
accuracy and discrimination. It sets new 
standards in this class of measuring in- 
strument for stability and freedom from 
effects of power supply variations. 
Based upon the Pye taut band micro- 
ammeter and a specially developed 
transistorised power stabiliser, the 
Model 79 represents a major advance in 
general purpose pH meter design. 
Ranges of measurement are 0 to 14 pH 
or +350 to --350 mV which are 
covered on a 7 inch scale. With a 
precise millivolt measuring range, the 
Model 79 has many applications as a 
high impedance millivoltmeter. 
Facilities are provided for both auto- 
matic and manual temperature com- 
pensation for slope and zero shift 
throughout the range of O to 100°C, 
A calibrated buffer control can be used 
to indicate electrode deterioration. An 
output of 5-0-5 mV ts available for a 
potentiometric recorder. 

The Modei 79 represents exceptional 
value for the modern chemical labora- 
tory. Please write for full details. 


zero adjustment arm 


Treomting Bef 


tansion spring 
suspension strip 


magnet magnet 


statlonary 
core-piece 
aluminium 
damping former 
and coil 
tensian spring 


suspenston strip 


limiting stop 


Taut Band Meter 


Special features of the Pye taut band, 
or pivotiess, panel meter are its 
invulnerability to damage by heavy 
electrical overloads and its remarkable 
freedom from mechanical hysteresis, 
friction, sticking and deterioration This 
gives very high sensitivity coupled with 
high accuracy and long term stability. 
The Pye suspension system employs 
strong incorrodible gold alloy strip 
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LETTERS 


ASTROPHYSICS 


Improved Resolution X-ray Photographs of es Sun.— 
Dr. P. C. Russell and Dr. K. A. Pounds. ; 


COSMOLOGY 
A Cosmological Model.—Dr. J. M. Whittaker, F.R.S. 


PHYSICS 


aee Deflexion of an Pi eeaeneue Wave.—Dr. 
. M. Stephenson F i 
Epitaxial POPON of Cadion Selenide; as Brunns 
weler 


Fluid Displacement Phenomena in Porous Media abesived 
by a Wide-line Nuclear ome Resonance Method.— 
Dr. A. Tmur . 


Diffusional Mechanism of Solid-Solid Mixing. D S. “Cahn, 
Prof. as Fuerstenau, T. bi aia R. Hogg a Prof. 
H. E ose ; . . 


GEOPHYSICS 
Munro Jets and the Origin of Tektites.—Prof. V. Vand 


GEOLOGY 
Origin of Silcretes of Central Australia—Prof. W. D. 
Bruckner; Dr. C. G. Stephens . P 


Cromer Forest Bed Senes.—Dr. R. og West and D. Gay 
Wilson , ‘ 


a 


CRYSTALLOGRAPHY 
Nature of the Twinning in ee Lower soo Soaps.— 
Prof. E. Stanley and M.S. S P i 5 
CHEMISTRY 


A C23-type Modification of ThAsa —Dr. F. Hulliger . 
New 738, Compounds.-~Dr. F, Hulliger . 


Thermoelectric Power and Chemisorbed se ee 
D. D. Eley, O.B E., E.R.S., and J. Petro š ; š 


Study of some of the Parameters pois in Split-stream 
Chromatographic Injection.—Dr. M. J. E. Golay . 


Stereospecific Catalytic Labelling of cer aoe and 
Mandelc Acid with Isotopic Hydrogen.—G. E. Calf, Dr. 
J. L. Garnett, Dr. B. H. Halpern and K. Turnbull 


Stereospecific Addition of Hydrogen to Fumaric Acid in 
Irradiated Single Crystals of Succimic Acid.—Prof, Ichiro 
Miyagawa and Koichi Itoh . 


Anomalies in Contact Angle ‘Behaviour for Ethyl Alcohol- 
Water Mixtures.—A,. B, Ponter, G. A. Davies and P. G. 
Thornley . : , ; : i 


+ 


BIOCHEMISTRY 


Impaired Ability of Ribosomes to react with Polyuridylic 
Acid after Hypophysectomy of the Rat: Removal of the 
Disability by a Cell Sap Factor.—Dr. A. Korner and 
Jamce M. Gumbliey . : 


Bacterial Degradation of Giycoprotein Sigis. in Human 
Saliva.—-5, A. Leach and P. Critchley . i 


High Content of Hyaluronic Acid ın Normal Human. Heart 
Valves.—-Dr. S. Torii and Dr. R. Bashey 2 


K88, an Episome-determined Protein Antigen of Escherichia 
coli —Dr., i a Stirm, Dr. R grskov and Dr. Frits 
Ørskov 


Solubility ım Phenol of Aortic “Balyeauahariae- Protem 
Complexes.—Dr. J. R. Dunstone and Maureen D. Franek 


Stimulation of Protein Synthesis of Frog Embryo Cells by 
Larval and Adult Frog Liver Ribonucleic Acid ee 
tions.—E, Rollins, M. Miyagi, C. R. Moser and Prof. R. A 
Flickinger . 


Metabolism of Glutamic andi ‘Aspartic Acids? in Whole Kurien 
Contents.-A. V. Portugal and Dr. T. M. Sutherland ; 


Distribution Patterns of Proteolytic Enzymes in Normal and 
Leukaemic Human Leucocytes.—Prof. Remhard J. 
Haschen and Dr. Karl Krug s : x. i : 


PHYSIOLOGY 
Effect of Gonadotrophins on Uterine Growth of Hypophysec- 
tomized Mice.—Dr. D. R. Lamond and B. M. Bindon . 
Diurnal Variation in the Ppor e anans of the 
Male Albino Rat.—Prof. J. E. Kihlstrëm ‘ 
Accumulation of Excessive Doses of Iodide by the Thyroid 


Gland of Normal, Hypo opare ciomizen and Thyroxine- 
treated Rats.—Dr. Israel Posner and Dr. Enrique Pimentel 
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THE EDITOR 


Epileptiform Seizures induced by Hypothalamic Stimulation 
in the Rat:. Resistance to Fits ee Fits.—Dr. L. J. 
Herberg and P, J. Watkins . . ; 


PHARMACOLOGY 
Effect of Promethazine Hydrochloride on Hand~Eye 
Co-ordination.—-G. E. Mogon J A. KAST J V. Pae 
and Dr. Paul Turner. 
Effect of Malachite Green, Ginge Red and Satranin on Cell 


Division in Gemmae of Alkum ia Baas irae Parmak 
and Halina Piotrowska š 

Hydrolysis of epee L-yisulphoxsde | to Ethylenemıme. 
—~Dr. R. M. V. James ; 


Serum Concentration of Phenylbutazone 3 in Tests for Anti- 
phlogistic Activity and under Clinical Treatment.— 
Elsemarie Kampmann and Prof. H.-H. Frey . ` í 


HAEMATOLOGY 


Gm(b) Factor in the > Globulin of Non-human Primates.— 
Prof. James C. Allen . , 


HISTOCHEMISTRY 


Ribonuclease and Deoxyrıbonuclease Substrate Film 
Methods: a Pitfall in the EPE of BEDT 
Dr. B. D. Lake . . 


IMMUNOLOGY 
Mouse Thymic Iso- Sanem —~Prof. Arnold E. Reif and Dr. 
Joan M. Allen. 
Mouse Nervous Tissue Iso-antagens. Pror, Arnold E. Reif 
and Dr. Joan M. Allen ; 


Comparative Investigation of inane Globulins of Varios 
Vertebrate Classes.—Prof. H. Ambrosius : A 


PATHOLOGY 
Leptomeningeal Sarcomata and Gliomata induced in Rabbits 
by Rous Sarcoma Virus.—-Dr. Giancarlo F. Bagota 
Richard L Selersznd Wirtley A. Anderson . K 
Retardation of Parasitaemia, Prolongation of Life or 


Survival of Lactatmm Mice in Infections with Trypanosoma 
cruzi.—Dr. H, E. Erampitz and R. Disko . ‘ ‘ 


7 
RADIOBIOLOGY 


Plasma Concentratiar and Excretion of Calcium-47, Stron- 
tium-85, Barium-133 and Radium-223 following Successive 
Intravenous Doseszto a Healthy Man.—Dr, G. E poss 
T. E. F. Carr, Alte Sutton and J. Rundo ; 

a of Ribonucleic Acid during the Recovery of the 
Deoxyribonucleic Acid Synthetic System of Bacteria 
damaged by Ultra-violet Light.—Prof. C. O. Doudney 
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MALATE DEHYDROGENASE 
(Pig Heart) 
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CHROM ATOGRAPHICALLY 


MD H PURIFIED 


MITOCHONDRIAL 


These products and many ENZYMES and 
RELATED BIOCHEMICALS of the highest 
possible integrity are produced entirely in 
our own laboratories. 


Developments take place every day in 
statistics and mathematics, both in theory 
and practice. Information on any one of 
them, however, may well be published in 
a variety of scattered papers and other 
sources—usually difficult and time-taking 
to locate and 
assimilate. 

This Series Is de- 
signed to present 
monographs on 
newly developed 
fields when such 
have become 
sufficiently Important. It includes, also, 
courses of study in domains not covered 
by text books or where exhaustive 
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OVERSEAS AID IN ITS PROPER PERSPECTIVE 


N The Decade of Development *—an address delivered in 
London on May 3, 1965, under the auspices of the 
Overseas Development Institute, and now published by 
the Institute—-Miss Barbara, Ward looks back over the 
first 5 years of the Decade, and emphasizes the numerous 
lessons learnt about the processes of development which 
could form a springboard for better action in the rest of 
the Decade. The whole idea of the United Nations’ 
‘Decade of Development’ lay in the belief that the 
development of the continents in the southern hemisphere 
could be so accelerated that 10 years would be a meaning- 
ful period for fundamental change. 

In basie terms, it was visualized that the 3-5 per cent 
annual rate of growth in gross national product achieved 
by the southern developing countries in the 1950’s could 
be increased to 5 per cent and, if possible, towards 6 per 
cent by the end of the Decade. It was also hoped that 
the share of these developing countries in world trade 
would increase from 26 per cent to 28 per cent, and that 
the terms of trade (which, after the end of the post- 
Korean War boom, had moved rather sharply against the 
primary producing countries) might move back, if not by 
the whole 12 points lost, then at least by 8. Finally, it 
was hoped thas the developed countries, defined by some 
such criterion of national income as 700 dollars per capita 
per annum, would aim by the middle of the ‘Decade of 
Development’ to be giving 1 per cent of their national 
income in economic assistance. There was equal empha- 
sis on aid and trade. 

At the end of the 5 years, however, the gap between 
the richer and the poorer nations is greater still—not 
because the poor have necessarily grown poorer, but 
because the rich have become disproportionately richer. 
In most of the developed countries around the North 
Atlantic, the annual growth rate has risen from about 
5 per cent to 6 per cent. Moreover, the relative shares in 
world trade have not improved, not because the trade of 
the developing world has not increased, but because the 
share of the developed countries, and of their trade with 
each other (which constitutes more than 70 per cent of 
world trade), has increased even more. In proportion to 
their national income, moreover, the assistance given 
by the wealthier countries has begun to fall; with the 
notable exception of France, these countries give con- 
siderably less than 1 per cent of their national income. 
This percentage is at the moment tending to fall even 
further, and with the exception of those countries which 
have been growing at phenomenal rates of more than 
7 per cent per capita per annum (such as Greece, Taiwan 
or Israel) the world in the mid-’sixties has made no 
progress in lessening the gap between north and 
south. 

Against this, Miss Ward suggests that a much more 
judicious estimate of the difficulties in the way of develop- 
ment is replacing the old optimism of ‘development in a 


* The Overseas Development Institute, Ltd , 1965. The Decade of Deve 
ment—a Study in Frustration? (A lecture delivered in aes under t 8 
auspices of the Overseas Development Institute on May 8, 1 Barbara 
Mahe Pp. 28 (London. The Overseas Development Dinter, F d., 1985.) 


decade’: we now have a sense of ‘development in half 
a century’. The relstive lack of progress over the past 
5 years is not necessarily a cause for discouragement, 
but Miss Ward insists that there is need for much more 
analysis, for more anc better designed strategies and for a 
great deal more determination. She points out that 
colonial and semi-calonial dependence has itself hindered 
more rapid developmant. Almost to the very end of the 
colonial period, local leaders were in no position to make 
decisions; yet in any process of development there must 
be a power to make decisions to deal with blocks and 
barriers which are not overcome by the sheer momentum 
of the actual economcic process. 

Beyond this, there are the differing consequences of 
different sequences o? cause and effect. Here Miss Ward 
emphasizes that, while one of the real achievements of 
the past 20 years in the developing world has been an 
increase in life-expectancy from 25 to 45 years, this has 
resulted in a population growth far in advance of any 
possible modernizaticn of the economy. With the possible 
exception of Liberis, censuses held under United Nations 
auspices in developmg countries since 1960 have shown 
that populations wera higher and rates of expansion more 
rapid than expected. Growth of population, moreover, 
occurring after a breekthrough into greater mechanization 
and productivity, acts as a spur to further growth; if 
population expands ahead of productivity without such 
a breakthrough, the cutlook is very different. To introduce 
the full technology of modernization in farming and 
industry requires greater saving, but an ever-increasing 
population living lenger pushes up consumption at the 
expense of saving; it is important to remember that 
because Industry wes developed first, and health later, 
the Atlantic nations were spared the profound dilemma 
that confronts the ceveloping world to-day. 

Next, Miss Ward makes a point which has been re- 
peatedly emphasized by Prof. P. M. 8. Blackett and 
others, namely, that teehnology, despite its predominant 
role in the world of to-day, is not always appropriate to 
the needs of the developing countries. The whole weight 
of economic research and of investment in further research 
is virtually confined to the developed countries, and for 
more than 50 years has taken the form of a search for 
labour-saving methois of production, with the consequent 
substitution of machines for man-power. Large-scale 
labour-saving technologies at this stage of development, 
however, constitute the least suitable methods of pro- 
duction for continents such as Asia, where the one 
abundant resource is labour, or for countries, like many 
in Africa, in which the one potentially competitive 
resource is labour, which is still relatively cheap. 

Policies which s==k to promote the introduction of 
advanced industrial technology into countries where there 
is neither the markt nor the skills, nor the managerial 
capacity or other prs-conditions for such a technology to 
work successfully, constitute a block in the way of develop- 
ment, and do little to improve economic relations between 
the northern and the southern hemispheres. Moreover, 
the disproportion in technology spills over into the field 
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of trade. In the developed world, the use of substitutes 
is constantly increasing because contemporary research 
concentrates largely on the products of the industrial 
countries. In the present world pattern of research, those 
adjustments which are necessary have continuously to be 
made by those countries which can least afford to do so, 
which have least economic choice and flexibility, and 
which are least able to adapt to rapid change. 

Miss Ward thus underlines not only the comments of 
Prof. Blackett, but also the reasoned argument which Dr. 
S. Dedijer and others have advanced, for considered 
policy in regard to the use of science in the developing 
countries. Like Dr. Dedijer, moreover, she recognizes 
that there is a psychological difficulty, and that here 
again. the colonial experience has not been helpful, if only 
because it has induced nationalist leaders to think that 
the economic basis of colonialism was sheer exploitation. 
There exists, in fact, a profound psychological dispro- 
portion between what Governments want, and what they 
are able quickly to achieve. 

Beyond this, however, Miss Ward points out that 
progress has been made in selecting some of the strategic 
points for the most effective attack on these difficulties. 
She believes, for example, that we may be on the verge 
of a breakthrough in the field of population control. 
India and Pakistan are preparing to put a completely 
new emphasis on population policy in their next Plans; 
at the same time, the biological sciences are making 
striking advances in the understanding of the control of 
fertility. Taking these factors together, she suggests that 
within 20 years the lessening of the growth of population 
will not be the over-riding priority it is rightly felt to 
be to-day. We may, in the future, be giving far greater 
attention to the social aspects of population policy, 
namely, strengthening and enriching family life, enhanc- 
ing the status and education of, and opportunities 
for, women and seeking to base relations between the 
sexes, not on licence but on friendship and respect. 

She goes on to point out that far more attention is now- 
adays being directed to the essential inputs of mind, 
skill and experience required in policies of development. 
Education has surged forward, especially in Africa, to 
become the essential priority of modernization. Technical 
assistance to schools at every level has become the largest 
category of aid in manpower, while as a result of the 
Ashby Report, new strategies are being evolved in Nigeria 
to relate educational strategy to the proposed pattern of 
development. An effort is also being made to increase 
the number of people who are participating in this field 
of development planning: this is part of a wider realiza- 
tion that investment m brain-power may perhaps be 
even more important than investment in tools and 
should precede any massive increase in physical develop- 
ment. 

One aspect of this deficiency of trained manpower is 
the shortage of people who can prepare projects for 
financing. More and more, assistance and skills must be 
developed to the preparation of projects, and although, 
in one sense, this is simply another aspect of the right 
administrative approach, it requires special skills. To 
this category of effective preparation and survey, creative 
foreign enterprise must be added, and here, unfortunately, 
the legacy of colonialism still disrupts a potentially 
creative field. Miss Ward questions whether the developed 
world sufficiently appreciates the difficulties experiencod 
by local Governments when more than a certain pro- 
portion of their private industrial sector is foreign-owned. 
She suggests that in this essential field of investment far 
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greater investigation of alternative methods of local par- 
ticipation is required. The idea of foreign enterprise as 
the spearhead, opening up new fields for ultimate local 
control, could be politically very attractive to many of 
the developing countries, while entailing no less to the 
investing companies; as a technique, it applies equally 
well to industrial as to agricultural enterprises. 

There are also new perspectives in the field of trade, 
and she points out that the Trade and Development Con- 
ference of the United Nations sought to direct the attention 
of the developed world to the degree to which, by a whole 
sum of largely unconscious discriminations, it had so 
fixed world trade that most of its advantages tended to 
accrue to the rich rather than to the poor. A new range 
of proposals are now before us for dealing with these dis- 
proportions, all of which belong to a new realization of 
the degree to which patterns of world trade must be 
altered by specific political decisions. A new focus is also 
needed, and already a modest scheme is being prepared 
by the Internazional Monetary Fund which gives primary 
producers virtually automatic access to the first part of 
their quotas from the International Monetary Fund. To 
encourage the provision of working capital for world 
trade, Miss Ward strongly supports the further proposals 
that the Fund should be empowered to offer certificates 
equal to 5 per cent increase in world trade. These cer- 
tificates could be lodged with the World Bank as part of 
its near-liquid resources, but the International Develop- 
ment Authority would issue an equivalent amount of 
credit for long-term development loans to the poorer 
countries. This scheme for compensatory finance 
and world liquidity seems to her to cover more of 
the difficulties than any other strategy at present 
available. i 

Still more important, if more general, is her emphasis 
on. the importance of an imaginative approach, rooted in 
neighbourliness and goodwill, to this whole question of 
overseas aid and development. Ultimately, in the pattern 
of world development, in the disproportion between the 
wealthy economies and the poverty of the rest of the 
world, policy will be decided, neither by the techniques 
nor the difficulties which have been described, but by an 
act of acceptance and an act of will. Aid as a policy will 
be safe when it is seen as the normal attribute of a 
developed society in this age of affluence. 

Finally, Miss Ward suggests that, in spite of present 
economic difficulties, a special responsibility rests with 
Britain, for Britain is one of the leading industrial members 
in one of the few world-wide associations which includes 
rich and poor nations, Coloured and White, ex-imperial 
and ex-colonial, north and south. Membership of the 
Commonwealth offers a training ground, a field of experi- 
ence as well as of need and contact, and of problems 
which present an unrivalled opportunity. Miss Ward 
suggests that the greatest aspiration for the British 
Commonwealth in the future might be to become a 
-forcing-house, an experimental field, a partnership in the 
work of development which could set the pace in remaking 
the face of the Earth. That there is realism as well as 
optimism here can be seen even in the shadows of the 
Rhodesian situation in the attitude which Britain has so 
far adopted in continuing aid to those countries besides 
Rhodesia which have severed diplomatic relations. Miss - 
Ward’s address places the whole question of overseas aid 
in its proper perspective in overseas policy. In so doing 
it challenges further constructive thinking in those vital 
fields of technology and education where the scientist has 
so much to offer. 
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© WILLIAM HARVEY 


William Harvey 
The Man, The Physician, and The Scientist. By Kenneth 


D. Keele. (British Men of Science.) Pp. xi+244+418 
aa (London: Thomas Nelson and Sons, Ltd., 1965.) 
. net. 


ys HARVEY: The Man, The Physician, 

r and The Scientist is one of the “British Men of 
Science” series and is in no sense a biography, although 
it contains some biographical details. It is divided into 
three parts: Harvey the man, Harvey the physician, 
and Harvey the scientist. The first part contains such 
biographical details as are needed in this study. Harvey’s 
career as a physician is presented fully and in an interest- 
ing way. 

The main bulk of the book is devoted to Harvey the 
scientist and easily transcends in both interest and 
excellence the other two parts. De Motu Cordis is dis- 
cussed and presented in many aspects, including the 
previous ideas of the functions of the heart and blood. 
Harvey’s great book is presented and analysed in a way 
that makes the relevant chapters almost a companion 
to the work. Especially valuable is the chapter on 
Harvey’s scientific methods, a theme which is continued 
throughout several chapters and becomes of great in- 
terest. Another chapter deals with the reception of 
Harvey’s theory of the circulation of the blood; a 
discussion of particular interest when we can study the 
campaign with hindsight. 

After De Motu Cordis the author deals thoroughly with 
De Generatione Animalium and again hindsight makes 
survey of the problems much easier. Especially interesting 
is Harvey’s conclusion that fertilization of the ovum is 
due to some process he calls a ‘contagion, much the same 
way as medical men observe contagious diseases such as 
leprosy, lues venerea, plague, phthisis, creep through the 
ranks of men, and by mere extrinsic contact excite diseases 
similar to themselves’’. 

This theme, that inevitably leads to and is explained by 
the spermatozoon and by bacteria, had to await the 
revelations of the microscope. 

The author concludes inevitably that De Generatione 
compares unfavourably with De Motu Cordis. The 
essence of the contrast lies in the experimental basis of 
the one as opposed to the philosophical basis of the other. 
This is developed in a fascinating chapter on Harvey's 
scientific lineage, on his place in the history of dis- 
covery. 

The neglect of the clinical application of Harvey’s 
discovery is well presented and its gradual recovery 
through the work of Stephen Hales and the progress from 
Priestley’s work to Lavoisier’s recognition and description 
of oxygen and his finding of carbon dioxide in the expired 
air. The elucidation of the function of the pulmonary 
circulation thus opens the way for the clinical under- 
standing of the whole circulation. The introduction of the 
Fick principle carries us further forward until Forssman’s 
and Cournand’s work on cardiac catheterization brings 
us near to the time when “‘we are at last reaping the fruits 
of this discovery in terms of the diagnosis of cardiac 
disease and treatment of the patient”. 

Dr. Keele concludes his invaluable book with a sig- 
nificant paragraph: ‘‘The true essence of greatness lies in 
the conquest of time. And as we now leave Harvey we 
can see this little sallow-faced man with the bright eyes 
standing like a colossus astride the great space of 2,300 
years, with one foot in the ancient Greek library of 
Aristotle, and the other in the operating theatre of the 
modern cardiac surgeon”. 

This is an excellent book which I strongly recommend. 
It should be read by all those interested in the circulation, 
either physiological or clinical; it is much more than an 
essay in the history of medicine. Broox 
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CONSERVATION : WHAT IS IT? 


Readings in Resource Management and Conservation 
Edited with Introductions by Jan Burton and Robert W. 
Kates, with the assistance of Lydia Burton. Pp. xi+ 609. 
(Chicago and London: University of Chicago Press, 1965.) 
8.50 dollars; 63e. 


N will someone write a text-book on conservation 
and resource management that draws its examples 
and conclusions from British situations and experience and. 
is written in simple and straightforward English? The 
question is promptec. by two unconnected statements in 
the admirably succinct preface to Readings in Resource 
Management and Conservation, in which the editors explain 
their aim. It is “to acquaint students in courses in con- 
servation and resourrs management with some of the wide 
variety of material to be found outside the standard texts” 
available in the United States and Canada. In Britain, 
where broadly based courses in conservation and resource 
management are a ncvelty to be counted on the fingers of 
one hand, there is not a single wide-ranging text-book 
available that has been written with the British student in 
mind. That such a book is required is undoubted; if one 
may quote from Burton and Kates (out of context) it 
should seek to provide “an adequate conceptual frame- 
work for resource management and conservation”’—a 
field that is “wide, varied and amorphous’. Existing 
(American) texts have not been notably successful in this 
particular endeavour. either in content or expression. 

Readings in Resource Management and Conservation is 
an anthology of writings on conservation and the “social 
and behavioural science” aspects of resource management. 
It incorporates a wide range of selections of, historical 
interest-—including polemical statements of the type so 
difficult to present in traditional text-books—and papers 
on topics at present of concern in the United States, as 
well as some not readily accessible or fugitive material. 
All this has been arranged, and to some extent selected, in 
such a way as to resemble a monograph more than a text, 
short bridge-passages providing a linking introduction to 
each new chapter. This treatment is extremely effective 
and the editors have undoubtedly, as they express it, 
“taken a step towards a conceptualization of a field which 
lacks structure and form as it also lacks theory”. (Inci- 
dentally, it was this sentence that inspired the second half 
of the question with which this review opened. Far too 
much jargon and unnecessary word-coining are blotting the 
literature of ecology and conservation; it is time for a 
cleansing and a return to simple and readily understand- 
able English.) 

A. short, four-page introduction to the anthology traces 
the pattern of its contents: in the papers selected, “‘man is 
seen variously as a biological population, an exploiter, a 
conserver and a manager of resources; as an economic 
optimizer, a nature lover and in many other guises”. 
Nature also is variously regarded: “now as an impersonal 
force that moulds th2 destinies of man, now as a complex 
web of life arranged in a delicate balance that we disturb 
at our peril, now as a malleable set of resources that ray 
be used at will”. The selections present a diversity of 
views ranging from tae determinist extreme—‘‘Malthusian 
in its concern with the adequacy of resources and conser- 
vationist in its preseription for policy’’—to the attitude 
towards Nature that is “optimistic in its view of techno- 
logical advance and the sufficiency of resources” and. 
concerns itself mainly with the technical and managerial 
problems of development. 

Part 1 of the book, “The Malthusian Equation”, con- 
siders the problem of population growth and the finite 
earth; Part 2 is concerned with “The Conservation of 
Limited Resources”: Part 3 with “The Managenent of an 
Expanding Resource Base”. Particularly revealing of 
much loose thinking are the selections in Part 2 which 
deal with the growth of the conservation movement and 
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the conservation ethic. After reading them, every reader 
will feel constrained to seek to define for himself (since 
no one else has yet done so satisfactorily) just what con- 
servation is, what it means, and whether it is a way of 
life, a state of mind or a field of knowledge, or some or all 
of these things, or none. 

Readings in management occupy more than half the 
book and cover a wide range of subject, type of resource, 
regional setting, objective and research technique. They 
are grouped into chapters dealing with the managerial 
experience, resources and economic development, scien- 
tific and technological change, and the choice of alterna- 
tives. Among the selections offered (and to quote only 
about a third of the titles) are accounts of the Columbia 
Basin and Tennessee Valley Authority projects ; themanage- 
ment of the Harvard Forest; the conflict between fish and 
power resources in the Pacific Northwest; soil erosion 
control; conservation and stock reduction on a tribal 
range; wilderness perception and use; natural resources 
and economic development; the diffusion of agricultural 
innovations; and a safe minimum standard as an objective 
of conservation policy. Taken together, the papers 
“suggest a picture of managerial activity marked by less 
success than is normally assumed”, and a ‘‘failure to 
anticipate change or to accommodate differences in value’’, 
both of which are intractable managerial problems. 

This is a happily conceived, efficiently contrived and 
unusually stimulating book; every chapter of it arouses 
thought. Itis well produced, tastefully laid out, a pleasure 
to handle and good value for money. It should be com- 
pulsory reading for resource managers and conservation- 
ists, however defined. W. J. EGGELING 


JURASSIC STRATIGRAPHY 
Jura 


By H. Holder. (Band IV of the Handbuch der strati- 
graphischen Geologie.) Pp. xii+ 603. (Ferdinand Enke 
Verlag, Stuttgart, 1964 ) DM 129. 


HE appearance of a new book on world Jurassic 

stratigraphy is bound to provoke comparisons with 
the well-known synthesis of W. J. Arkell published ten 
years ago, almost exactly a century after the publication 
of Der Jura, by F. A. Quenstedt, the first major treatise 
on the Jurassic. Jura, dedicated appropriately to the 
memory of these two eminent scholars, differs in important 
respects from its immediate predecessor, to which, indeed, 
it forms an admirable complement. 

While a three-page ‘retrospect’ at the end of Prof. 
Hélder’s book is no substitute for the five general chapters 
in Jurassic Geology of the World, which make stimulating 
reading for all types of geologist, there are a number of 
compensating advantages. In the first place there is a 
much fuller emphasis on the classical areas of Europe, 
especially central Europe. An abundance of illuminating 
text-figures replaces the admittedly often beautiful but 
less useful photographs in Arkell’s work. Taking into 
account also the flood of new literature in the past decade, 
which receives due attention, these features suggest that 
Holder’s book may actually prove more valuable as a 
reference work for the practising Jurassic stratigrapher. 

The book is divided into two sections, with emphasis 
respectively on chronology and regional geology. Some 
compromise is invoived here. Thus the type sections of 
the English Middle and Upper Jurassic are considered 


better dealt with in the chronological section, whereas the , 


English Lias and south German Malm, where type sections 
are not considered necessary, are treated in the regional 
section. Such an approach is rather inconvenient for the 
reader, who is obliged to consult both sections to learn all 
he can about a given part of the Jurassic in a classical 
European area. 

After a critical review of the evolution of the zonal 
concept, the development of successive Jurassic stages in 
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the type areas and neighbouring -regions is fully con- 
sidered; the section ends with a palaeontological appendix 
devoted to a Giscussion of several interesting fossil groups. 

Difficulties concerning the definition of the top of the 
Jurassic are not hedged, and Casey’s correlation of the 
Jurassic-Cretaceous boundary in the boreal realm with 
the Tithonian—Berriasian boundary in the Mediterranean 
is viewed with scepticism. The regional section includes a 
concise but fair review of recent work on the British 
Jurassic, though the author adheres to the outdated 
concept of posthumous axes of uplift. 

In contrast to the ample treatment of the European 
Jurassic, the rest of the world is dealt with somewhat 
cursorily and the information is not always up to date. 
Thus the Franciscan Group of California is now known to 
range in age from Tithonian to Cenomanian, and is con- 
sidered to be a eugeosynclinal equivalent of the Knox- 
ville. The Nevadan orogeny is likewise known to straddle 
the Jurassic-Cretaceous boundary, and no major foun- 
dered, Pacific landmass need be invoked to account for the 
origin of the Franciscan sediments. 

The cost of Prof. Hélder’s fine and well-produced book 
is unfortunately high, but it deserves a place on the 
shelves of geological libraries throughout the country. 
One is provoked to the reflexion that, with its traditional 
emphasis on stratigraphic correlation by means of 
ammonites, it may prove to be the last comprehensive 
Jurassic treatise of its kind. While important correlation 
problems remain, notably in the Upper Jurassic, interest 
has begun to shift towards a much fuller understanding 
of the rocks and of the fossils as representatives of past 
life. It is indeed astonishing how few detailed sedimento- 
logical and palaeoecological investigations have been 
undertaken in a geological system that has received 
intensive scrutiny for more than a century. A. HALLAM 


ATMOSPHERIC AND SPACE 
ELECTRICITY 


Problems of Atmospheric and Space Electricity 
(Proceedings of the Third International Conference on 
Atmospheric and Space Electricity, Montreux, Switzer- 
land, May 5-10, 1963.) Edited by Samuel C. Coroniti. 
Pp. xiv+616. (Amsterdam, London and New York: 
Elsevier Publishing Company, 1965.) 200s. 


‘pee of Atmospheric and Space Electricity is a 
valuable document, well edited and handsomely 
produced. The proceedings and extensive discussions will 
certainly be regarded as historic; within a very few years 
space-probes and directed satellites will have produced 
information on the atmospheres of other planets to 
compare and contrast with that of our own. 

Though the workers represented at Montreux and their 
predecessors have had great successes, including the 
discovery and elucidation of the cosmic rays, knowledge of 
the electrical state of our own atmosphere is still far from 
complete. We have, as yet, a very limited amount of 
information about its outer edges, the ionosphere and the 
exosphere. It was, therefore, with some sense of urgency 
that this gathering of 160 workers in terrestrial atmospheric 
electricity met to survey their subject before it becomes 
translated to other worlds. Cosmic rays have already left 
their purview, the maintenance of the general ionization 
of the lower atmosphere has been largely reduced to order, 
though bedevilled by the fouling from atomic-bomb fall- 
out. Two outstanding problems occupied most of their 
attention: the mechanism of thunderstorms and the 
electrical state of the ionosphere. 

Thunderstorms offered the opportunity for a full-scale 
debate, almost a battle, between rival experimenters and 
theorists. On the one side were Latham and Mason with 
their well-authenticated evidence that thunderstorm 
charges arise from the impact of supercooled droplets of 
water on larger particles of soft hail, effectively at a 
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lower temperature, the former giving rise to minute, 
positively charged splinters to be blown upwards relative 
to the larger rime-covered and negatively-charged hail. 

On the other were Workman and his colleagues from 
New Mexico, equally convinced that the charging arises 
from multitudinous contacts between hailstones and 
already frozen drops of water. Argument was quickly 
switched, therefore, to such evidence as there is about the 
scale of the two different activities and about the mileu 
in which they occur. The key question which soon 
emerged was to what extent the thundercloud can accumu- 
late charge of one polarity in one region and of the opposite 
polarity in another. As Dr. Ross Gunn was to emphasize, 
full understanding can come only when we have reliable 
determinations of the nature and the concentrations of the 
various charge carriers as well as their velocities. Existing 
evidence is little more than speculation and the difficult 
task of distinguishing between the two schools (not to 
mention a third claimant, Dr. Vonnegut, who has pro- 
pounded a purely convective theory of the thunderstorm) 
now lies with the meteorologists. At the present time, in 
the words of Hxodus IX, verse 24, we are left with “hail, 
and fire mingled with the hail, very grievous”. 

On the second major question an important paper was 
presented by E. O. Whipple, jun., on the electrification 
between the troposphere and the bottom of the D layer of 
the ionosphere, a region inaccessible to balloons and difficult 
to explore from rockets, which disturb the local environ- 
ment. This is, however, considered the outstanding task 
for space-vehicles. The day is not far distant when the 
problems of the dusty atmosphere of Venus and the 
gigantic atmosphere of Jupiter with its turbulent red spot 
will present new targets for our ingenuity. In the mean- 
time we have, as an urgent task, to study intensively the 
language of the radio-emissions from both of them with 
earth-bound equipment. 

A peaceful battle was followed by a feast of informative 
papers. Many will be stimulated by them. Al are worth 
reading. Basi. SCHONLAND 


ABERRATIONS OR REVELATIONS? 


Drugs of Hallucination 

The Uses and Misuses of Lysergic Acid Diethylamide. 
By Sidney Cohen. Pp. xviii+ 268. (London: Secker and 
Warburg, 1965.) 30s. net. 


R. COHEN, who is a psychiatrist, has written a good, 
popular account of the hallucinogens, especially 
lysergic acid diethylamide (LSD), at a cost of less than 
a penny a page. Drugs of Hallucination is open-minded 
but not detailed, fair but not neutral. The dangers of 
therapy with LSD, to therapist as well as patient, are 
emphasized no less than the enlightenment of “Instant 
Zen”. The book describes admirably the terrors as well 
as the joys of LSD-taking, with the aid of lengthy 
extracts from subjective accounts. These were, of course, 
made after the experience had ended: at the time, the 
subject is relatively (sometimes absolutely) mute, either 
catatonic or entranced with his jewel-studded umbulicus. 
It is worth pointing out once again that even those who 
have enjoyed the experience are invariably dissatisfied 
with their subsequent attempts to put it on paper. What- 
ever Mr. Wilson and Mr. Trocchi say, drugs do not help the 
user to express himself. They cannot help those who have 
never written to write at all, and those who are at best 
indifferent writers continue to write indifferently. 

The volume contains an elementary account of hal- 
lucinogen chemistry in one appendix, and the sketchiest 
of phenomenological comparisons of sensory deprivation, 
psychotic experiences and experiences of LSD in 
another. There is also an index. What there is not— 
and this is really unforgivable in a book on a serious 
subject, even if it is intended for a lay audience—is 
adequate documentation of statements. There are four- 
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teen titles in the bibliography, which are perhaps enough, 
for the literature on this subject is not of such outstanding 
quality that it neets to be quoted extensively. Even so, 
they are not altogether the best titles, nor relevant at all 
in some cases: and, what is most serious, they contain no 
mention of his own experimental work; and Dr. Cohen 
draws on this continually in the body of his book. Since 
he nowhere in the book describes what he did, to how 
many, when and with how much (all important matters 
to the psychopharmacologist), the omission is, to say the 
least, a nuisance. 

Dr. Cohen is a respected and careful scientist, however, 
whose professional papers can easily be found by reference 
to the proper soureas. This cannot be said for many so- 
called ‘workers’ in tne field of the hallucinogens, reports of 
whose activities are all too frequently found in sensational 
rather than scientific literature. It is an ethical condition 
of work that the scientist should make his results available 
in a form that allows any other scientist to attempt to 
reproduce them, as a preliminary step to building on them. 
This condition is too seldom met in a field of research 
that may be as important to the future of mankind as the 
wheel or nuclear fission. Any tool that may possibly help 
unravel the torments of our existence is worth close, 
critical and documented exammation. 

Most of us are melined to regard the intellect as the 
most interesting characteristic of man: but his future 
development may well depend on deeper understanding 
and use of his emctions, and research of the best kind 
into the hallucinogens may be invaluable here. It may be 
that the effects of LSD are so variable, even in the same 
individual, because its substrate is the minute-to-minute 
emotional state of the subject. Such drugs as alcohol or 
amphetamine are also variable in their effects but these 
are relatively predictable, perhaps because they depend on 
mood. If LSD itself works below the level of the intellect, 
it is all the more important that those who investigate it 
should not do so as well. As Dr. Cohen points out in his 
simple but good book, a disturbingly high proportion of 
those who administer LSD to others go mad themselves ! 

C. R. B. JOYOE 


USE AND MISUSE OF LSD 25 


Utopiates 

The Use and Users of LSD 25. By Dr. Richard Blum and 
associates. Pp. xv:+303. (London: Tavistock Publica- 
tions, Ltd., 1965.) 58s. net. 


YSERGIC acid diethylamide (LSD) has been widely 
used as a research tool in neuropsychopharmacology, 

and as an adjunct to psychotherapy. It is also, unfor- 
tunately, being misused, particularly ın the United States, 
as a drug purveying what has succinctly been called 
‘instant Zen’. Utoriates: The Use and Users of LSD 25 is a 
sociological survey of this phenomenon to try to determ- 
ine who uses the drug in this manner and why. Naturally, 
the material was not easy to obtain, but Dr. Blum and his 
co-workers managed to contact ninety-two persons who 
had taken LSD. These they divided into four groups: (1) 
an informal professional group, mainly psychiatrists, who 
had taken the drug outside any recognized research 
project; (2) a therady patient sample who had been given 
LSD by a psychiatmst as part of treatment; (3) an informal 
black-market sample; (4) the religious-medical centre 
group associated with an organization (LFI*)- using 
the LSD experience for a defined religious purpose. 
These were analysed with respect to a very large number 
of factors, including type of person involved, their motives, 
types of reaction. obtained, repeated use, proselytizing 
activity, community attitudes, group interactions, etc. 
This provides a mins of interesting data on the present-day 
American scene. The over-all theme appears in the form 
of earnest attempts by followers of Aldous Huxley to use 

* International Feder: fionfor Internal Freedom. 
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LSD for social, personal and religious purposes, and the no 
less earnest opposition by others who believe this to be 
dangerous, misguided or wicked. Dr. Blum’s survey is 
factual and liberal in attitude. It turns up some facts of 
general psychiatric interest. For example, he reports that 
six out of a known population of 300 LSD users had 
psychotic reactions of such severity to necessitate hospital 
admission “‘for short or long periods”. It was felt to be 
impossible to predict who would get an LSD psychosis on 
the basis of previous personality aberration. The second 
fact is that one-third of subjects who had taken LSD as 
volunteers in a recognized research project went on to 
take it again on their own, in some cases regularly. 

A brief but admirable chapter by Keith Killam follows 
on the psychopharmacological aspects of LSD, particu- 
larly its dangers. This is followed by reports on the 
“Mexican Psychedelic Training Centre”, established by 
Leary and Alpert. The first is by a psychiatrist outside 
the group—J. J. Downing. This is again tolerant and yet 
-does not gloss over the difficulties involved, which finally 
led to the expulsion of the group from Mexico. The 
second is by Leary and Alpert themselves and gives their 
own point of view. 

Joel Fort, a specialist in the treatment of alcoholism, 
puts LSD in its proper perspective against the grisly facts 
of the misuse of alcohol, barbiturates, amphetamine, etc., 
in our culture. 

A particularly fascinating chapter is a survey by Blum 
of police attitudes towards drug uses. A sample of 27 
police officers was asked to rate people of different cate- 
gories as to their degree of menace to the community. 
Members of the United States Communist Party came out 
on top (score 27), followed by heroin addicts (26); LSD 
users (20) came middle in the list below the Mafia and 
Black Muslims (23), but above members of the John Birch 
Society (16). 

The essays conclude with a forthright statement by 
Edward Comber, director of the Bureau of Criminal 
Information of the San Francisco Police Department, that 
LSD use, outside medical and research projects, is both 
dangerous for the individual and society and morally 
wrong. J. R. SMYTHIES 


MASTERS OF MICROBIOLOGY 


Three Centuries of Microbiology 
By H. A. Lechevalier and M. Solotorovsky. Pp. 536. 
(New York, London and Sydney: McGraw-Hill Book Com- 
pany, 1965.) 12.50 dollars; 100s. 


F e Centuries of Microbiology opens with a preface 
which contains the following explanatory state- 
ment: “Since we feel that nobody can explain a 
discovery as well as the person who made it, our text 
contains numerous, often extensive, quotations from classi- 
cal papers that outweigh the volume of our own writimg. 
Since many of the papers that we are quoting were not 
written in English, our work has often been that of transla- 
tors.” This adds considerably to the value of the book. 

The book is essentially a collection of biographies of 
outstanding microbiologists and of other scientists whose 
work has influenced them. It is divided into 12 chapters. 
Each chapter has 1ts own useful list of references, usually 
to biographies of the scientists concerned, and the book 
closes with a good working index. 

The first chapter is a historical survey, starting with 
Girolamo Fracastoro (1483-1553), whom the authors 
describe as “the father of the germ theory of disease”. 
It briefly describes the general scientific background to 
the development of the microscope and the gradual 
development of microbiology up to the time of Pasteur, a 
period of more than 300 years, illustrating this with some 
twenty ‘microbiographies’. One chapter each, of about 
fifty pages, is devoted to the lives and work of Pasteur 
and Koch. Most of the information is readily available 
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in other published biographies, but it is interesting to 
note that the origin of the key word ‘microbe’ 1s given by 
Pasteur ın & joint paper with Joubert and Chamberland 
(C.R. Acad. Sci., Paris, 86, 1037; 1878) as a “new and 
fortunate expression proposed by M. Sédillot”’ (cbed., 86, 
634; 1878). 

A lengthy chapter entitled “Bacteria as Agents of 
Disease” deals with work in both Europe and America on 
tuberculosis, diphtheria, bubonic plague, tetanus, dysen- 
tery and bacterial plant diseases. The workers mentioned 
include Villemin, whose ‘‘Studies on Tuberculosis” (1868) 
proved an inspiration to Koch and who furnished con- 
clusive proof that tuberculosis was contagious, Loffler, 
Gram, whose method of differential staining of bacteria 
made an important contribution to bacteriology, Roux, 
Yersin, Kitasato, the pioneer Japanese bacteriologist, 
Shiga, T. J. Burrill, who was the first to indicate the role 
of bacteria, as disease-producers in plants, and Erwin F. 
Smith, whom the authors describe as ‘the Koch of 
phytopathology’’. 

The next two chapters discuss immunology, cellular and 
humoral. The first of these chapters is concerned chiefly 
with the lives of Metchnikoff and Almroth Wright and 
their work on phagocytes. The second traces the develop- 
ment of serology, work on anti-toxins for diphtheria and 
tetanus, BCG vaccine for tuberculosis and antigens, 
referring extensively to the work of Nuttall, Behring, 
Calmette, Guérin, Bordet, Richet and others. Under the 
heading “From Soil Microbiology to Comparative Bio- 
chemistry” the authors describe the work of Winogradsky 
and Beijerinck on nitrogen fixation in the soil by micro- 
organisms, and the work of Kluyver on microbial bio- 
chemistry. The chapter headed ‘Viruses and Rickettsiae” 
traces the elucidation of the nature and properties of these 
micro-organisms and deals in detail with the work on the 
diseases caused by them and with the introduction of the 
electron microscope which proved such an important tool 
in the study of viruses and in the whole field of micro- 
biology. A chapter on mycology gives an account of the 
origin of interest in fungi and describes the development 
of fungicides and of medical mycology. A chapter on 
protozoology describes the early work on the nature and 
classification of protozoa by Hooke, Leeuwenhoek and 
others which led to the realization of the responsibility of 
pathogenic protozoa for diseases such as malaria, and ends 
with good accounts of such workers as Theobald Smith, 
Bruce, Laveran, Manson and Ross. Under the title 
“Chemotherapy” the authors trace the three major paths 
in its development: the use of natural products such as 
quinine, the search for synthetic agents resulting in 
salvarsan and prontosil, and the investigation of the 
metabolic products of micro-organisms which led to the 
discovery and development of the antibiotics penicillin, 
streptomycin, chloramphenicol, the tetracyclines and the 
semi-synthetic penicillins. In connexion with penicillin, I 
wish to correct a statement, which appears on page 468 
of this book and in almost all the numerous books on this 
important mould metabolite, to the effect that the work 
carried out in my laboratory at the London School of 
Hygiene and Tropical Medicine was brought to a pre- 
mature close after the publication of the paper by 
Clutterbuck, Lovell and Raistrick (Biochem. J., 26, 


. 1907; 1932) because of the death of Clutterbuck in 


1932 and Lovell’s departure to the Royal Veterinary 
College in 1933. In fact, Dr. P. W. Clutterbuck died at 


- the end of 1937, having, in the interval since 1932, pub- 


lished a number of valuable papers. 

The final chapter on genetics starts with Mendel, 
described as “‘the founder of genetics”, born in 1822, and 
de Vries, who, working with plants, introduced the concept 
of mutation, and goes on to describe the work of microbial 
geneticists including Beadle, Tatum, Avery, Lederberg 
and Pontecorvo. 

The authors conclude the book with an epilogue in 
which they say: “More than a hundred years have passed 


y. 







EEN to. invest stigate ‘the: secrets of the 
3 of life, which have turned out to be so 

plex”. They are to be warmly congratulated on having 
duced such a readable history of this faseinating 
bject. I recommend the book to all microbiologists 
and other scientists of catholic tastes, 
l Haroip RAISTRICK 







ALL THE MAMMALS 
< The Mammals 
: -A Guide to the Living Species. By Desmond Morris. 
Pp. 448 (300 photographs). (London: Hodder and Stough- 
ten, Did., 1965. Published in association with The 
oe Zoological Society of London and Granada TV Network.) 
638. net. 
"HE Mammals: A Guide to the Living Species deals 
t with the orders of mammals in turn. We are given a 
classified list of the living species of each order, followed 
by photographs and brief descriptions of a selection of the 
pecies. The lists will presumably be used mainly by 
ologists and it is rather surprising to find them in a book 
hich is otherwise designed for a much wider public. 
he lists have been compiled mainly from a dozen 
una lists which between them cover the world. They 
ve the systematic position, scientific name and English 
me (if any) of each species, with an indication of dis- 
bution and a reference to a taxonomic work where 
x details may be found. The authors of species, and 
onyms, are omitted. The lists of bats and rodents have 
kept reasonably short by giving the number of species, 
ot their names, whenever a genus includes several 
g. Twice as much space would have been required 
the mammals if this had not been done. The lists 
other orders include all the specifie names. Dr. 
s estimates that a complete list of the species of 
Mammals, with synonyms and authorities, would 
y at least 2,000 pages. We may regret that he has 
een able to give us such a list, but he has provided a 
useful list in the 80 or so pages that he (or his pub- 
ar) has felt able to spare for the purpose. There does 
t appear to be any other modern list of the mammals 
of the world. 
There are, it appears, 4,237 known species of mammals. 
00: of them have been selected for illustration and brief 
escription. These include a much higher proportion of 
rimates, carnivores and ungulates than of the in- 
ores, bats and rodents. This is inevitable, because 
iter group of orders is so large and because the 
rmer one is so well represented in zoos. Dr. Morris is 
curator of mammals to the Zoological Society of London, 
and most of his readers must depend largely on zoos for 
their experience of non-domestic mammals. Nevertheless, 
_. [ would gladly have given up a few of the duller monkeys 
Be in return for some more zalambdodont insectivores. 
_ The descriptions deal with the more remarkable features 
oe of the habits ard anatomy of each species. The selection of 
_ material for them has been excellent, though it was, 
= perhaps, a mistake to give every species the same amount 
of space. In some cases, when other very similar species 
have been deseribed, the requisite 250 or so words seem 
.. to have been hard to find. In other cases, they are not 
nearly enough. In the account of the European rabbit, 
for example, burrows and refection are discussed, but there 
too little space to cover the equally interesting topics 
myxomatosis and the reabsorption of embryos. A few 
ortunities have been missed; there is, for example, no 
tion of the difference in echo-location mechanism 
ı rhinolophid and vespertilionid bats, which could 
ated very well by photographs. No authorities 
or the information given in the descriptions. 
he photographs. are of captive animals. A 
8 not look its best against a background of 
on g and: a perambulator. A few of the 
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photographs are poor, but most illustrate their. aul ct 
adequately. 
The introduction includes a very worthwhile atter 
explain the success of the mammals in popular 
Fuller explanations cf some points would have be 
wel come, and it seems unfair to write about the mamm: 
“eliminating the ineffieient mixing of venous and a 
blood” since recent experiments indicate that very | 
mixing occurs in reptile hearts??, : 
This is a useful book, and an attractive one. Fue 
R. MoN. ALEXANDER < 
1 White, F. N., Anat. Rec 185, 129 (1960). 
? Khalil, F., and Zaki, Ka Z. vergl. Physiol., 48, 663 (1064). 





PLANT ANATOMY 


Plant Anatomy a 
By Prof. Katherine Esau. Second edition. Pp. xx +767. 
(96 plates). (New York and London: John Wiley and 
Sons, Ine., 1965.) 1052. 2 


LTHOUGH pliant anatomy can no longer cait: 
great a share «f a well-balanced botany course as 
former years, it is equally certain that no botanist shoulc 
be without a sound knowledge of plant form and stru 
The corresponding need for a good modern text-b 
plant anatomy has ®ow been met by this second edit 
Prof. Esau’s Plant anatomy. : 
The previous edition of this book, published in- J 
received much praise from many users, and all the go 
things said about the first edition apply equally to 
present one. The elearly written text is dutar 
many text-figures end by a large number of photographs 
which have been inereased to 96 plates in this edition, as 
compared with 85 in the first edition. There have been- 
few changes in the general plan of the book, and with one- 
exception, Chapter 13. with the new title “Secretory — 
Structures”, as oppesed to the previously more restri 
topic of ‘‘Laticifers *, the chapter heads remain the 
A great deal of new infermation has been incorpora 
the text, but apprepriate condensations and omiss 
have enabled this mtegration to be made without 
undue increase in length, now 767 pages instead of 78 
The principal changes have naturally been in the. 
tions where recent research has been active, notabl 
the chapters dealing with “The Protoplast” and ‘ 
Cell Wall”, which new include condensed, but informa’ 
accounts of modern ultra-structural research. The chap 
on “Meristems and Differentiation” and “Apical 
stems”’ have been extended to cover new developr 
such as the culture of isolated cells and experimenta 
studies by various workers on plant morphogenesis, = = 
But this new edition, Like the previous one, is primarily E 
concerned with the broad treatment of fundamental. . 
aspects of plant anatomy. As a consequence of this 
approach it is inevizable that individual readers may be 
disappointed with the curtailed accounts of certain special _ ; 
topics. Thus, there is little consideration of the interesting __ 
differences in the detailed structure of secondary xylem > 
which permit the identification of commercially valuable. 
timbers. There is also only brief mention of the varied 
anatomical modifications characteristic of plants with 
different ecological requirements. On the credit side, the ` 
omission of details of this kind has permitted the inchasion 
of chapters dealing with “The Flower”, “The Fruit” and l 
“The Seed”, a & 
In sum, this book # of value both as a reference work £8 ae 
any student of botary, and even for general reading Pye 
those interested in eequiring a good grounding in plant 
anatomy. It is abovə all a scholarly treatment in which 
the author has carefully selected the more significant 
items from the great mass of detailed information av 
able. The book is wal produced and the two drawing fe 
transverse sections of collenchyma make an attractive and © 
appropriate dust-cover. A. ALLSOPP 
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NEW BIOCHEMISTRY BUILDING, 


IMPERIAL COLLEGE OF SCIENCE 


HE new biochemistry building, which is under the 

direction of Prof. E. B. Chain, was formally opened 
on November 4, 1965, by H.M. Queen Elizabeth the 
Queen Mother, chancellor of the University of London, 
at a ceremony presided over by Lord Sherfield, chairman 
of the Governors of the Imperial College of Science and 
Technology, in the presence of Sir Patrick Linstead, 
rector of the College, Sir Thomas Creed, vice-chancellor 
of the University, and its principal, Sir Douglas Logan. 

The construction of such a large and well-equipped 
university biochemistry department is an exceptional 
event and marks the importance which the Imperial 
College of Science and Technology attaches to this rapidly 
expanding discipline. 

While this represents a new phase of the College’s 
interest in biochemistry, it is now more than 50 years 
since the subject first received official recognition. Thus, 
in 1913 a small Sub-department of Biochemistry was set 
up_in the Department of Botany under the direction of 
8. B. Schryver, who was appointed full professor in 1920. 
On his death in 1929 he was succeeded by a former pupil, 
A. C. Chibnall, who was subsequently made full professor 
in 1936. Prof. Chibnall resigned from the College in 1943 
to take up the Sir William Dunn chair of biochemistry at 
Cambridge, after which the chair at Imperial College 
remained vacant, although some research was continued 
under the direction of Dr. H. W. Buston. 

With the rapid post-war progress in biochemistry, it 
was felt, in the mid-1950’s, that the College should 
modernize and considerably expand the existing facilities 
for biochemical research to a level commensurate with 
that of the other well-established scientific and engineer- 
ing departments. As a first step it was, therefore, neces- 
sary to re-establish the chair of biochemistry. In the 
course of a visit to Rome, Prof. P. M. 8. Blackett saw 
Prof. E. B. Chain, who was responsible for the creation 
of the internationally recognized Biochemistry Depart- 
ment of the Istituto Superiore di Sanità. His Department 
was comprehensively equipped for metabolic studies and 
included an extensive fermentation pilot plant, and the 
possibility of setting up a similarly equipped department 
at Imperial College was discussed. Following a visit to 
Rome by the rector, Sir Patrick Linstead, a tentative 
project was prepared. Unfortunately, analysis of the 
estimates for constructing a department of the desired 
dimensions showed the cost to exceed the funds then 
available and the scheme was temporarily shelved. 

In 1959, Prof. Chain discussed the financial difficulties 
of the project with the late Lord Nathan, who was the 
first chairman of the recently founded Wolfson Founda- 
tion. Lord Nathan suggested that the College should 
apply for support to the Trustees of the Foundation who, 

ollowing numerous prolonged discussions, agreed, subject 

to the appointment of Prof. Chain to the chair, to contri- 
bute £350,000 towards establishing the new department. 
This would include the building and equipping of modern 
laboratories for biochemistry and microbiology to be 
known as the Wolfson Laboratories. 

The original plan was to build the Wolfson Laboratories, 
including the fermentation pilot plant, at the rear of the 
Royal College of Science block and to meet the remainder 
of the Biochemistry Department's space requirements by 
adapting part of the existing building. Following the 
subsequent approval by the University Grants Committee, 
however, of a scheme to redevelop the present site of the 
Royal College of Science, these plans were changed 
and it was decided to house biochemistry in a completely 
new building, which was seen as the first stage of this 
redevelopment. 


AND TECHNOLOGY, LONDON 


Prof. Chain was appointed to the vacant chair of 
biochemistry and took up his appointment on October 1, 
1961. Demolition of the old building began early in 1962, 
and the new laboratories, having a total floor space of 
63,000 ft.? (not including the pilot plant), were completed 
in the summer of 1965 at an approximate cost of £1-2 
million. The architects were Architects’ Co-partnership 
and the main contractors Tersons Ltd. 

The Department is designed and extremely well 
equipped for research covering a broad range of metabolic 
studies in animals and micro-organisms and to a lesser 
extent in plants. In addition to these more usual aspects 
of biochemical research, there is particular emphasis on 
the development of instrumentation such as the automa- 
tion of analytical and fermentation processes. 

The financing of the research is being greatly facilitated 
by three major sources of funds which are supplementary 
to the normal awards of the University Grants Committee. 
These are the Science Research Council, which is making 
a grant of £100,000 in support of research on fermentation 
biochemistry and technology and biosynthetic mechan- 
isms in micro-organisms; the Trustees of the Fleming 
Memorial Fund for Medical Research, who have granted 
£50,000 over 5 years for basic medical research; and the 
Medical Research Council, which has established a 
Metabolic Reactions Research Unit under the honorary 
direction of Prof. Chain. 

The research programme is primarily a direct extension 
of the various lines developed by Prof. Chain and his 
colleagues at the Istituto Superiore di Sanita during the 
past 15 years where, at the invitation of its director, Prof. 
Domenico Marotta, he had organized and directed the 
Biochemistry Department which included the Inter- 
national Centre for Chemical Microbiology. 





Fig. 1. Front view of the new biochemistry building, Imperial College 
of Science and Technology, London 3 










1 “gi “providing accom- 
m for Doa. a “hundred rečeätoh workers and 
luate students and the appropriate technical staff. 
ı additional number of rooms, which are not occupied 
r prolonged periods and, therefore, do not require 
daylight, are located in the ‘inner core’ of the building; 
they are ventilated and house instruments, high-speed 
entrifuges, chromatography equipment, wash-ups, incub- 
_ ator rooms, store rooms and photographic equipment. 
_ The basement contains a large mechanical workshop 
and air-conditioned and temperature-controlled animal 
houses. All the laboratories on the second level are 
devoted to research on animal biochemistry, the centre of 
interest being the study of hormonal regulatory mechan- 
isms and of neurochemical problems. For the more 
shysiological and pharmacological aspects of this re- 
search, special physiological laboratories are provided on 
the third level. The Metabolic Reactions Research Unit is 
housed in the biochemical and physiological laboratories on 
he second and third levels. 
The laboratories on the fourth level are designated 
rtly for research on problems of chemical microbiology 
d partly for isotope analysis by Geiger—Miiller counting 
hniques, scintillation counting and mass spectrometry. 
ot’ laboratory for the preparation of C- and tritium- 
lled compounds is also available. The research prob- 
3 under investigation include studies of biosynthetic 
ways of microbial metabolites of biological or bio- 
cal interest and the enzyme systems involved, the 
ation of the chemical structures of new compounds 
ging to this category and some aspects of non-specific 














close conjunction with and in support of the bio- 
cal De microbiological P neg are carried 


geneties of the micro-organisms producing the metabo- 
under investigation, strain selection and improve- 
t ioe of the more pouuce! dag of the inter- 


the sections of pe A avra ad chemical 
crobiology, as well as the fermentation pilot plant, a 
s of electronics laboratories is provided on the fifth 
.. The development of automatic scanning devices 
the quantitative evaluation of bi-dimensional radio- 
matograms and various kinds of column chroma- 
aphy procedures, with the computerized evaluation of 
ə results, is under active investigation; other problems 
der investigation include the automation of fermenta- 
ion processes and analytical procedures. Adjoining the 
trumentation section is a series of laboratories for the 
udy of new methods of biochemical engineering, par- 
icularly in the fermentation field. 

A special feature of the Department, and one that is 
unusual for a university biochemistry institute, is its 
fermentation pilot plant of semi-industrial dimensions for 
the bulk production of (non-pathogenic) micro-organisms 
and microbial metabolites of biochemical or biological 


nd motion pictures of eruptions on the volcanic 
f Surtsey, taken in February 1964, show an 
henomenon associated with the fountains 
the fountains are active, a dense 

ried off by the 











Foroni of 20, "50, 300 and 3, 000 1. capaci 
run continuously 24 h a day on a shift bas 
provided with all she filtration and extraction e¢ 
required for workmg up the largest quantities of 
organisms and culture media obtainable in the ferm 
Attached to the pilot plant is a series of micro 
laboratories for the preparation of the inocula i 
routine microbiolegical and chemical tests. Th 
plant serves the neads of the chemical microbiology section 
of the Department in the first instance, but it is hoped that — 
it will eventually be possible to meet at least some of the 
requirements for microbiological material frequently — 
occurring in outside university and other bioohermiea ce as 
research laboratorips. ce 
No undergraduate studies are planned, but a 2yr 
postgraduate course in general biochemistry, chemical 
microbiology and fermentation techniques leading to the 
award of Diplomas of Membership of the Imperial peels ; 
of Science and Teehnology (D.I.C.) and M.Se. degree Í- 
initiated at the start of the present session. Teac 
laboratories to aceemmodate forty postgraduate stu 
and a seminar rocm are located on the third and 
levels. 5 
The underlying unification of the apparent div 
research activities is seen as a consequence 0; 
versal nature of mest fundamental biochemical P 
in the detailed iovestigation of which it is” 
desirable to minimize any limitations on the choi 
most suitable experimental biological system. T 
was strongly arguec. by Prof. Chain in his i inaugura 
which he entitle: ‘Landmarks and Perspee 
Biochemical Research”. 
In this lecture ke outlined the major histori 
marks in biochemical research and detailed 
approach to the subject, while in his closing 1 
directed attention ° ze) what he considered to be 











































































should not be at pe as well ea as th 
States counterparts, and furthermore that the 
to be gained by close contacts with our collea, 
United States involving regular visits by both se 
junior research workers. However, in addition 
coming the frustration inherent in inadequate 
support for researzh, he emphasized a less «frequ 
stated but equally important problem, namely, the lack of 
senior positions for young, promising biochemists who are 
consequently proms to lend sympathetic ears- to the ere 
overtures of overseas laboratories. a 

In order to nurture the spirit and energy which a are e the 
birthright of any new department, it is vital to recognize - 
and take all possible steps to avoid those frustrations | 
which alone can prejudice the enthusiasm, dedication and _ 
congenial research atmosphere so essential to the sucooss- on 
ful study of the secrets of nature. ROBERT THOMAS 





EVAPORATION OF LAVA AND ITS CONDENSATION FROM THE VAPOUR 
PHASE IN TERRESTRIAL AND LUNAR VOLCANISM a 


By Dr. BERNARD VONNEGUT, ROBERT K. McCONNELL, jun., 


Arthur D. Little, Inc., Cambridge, Massachusetts 
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wind (Fig. 1). More recent observations of this 3 
reported by Björnsson? in the summer of 1964 d 
similar phenomenor. in which a cloud of dark smo 
observed to form down-wind of the quiet lake sr 
lava that filled the crater. 3 
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These dark clouds, except for their colour, are quite 
similar in location and appearance to the clouds of white 
steam from erupting geysers and from heated pools in 
geothermal areas. The resemblance between the steam 
clouds and the voleanic clouds is so pronounced that in 
our opinion there is little doubt that they are formed by a 
similar mechanism. It appears that the hot lava has a 
high enough vapour pressure for appreciable quantities 
of it to evaporate. On mixing with the much cooler 
atmosphere the vapour will condense to form visible 
aerosol particles in much the same way that condensing 
water gas forms the visible aerosol particles called ‘steam’. 
If one extrapolates from the known features of the con- 
densation of water and other substances to form aerosols, 
it seems reasonable that the lava vapours may condense 
either as vitreous droplets or as small crystalline particles. 

If particles can condense from the gas phase over lava 
fountains and lakes, similar processes might take place in a 
phreatic eruption; some gaseous components from the 
hot lava may be present in the gas phase of the high- 
velocity eruption which will condense to form an aerosol 
when cooling takes place by adiabatic expansion or by 
mixing with the atmosphere. While the larger particles 
of tephra in a voleanic eruption are undoubtedly formed 
by mechanical disruption of lava, it appears quite possible 
that some of the smaller tephra particles of an eruption 
result from the condensation and growth of aerosol 
particles from the vapour phase. Thus the cloud-forming 
process in the phreatic eruption may be similar to that 
occurring in the screening smoke generators developed by 
Langmuir and Schaefer*. In these a high boiling petroleum 
oil was vaporized along with water and then caused to 
escape at high velocity into the atmosphere where it 
condensed as an aerosol. 

All the evidence suggests that the spectacular meteoro- 
logical optical phenomena, such as vividly coloured sun- 
sets and Bishop’s rings, associated with volcanic eruptions 
are the result of very small particles. Since the optical 
phenomena extend over large portions of the globe and 
persist for months or even years*, the particles must be 
so small that they settle very slowly. deBary and Bull- 
rich* state that in order to have Bishop’s rings it is 
necessary for these to be present: (a) an abnormally 


STEAM CLOUD 


Fig. 1. 
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dense layer of aerosol particles with almost identical 
radii of 0-3—0-4 at a constant altitude over a wide area 
in the vicinity of the observer; (b) a concentration of 
aerosol particles 5-10 times greater than usual. The 
aerosol particles are so small and so uniform that it 
appears unlikely that they result from mechanical dis- 
ruption. It seems far more probable to us that this class 
of particulate matter is the result of condensation from 
the vapour phase. 

Thus it seems likely that the formation and properties 
of the high-temperature clouds of the voleano are similar 
to ordinary atmospheric water clouds. It would therefore 
be worthwhile to obtain quantitative information con- 
cerning the partial pressures of the lava vapour during 
volcanic eruptions. If the vapour pressures are compar- 
able with the partial pressures of water vapour in the 
atmosphere, a significant portion of voleano clouds and of 
the small tephra particles may be formed by a condensa- 
tion and coagulation process similar to that which occurs 
in water clouds. Conceivably, if the partial pressure of 
the lava components is sufficiently high, the heat released 
by the formation of liquid or solid cloud particles may be 
of significance in the formation of nuées ardentes. 

We have carried out some preliminary laboratory 
experiments that confirm that aerosols are produced when 
hot lava evaporates into the atmosphere. We have 
observed smoke to form when basalts are melted on an 
electrically heated wire filament or in a crucible. Basalt 
heated in air to about 1,400° C in a platinum crucible 
produced a light brown condensate on a water-cooled 
glass flask above the crucible (Fig. 2). A mixture of basalt 
and dunite heated to about 1,500° C under reducing condi- 
tions (in a graphite crucible in argon) produced a ‘smoke’ 
containing dark brownish-grey structures resembling 
cobwebs. X-ray diffraction of these ‘cobwebs’ indicated 
the presence of silicon, SiO. Mg,Si and MgO. X-ray 
fluorescence of both deposits showed strong evidence of 
potassium, calcium, iron and silicon. 

It is apparent that, in the processes we observed to oceur 
over Surtsey, the ambient atmosphere is of dominant 
importance. The presence of an atmosphere affects the 
formation and deposition of aerosols in at least four ways: 
(1) it maintains a high enough concentration of the lava 


LAVA FOUNTAIN 


View of the new island, Surtsey, with cloud of dark smoke above lava fountain. White plume in foreground is steam cloud caused by 
contact of lava flow with sea water. 


(Photo by Sigurgeir Jonasson) 
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gas to allow sufficient supersaturation for particle forma- 
tion by condensation; (2) it causes sudden quenching of 
the hot gases by mixing and expansion; (3) it prevents 
rapid falling of the particles; (4) it transports the particles 
by the wind. 

Because of the great influence of the atmosphere on the 
behaviour of hot lava vapours, it is interesting to consider 
what sort of processes might take place in Nature under 
conditions of very low atmospheric pressure such as those 
which exist on the Moon. Here, when silicates vaporize 
from volcanism or other causes, the results will be different. 
At these very low pressures the mean free path of the 
molecules will be large and the chances of their coming 
together to condense to form a particle will be negligibly 
small. Using an analysis similar to that of Watson et al.* 
it can be shown that on the Moon most of the species 
evaporating from the surface of a rock melt will move at 
less than escape velocity and will return to the Moon's 
surface. Here they may condense to form a structure that 
is frost-like or dendritic in character. Following their 
analysis it can also be shown that the average distance 
a molecule of metallic oxide evaporated from a melt will 
travel before landing on the Moon’s surface will be of the 
order of several hundred kilometres. This ensures 
relatively uniform deposition over a substantial fraction 
of the surface from even a small area of melt. 

To investigate effects of vacuum we performed a simple 
experiment by heating about 1/5 g of basalt to about 
1,200° C in a vacuum of 10- torr for a few minutes. This 
produced a dark brown film several microns thick on a 
microscope slide suspended above the melt. Agam X-ray 
fluorescence showed strong lines of potassium, calcium 
and iron. No good X-ray diffraction peaks were observed 
from the thicker parts of the deposit, but under the optical 
microscope small particles showing apparent crystalline 
outlines were observed on the thinner parts of the film 
(Figs. 3 and 4). Dark-field electron microscopy of thinner 
parts of the film from the slide showed the presence of 
crystals ranging in size from several hundred to several 
thousand angstroms. 

The observed photometric properties of the surface of 
the Moon are consistent with the idea that vapour deposi- 
tion may have played a part in its formation. Hapke* 
has summarized the photometric characteristics of the 
entire visible portion of the lunar surface, drawing particu- 
lar attention to the low albedo, strong back-scattering, 
unusual polarization properties, and brownish-grey colour. 
He concludes that the only materials that would be 
photometrically consistent with the observations are some 
types of vegetation, non-metallic whiskers and dark, finely 
divided particles. There can be no vegetation because of 
the lack of atmosphere. He suggests that although 





Photomicrograph of condensate formed on cold surface in air 
above crucible containing molten basalt at about 1,400° C 


Fig. 2. 
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Fig. 3. Photomicrograph of thin condensate film formed on glass held for 
several minutes in a vacuum above molten basalt at about 1,200° C 





‘Transmission electron photomicrograph of that area of the film 


Fig. 4. 
shown in Fig. 3 from which electron diffraction pattern indicating erystal- 


linity was obtained. Note the similarity between the fine granular 
structure shown in this figure and the much coarser structure of the air- 
ceposited material of Fig. 2 


whiskers might be formed by the combined effects of 
sputtering by the selar wind and condensation of material 
vaporized by micremeteorites, they are unlikely to survive 
under repeated meteorite bombardments, Hapke con- 
cludes that the surface must be covered with a layer of 
pulverized rock powder 10u or so in size which has been 
“darkened by expesure to solar radiation or some other 
agent and arranged by micrometeorite bombardment into 
a porous material with a bulk density only one-tenth 
that of solid rock”. A comparison of Fig. 2 with Hapke’s’ 
photographs of a fine powder with the required ‘fairy- 
castle’ packing shows a strong resemblance. Simple 
preliminary measurements indicate that our light-coloured 
air-deposited material also exhibits a strong back-scatter- 
ing peak. The materials evaporated under less oxidizing 
conditions in a graphite crucible in argon or in a vacuum 
showed considerable darkening as would be expected. 

It thus appears that the volcanic evaporation—condensa- 
tion mechanism should be added to micrometeorite impact 
and solar wind sputtering as a possible factor contributing 
to the evolution of the visible portion of the Moon’s 
surface. 

From our observetions at the voleano and in our labora- 
tory we conclude that the formation of particulate matter 
by the condensation of vaporized components of hot lava 
is important in the origin of terrestrial volcanic clouds 
and atmospheric aerosols. The volcanic evaporation— 
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condensation mechanism may also be of importance in the 
formation of the surface of the Moon. 

We thank the Manned Spacecraft Center of the National 
Aeronautics and Space Administration, the Geophysics 
Branch of the Office of Naval Research, the Atmospheric 
Sciences Program of the National Science Foundation and 
Arthur D. Little, Inc., for the support that made this 
work possible. 
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A PACKAGED PLANT GROWTH CABINET WITH HIGH AND 
UNIFORM INTENSITY OF ILLUMINATION 


By G. A. CARPENTER 
The National Institute of Agricultural Engineering, Silsoe, Bedford 


T is becoming normal practice for a research institute 
or university department concerned in any way with 


` the growth of plants to construct facilities for growing 


plants under controlled conditions. The trend in countries 
other than the United Kingdom has been to construct a 
phytotron'*—a large complex of rooms, cabinets and 
prabos situated at one site, using natural and arti- 

ial light. In the United Kingdom, the Agricultural 
Research Council has adopted the policy of helping to set 
up controlled environmental facilities of limited size at 
existing institutes and universities. While it is recognized 
that certain types of research demand a ‘walk-in’ room, 
wind-tunnel or other specialized type of chamber, it was 
considered that a packaged ‘reach-in’ cabinet would fulfil 
a substantial proportion of the needs. The Agricultural 
Research Council has therefore provided support for an 
investigation at the National Institute of Agricultural 
so mange of the design principles of an artificially-lit 
cab (Fig. 1). As a preliminary to this investigation, a 
survey was undertaken of more than 100 organizations 
considered to be potential users in order to find out the 
main requirements for controlled environment facilities. 
Several aspects of the final design of the cabinet, for 
example, the chosen range of operating temperatures, are 
a direct result of the survey. The present position is that 
the cabinet has been developed in conjunction with R. K. 





Fig. 1. Plant growth cabinet developed at the National Institute of 
Agricultural Engineering 


Saxton (Sax-Air), Ltd., and fifty are being made by this 
company. About thirty cabinets have so far been installed 
at eight research institutes and university departments. 

In the past, designers of growth cabinets have used a 
constant temperature room as a starting point and have 
added illumination; the association of plant growth rooms 
with basements is partly a result of this expedient. More 
recently, there has been a tendency to use packaged 
cabinets or even rooms as free-standing entities having 
greater independence of the building structure. Such an 
approach gives more room for plant handling, lamp 
access and equipment maintenance, coupled with greater 
flexibility for major alterations or even entire removal to 
another building. Many of the problems in design apply 
equally to a cabinet or a room, these being best regarded 
as designs with different or complementary uses rather 
than rigid alternatives; for example, a room is particu- 
larly suited for prolonged measurements in situ, or for 
growing large arrays of plants. 

For a growth chamber to be satisfactorily designed, it 
is essential for the designer to be aware of the needs of 
the user, but the latter should also be aware of the 
engineering, physical or economic implications of his 
requirements—in short, an understanding is needed 
between the engineer and the biologist. Examples of this 
can be given: should a user decide that temperatures 
below 5° C are not required in a cabinet, then, by avoiding 
de-frosting problems, a significant increase in operational 
simplicity is achieved. Similarly, a user, in specifying the 
accuracy of control of temperature and humidity he 
requires, must ensure that this is compatible with the 
dependence of relative humidity on temperature. In the 
present state of knowledge, the relative merits of certain 
aspects of the design of a growth chamber are still not 
resolved; for example, direction of air movement and its 
velocity. 

It is possible to define an ideal growth chamber in 
terms of what occurs in natural conditions or semi- 
natural conditions such as in a glasshouse; however, this 
is misleading, because most natural environments tend 
to fluctuate widely and any predetermined environment is 
artificial since it can only approximate to a condition or 
combination of conditions that exists periodically in a 
natural climate. Three criteria appear to be important: 
conditions should be uniform in space and time; con- 
ditions should be defined and reproducible; and plants 
grown in this environment should not be too dissimilar 
from ones grown in a typical natural climate. 

There are certain design problems which are peculiar to 
plant growth chambers. First, the highest possible 
uniform light intensity must be provided over the whole 
experimental area, thus eliminating use of either the 
ceiling or the walls or doors for any purpose likely to 
obstruct light, and also imposing a substantial heat load 
on the air-conditioning system. Secondly, plants modify 
the composition of the atmosphere by transpiration of 
water and exchange of carbon dioxide, thus necessitating 
























t continual adjustment: of floor-level. 
the cabinet to be described, first advo- 
ed by Morris*-*, the problem of providing 
igh intensity of light with good uniform- 
in time and space was solved in two ways: 
the provision of a self-contained lighting 
t; and by using this lighting unit in com- 
bination with specularly reflecting walls on 
the plant chamber to produce a rectilinear- 
ox, artificial, overcast sky. 
The lighting unit consists essentially of a 
OX containing fifty-six 5-ft. fluorescent 
bes arranged in two tiers; this arrangement 
es 35 per cent more light than a conven- 
al close-packed single tier’. The lamps 
surmounted by a white reflector. Under 
se conditions, plain lamps are superior 
ose with an internal reflector®. Lamps 
wed in this manner require forced- 
ht cooling which is provided by an 
-low fan above the unit, air being 
ed in through filters at the end of the 
s and passing through holes near the 
of the overhead reflector to the fan and thence to the 
sphere. Because the light output of this kind of 
3 dependent on temperature, the lamps are cooled 
y over the bank and compensatien for variations 
ent air temperature is provided by a temperature- 
-deviee in the top of the lighting unit which 
some of the air to by-pass the lamps for lower 
temperatures. The lamps are enelosed beneath 
uble-glazed ‘Perspex’ ceiling; a screen of some 
ssential in order to separate the air streams con- 
ng the lamps and plants, respectively, thus making 
ble the independent control of the temperature 
onment of both lamp and plant. In addition, if 
glazing is used, long-wave heat radiation from the 
is reduced by two-thirds and this reduces the load 
he air- conditioning system in the plant chamber. 
pex’ was chosen in preference to glass because it is 
in weight and not easily broken; experience has 
wn that with reasonable care it does not become 
hed, nor does it ‘age’ under this type of irradiation. 
‘surprisingly, the loss of light transmission attribut- 
0 the double-glazed ceiling is only about 6 per cent, 
o- multiple reflexion between the ceiling and the 
source. 
rectilinear-box, artificial, overcast sky is character- 
deally by uniform flux density of light in all directions 
@ upper hemisphere, although in practice the 
ast reflécting materials do not achieve this® and approx- 
ate as regards sky luminance to a real overcast sky’. 
1c cabinet dimensions were chosen so that the plant 
floor was a square of 1-37 m side with the lighting unit 
overlapping by 8 cm on all sides. The walls were lined 
ith metallized polyethylene terephthalate up to the 
ceiling. Under these conditions, the light intensity over 
three-quarters of the floor area does not fall below 95 per 
cent of the value at the centre of the floor; the lowest 
alue of 92 per cent occurred in the corners. The light 
tensity at floor-level (112 em from ceiling) is 75 per cent 
shat at ceiling-level. 
quality of illumination raises several points of 
st. to botanists. First, considering only the wave- 
hs 0-3-0-75u, the intensity of illumination is only 
of midday summer sunlight. However, the 
gral of light energy incident on the floor of the 
ing an 18-h day-length and a realistic schedule 
replacement’, reaches the average daily 
the open’ for the month of 
1 over. a period of 








Mean dally energy in spectral range 0-3-0-75y (cal cm 3 


Fig. 2. 
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(1) Variation of mean daily ligis energy with time of year at Kew Observa 
Average for 1956-1962 inclusive. Values are for total radiation x 0-47. (2) Variatic 
daily light energy with day- length in the plant growth cabinet. Broken line eif 
lamps giving 0'23 cal em~ 1 mint of light exergy. Continuous line is for grow 
of lamps (1/5 every 1,000 h) giving 0-1& sal em 












0 2 4 6 8 10 12 14 16 18 20 22 24 
Day-length in growth cabinet g 








Month 














min of light energy. easun 
taken 15cm from lamps : 










5 years (Fig. 2), namely, 198 cals cm per day. x 
more, the light in sae growth cabinet is diffuse 
from all senor: above the horizon, and | be 




















for stall higher A the aa in terms of 
rates, can give a performance comparable with. 
of doors in summer. Secondly, per unit of light 
in the photochemically active range (0-3--0-75,4),- 
contains one and « half to two times the total 
energy than does the lighting in the cabinet. Thi 
given growth-rate, transpiration is likely to be ¢ 
ably less under cabinet conditions than under 
illumination. Thirdly, the ‘overcast sky’ pro 
directionally defined type of illumination whic 
be repeated and is uniform over the whole « 
floor. Because of the reflecting walls, guard ph 
unnecessary if the outer row of plants is a ‘hi 
spacing’ from the walls, an effect illustrat 
Fig. 3. 
The aspects of il relating to air ergs! 
unexpectedly to present greater difficulties the 
illumination. The area occupied by plants A it 
large proportion of she total floor area occupied 
cabinet; this resulta in severe problems related to 
aerodynamics of turning and expanding the air fic 
Furthermore, it is desirable to limit air velocity to belos 
100 ft./min and this produces unavoidable gradients 
temperature and moisture content of the air as it pas 
through the chamber. However, with uniform distribut: Be 
of air velocity, suehsgradients can be measured, calculated 
and controlled. Vertically upward air flow was adopted 
in preference to horizontal, since it ensures similar con- 
ditioning of all plants. It has advantages over vertically 
downward flow, since it permits the use of the space € ©- 
beneath the plant fieor for obtaining a uniform: velocity Boies 
distribution through the plant canopy despite turning the __ 
air flow through 130° and expanding the duct a 
twenty-fold. It also means that the reflecting wall 
be complete on all sides apart from a narrow exi 
along the top of one wall. Although Joffe? has exp 
concern over the existence of stagnant air pockets 
plants when using vertically upward flow, neither i 
tion of smoke trails nor the determination of ve 
distribution in different horizontal planes pro 
evidence of stagnation. The characteristics of. | 
distribution system will have a e DEAT on this an a 
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EAE mixes coolant from the reservoir with warmer 
coolant from the coil. The air is re-heated 
by means of an electrical heater fed from the 
output of a servo-operated transformer. 
Both temperature and humidity depend for 
control on measurement of temperature, and 
the sensing elements are therefore com- 
pletely trouble-free, being dry-bulb resist- 
ance thermometers. The controllers are 
two-term electronic instruments. The main 
fan is variable in speed. The refrigeration 
unit consists of a packaged chiller connected 
to the cabinet by two pipe-lines. Up to 
three cabinets can be supplied from a single 
refrigeration unit. 

The variation of air temperature is less 
than +0-5° C with time and +0-75° C over a 
horizontal plane. When the lights are on, 
leaf temperature will be subject to a tempera- 
ture gradient in a vertical direction. The 
workable temperature range of the cabinet 
is 4°-30° ©. Relative humidity is uniform 
in time to about +2 per cent provided 
adequate evaporating surface is provided 


Fig. 3. Visual illustration of the lighting principle used in the cabinet. 25 pots of Helzine either by plants or by a special wick; this 
solierolii are shown inside a cube of size 68 cm with wall of glass mirror figure will vary with actual temperature and 


there is little resistance to air flow inside the plant 
chamber. Covering the floor with close-packed 3-5-in. 
diam. pots has no detectable effect on volumetric air 
throughput, and streamline flow is maintained over the 

ing unobstructed area of the floor, at a corre- 
spondingly increased linear velocity. 

For a reasonably airtight cabinet operating on a closed 
air circuit, continuous release of moisture from plants in 
the chambers permits control of humidity by continuous 
condensation on a cooling coil of controlled temperature, 
thereby limiting the dew-point. If the moderate air- 
velocity, and thus the air circulation rate, is also taken 
into account, the cooling and heating loads imposed by 
cooling the air to dew-point and re-heating to dry-bulb 
are not prohibitively large. Such a system was therefore 
adopted in this cabinet. The need to control cooling-coil 
temperature made it essential to use secondary refrigera- 
tion and a proportioning controller. It is interesting to 
note that plant transpiration rate influences the design 
of the cooling coil. In principle, a silent pump on the 
cabinet continuously pumps coolant through a cooling 
coil, and coolant at 33° F is available from a reservoir 
remote from the cabinet. The temperature of the cooling 
coil depends on the position of a servo-operated valve which 
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humidity. 

Although the cabinet consists basically of a steel 
structure of special design, most of the components used 
are available commercially. The special design, in addition 
to incorporating the features already mentioned, gives 
good accessibility to components, permits breakdown into 
five sections for installation in buildings with restricted 
access, and also gives scope for modifications by users. 
The cabinet also has a comprehensive built-in alarm 
system. 

I thank Mr. L. G. Morris for his technical advice, and 
Dr. D. Rudd Jones for his sustained interest in this 
project. I also thank the Director-General of the Meteor- 
ological Office for permission to use records of total daily 
radiation. 
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VIRUS NAME? 


By Dr. A. J. GIBBS and Dr. B. D. HARRISON 
Rothamsted Experimental Station, Harpenden, Hertfordshire 


AND 


Dr. D. H. WATSON* and Pror. P. WILDY* 
Department of Virology and Bacteriology, University of Birmingham 


Inadequacy of Names in Use at Present 


ROLOGY has advanced greatly in recent years, but 

virologists have had little success in devising a 
satisfactory way of naming the entities they study. 
Most virus names now in use are essentially arbitrary and 
have to be learned by rote because they give little indica- 
tion of the properties of the virus named. This applies 
to vernacular names such as ‘tobacco mosaic virus’ and 


* Members of the Medical Research Council Virus Group. 


even more so to semi-numerical names of the type 
‘Nicotiana virus 1’, which gives only half as much infor- 
mation as its corresponding vernacular name. There have 
been several, largely unsuccessful, attempts to introduce 
latinized binomial names for viruses. This type of nomen- 
clature has been particularly effective for those animals 
and plants that reproduce sexually, but less so for those 
that reproduce mainly by other methods. 

Some of the shortcomings of latinized binomials are 
indicated by the chaotic situation which has resulted from 
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their use with a non-phylogenetic, but hierarchical, 
classification of bacteria. Indeed, when the basic unit in 
this classification, the ‘microbial species’, is considered by 
the curator of the British National Collection of Type 
Cultures to be a ‘macromyth’}, it is not surprising that 
latinized binomial names have proved unsatisfactory for 
such organisms. It is also becoming more widely recog- 
nized that Latin is no longer internationally well under- 
stood?. The latinized binomial system may have been 
unsatisfactory in practice for bacteria because of the rules 
that have governed its use, rather than because it is 
intrinsically bad, but we think that if applied to viruses 
it will give similar or even worse results. 

What, then, can be done ? Criticism of existing practice 
is most helpful when accompanied by suggestions for a 
better system, but before making our suggestions we wish 
to discuss the aims of nomenclature and its basis in classi- 
fication. 
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Aims of Nomenclature 


If the only purpose of virus nomenclature is to provide 
each virus with a specific label, then it is necessary only 
to devise a series of unique epithets “‘quaint enough to be 
unforgettable’’*. However, a name would be far more 
useful if it indicated some of the properties and thus the 
affinities of the virus. Ideally aname should be: (1) simple, 
easily understood and usable by people speaking different 
languages; (2) indicative of the properties of the virus 
named; (3) unchanging. The main difficulty is to devise 
names that are unchanging, or rarely change, and yet 
indicate what is known of the properties of the virus 
named, when this is likely to increase greatly as the result 
of future research. 

The solution we suggest is to use a name made up of 
two functionally different parts, one part a convenient 
and unchanging label, which would be the vernacular, or 
trivial, name, and the other part an internationally agreed 
code indicating the present state of knowledge of the 
properties of the virus. The idea of a code has recently 
been considered both for viruses* and for bacteria’ but 
not developed in detail, and for enzymes a similar code 
has been in use since 1961. Such a code will best indicate 
the properties and thus the affinities of the virus if based 
on a virus classification, and so, before describing our 
ideas for a code, we shall discuss virus classification. 


Classification of Viruses 


The aim of virus classification is to make an ordered 
arrangement of viruses that will indicate their similarities 
and differences. Viruses can of course be classified on the 
basis of any features. However, if there is any point on 
which virologists are at all likely to agree, it is that we now 
need a general rather than a special classification. Such a 
classification has two main uses: (1) To predict the un- 
known properties of a virus by analogy with the known 
properties of similar viruses. This is of value both in virus 
identification, where the identity of a virus may be more 
readily predicted and more speedily established by 
studying the most convenient and most clearly differentiat- 
ing properties suggested by a classification, and also, when 
a ‘new’ virus is found, to predict by analogy some of its 
properties. (2) To form a basis for virus nomenclature. 

One of the great debating points of taxonomy in recent 
years has been whether or not more importance should 
be attached to some characters than others. ‘Important’ 
characters are supposedly recognized because they are 
either basic or indicate phylogeny. ‘The phylogeny of 
viruses, however, is at present a matter for speculation 
only, and though nucleotide sequence may perhaps be the 
only functionally basic character of a virus, at present we 
neither know nor could interpret such a sequence. 
Alternative characters must therefore be used. The 
hierarchical systems for grouping viruses proposed by 
Holmes®, Hansen’, Cooper’, and by Lwoff, Horne and 
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Tournier*, have required the classifiers to decide on the 
relative importance of these alternative features. We can 
think of no satisfactory way of estimating the relative 
importance of different characters, and therefore consider 
it essential to follcw the principles of Adanson’, who 
suggested that all.-nown information should be used, and 
that all characters should be considered equally important. 
Using these principlss we will obtain a phenetic classifica- 
tion of viruses, that is, one based on the similarity of their 
overt properties. This does not mean that the classification 
may not have some phylogenetic significance, for the 
classifications of higher plants and animals used at present 
were phenetic in origin and have only later been shown to 
agree, in parts, with phylogeny. 

Now that electronic computers exist, classifications 
using Adanson’s principles can be made easily and 
accurately, The first attempt to classify viruses in this 
way! had limited success because, if this type of classi- 
fication is to have much worth, it must be based on at 
least sixty equally weighted independent characters}, 
and at that time too few characters were known. A 
quick survey of the most recent literature on 500 or so 
of the best-known viruses infecting vertebrates, insects, 
seed plants and bacteria shows that we still have less than 
5 per cent of the information needed. Therefore, although 
a general classification of viruses on Adansonian principles 
can be begun now, it still can be only crudely quantitative. 
Plainly, we cannot yet classify viruses objectively and 
rationally, but we should expect to be able to doso one day. 
In the meantime, if we are to do anything at all, we must 
make do with some more subjective approach, but it is 
imperative, and this is one of our principal points, that 
the temporary measures (both for classification and 
nomenclature) should in no way prejudice the evolution 
of a more satisfactory classification. 


The Problem of Grouping 


When we use the existing information on characters of 
viruses (for example, Table 1) to compare the viruses 
phenetically, we find that many arrange themselves in 
groups, but the difficulty is to decide how best to delineate 
these groups. We may illustrate our approach to this 
problem by the four examples given in Table 2. Whereas 
we distinguish the turnip yellow mosaic group of viruses 
from the squash mosaic group because the two groups 
differ in several characters shared by viruses within each 
group, we might not place poliovirus 1 and acute bee 
paralysis virus in separate groups because in this case 
the differences seem few. ` 


Table 1. SOMBE CHARACTERS TO BE USED IN OLASSIFYING VIRUSES 


{1} Viral components 
Nucleis acid — DNA or RNA 
— single or double stranded 
— molar base ratio 
— molecular weight 
— percentage mn particles 
— No of different proteins in virus particles 
— enzymes in particles 
— other virus-induced proteins 
— serological relationships, as revealed by 
precipitation, neutralization and comple- 
ment fixation tests 
— haemagglutinating properties 
Lipid, Polyamine, ete. — composition and amount 
(2) Particle form — shape 
— size 
— structure and symmetry of nucleocapsid 
— accessory structures 
— density 
— sedimentation coefficient 
— accessory particles; types and properties 
(8) Stability of infectivity and particles i 
— temperature; thermal inactivation point 
— effect of chemicals, for example, ether 
— effect of enzymes 
— photo-reactivability 
{4) Interactions with hosts — site of growth in cell 
— tissue tropisms 
— pathological effects 
— host range; host taxa; no. of susceptible 


Protein. 


species 
— response to inhibitors of multiplication 
(5) Mode of natural spread — vector or not; type of vector; behaviour of 
virus in vector 
— own infection mechanism (phages, etc.) 
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The members of a group differ most in the fine details 
of host range and pathological effects. It would seem that 
these biological characters are not correlated with the other 
characters we have used for grouping. 

The status of serology in such a system of groups war- 
rants special mention, for many people believe that serology 
is the most, if not the only, useful character in virus classi- 
fication. This attitude has perhaps arisen because serologi- 
cal relationships have been found so far only between 
virus isolates that share most of their properties. There- 
fore we find that, in a phenetic classification, viruses known 
to be serologically related are in the same group, though 
any one group may contain viruses that seem serologically 
unrelated. Serological tests, therefore, help not only to 
identify and group viruses, but also to distinguish between 
the members of a group. 


Nomenclature of Viruses: Our Suggestions 


The first part of the name, the vernacular part (for 
example, the list of names of plant viruses used by the 
Review of Applied Mycology™), would have the advantage 
that it is already widely used. Most such names indicate 
the disease with which the virus was first associated, and 
could be translated into other languages where this has 
not already been done. 

The second part, the code or cryptogram, would indicate 
current information about the virus and might therefore 
frequently change. A cryptogram could be devised with 
many symbols, one for every character of the virus; this 
would give a shorthand summary of all the known proper- 
ties of the virus, and would thereby give each virus a 
unique specification, but though it might be useful for a 
reference book it would be too cumbersome for general 
use as part of the name of a virus. Therefore we suggest 
an abbreviated type of cryptogram with only four terms. 
This would be sufficient to separate viruses into the 
groups already discussed here, or small collections of 
such groups. Table 3 shows the form of this cryptogram, 
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and gives examples of the cryptograms of a few well- 
known viruses. The symbols are intended (where possible) 
to be suggestive of the characters they represent. f 

Although we have selected characters for the cryptogram 
that conveniently separate the groups of viruses recog- 
nizable at present, other characters may have to be sub- 
stituted from time to time to take account of changes in 
classification. We emphasize that the cryptogram is not 
a part of the classification; it is a part of the name of the 
virus that reflects some aspects of the classification and _ 
indicates the state of knowledge of some of the properties 
of the virus. 

In general, bacterial and vertebrate viruses will be most 
clearly differentiated from one another by the first three 
terms, for few of these viruses have vectors, whereas 
viruses of higher plants will mainly be distinguished by the 
last three terms because many of them contain single- 
stranded ribonucleic acid. : 

‘Four-letter words’ are often printed with some of their 
characters disguised by the symbol ‘*. We suggest that 
this symbol be used in the cryptogram when there is no 
information on the relevant property, both when the 
property has not been studied, and also when in spite of 
study the property is not known, for to distinguish between 
the two possibilities would be difficult. A further tentative 
suggestion is that bold type should be used to indicate that 
the property has been determined on the virus in question, 
and, when the property can reasonably be assumed by 
analogy with a closely related virus, normal type be used. 

A few of the cryptograms will, as already mentioned, 
relate to more than one of the groups of viruses obtained 
using the whole range of known characters. Thus both the 
turnip yellow mosaic group and the squash mosaic group 
of viruses would have the cryptogram 


I 3'5 Ë 
To distinguish the individual groups in such collections 
would require & range of additional features, and because 


(Table 2) 


Table 2. PROPERTIES OF SOME SMALL VIRUSES 








Property Turnip yellow mosaic Squash mosale group of Pollovirus 1 Acute bee paralysis virus 
group of viruses ‘viruses ; 
Type of nucleic acid RNA RNA RNA 
Sirandedness single — 
Nucleotide ratio 16 : 20 : 40 : 24 22 : 80:17:31 25:81:19:25 — 
{moles G:A:C: U approx.) or 16: 22:33:29 
Molecular weight of nucleic 1-8 x 10° 2 x 10° — 
acid in particles 
% nucleic acid in particles 37 35 30 35 
Appearance of particles ‘spherical’, 25-80 mu diam., | ‘spherical’, 25-30 my diam., | ‘spherical’, 25-80 mau diam., | ‘spherical’, 25-30 diam., 
2e maor morphological | distinct polygonal outline rounded polygonal outline | rounded polygonal outline 
su 
Sedimentation coefficient (8) 106-121 103-125- 158 160 
Sedimentation coefficient of 49-56 84-100 —_ 80 
naturally occurring accessory and 64-80 
particles (8) 
Thermal inactivation point 75° © 76° © 62° C 75° C 
(10 min) . 
Serological relationships The TYM group includes | Distant serological relation- t O oF 
two sub-groups of viruses, | ship between all members 
with distant serological | of the SM group where this 
relationships between | has been teste 
viruses each sub- 
group, but none to viruses 
in the other sub-group 
Mode of spread E Beetle vector Beetle vector No vector No vector 
Host range Seed plants: moderate range | Seed plants: moderaterange | Vertebrates: primates only | Invertebrates: bees only 


of species 


Pathological effects Mostly mosaics 


Number of phenetically similar 6 
viruses 


‘t Poliovirus 1 and acute bee paralysis virus are unrelated serologically. 


of species 


Mostly mosaics, or mottles, 
some hosts give necrotic 
local lesions 


Inapparent; or necrosis of 
nerve tissue 


Inapparent; or necrosis of 
gut cells, more rarely of 
nerve ca 
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Table 3. THE CRYPTOGRAM 


ARRANGEMENT 
Type of NA » M.W.of NA , Outline of particle Hosts 
Strandedness  * % NA * Shape of N.C. Vector 
EXPLANATION AND SYMBOLST 
Type of NA R, RNA; D, DNA 
Strandedness Strandedness of nucleic acid 7 = ai A 
= double 
M.W. of NA Molecular weight of nucleic acid in millions 


o NA ek of nucleic acid in infective particles 
Outline of particle 8, Essentially spherical 
E, Elongated with parallel sides, ends not rounded 
U, Elongated with parallel sides, end(s) rounded 
, Having a tail 
Complex or none of above 
gaan of nucleocapsid 

A sentially parria! 
, Elongated with parallel sides, ends not rounded 
, Elongated with parallel sides, end(s) rounded 
, Complex or none of above 
Kinds of host infected 
V, Vertebrate ; 
I, Invertebrate B, 
Seed plant A, Actinomycete 
Kinds of vector 
Spreads without a vector; no vector known 

phid (Insecta, Hemiptera, Aphididae) 
, Beetle (Insecta, egg pea 
Mealy-bug (Insecta, Hemiptera, Coccidae) 
Fiy (Insecta, Diptera) 
te (Arachnida, Eriophyidae} 

ungi 


» Fungus (Fungi) ; 

, Tingid bug (Insecta, Hemiptera, Gymnocerata) 

ick (Arachnida, Ixodoidea} 

Leaf-, plant- or tree-hopper (Insecta, Hemiptera, 
Auchenorrhyncha 

, Nematode (Nematoda 

, Flea (Insecta, Siphonaptera) 

, Thrips ecta, Thysanoptera) 

W, White-fly (Insecta, Hemiptera, Aleyrodidae) 


EXAMPLES 


MA 


Shape of N.C, 


wenn 


Hosts 


& 


Vector 


© 


w 


onBunw> 


ris 
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“Herpes stmplex virus D.74,5,V 
2 » @™ a S b 0 
Influenza virus A R,.2,8,V 
1 '1'E’O 
Coliphage T2 D. 120,T,B 
2° 3 'X* oO 
Tobacco mosaic virus R.2,E,8 
1'°58* EB: 9 
Clover wound tumour virus R, *,S, JS 
2: * + §S L 


t Bold type could be used to indicate that the property has been deter- 
mined on the virus in question, and, when the property can reasonably be 
assumed by analogy with a closely related virus, normai type could be used. 


we do not wish to indicate these in the cryptogram. and 
make it more complex, we suggest that such groups should 
be distinguished in another way. One possibility would be 
to follow the four terms of the cryptogram with a name 
specific to the group, for example, ‘TYM-group’. Names 
could be coined where they do not already exist, as for 
example with most plant or insect viruses. Alternatively, 
instead of a group name an arbitrary symbol, for example, 
a Greek letter, could be used («, B, y, etc.). 

The eryptogram would thus specify the group to which a 
particular virus belongs. To specify individual viruses, 
an arbitrary number could be assigned to each member 
of each group. This would help to indicate synonymy 
between different vernacular names in any one language 
and between those in different languages, for example 


Tobacco ringspot virus 
Tobacco ring spot No. 1 virus 
Tobacco virus 10 


Annulus tabaci 
Tabakringfleckenvirus 
R 2 8 5 
=F: 35° SIN : NEPO group, 3 


Where such numbers already appear in the vernacular 
name, for example, human. adenovirus 5, they would of 
course be unnecessary in the cryptogram. 


Approval of Names 


Although the four terms of the cryptogram would be 
decided simply on the basis of experimental work, 


NATURE 


453 


decisions on which viruses should be included in any one 
group of pheneticel:y similar viruses are less straight- 
forward, and the numbering, if any, of viruses within a 
group is arbitrary. We therefore suggest that an inter- 
national body should be responsible for these decisions. 
The proposed International Committee for Nomenclature 
of Viruses is the obvious choice. Possibly sub-committees 
could be set up to consider which viruses should be grouped 
together, and as the result of their recommendations, 
approved lists of vernacular names, together with the 
appropriate cryptog-ams, group names and numbering 
within the groups, distributed at regular intervals. 


The advantages and disadvantages of the system of 
nomenclature which we propose (vernacular name to- 
gether with a cryptogram based on an Adansonian classi- 
fication; VAC system) are best shown by comparing it 
with another, such as the one using latinized binoniials 
based on a non-phylogenetic hierarchy of ‘basic’ characters 
(LB system). 

One advantage of the LB system would be that the 
names could be relatively short and easy to memorize, 
whereas the VAC system would produce a more cumber- 
some ‘name’, but this is no great disadvantage, for in the 
usual type of scientific research paper the code part would 
be used only once to define a virus. The LB system would 
introduce yet another set of names to be learnt, for the 
vernacular names would undoubtedly still be used. In 
our proposed system, existing names would continue to 
be used, and only & few symbols would have to be learnt 
to interpret the cryptogram, and these symbols would, 
moreover, be used fcr all viruses. 

The LB system ierigidly based on the characters chosen 
to determine the form of the hierarchy of taxa: divisions, 
orders, families, ete. If one of these characters should be 
found to be unsatisfactory for some reason, then part or 
all of the hierarchy might collapse, depending on the 
‘importance’ of the character, and names would have to be 
changed or redefined, whereas in the more flexible VAC 
system only one symbol in the eryptogram would change. 

With the VAC system a ‘new’ virus can be named as 
soon as it is found, and its vernacular name need never 
change. Its cryptazram will become more complete and 
perhaps change as its properties are determined, and the 
cryptogram will clearly indicate some of its known proper- 
ties, those assumed by analogy and some of those not 
known. By contrast, in an LB system, someone will 
have to make the purely subjective decision about whether 
enough is known about a virus for it to be placed in the 
hierarchy and invested with a name, and once the virus 
has been named only the expert will know the adequacy 
or inadequacy of the information on which the name was 
based. Therefore with an LB system we may find many 
viruses, which are named on inadequate information and 
which will later have to be renamed, and/or many viruses 
will remain unnamed because not enough is known about 
them. 

It is perhaps true that the VAC system is primarily a 
system helpful to the practising virologist, whereas the 
main outcome of ecopting the LB system may be that 
virus taxonomists are kept happy and occupied. 

Our main pointe can therefore be summarized as 
follows: 

(1) The names of v-ruses in use at present are inadequate. 

(2) The disadvantages of latinized binomials based on a 
non-phylogenetic Insrarchical classification greatly out- 
weigh their advantazes. 

(3) Virus nomenelature should be based on a general 
classification made using the principles of Adanson. Any 
system adopted now should not prejudice future develop- 
ments. 

(4) We propose amomenclature in which an unchanging 
vernacular name is, where necessary, accompanied by a 
cryptogram indicating present knowledge of several of the 
properties of the virus, and its affinities. 
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(5) As a basis for discussion, a cryptogram using four 
terms is described. 
_ (6) The new names should be subject to approval by an 
international body. . 
* Cowan, S. T., in Microbial Classification, edit. by “Ainsworth, G. 0., and 
Sneath, P. H. A., 483 (Cambridge University Press, 1962). 
5 rate a Constitutwn, Second Vatican Council. Const, art., 36, 
* Bawden, F, C., Plant Viruses and Virus Diseases, fourth ed. (Ronald, 
New York, 1964). 
t Lwoff,-A., Horne, R., and Tournier, PE., Cold Spring Harbor Symp. Quant. 
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NEWS and VIEWS 


Nobel Celebrations in Sweden: 
Sir Lawrence Bragg, O.B.E., F.R.S. 


THE visit of Sir Lawrence and Lady Bragg to Stockholm 
for the Nobel Festival on December 10, 1965, at the 
invitation of the Nobel Foundation, was a unique event 
in the history of the Foundation. Sir Lawrence received 
his prize 50 years ago, and his visit was celebrated by a 
number of dinner parties and receptions. On December 9, 
Sir Lawrence gave the first Nobel Guest Lecture, taking 
as his subject the development of crystallography from 
its beginning to the latest crystallography of proteins. 
The Nobel Guest Lecture is a new innovation of the 
Foundation and is to be given each year by a distinguished 
laureate. Sir Lawrence’s presence at the celebrations was 
very favourably commented on by many speakers at the 
celebrations, including the acting president of the Nobel 
Foundation, Mr. G. Sdderlund, and the permanent secre- 
tary of the Swedish Academy, Dr. K. R. Geirow. In 
addition, on December 14, Sir Lawrence and Lady Bragg 
visited Uppsala University, where Sir Lawrence lectured 
on “Recent Advances in Protein Analysis”. [A recent 
biographical note on Sir Lawrence was published on 
p. 353 of the July 24, 1965, issue of Nature.] 


Civil Engineering in the University of Aston in 
Birmingham : Prof. M. Holmes 


Dr. M. Horses has been appointed professor of civil 
engineering and head of the new Department of Civil 
Engineering in the University of Aston in Birmingham 
(designate), In 1950 Dr. Holmes graduated from the 
University of Leeds with a B.Sc. degree in civil engineer- 
ing, and in 1958 he was awarded a Ph.D. degree by the 
University of Bristol. He served for two years with the 
Royal Air Force as a flying officer, and then, after a short 
period in industry, he joined the staff of the University 
of Bristol as a lecturer in civil engineering. In 1960 he 
was appointed reader in civil engineering at the Bradford 
Institute of Technology, and since 1962 he has been on 
the staff of the Department of Civil Engineering at the 
University of Leeds, where he is at present a senior lec- 
turer. Dr. Holmes has conducted research in plastic 
design methods for tall steel buildings and also into the 
study of beam to colurim connexions in precast concrete. 
He has published a considerable number of papers on a 
wide variety of civil engineering subjects. Dr. Holmes’s 
appointment takes effect from May 1. 


Physical Chemistry Bradford Institute of 
Technology : Prof. M. W. Roberts 


Dr. M. W. Ropers has been appointed to the new 
chair of physical chemistry in the Bradford Institute of 
Technology. Dr. Roberts was educated at the Amman 
Valley Grammar School, Ammanford, and then at the 
University College of Swansea, University of Wales. He 
graduated in 1952 and carried out postgraduate research 
with Prof. K. W. Sykes in the field of surface chemistry. 


in the 


From 1955 until 1958 he was seconded from the United 
Kingdom Atomic Energy Authority as a Post-doctoral 
Fellow to the Imperial College of Science and Technology, 
where he collaborated with Prof. F. C. Tompkins in 
investigations of the nitridation of calcium. After this, 
Dr. Roberts held an appointment as senior scientific 
officer at the National Chemical Laboratory and worked 
on the mechanism of metal oxidation. In 1959 he was 
appointed lecturer in physical chemistry at the Queen’s 
University of Belfast, where he continued his studies of 
the mechanism of surface processes and also collaborated 
with Prof. C. Kemball in catalytic investigations. In 
1964 he was invited by the Czechoslovak Academy of 
Science to lecture at the Institute of Physical Chemistry, 
Prague. 


Mathematics in the College of Aeronautics, Cranfield: 
Prof, A. Stratton 


Mr. ANDREW STRATTON has been appointed professor 
and head of the Department of Mathematics at the 
College of Aeronautics, Cranfield. He will take up the 
appointment on March 1, 1966. Mr. Stratton is at present 
head of the Research and Assessment Group of the 
Weapons Department of the Royal Aircraft Establish- 
ment, Farnborough. He has served continually at the 
Establishment since he graduated in 1939; initially he 
was concerned with radio proximity fuses and in 1954 
was made superintendent of the Instruments Division 
(later the Inertial Navigation Division), where he was 
responsible for research and development work in the 
fields of flight instrumentation and simulation, airborne 
digital computers, advanced navigation and attack 
systems and the theory and technology of inertial navi- 
gation. As head of the Research and Assessment Group 
of the Weapons Department, he has been responsible for 
the theoretical assessment of weapon systems and for an 
intra- and extra-mural programme of research in weapon 
technology. Mr. Stratton is the author of many publica- 
tions dealing particularly with the presentation of 
information in aircraft and inertial navigation, and his 
mathematical interests are concerned with the integrating 
function of mathematical analysis in engineering and 
applied science. His external activities include the 
offices of chairman of convocation at the University of 
Exeter and member of the Council of the Institute of 
Navigation. 


Thames Barrage Scheme 


In a written answer in the House of Lords on December 
20, Lord Lindgren stated that while a Thames Barrage 
Scheme would always have attractions, no decision on 
such a matter could be final. The Government’s view was 
that the potential advantages of such a scheme, in respect - 
of such matters as flood prevention and amenity, were 
heavily outweighed by its disadvantages, most notably in 
regard to the grave interference which a barrage would 
impose on the operation of the Port of London. 
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Computers for Research 


In a written answer in the House of Commons on 
December 21, the Secretary of State for Education and 
Science, Mr. A. Crosland, stated that he had invited the 
Council for Scientific Policy and the University Grants 
Committee to set up a Working Group to undertake a 
full-scale review of the computer requirements of universi- 
ties and -Research Councils, which would lead to a new 
5-year programme of procurement. The Working Group, 
of which Prof. B. H. Flowers was chairman, reported in 
July, and its proposals are designed to meet the growing 
need for digital computing facilities for research. The 
Group recommended that there should be regional com- 
puting centres at the Universities of London, Manchester 
and Edinburgh, with very large computers to which 
research workers from other universities and research 
institutions would have access. It recommends better 
computing facilities for imdividual universities and 
research establishments which would be compatible with 
the proposed regional. computers, and the system would 
thus form an integrated whole. At present prices, 
implementing these proposals for new machines, equip- 
ment, buildings and extra operating staff is estimated 
to cost £20-5 million for universities and £9-3 million for 
Research Councils in 5 years, compared with an average 
rate of approved orders for computers from universities 
over the past 3 years of less than £500,000 a year (£12 
million in 1964). The Government has approved generally 
the proposals of the Group, but it is proposed to implement 
the programme over 6 years instead of 5. In the first 
3 years expenditure will be at the rate of about £3 million 
a year and orders will be placed as soon as possible. Most 
of the recommendations of the Group for Research 
Councils had high priority within the programmes of the 
Councils. Mr. Crosland added that he proposed to set 
up, In consultation with the University Grants Committee 
and the Council for Scientific Policy, a Computer Board, 
which would keep the programme under review and be 
responsible for ensuring the full utilization of the facilities 
provided in both the centres and the universities generally. 
The programme formed part of the plans announced by 
the Minister of Technology for developing the use of 
computers as an instrument of modernization and of 
economic advance. The success of this plan called for a 
wider use of computers in universities so that many more 
graduates could become aware of the capabilities of 
computers and be trained in their use. 


University of the Air 


In a written answer to a question in the House of 
Commons on December 21 asking the Secretary of State 
for Education and Science for his plans for founding a 
‘university of the air’, Miss Jennie Lee, Joint Under- 
Secretary of State for Education and Science, stated 
that a university of the air would provide opportunities 
for obtaining degrees and other technical and professional 
qualifications through special television and radio pro- 
grammes, reinforced by correspondence courses, residen- 
tial courses, and tutorial groups. It would have its own 
administrative centre, but would utilize existing organiza- 
tions, such as local education authorities, universities 
and the broadcasting authorities. Costs, channels and 
other implications were now being considered by the 
Government. 


Mass Spectrometry Data Centre for Aldermaston 


THE United Kingdom Atomic Energy Authority, with 
support from the Office of Scientific and Technical In- 
formation, is to set up a mass spectrometry data centre 
at the Atomic Weapons Research Establishment, Alder- 
maston. The centre will undertake an investigation into 
the use of computers for chemical analysis by matching 
and evaluating mass spectra, which will start immediately. 
In a 6-month research period, different matching tech- 
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niques will be tried in conjunction with the relevant 
computer programmes to find the most suitable system. 
Another investigation which will start immediately will be 
into modern methods of classifying and handling informa- 
tion with the view of producing a spectra reference and 
retrieval system. This should produce a method of 
quickly recognizing compounds from- their spectra. 
During the course of 1966 a world-wide index to com- 
pounds and materials already examined by mass spectro- 
metry will be developed. For a given compound or 
material the index will give information such as where to 
find its spectrum gnd possibly a bibliography, its mole- 
cular weight and. molecular formula. A mass spectra 
holding and information service will also be developed 
during the coming year. These last two services will, in 
due course, become available to mass spectrometry users 
throughout the warld. Aldermaston has one of the largest 
mass spectrometry units in Britain, together with ad- 
vanced computing and information facilities, which will 
contribute to the establishment of this mass spectrometry 
data centre.” 


Royal College of Science : Research Report 


Tue Research Rzport of the Royal College of Science, 
1962-65, summarizes the main lines of scientific research 
in progress during the past 3 years in the seven depart- 
ments of botany and plant technology, chemistry, history 
of science and teehnology, mathematics, meteorology, 
physics, zoology and applied entomology (Pp. 87. London: 
Imperial College oz Science and Technology, University 
of London, 1965). Emphasis is laid on the increasing 
cost of research brought about by use of specialized and 
often costly instrmments. There are no references to 
published work. (The Royal College of Science is one of 
the three constituent institutions of the Imperial College 
of Science and Tecknology: the other two being the Royal 
School of Mines and the City and Guilds College.) 


Research and Development in the Electronics Industry 


THE main feature of The National Institute Economic 
Review (No. 34; November 1965) is a long article on 
research and development in the electronic capital goods 
industry, with substantial appendixes on sources and 
methods, statistical tables, references and lists of firms, 
organizations and individuals who assisted in the enquiry. 
Although the industry is one of the most labour-intensive, 
with a high ratio of fixed assets per man, about 60 per 
cent of world exports of electronic capital goods are from 
the United States, zompared with 20 per cent from world 
exports of all types. This lead is attributed less to original 
inventions than tc more rapid development of greatly 
improved models and more efficient technical service and. 
marketing. The affect of the enormous scale of the 
military and space ~esearch and development programmes 
on this United States lead is questioned: some European 
countries also have large military programmes, and the 
ratio of total research and development expenditures to 
turnover in many European firms is as high as that of 
their United State: competitors. There is some evidence 
that firms which have been heavily dependent on military 
work have a less estisfactory performance in exports and 
in the civil market. For some products at least, the scale 
of development work in European firms has been below 
the minimum ‘threshold’ necessary for effective com- 
petition on the world market. A high ratio of research 
and development expenditure can still be a low absolute 
figure if sales are ‘ow, and any number of firms with a 
scale of effort belay the ‘threshold’ will be ineffective as 
they will be late in developing the new products essential 
for survival. Military and space programmes gave United 
States firms an sudvantage for some products where 
management was aile to exploit and adapt the consequent 
experience and teehnique for the differing requirements 
of the civil market, but similar military programmes in 
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Europe are not necessarily the best way to counteract 
this competition. The selection of the major research 
priorities is a political choice, and if the main priority is 
economic growth, the United States advantage can prob- 
ably be offset by much more ambitious civil research and 
development projects in such fields as industrial auto- 
mation, a computer ‘grid’, and electronic teaching aids. 


Biochemistry and Microbiology of Reproduction 


Wortp Health Organization Technical Report Series 
No. 313 embodies the report of a World Health Organiza- 
tion scientific group on the Biochemistry and Micro- 
biology of the Male and Female Genital Tracts (World 
Health Organization. Technical Report Series, No. 


313. Pp. 15. Geneva: World Health Organization; 
London: H.M.8.0., 1965. 3s. 6d.; 0.60 dollars; 2 
Sw. franos). The report summarizes our know- 


ledge of the chemistry and enzymology of the uterus; 
sperm transport, capacitation and the acrosome reaction; 
nidation; placentation and the chemistry and enzymology 
of semen. It also discusses the effects of compounds of 
cadmium, zinc and selenium on reproduction, and the 
effects of mfection on reproductive activity. Research 
needs are indicated, with emphasis on determination of 
the time of ovulation in the primates and the reaction of 
the uterine tissues during the reproductive cycle and 
pregnancy. Emphasis is also laid on the importance of 
viewing the male and female components in reproduction 
as an integrated whole and on the need to extend investi- 
gations to a wider range of species. 


The Royal Society and Nuffield Commonwealth Bursaries 
Scheme 


AWARDS under the Royal Society and Nuffield Founda- 
tion Commonwealth Bursaries Scheme have been made 
as follows: Dr. A,.T. Casey, senior lecturer in organic 
chemistry, University of Melbourne, to enable him to use 
new techniques in the study of metal-metal bonding in 
inorganic compounds, particularly those of the transition 
metals, at University College, London, for a year from 
December 1965; Dr. A. R. H. Cole, reader in physical 
chemistry, University of Western Australia, to enable him 
to gain experience in high-resolution electronic spectro- 
scopy, in Ottawa between April and September 1966; 
Prof. E. O. Hall, professor of metallurgy, University of 
Newcastle, New South Wales, to enable him to gain 
experience in the use of thin-film electron microscopy, at 
Cambridge for a year from February 1966; Dr. F. T. Last, 
of the Glasshouse Crops Research Institute, Littlehamp- 
ton, to enable him to examine, in New Zealand, from 
April to September 1966, methods for elucidating the part 
played by different fungi in the brown root rot complex 
of tomatoes; Prof. E. R. Love, professor of mathematics, 
University of Melbourne, to assist him to continue work 
on integral equations and integral transforms, at Cam- 
bridge for three months during 1966; Dr. C. R. K. Murty, 
reader in physics, Andhra University, to enable him to 
learn experimental techniques for measuring relaxation 
time, at Nottingham for 4 months from April 1966; Mr. 
B. S. Newell, of the C.S.LR.O. Division of Fisheries and 
Oceanography, Cronulla, New South Wales, to enable 
him to study the development and improvement of 
analytical methods for nitrogen compounds in the sea, at 
Plymouth from January to December 1966; Dr. N. 
Okafor, lecturer in microbiology, University of Nigeria, 
to enable him to learn techniques of food irradiation, at 
Cambridge for 4 months from June 1966; Dr. J. G. 
Ramsay, reader in geology, Imperial College of Science 
and Technology, London, to enable him to study the 
structural and metamorphic history of part of the Hima- 
Jayan mountain chain, working at the University of 
Baroda, with field work in the Gujarat region and in the 
Kumaon Himalayas, between March and June 1966; Dr. 
B. P. Setchell, senior research scientist, C.S.LR.O. 
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Division of Animal Physiology, Parramatta, New South 
Wales, to enable him to work on the development of a 
technique for perfusing a mammalian testis isolated from 
the body, at Cambridge for a year from November 1966; 
Mr. M. D. Sutherland, reader in organic chemistry, 
University of Queensland, to assist him to become familiar 
with the techniques of tracer work as applied to bio- 
genesis, at Manchester, and also to work at Cambridge, 
between February and August 1966. 


European Molecular Biology Organization Grants 


THE European Molecular Biology Organization (EMBO) 
has received a grant of £240,000 from the Volkswagen 
Foundation in support of European co-operation in mole- 
cular biology. The grant is intended for both short- and 
long-term fellowships, for a small number of visiting 
professorships and for advanced courses and study 
sessions. The most novel feature will be the award of 
short-term, quickly available fellowships to allow investi- 
gators to collaborate with colleagues in other laboratories. 
For example, when a problem urgently requires a special- 
ized technique available in only one particular laboratory, 
which may be in another country, the Organization will 
award a fellowship allowing the investigator to go and 
work there for a period of a few weeks. Post-doctoral 
fellowships will generally be awarded for a year. They 
will be given to young and promising research workers to 
allow them to work under the guidance of leaders in the 
field of molecular biology. Senior fellowships may be 
awarded at anything up to professorial level; for example, 
in order to help universities to stimulate the development 
of molecular biology. According to the rules of the 
Organization, applications will be evaluated solely from 
the point of view of the scientific excellence of the project, 
regardless of the nationality of the applicant or of his 
membership of the Organization, but exchanges between 
scientists working in different European countries will 
generally be preferred to projects involving a single 
country only. This is because the aim of the Organization 
is to promote molecular biology at a European, rather 
than a national, level. Further information can be 
obtained from the executive secretary of the Organization, 
Dr. R. K. Appleyard, University of Brussels, 67, Paarde- 
straat, St.-Genesius-Rode, Belgium. 


International Clearing House for Medical Terminology 

and Medical Lexicography 

An International Clearing House for medical term- 
inology and medical lexicography has been established, 
following a meeting of the Bureau of the Council for 
International Organizations of Medical Sciences. The 
establishment of such a House was recommended on 
November 18, 1965, by an international group of experts, 
convened in Paris by the Council, under the chairmanship 
of Prof. John E. Gordon. The World Health Organization 
and the United Nations Educational, Scientific and Cul- 
tural Organization were represented at the meeting. This 
group strongly emphasized in its report that medical 
terminology is in a confused state; in certain branches 
of medicine the situation is approaching chaos. Certain 
diseases have been discussed by medical scientists under 
no less than thirty different names, and many diseases 
are known, in the same language, under as many as ten 
or more entirely different names. Under such conditions, 
scientists cannot be certain whether or not they are 
talking about the same thing, and communication becomes 
more and more difficult. Research that costs time, effort 
and money may be largely in vain if the necessary informa- 
tion cannot readily be located in the scientific literature. 
Misunderstandings, potentially dangerous to the public, 
also arise from the confusion prevailing in medical 
terminology. The main task of the International Clearing 
House will be to stimulate learned medical societies to 
examine the problems of medical language, prune from 
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it unnecessary words, and adopt internationally accept- 
able terms and definitions. The Clearing House will also 
encourage proper scientific bodies to prepare medical 
dictionaries and will do everything possible to facilitate 
their publication and dissemination. It will collect 
information from all over the world on all activities 
regarding medical terminology and make it available on 
request to those interested. It will deal only with the 
five languages most commonly used in medicine at the 
international level, which were agreed to be English, 
French, German, Russian and Spanish. Further informa- 
tion can be obtained from Prof. M. Florkin, Council for 
International Organizations of Medical Sciences, 6 rue 
Franklin, Paris 16. 


New Chromophoric Reagents for Labelling the Thiol 
Groups of Proteins 


S. F. Caane (Research Division, Parke-Davis and Co., 
Ann. Arbor, Michigan) and Prof. I. E. Liener (Department 
of Biochemistry, University of Minnesota) have written 
to the Editor as follows: “We would like to correct our 
recent communication which described two new chromo- 
phorie reagents for labelling the thiol groups of proteins 
(Nature, 203, 1065; 1964). In preparing 4-phenylazo-2- 
chloromercuriphenol (compound I) it was stated that 
1-14 g of O-chloromercuriphenol was dissolved in 30 ml. 
of 15 per cent potassium hydroxide prior to coupling with 
diazotized aniline. This should be corrected to read: 
‘Ll4 g of O-chloromercuriphenol was dissolved in a 
minimum amount of 15 per cent potassium hydroxide at 
room temperature and diluted to 30 ml. with distilled 
water’. The remainder of the procedure 1s unchanged. 
Although compound IT (4-(p-nitrophenylazo)-2-chloromer- 
curiphenol) may also be obtained by this procedure, the 
following alternative method is recommended: Dissolve 
1-0 g of O-chloromercuriphenol in 100 ml. of 70 per cent 
ethanol, filter, and add 15 g of sodium acetate to the 
filtrate. Cool to —2°C. To a solution of 0-42 g of p-nitro- 
aniline, 4 g of cracked 1ce, and 12 ml. of concentrated 
HCl was added dropwise 0-21 g of sodium nitrite dis- 
solved in 3 ml. of distilled water. The diazonium salt 
solution was cooled to — 2° C and added dropwise to the 
solution of O-chloromercuriphenol. After the mixture 
had been stirred for 1-5 h in an ice bath, and diluted 
to 400 ml. with cold distilled water, the orange-yellow 
precipitate was collected by filtration and dried over 
CaCl, im vacuo overnight. This compound could be 
further purified by recrystallization from hot ethyl acetate 
or by passage through a column of acid-washed alumina 
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(Merck) with ethyl acetate as the solvent. A red-coloured 
impurity was retained on the column, whereas the orange- 
yellow band corresponding to compound IT could be 
eluted with the sane solvent. The analysis of compound 
II is the same as that previously reported.” 


Announcements 


Sir NiaeL Ports has been appointed director of the 
British Productivity Council on the retirement of Sir 
Charles Norris. 


Tse third international Biomagnetic Symposium will 
be held in the University of Illinois during March 22-23. 
Further information can be obtained from Prof. M. F. 
Barnothy, College of Pharmacy, University of Illinois, 
833 South Wood Street, Chicago, [lmois. 


THe eighteenth technical exhibition of the Oil and 
Colour Chemists’ -ssociation will be held at Alexandra 
Palace, London, during March 14-18. Further information 
can be obtained from the General Secretary, Oil and 
Colour Chemists’ Association, Wax Chandlers’ Hall, 
Gresham Street, London, E.C.2. 


A CONFERENCE on “Exploiting Instrument Develop- 
ment”, arranged by the British Scientific Instrument 
Research Association, will be held in Eastbourne during 
March 22-23. Further information can be obtained from 
Miss A. E. 8. Mills, Scientific Instrument Research 
Association, South Hill, Chislehurst, Kent. 


A CONFERENCE, convened by the Organization for 
Economie Co-operation and Development, on ‘The 
Effects of Automation and Technical Change on Labour” 
will be held in Zurich during February 1-4. Further 
information can be obtained from the Organization for 
Economic Co-operation and Development, Chateau de la 
Muette, 2 rue André-Pascal, Paris 16. 


A symposrom on ‘Planning Mechanical Engineering 
Departments in Universities’, arranged by the Education 
and Training Group of the Institution of Mechanical 
Engineers in association with the Royal Institute of 
British Architects. will be held at the Institution during 
March 15-16. Further information can be obtained from 
the Institution af Mechanical Engineers, 1 Birdcage 
Walk, London, S.W.1. 


A. DISCUSSION meeting of the Royal Society on ‘The 
Structure and Function of Lysozyme” will be held at the 
Royal Institution on February 3. An ordinary meeting 
of the Society will follow the discussion. Further informa- 
tion can be obtainzd from the Executive Secretary, the 
Royal Society, Burlington House, London, W.1. 


THE NIGHT SKY IN FEBRUARY 


All times are in Universal Time 


Moon 
New Moon 20d 1łh 
Full Moon 6d 16h 
PLANETS 
Times of rising (R) and setting (S) during the month 
Name RIS Beginning Middle - 
Mercury S Unfavourable 
Venus R 6h 35m Sh 20m 
TS S 18h 30m 18h 40m 
Jupiter S 4h 55m 4h 00m 
Saturn 5 19h 65m 19h 05m 


QONJUNCTIONS WITH THE MOON 


Venus 17d 12h, 12° N. 
Mars 21d 16h, 4° N. 
Jupiter 2d 90h, 2° S. 
Saturn 21d 17h, 3° N 
End Mag.. Dg (10* miles} Zodiacal position 
19h 20m -12 123 — 
4h 45m -41 30 — 
18h 50m +15 244 — 
3h 00m -2 ) 431 Taurus 
18h 20m +153 980 Aquarius 


Dg is the distance of planet from the Earth on the 15th of the month 
QOCULTATIONS OF STARS BRIGHTER THAN MAGNITUDE +6 AT GRUENWICH 


Star RID 
247 B. Tau D 
57 Gem D 
x Gem D 


Time Mag. 
id Oih 14 6m +57 
3d 18h 197m +51 
4d 83h 492m +37 


(D, disappearance; R, reappearance) 


OTHBR PRENOMENA 
22d 18h Mars 17° N. of Saturn. 


23d 16h Mereury 17° N of Saturn. 
24d 18h Mercury 07° N. of Mars. 


Saturn and Mars become too close to the Sun durmg the month for favourable observation. 
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PROGRESS OF INDUSTRIAL RESEARCH IN BRITAIN 


Ros for Industry, 1964*, the report of the 
Industrial Grants Committee of the Department of 
Scientific and Industrial Research, covers the first 3 
months of 1965 in addition to 1964, and this year comes 
from the Ministry of Technology. It includes progress 
reports from thirteen research associations, whose grants 
came up for renewal in 1964, together with articles by 
Dr. N. F. Astbury on “Research Associations, Education 
and Industrial Training”, and byS. 8. Carlisle on ‘‘Auto- 
mation Research and Development in Research Associa- 
tions’. It also contains the usual directory information 
on the research associations. The total annual income is 
now £11:3 million with £2-6 million in grants from the 
Department of Scientific and Industrial Research, com- 
pared with £170,000 and £61,000 respectively in 1927. 

At its final meeting the Committee considered an 
application for a grant from the Machine Tool Industry 
Research Association, which is growing at a satisfactory 
rate and doing a most important job. The Committee 
considers that the Association should be given every 
possible encouragement and recommends a continuation 
of the generous terms of this grant. 

On grants policy generally, the Committee now favours 
a revenue grant, usually for 5 years, as a fixed percentage 
of grant-earning subscriptions. over a range of industrial 
income, and in 1964 seventeen of its eighteen recommenda- 
tions took this form. 

Two ear-marked grants recommended during the year 
were £34,325 over 3 years, to the Water Research Associa- 
tion to investigate the application of de-salting brackish 
and sea-waters to British water supply, and up to £39,865, 
also over 3 years, to enable the Ceramic, Steel Castings 
and Cast Iron Research Associations to extend their 
investigations into measuring dust in the working environ- 
ments of their industries. 

A grant announced in 1963, to the Cotton, Silk and Man- 
made Fibres Research Association, has been increased to 
£74,600 over 3 years to study new methods of spinning. 
The British Baking Research Association is also to receive 
an ear-marked grant of £26,800 towards the cost of a 5-year 
study of the stalmg of bread; the Electrical Research 
Association up to £17,400 for basic research into electrical 
conduction in dielectrics; and the Timber Research and 
Development Association half of the £45,000 cost of an 
operational research study of timber handling over 2:5 
years, especially of the feasibility of importing timber into 
Britain in packages of standard size. A 50 per cent grant 
not exceeding £38,000 was awarded to the Rubber and 
Plastics Research Association for an investigation of the 
possibility of controlling a rubber factory engaged in batch 
production by a computer, programmed to plan the pro- 
duction in the most efficient way, with regard to utiliza- 
tion of plant and materials. A 75 per cent grant, not 
exceeding £54,300, is to be awarded to the British Indus- 
trial Biological Research Association for research into the 
injection method of testing food abstracts. 

The British Cast Iron Research Association carried 
out an extensive programme of experimental work to 
obtain more basic data on cupola melting and to develop 


improved techniques of melting and metal treatment; 


much effort was devoted to the development and applica- 
tion of non-destructive testing techniques for iron castings. 

One outcome of the Electrical Research Association’s 
work on high-temperature plasmas has been a novel form 
of plasma furnace which can spheroidize highly refractory 
particles and may have other important applications. 
During the past 18 months, the British Hat and Allied 


* Ministry of Technology. Research for Industry, 1964. (A Report on work 
done by industrial research associations in the Government scheme.) Pp. lil 
-+ 72 + 20 plates. (London: H.M.S 0.,1965.) 8a. 


Feltmakers’ Association has discovered a new method of 
preparing hatter’s fur (this has already reached the stage 
of production), and also a method of dyeing felt bodies, 
using the faster classes of dye without recourse to pre- 
neutralization. In the work undertaken by the Furniture 
Industries Research Association on comfort of chairs, all 
existing anthropometric data relating to sitting were 
surveyed. Furthermore, research is now proceeding on 
the use of resilient urethane foams for upholstered furni- 
ture, on the structural design of chair frames and the 
joints used in them, and on the avoidance of lacquer 
waste in spraying furniture. 

The inter-firm comparison of the performances of 
furnaces melting container glasses, which the British 
Glass Industry Research Association started in 1962, has 
proved so successful that all British manufacturers. are 
now included, as are more than half the American container 
glass industry and almost all the Western European 
firms making glass containers. Considerable contributions 
have been made towards explaining the basic mechanisms 
of the corrosion of refractory materials by molten glass 
and the materials carried in the waste gases, as well as 
towards the more accurate prediction of the service life 
of refractories and ways of assessing the effects of changes 
in. refractories on the economics of furnace operation. 
The Association is also attempting to fill the gap in 
available knowledge of the process of forming commercial 
glass by a fundamental investigation, using computer 
techniques, of the various parameters involved and by 
direct measurements on the forming machines in the works 
of members. 

The Hosiery and Allied Trades Research Association’s 
basic studies of the factors involved in producing baulked 
nylon yarns have led to the development and widespread 
application of two control tests; the crimp rigidity test 
and the equivalent steam-setting temperature test. A 
lateral stretch device has been developed for checking the 
width-wise extension of ladies’ hose, as has a quality- 
control gauge for latch- and bearded-needle flat machines 
which enables the number of loops in a fixed length of 
yarn to be determined. 

The British Launderers’ Research Association has 
reduced the amount of water required for rinsing without 


adversely affecting the quality of the work produced. 


Investigations are proceeding into the application of 
heat-transfer fluids other than steam to the drying and 
ironing equipment of laundries, with a view to increasing 
productivity by the use of higher operating temperatures. 
Two effective procedures have been developed for disin- 
fecting wool blankets—one involving boiling and the other 
the use of chemical disinfectants. 

The British Leather Manufacturers’ Research Associa- 
tion has completed its investigation of the drying rates of 
different kinds of leather in air at various temperatures, 
humidities and rates of flow and normal pressure, as well 
as a 5-year research project on the resistance of leather to 
heat, moisture and perspiration. 

An important achievement has been the introduction of 
‘Procion’ dyes to the leather industry and development 
of a ‘Procion` resist. Addition of benzyl and isopropyl 
alcohols increased the range of dyes that can be used in 
spray-dyeing leather and also increased their penetration. 

Recent activities of the British Scientific Instrument 
Research Association in developing industrial measure- 
ment techniques have included the development of an 
emissivity-compensated service pyrometer, which is now 
undergoing trials in several industries, and a nucleonic 
gas-flow meter and density: gauge. Research is being 
carried out on techniques of automatic surface inspection, 
and the development of more efficient detecting screens 
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for high-energy X-ray fluoroscopy. Work in thin- 
film technology has been considerably developed and 
has concentrated on the electrical appheation of thin 


The British Steel Castings Research Association is 
developing special methods of applying materials and has 
shown that chromite sand is a valuable substitute for 
zircon sand. Tests have shown that, using this method, 
austenitic manganese steels can be produced from scrap 
more economically than by previous methods. Trials 
are at present proceeding to assess the efficiency of deoxid- 
izers which could lead to the production of superior 
steels at a lower economic cost. 

Research in plant engineering has included the wet 
reclamation of clay-bonded sand, and investigations of the 
efficiency and rate of cleaning of steel-castings have shown 
how shot and other abrasives can be used more efficiently 
and can provide a method for removing very hard and 
tenacious cores. In welding technology, the use of a gas 
shield around a welding arc has proved of great value 
during the past few years in solving such problems as the 
welding of thin aluminium alloy sheets, the positional 
welding of steel and the welding of a whole range of alloys 
in which metal transfer in the ordinary gas-shielded 
welding is difficult and erratic. The British Welding 


: SPACE AGE SCIENCE 


PART from what the Earl of Bessborough said in his 
opening speech, the debate on space age science and 
technology in the House of Lords on November 3 is of 
interest mainly for what Lord Shackleton said about 
Britain’s effort in this field and for what Lord Bowden 
and Lord Snow, who replied to the debate, said about the 
organization of our research effort and the choice of 
priorities. The Earl of Bessborough asked some searching 
questions about the extent of our effort in space research, 
with which he was dissatisfied. He did not suggest that 
this effort was necessarily more important than that con- 
cerned, with other scientific and technological needs, 
particularly in the less developed countries. The research 
effort was considerable, but he was concerned that the 
overall proportion of our research expenditure in the main 
fields should be right. Lord Shackleton referred to the 
brilliant report of the Bondi Committee, but said that it 
could not be published for security reasons. The original 
estimate of the cost of the European Launcher Develop- 
ment Organization was £70 million, of which our share 
When. the studies for further pro- 
grammes were available early next year we should have to 
consider the estimate very carefully in relation to the 
technological advantages to be derived from the present 
and “possible future programmes. Concerning satellite 
communications, he said that the United Kingdom, France 
and several European countries established in 1963 the 
European Conference on Satellite Communications and, in 
the following year, negotiations with the United States, 
Canada, Australia and Japan led to the drafting of two 
interim agreements. These covered the establishment of a 
global satellite system under the Interim Committee on 
Satellite Communication on which the United States was 
represented, by its Communications Satellite Corporation. 
At present there was no alternative to the use of United 
States launchers and satellites. The Harly Bird satellite, 
which is now in regular service and carries part of our 
transatlantic telephone service, was commissioned before 
the agreements were signed. It is expected that we will 
have a global service and that this will render an economic 
return in due course, but it will take some time for the 
system to reach a level of development which will be 
economic. Satellite Harly Bird was primarily an experi- 
ment to determine, first, whether a satellite of this type 


NATURE 


459 


Research Association has also overcome difficulties due 
to resistance in spot-welding by developing.a monitoring 
device which gives a reliable indication of the occurrence 
of defective welds during the welding operation. Progress 
already- achieved in welding high-tensile steels made it 
possible for welding to be used in constructing the Forth 
Bridge, and this is estimated to have cut construc- 
tion costs by £1 million. A completely new method has 
been developed for the hydrogen analysis of metals, and 
methods and equipment developed by the Association to 
test very large steel plates are now used in every industrial 
country. 
_ The Welwyn Hall Research Association was formed on 
October 1, 1964, by the amalgamation of the Whiting and 
Industrial Powders Research Council and the Chalk, 
Lime and Industries Research Association. During.the 
past 5 years the Council has advanced over a broad front, 
rather than in particular fields. The latter Research 
Association, however, has investigated particularly the 
problems of the hest balance of shaft lime-kilns and their. 
operation, and this has led to a better understanding of the 
factors affecting fuel efficiency. An investigation of the 
factors affecting the quality of calcrum silicate bricks has 
also been undertaken, which has led to the manufacture 
of stronger bricks ~vith greater dimensional stability. 
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would provide an acceptable telephone service and, 
secondly, to gain aperating experience. The specification 
for future satellites which has now been drafted aims at an 
average life of five yəars, and it is hoped that, in the future, 
ten years will be acheved. Although the United Kingdom 
and the European Launcher Development Organization 
have the range ard supporting facilities of Woomera, 
there are great advantages in equatorial orbits, and some 
consideration is being given to the possibility of an altern- 
ative launching site near the Equator. Work in Govern- 
ment establishments and in industry on the basic satellite- 
technology programme has covered design and techno- 
logical problems relating to satellites, including. studies 
for astronomical sstellites and communication satellites 
and research and development on solar cells, the effect of 
space environment on electronic components, altitudes 
sensing, and control systems. Defence Research Estab- 
lishments had been working on methods of space communi- 
cation without using man-made satellites. Notable 
advances in weather forecasting had already been made 
through the use of space techniques. In the current year 
the level of expenditure in this field looked like being 
about £20 million. 

In a maiden speech, Lord Ironside referred to the 
European Space Research Organization Convention, 
which came into force on March 23, 1964, in which ten 
countries were now participating, Austria and Norway 
having dropped ous. Much expenditure was at present 
capital, but the emphasis was slowly shifting to project 
work. Contributions to the European Space Research 
Organization, at present something like £7 million, 
were expected to approach £20 million a year in two 
or three years’ time. Lord Ironside said he thought 
the return to this country would come first through the 
return of technologists, after service abroad, and through 
the placing of contracts in this country by the Organiza- 
tion, which would strengthen United Kingdom industry 
in space technology and stimulate advances in related tech- 
nologies. such as telacommunications, vacuum. techniques 
and eryogenics. Lord Bowden’s speech was essentially con- 
cerned with the organization of civil research and the 
choice of priorities, end he claimed that the new Council on 
Science Policy constituted a notable advance. He asked 
whether the Government proposed to publish Prof. 
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Flower’s survey of the requirements of the universities, and 
he again expressed, his concern that our choice of priorities 
might be wrong. Lord Sherfield thought manned space 
research was an example of the fields in which we could 
not compete. He urged that in the choice of priorities we 
should build on success and give priority in resources to 
advanced fields in which we were either still in the lead or 
among the leaders, instancing nuclear research and tech- 
nology, fusion research, radiochemistry, radio astronomy 
and important areas of the biological sciences, as well as 
some sectors of aviation. He also emphasized the impor- 
tance of international co-operation, either with single 
countries as with France in the Concord project, or with 
groups of countries as in the organizations already 
instanced. He suggested that some countries might tend 
to support their national programme rather than their 
share in an international programme to which they were 
also committed and for this reason he preferred a national 
effort. He thought our organization of research was 
soundly based, but regretted that the Industrial Research 
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and Development Authority recommended by the Trend 
Committee had not been adopted; he believed that 
the establishment of a Ministry of Technology was a 
mistake. 

Lord Todd also offered a warning against excessive com- 
mitment to space research and thought that the advan- 
tages coming from technological fall-out were exagger- 
ated. Britain should either support technology with a 
definite economic aim or support primary scientific research 
rather than projects in which advantages were reaped 
from technological fall-out. She must beware of putting 
too much manpower into scientific research and too little 
of it into pursuit of technological ends; it was imperative 
that some hard choices be made which would lead to 
Britain opting out of some fields of science. He thought 
we would undoubtedly have to double our present expendi- 
ture on scientific research during the next five years, that 
is to say, there should be a growth rate of about 15 per 
cent per annum during that period; any cut in this would 
seriously endanger Britain’s position as a leading nation. 


EARNINGS OF CHEMISTS 


N article in Chemistry in Britain for October 1965 
commenting on the remuneration survey, 1965, 
conducted by the Royal Institute of Chemistry, gives some 
interesting comparisons of the earnings of chemists with 
those of other professional people and scientists. Figures 
for 10 professions in 1964 are given by J. Graham in a 
series of articles for The Scotsman. The average median 
earnings of chemusts in Great Britain between the ages of 
30 and 65 are shown by the survey as £2,650 in 1965 
compared with £1,600 in 1956. These figures compare 
with figures for university teachers in 1964 and 1955 of 
£2,350 and £1,500, respectively. For engineers the corres- 
ponding figures are given as £2,200 and £1,210; for 
graduates in industry £2,575. and £1,570; for doctors 
(consultants) £4,000 and £3,130, and for general prac- 
titioners, £2,765 and £2,160. Figures obtained in a survey 
by the Institute of Physics in 1964 showed that salaries 
of its Fellows and Associates had risen by just over 72 per 
cent in the nine years from 1956, compared with a corres- 
ponding rise for chemists over the same period of 66-3 per 
cent. A typical Fellow of the Institute of Physics can 
expect to reach a peak of £3,400—-£3,500 a year, compared 
with £3,100-—£3,200 for a Fellow of the Royal Institute of 
Chemistry. Looking at the earnings of chemists in various 
occupations, private industry no longer leads the field; its 
highest median salary of £3,100 in the 56-60 age group 
coming third, behind universities and colleges of advanced 
technology (£3,460) and £3,150 in the Atomic Energy 
Authority. Starting salaries in the Scientific Civil Service 
appear to be outstandingly high, presumably because of 
more recruitment direct into the Senior Scientific Officer 
grade, and the subsequent prospects also seem to be better 


`a 


than in most other categories of employment. This 
closing or narrowing of the gaps between median incomes 
in industry and those in other occupational categories is 
particularly interesting in view of current discussions on 
the possible shortage of scientists. It should be remem- 
bered, however, that chemists are not a particularly 
unified group and are engaged in a very wide range of 
diverse activities, which sometimes have only a tenuous 
connexion with their qualifications. 

A further article in the November 1965 issue of 
Chemistry in Britain comments that chemistry appears to 
be about middle of the professions surveyed and that it 
would appear that the median income levels in all the 
professions are tending to move closer together: a rela- 
tively small change of pace in relation to the general 
forward movement of incomes could drastically alter the 
position. Chemists etill do considerably better financially 
in some fields of employment than in others, but such 
differences also seem to be diminishing. The very low 
proportion of chemists (0-5 per cent) reporting they were 
unemployed does not suggest a surplus, and of the 55 out 
of 10,459 without employment, only 29 had been out of work 
for more than 3 months, 13 of whom were under 40. While 
the earnings of older chemists have not increased. suffi- 
ciently to preserve the differential between them and 
their younger colleagues, the survey encourages the belief ; 
that most chemists whose employers regard them as ‘too 
old at forty’ have a good chance of finding one who does 
not. The survey also shows that any movement of 
chemists away from industry has been comparatively 
small, although most of the decline, from 59-6 per cent in 
1956 to 55-6 per cent in 1964, occurred in 1962-65. 


‘O’-LEVEL EXAMINATIONS 


OUR years ago R W. Crossland and R. Amos presented 
an analysis of ‘O’-level papers of the General Certificate 
of Education (G.C.E.) in biology of four Boards over 
the period 1948-59. The analysis was an attempt to 
quantify the emphasis placed on four main outcomes 
of biology teaching in the contents of the question papers. 
These outcomes are: (1) the acquisition of facts, (2) the 
interpretation of facts and the drawing of conclusions from 
experiments, (3) the application of scientific principles to 
new situations, (4) the designing and planning of experi- 
ments. 
Late in 1962 a similar analysis of the corresponding 
papers was made for the period 1960-62 and more recently 


the analysis was brought up to date by including the 
papers for 1963 and 1964*. The results of the three 
analyses are here shown separately, and, for comparison, 
the corresponding figures for the other science subjects 
are also shown (Table 1). 

The analyses show the relative proportions of acquisition 
of facts and scientific method for the various sciences at 
‘O’ level. Biology papers devote about 90 per cent of 
questions to facts. There are those who hold that one 
needs to know a good many biological facts before one 
can do much reasoning. The authors suggest that the 
Nuffield Foundation Teaching Project and similar pro- 


* Bool. Hum, Affairs, 36, No. 3 (1965). 
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Table 1. COMPARISON OF THE MEAN PEROENTAGRS OF EACH OUTCOME IN 
BIOLOGY, GENERAL Sorence, CHEMISTRY AND PRYSICS PAPERS, ‘O’-LEVEL 
G.C.E. or Four BOARDS, 1048-64 


Northern 
Universities Welsh Cambridge Oxford 
‘48 ‘GO ’68 °48 BO '63 °48 “60 ‘63 “48 60 ‘63 
BIOLOGY ‘50 ‘62 ‘64 50 BZ gd 59 82 B4 50 8R Bå 
(1) Aequisition 
of facts 78 84 98 90 91 92 84 89 SL 85 85 85 
(2) Interpretation 2 1 2 0 0 O 0 1 5 0 7 7 
(3) Application 1 1 2 0 0 5 1 4 0 4 8 8 
(4) Experimental 19 18 3 10 9 3 15 7 4 1 6 5 


GENERAL SOLENCE 

(1) Acquistion 58 63 60 78 
(2) Interpretation 14 25 13 5 
(3) Application 19 18 19 9 
(4) Experimental 8 9 8 8 


CHEMISTRY 
(1) Acquisition 52 68 73 59 53 60 48 48 64 64 57 
(2) Interpretation 8 9 3 410 1 18 — — 5 2 
(3) Application 17 11 #16 11 18 32 12 37 25 14 21 
(4) Experimental 24 13 8 26 20 7 28 16 11 17 20 


PHYSICS 
(1) Acquisition 43 41 54 40 86 36 39 84 30 40 62 
(2) Interpretation 8 10 1 5 7 2 3 10 — 5 4 2 
(3) Application 38 36 38 39 50 58 34 45 62 38 33 45 
(4) Expenmental 12 14 7 16 8 4 25 12 8 I8 12 7 


~~ 82 66 63 70 66 71 
nme 8 7 9 7 6 10 
~~ 12 12 19 18 15 16 
~~ 3 13 10 5 l4 4 
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jects in Britain and the United States will develop new 
teaching techniques which will also show how to give 
young pupils an understanding of the nature of the 
scientific process. 

To-day the goal of mastering the factual content of æ 
subject is not sufficient; there are other ' goals and needs at 
all levels of learning. The teaching of facts and method 
may go hand in hand. It is how the facts are learned and 
organized that makes a difference. Science is most 
effectively taught and learned when both pupils and 
teacher practise scientific investigation—when they 
devise experiments to solve problems and improvise 
simple apparatus for carrying them out. 

One would expect general science, chemistry and physics 
papers to have smaller percentages of factual questions, 
because it has long been the standard practice in the 
teaching of physical sciences to apply scientific principles 
in numerical problems. About 20 per cent of the general 
science and chemistry papers and 40 per cent in physics 
are devoted to ‘Application’. But, in general, these 
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problems are formal and stereotyped and amount to 
little more than a memory test. There is no real, new 
scientific problem zo solve. 

About 20 per cent of chemistry papers and slightly less 
percentages in tha other scientific subjects deal with 
experimental work. Here again, this is rarely more than 
memory work, dealing with hoary experiments and 
demonstrations which have been thoroughly rehearsed. 
Rarely is a candidate expected to show imagination and 
ingenuity in devising experiments to test hypotheses 
which are new to him. 

In their article, Crossland and Amos provide further 
evidence to show that scientific method is virtually 
ignored in ‘O’-leval science courses. They discuss the 
implication of this deficiency for the education of all pupils 
and make suggestions for a shift in emphasis from mere 
memory work towards some appreciation of scientific 
methods in ‘O’-leval examinations. 

The syllabuses in biology, general science, chemistry and 
physics of the nine General Certificate of Education 
Examining Boards were also examined. Apart from one 
Board, the Oxford and Cambridge, references to scientific 
method in biology, chemistry and physics are limited. In 
biology they are ecnfined to a training in observation and 
recording; “Biological knowledge should be based on 
observation of living plants and animals both in the 
laboratory and out of doors” is typical. Practical work in 
physical sciences is meant to give a training in skills and 
techniques, and in carrying out directions. In general 
science there are clearer signs that scientific method should 
be taught; for example, in the Cambridge syllabus we 
read ‘*.,. the student should be led to some appreciation 
of scientific principles and methods by which they have 
been established”. But the one Board which comes 
nearest to the treatment of scientific method is the Oxford 
and Cambridge. In its biology syllabus it states: (1) 
‘© |. . (candidates) expected to draw conclusions from 
simple experiments which they perform”. (2) “S... to 
understand the necessity for control experiments”. (3) 
‘|. . questions ... which test powers of observation 
and reasoning of candidates”. The general conclusion 
to be drawn from a study of the syllabuses is that only a 
limited amount of scientific method is expected at 
‘O’-level. 


FUEL UTILIZATION 


UEL utilization is often regarded as the Cinderella of 
industry. Industries such as aircraft, motor cars, 
electronics and computers regard the designers of com- 
bustion chambers, boilers and furnaces as belonging to a 
comparatively primitive and unenterprising sector of 
industry. Such a view is only justified to the extent that 
the very small profit margins of old-established industries, 
which were in existence at the very beginning of the 
industrial revolution, allow only a small fraction of their 
annual turnover to be spent on research and development. 
In the case of units such as power station boilers or blast 
furnaces, each of which costs hundreds. of thousands, if 
not millions, of pounds, the difficulties of developing a 
radically new and better design are immense, and unless 
there is a co-ordinating national development programme 
it is impossible to undertake the development of a greatly 
improved new type of appliance. Work with small 
pilot plant for such a new idea costs tens of thousands of 
pounds, and work with large pilot plant, which is essen- 
tial to give answers to the economic questions of capital 
cost, reliability and required quality of constructional 
materials, costs in the range of hundreds of thousands of 
pounds. 
It is, therefore, particularly timely and of national 
importance that the Institute of Fuel should have devoted 


the whole of a four-day conference to fuel research and 
development*. 

The first paper in the conference was a directory of 
organizations carrying out research and development. 
This covers industrial firms and research organizations 
of the fuel industries, and ranges from small individual 
burner-makers up to organizations like Imperial Chemical 
Industries, Ltd., and Shell. Strangely enough, it does not, 
however, include any work done by universities and 
technical colleges. a number of which are doing valuable 
work at the small pilot plant and bench scale stages of 
applied research. The authors of the directory conclude 
that about 2,900 graduates and 5,000 non-graduates are 
working in the organizations covered by their survey and 
that the annual expenditure on fuel research and develop- 
ment excluding nuclear energy is Just under £20 million. 
If we take it that the national annual fuel bill is of the 
order of £2,000 million, this comes out at 1 per cent, 
a very much lower-figure than would be found in the more 
rapidly changing industries. 

The first main session of the conference dealt with the 
organization of a research department, and the papers 
covered & number of interesting points, including French, 


*Inshtute of Fuel. Proceedings at the Conference on Fuel sg aah and 
Development held at Eastiourne, 4th to 8th October, 1966. Vol. 1: Papers. Pp. 
294. Conference Handbook. Pp. 14. (London: The Institute of Fuel, 1965 ) 
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American and Hungarian organizations. My criticism 
of this section would be that it does not give sufficient 
emphasis to the long-term practical objects of fuel research 
and development, namely, how to obtain the desired out- 
put of the product with improved quality and regularity 
and reduced capital and running costs. 

The next three papers dealt with the approach to 
research and its assessment and communication. The 
special problem of fuel research is that it does not attempt 
to attract the most original-minded youngsters in the 
schools, but its advantage is that people are prepared to 
discuss comparatively openly the new ideas which arise 
in these fields. The paper by the National Research and 
Development Council is very authoritative, as they have 
been working for many years on the best way of assessing 
new projects. Their particular fuel interests at the 
moment are connected with an automatic oil drill rig, 
fuel cells, high temperature combustion and new materials. 
Most new developments in fuel technology pose new 
problems for materials either in terms of chemical resist- 
ance or strength at high temperatures. This is well 
illustrated by the fact that Lord Fisher wrote to Charles 
Parsons in 1909 suggesting that a Parsons turbine should 
be operated on combustion gases, whereas it was not for 
another 30 years that steels were available to provide the 
necessary strength under the required temperature 
conditions. 

The remaining sessions of the conference follow very 
logically the stages of development; the bench stage is 
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illustrated by studies on pulverized coal, shock tubes and 
electrically augmented flames. These last two have not 
yet found any commercial application, but have interesting 
possible applications in the field of high-temperature 
endothermic reactions or the production of reaction inter- 
mediates. The small and large pilot plant work is illus- 
trated by work on flow patterns and a general account of 
the work of the International Flame Research Foundation 
on pulverized coal flames. The Ijmuiden experimental 
furnace of the International Flame Research Foundation 
can be regarded as a large pilot plant for the study of new 
kinds of flames for boilers and furnaces. Apart from this 
there is a great dearth of work with large pilot plant in the 
fuel field which makes it very difficult for any radically 
new process to be developed. This is because the cost of 
building a large pilot plant is at least one-tenth of the cost 
of the final equipment. 

The final section dealing with applications is particu- 
larly satisfactory since it contains two examples of the 
successful application of two quite new processes, namely: 
(1) the reforming of naphtha to make town gas; (2) the 
development of the fuel for the advanced gas-cooled 
nuclear reactor together with some work on minor changes 
such as the injection of fuel into the tuyéres of a blast 
furnace and the high intensity gas burner. 

The discussion at the conference was very lively and 
there is no doubt that the conference provided a valuable 
stimulus to this very important branch of applied science. 

M. W. Taurine 


ATMOSPHERIC CLEAR AIR TURBULENCE 
By Dr. RICHARD L. MOORE and Pror. T. N. KRISHNAMURTI* 


Douglas Aircraft Company, Inc., Long Beach, California 


HE purpose of this article is to report on a matter 

of considerable interest to aircraft operations. A new 
approach has been made to`the problem of clear air 
turbulence from the point of view that energy is provided 
by the transfer from large (or synoptic) scale flows 
toward the smaller-scale flow in the gravity wave spectra. 
Although the exact mechanics of such transfer have not 
been computed, the synoptic conditions favourable for 
the rapid transfer of energy have been predicted from 
inviscid flow theory. 

Synoptic evidence given by previous investigators, 
including Endlich?, Reiter?, and George*, from examina- 
tion of weather maps has confirmed the suggestion that 
there are certain well-recognized, large-scale patterns 
associated with the major outbreaks of clear air turbulence. 

Endlich? and Reiter? noted that large vertical shears 
with strong backing of wind with height are frequently 
found in regions of clear air turbulence. The synoptic 
maps show a westerly polar jet stream beneath a strong 
south-westerly sub-tropical jet stream. How, precisely, 
an instability arises in these large-scale flow configurations 
is not understood, and hence the precise modes of energy 
transfer from the larger to the smaller scales are as yet 
little known. 

In most investigations of clear air turbulence the 
emphasis has been on the use of local values of parameters 
such as the Richardson number (Endlich?!) or the Scorer 
parameter (Reiter*). It is a basic premise of this article 
that these, or any other, parameters are only important 
in. the region where turbulence is created, and in that 
region are only important at the time before inviscid 
flow breaks down into turbulence. Thus, once a turbulent 
eddy is excited it may be too late to look at these para- 
meters since the flow field will be changed because of the 
onset of turbulence. 

In our investigations the object is to explain clear air 
turbulence in terms of the following hypotheses: (a) Shear 


* University of California, Ios Angeles, California. 


is generated rapidly in some region of the atmosphere to 
be called the source region. (b) The shear reaches & 
critical value and the flow field becomes turbulent. (c) The 
turbulent flow field is carried away from the source region 
and gradually decays. 

The shear is measured in terms of the vorticity vector. 
W, which is expanded in a Taylor’s series, assuming the 
convection and diffusion of vorticity are small: 

aw aw Jae 
W(t) = W(0) + ayj e+ a), 3 a (1) 

In order to test the ere of effects which are 
non-linear with time, we have examined, on weather maps, 
values of d?W/dé? calculated from a formula derived from 
the following theoretical approach (details of which have 
been over-simplified for the purpose of discussion). 

The equation of motion in a fixed frame of reference 
for an inviscid fluid is: 

dv ] 
a= Vry (2) 
p is the pressure, p is the density; —g is the gravitational 


i 
force. dV/dt is the acceleration. The operation of Ey (V x) 
on equation (2) yields: 


- Ê [RYT x Ving] = RYT x Y(VV) (3) 


The last step follows from the equation of continuity and 
the neglect of 01/0. (Note. A more rigorous derivation 
by Moore’, which is too long for this article, has shown 
that if aay heating is neglected, the relation is: 
ow 
a + 7 ((V.V)W — (W.V)V + W(V.V)} = 
VYRT x V(V.V) + VERET x V(V.V Inp) + 
Viy-D RT VV + V.V RT} x V lap 
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Fig. 1. High-altitude pressure and temperature field, April 18, 1962, 002. Solid lines are contours în metres of the 200-mbar pressure surface. 
Dashed lines are the isotherms at the 300-mbar level (in. “K) 


If the velocity normal to a surface of con- 
stant pressure is small, the ‘vertical’ 
component of thé right-hand side of 


` this equation is the component of Y (YET) 


x V(V.V) normal to the constant 
pressure surface.) On neglecting the 
partial derivative with respect to time of 
the convective terms involving the vorti- 
city (the second term on the left side of 
the equation in the foregoing Wote), the 
left side of equation (3) becomes 0? W/dt?. 
Thus the first non-linear term in equation 
(1) is proportional to YT x V (V VF). 

Application to a synoptic situation. Asa 
test of the foregoing hypotheses (a) and 
(b), the vertical component of Y'T x 
V(\V.¥) has been computed and plotted 
on a series of weather maps which corre- 
spond to the well-documented case study 
published by Reiter?. The values for 
the parameter already méntioned have 
been compared with the distribution of 
clear air turbulence also reported by 
Reiter. 

We used the following method to com- 
pute the vertical component of YT x 
V(V.¥) in equation (3). It is easily 
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Fig. 2. Curves of constant value of the Jacobian of temperature and divergence of the 

velocity on the 800-mbar surface. Values In units of 10-1’ deg sec? m, Solid circles 

mark location of severe clear air turbulence. Open circles correspond to moderate clear 
air turbulence. Clear alr turbulence data due to Reiter (ref. 2) 
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shown that VT x V(\V/.V).& is identical with the 
Jacobian of Z' and Y .V which is easily computed. Y.V 
on a constant pressure surface can be shown to equal 


l dp 
— yp dt 
which 1s evaluated from the well-known quasi-geographic 
dynamical equation (see Thompson, ref. 5). 

As an indication of the validity of the theory, Fig. 1 
shows the temperature field at 300 mbars and flow field 
at 200 mbar for 00Z on April 13, 1962. Fig. 2 shows the 
vertical component of VT x Y(V .V) over the central 
part of the United States. 

The open circles represent moderate turbulence, and 
the solid circles represent severe turbulence reported by 
pilots within 6 h of the time of observation. It is obvious 
that in this case the shear has been generated rapidly in a 
source region located near the north-east border of Texas, 
and that the flow field has also become turbulent, thus 
agreeing with our hypotheses (a) and (6). The increase 
in the number of the reported cases of moderate turbulence 
in the down-wind direction does not disagree with the 
hypothesis that the turbulence is carried away by the 
winds from the source region and gradually decays. A 
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more complete analysis of this situation is in the process 
of preparation. 

George? has previously pointed out the importance of 
the temperature gradient from an empirical analysis of - 
synaptic situations associated with clear air turbulence. 
Similarly, Reiter? pointed out the importance of the 
convergence or divergence of the flow field; Stinson! has 
recently made a qualitative investigation of this factor. 
The probability of the validity of the theory of this 
note appears to be enhanced because it combines both the 
temperature gradient and the divergence of the velocity 
in one numerical factor, and provides a theoretical 
justification of the foregoing experimental deductions. 

We thank Mr. J. J. George for his advice in this work, 
which was supported by the Douglas Aircraft Company 
Independent Research and Development Program. 


1 Endlich, R. M., J. App. Meteorol., 3, 261 (1964). 

? Reiter, E R., and Agele, Nania, J. App. Meteorol , 8, 247 (1964). 

3 George, J. J., “A Different Synoptic Look at Some Cases of Clear Air 
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5 Thompson, P. D., Numerical Weather Analysis and Predution, 1 (The 
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* Stinson, J. R , and Cohen, §. H., “Use of Isogon-Isovel Chart and the 
Isogon Deviation Field in Forecasting Atmospheric Turbulence”, Navy 
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EFFECT OF CARBON DIOXIDE ON THE SHATTERING OF 
FREEZING WATER DROPS 


By J. E. DYE and Pror. P. V. HOBBS 


Department of Atmospheric Sciences, University of Washington, Seattle 


HE production of numerous ice particles by the 

shattering and splintering of freezing drops has been 
widely accepted as an important process which occurs 
under natural conditions in supercooled clouds. Braham}, 
for example, has invoked this phenomenon in order to 
explain the high concentration of ice particles found in 
summer cumulus clouds over Missouri, while Latham and 
Mason? have proposed a theory of thunderstorm electri- 
fication which is based on the charge separation that 
accompanies the production of ice splinters. 

Direct evidence for the shattering and splintering of 
freezing drops rests on laboratory experiments made by 
a number of workers (Langham and Mason’, Mason and 
Maybank!, and Stott and Hutchinson’). The most 
complete investigation of the effect is probably that of 
Mason and Maybank‘, and this work appears to show 
quite clearly that when the temperature at which a drop 
is nucleated falls below about - 4° C, a sharp decrease 
occurs both in the probability of shattering and in the 
number of ice splinters which are thrown off from the 
freezing drop. For example, Mason and Maybank found 
that for drops of 1 mm radius nucleated at — 1° C, 47 per 
cent shattered and, on average, 54 splinters were pro- 
duced per drop; however, with a nucleation temperature 
of — 7° C, only 6 per cent of the drop shattered and the 
average number of splinters fell to about 13. For nuclea- 
tion temperatures below about —9° C, not one drop was 
observed to shatter and the average number of splinters 
was about 4. 

The method normally used to nucleate supercooled 
drops at temperatures above —4° C is to drop a small 
piece of solid carbon dioxide into the cold chamber in 
which the drop is situated. The passage of the cold 
carbon dioxide through the air results in the production 
of numerous small ice crystals, some of which collide with 
the surface of the drop and initiate freezing. Of course, 
carbon dioxide may be used to cause nucleation below 
— 4° C, and very often is, but nucleation at these lower 


temperatures may also be achieved using an artificial ice - 
nucleus such as silver iodide. In the experiments of Stott 
and Hutchinson®, carbon dioxide was used exclusively. 
Langham and Mason do not mention the method used for 
nucleating the drops, but it is likely that carbon dioxide 
was used on occasions; Mason and Maybank‘ used both 
carbon dioxide and silver iodide, but for nucleation above 
— 4° C only carbon dioxide could have been used. During 
the course of an investigation in this laboratory into the 
crystallographic structure of freezing drops, it became 
obvious that the presence of carbon dioxide gas could 
have a profound effect on the manner in which a drop 
froze. Accordingly, experimental work was undertaken 
to determine the effect of carbon dioxide on the shattering 
of freezing drops. 

The experimental arrangement was as shown in Fig. 1. 
By pumping methanol, previously cooled in a liquid 
nitrogen bath, at various rates through the hollow walls 
of a small chamber (approximately a cube of side 2 in.), 
the interior of the chamber could readily be maintained 
at any temperature from 0° to —40° C. Changes in the 
temperature of a drop during the cooling and freezing 
process were measured continuously by suspending the 
drop on the tip of a thermocouple 0-005 in. in diameter 
which was connected through an amplifier to a chart 
recorder. An additional thermocouple was placed in the 
chamber and close to the drop in order to record the 
temperature of the environment. Double glass windows 
in two of the sides of the chamber allowed for illumination 
and visual observation of the drop. Ice crystals, needed 
to nucleate the supercooled drops, were introduced with- 
out the use of solid carbon dioxide by momentarily 
lowering into the chamber a small metal rod cooled by 
liquid nitrogen. 

In a series of preliminary experiments a number of 
drops were frozen in the chamber in an environment of 
ordinary air. The drops varied in diameter from 0-6 to 
1-6 mm and were nucleated with ice crystals introduced 


f 


oe 
: 
h aiii 


No, 5022 J anuary 29, 1966 


into the chamber either by using the metal rod already 
described or by placing a small amount of liquid nitrogen 
into the chamber. The rates of cooling used varied from 
5° C/min to 160° C/min and the nucleation temperatures 
ranged from 0° to ~20° C. In all, 150 drops were frozen 
in this manner, but not one drop was observed to shatter. 
However, about 50 per cent of the drops developed small 
spikes (approximately 0-2 mm in length) during freezing, 
and about one drop in every ten developed a long spike 
(approximately 1 mm in length). Following these experi- 
ments, a number of drops were nucleated with ice crystals 
produced by dropping a small piece of solid carbon dioxide 
mto the chamber. Under these conditions about one-third 
of the drops shattered. These experiments suggested 
quite strongly that the shattering of the freezing drops 
was associated with the presence of carbon dioxide in 
the cooling chamber. 

In order to investigate the effect of carbon dioxide on 
the shattering of freezing drops ın a more quantitative 
manner, an addition was made to the experimental 
apparatus which allowed definite concentrations of carbon 
dioxide to be introduced into the chamber. This addition 
consisted of two flowmeters and associated cooling coils 
(Fig. 1). Into one of the flowmeters pure air was intro- 
duced at a known rate and into the other pure carbon 
dioxide gas; after passing through the cooling coils this 
mixture was allowed to enter the cooling chamber. With 
this experimental arrangement the following procedure 
was adopted. A drop of singly distilled water, usually 
of about 1 mm diameter, would be suspended on the top 
of the thermocouple and then lowered into the upper 
part of the chamber, where the temperature was about 
2° C. A known mixture of carbon dioxide and air was 
passed continuously into the chamber at a constant rate 
of 200 ml./min independent of the concentration of carbon 
dioxide; shortly afterwards ice crystals would be produced 
in the lower part of the chamber by introducing the metal 
rod cooled by liquid nitrogen. After the drop had been 
exposed to the air—carbon dioxide mixture for 2 min at 
2° C, it would be lowered yuickly to the — 10° C level in 
the chamber and its mode of freezing observed through 
a telescope. Prior to changing the concentration of carbon 
dioxide in the mixture, the chamber would be flushed 
thoroughly with clear arr. The foregoing procedure was 
repeated for twelve different concentrations of carbon 
dioxide, and at each concentration ten drops were frozen. 
The temperatures at which the drops nucleated in these 
experiments varied from 0° to —5° C. 

The manner of freezing, and the probability of a drop 
shattering, were found to change markedly as the concen- 
tration. of carbon dioxide to which the liquid drop had 
been exposed was increased. For very low concentrations 
of carbon dioxide (less than 1 per cent) only minor bulges 
and small spikes formed, and some small cracks were 
observed in the surfaces of the frozen drops. When the 
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concentration of carbon dioxide in the mixture reached 
about 25 per cent, however, long ice spikes of up to 2 mm 
in length were forced out from the freezing drop and 
violent shattering and cracking occurred. As the con- 
centration of carbon dioxide was increased above 75 per 
cent huge protuberances formed containing large quan- 
tities of gas; these protuberances usually ruptured at 
their ends as the gas was forced out, and the drop sometimes 
shattered completely. 

The results of these experiments are shown in a quan- 
titative manner in Fig. 2, where the probability of a drop 
shattering is plotted against the concentration of carbon 
dioxide gas in the mixture to which the liquid drop is 
exposed at 2° C. These results show quite clearly that 
the probability of shattering increases rapidly as the con- 
centration of carbor dioxide in the mixture increases. For 
concentrations of carbon dioxide less than 1 per cent the 
probability of shattering is effectively zero. In this figure 
the term ‘shattering’ includes the complete disintegration 
of a drop or a spiks, the breaking off of part of a drop, 
or noticeable fragmentation of the surface of the ice when 
a gas bubble emerges from the end of a protuberance. 

In order to determine whether, even after being sub- 
jected to relatively high concentrations of carbon dioxide 
gas, drops shatter only when nucleated above —65° C, 
twenty liquid drops were subjected to an air—carbon 
dioxide mixture containing 25 per cent carbon dioxide, 
and these drops were then nucleated at approximately 
—12° C in the manner already described. Six of the 
twenty drops shatv=red—four disrupting completely and 
two forming spikes which later shattered. Although this 
gives a probability of 30 per cent, as compared with a 
probability of 50 par cent for drops subjected to 25 per 
cent concentration of carbon dioxide and nucleated above 
—- 5° C, it demonstrates that, provided a liquid drop has 
been situated in an environment containing a relatively 
high concentration of carbon dioxide, it may shatter 
durmg freezing even though it is nucleated 
below —5° C. Indeed, drops subjected 
to high concentrations of carbon di- 
oxida have been observed to shatter 
when nucleated at temperatures as low as 
— 19 C. 

The effect of carbon dioxide on the 
shatzering of freezing drops may be under- 
stood in general terms as follows. Carbon 
dioxide is approximately one hundred 
times more soluble in water than is nitro- 
gen and nearly fifty times more soluble 
in water than is oxygen. The solu- 
bility of carbon dioxide in ice, on the 
other hand, is very small compared 
with that in hquid water. There- 
fore, as a drop freezes radially inwards, 
the carbon dioxide in the liquid water 
will be forced out as gas bubbles, and this 
will result in the build-up of large stresses in 
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the surrounding ice shell. Under these stresses water may 
be pushed out from the interior of the drop to form spikes 
and bulges on the surface of the sphere, and, if this is not 
sufficient to accommodate the increasing pressure in the 
interior, complete shattering of the drop will occur. Since 
the concentration of carbon dioxide in liquid water 
increases linearly with the partial pressure of carbon dioxide 
in the environmental gas, the increase in the probability 
of shattering with increasing concentration of carbon 
dioxide (Fig. 2) is readily understood. The expansion of 
the water as it freezes in the interior of a drop will also 
contribute to the tensions in the ice shell, but our experi- 
ments show that this effect alone is insufficient to cause 
shattering. 

In the light of these results we suggest that the shat- 
tering of freezing drops observed in the laboratory by 
previous investigators was in all cases probably due to 
the presence of carbon dioxide in solution in the liquid 
water. Moreover, we would ascribe the apparent effect 
of nucleation temperature on shattering, observed by 
Mason and Maybank‘, to the use of carbon dioxide for 
seeding at temperatures above ~-4° ©. From the appear- 
ance of the long spike shown in Fig. 2 of Mason and 
Maybank’s paper, we would judge that the liquid drop 
had been exposed to an environmental gas containing 
about 25 per cent carbon dioxide gas. If this were the 
case, according to our Fig. 2 the probability of shattering 
would be approximately 50 per cent and, for nucleation 
temperatures above —4° C, this is in good agreement 
with the statistics for shattering given by Mason and 
Maybank. 
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It follows also from our results that under natural con- 
ditions in the atmosphere, where the concentration of 
carbon dioxide is always less than about 0-06 per cent, 
the shattering of freezing drops probably never occurs. 
However, the introduction of sufficient quantities of 
carbon dioxide gas into a natural cloud could give rise to 
the shattering of droplets during the freezing process. 
In fact, we would suggest that the seeding of supercooled 
clouds with silver iodide might be more effective if large 
quantities of carbon dioxide gas were introduced into the 
cloud just prior to seeding. 

It should be noted that the results reported in this 
article refer only to the shattering of freezing drops and 
not to the production of splinters. However, shattering 
and splinter production are intimately connected, for 
both phenomena derive from the build-up of stresses in 
the freezing drop. It therefore seems likely that the 
number of splinters thrown off from a freezing drop will 
increase as the concentration of carbon dioxide in the 
liquid drop rises. Measurements of the effect of carbon 
dioxide on splinter production are now being undertaken 
and, the results will be published in due course. 

This research was supported by the Atmospheric 
Sciences Section of the U.S. National Science Foundation 
under grants GP—2607 and GP-3809. 
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A COMPARISON OF TOTAL MAGNETIC FORCE SECTIONS ACROSS 
NORTHERN CALIFORNIA AND SOUTHERN NEW ZEALAND 


By T. HATHERTON 


Geophysical Survey, Geophysics Division, Department of Scientific and Industrial Research, Wellington, New Zealand 


RANTZ and Zietz! have compared magnetic profiles | 


across “‘belts of moderately deformed sedimentary 
rocks’”’ in Alaska and California. These profiles record 
broad highs in total magnetic intensity over the Jurassic 
and Cretaceous marine sedimentary rocks underlying the 
Cook Inlet and Copper River lowlands in Alaska, and 
over similar rocks underlying the northern and central 
Great Valley, California. These highs are parallel to 
the major geological features in each area, and are absent 
over parallel belts of more severely deformed sedimentary 
rocks of similar age which occur in the bordering Chugach 
Mountains and Alaska Range in Alaska, and in the Coast 
Ranges in California. 

Sunilar geological situations exist in New Zealand and 
California. In Southland, New Zealand (Fig. 1), the old 
land mass of Fiordland is bordered on the east by a syncline 
of gently deformed marine and freshwater sediments 
(Hokonui facies) of great thickness (~ 60,000 ft., accord- 
ing to Wellman’). This syncline is known as the New 
Zealand marginal synchine®. Farther east still are the 
severely deformed parallel greywackes (Alpine facies) 
and schists that were deposited in the New Zealand geo- 
syncline. Between the marginal syncline and the New 
Zealand geosyncline are found ultramafic and ultrabasic 
rocks. 

Fig. 2 compares the aeromagnetic total force profiles 
across the Sacramento Valley and Coast Ranges in Cali- 
fornia with the seaborne total force profiles round the 
south-east coast of the South Islend, New Zealand. 
Because the rock sequences are from west to east in 
New Zealand and east to west in California, the New 
Zealand profile has been reversed for easier comparison. 
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The following parallels can be drawn, going from right to 
left in Fig. 2. 
(1) At the western end of the New Zealand profile the 


“~~ many narrow peaks are due to the underlying pyroclastics, 
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pillow lavas and shallow intrusives of gabbro, diorite and 
biotite granite of the Longwood complex. The comparable 
eastern part of the profile in California was not recorded 
by Grantz and Zietz, but they state that “available 
magnetic data over the Jurassic slate and greenstone belt 
of the Sierra Nevada, which borders the Great Valley on 
the east, record so many magnetic features of shallow 
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origin that it is difficult to determine whether or not 
broad magnetic higts occur there”. 

(2) Between Wairapa Point and Nugget Point on the 
New Zealand profile is a broader anomaly 35 miles in 
width and of amplitude varying from 500 to 1,000 gammas. 
The anomaly over the northern and central Great Valley 
is about ‘‘80 miles wide and ranges in amplitude from a 
few hundred to mare than 1,000 gammas’’?. The crests 
of the magnetic highs lie respectively a few miles west 
and a few miles east of the thickest parts of the sedi- 
mentary prisms in Southland and the Great Valley. 
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Fig. 2. (a) Total force magnetic profile around south-east coast of South Island, New Zealand. Observations at sea-level 
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That 1s, in both cases, the highs are on the continental 
sides of the marginal synclines. 

(3) Between the overturned north-eastern flank of the 
New Zealand marginal syncline and the schists to the 
north-east is a single narrow anomaly of about 300-400 
gammas (though reaching 1,200 gammas elsewhere). 
This can be traced north-west along the junction of the 
marginal and geosynclinal facies until it joins exposures of 
volcanic and ultramafic rocks 80 miles away at Mossburn’. 
At a similar position in the Californian sequence a single 
600-gammas peak coincides with exposed ultramafic 
rocks. 

(4) Over the New Zealand geosyncline magnetic 
anomalies are small except where late Tertiary volcanics 
(Cape Saunders—Taiaroa Head) are exposed. Over the 
Coast Ranges of California there are minor anomalies 
which are due to basic volcanics or ultramafics. 

The most interesting sections of these profiles are the 
broad magnetic highs over the marginal synelines. The 
Bouguer gravity anomaly associated with the magnetic 
high in the Great Valley of California is about 20-40 
milligals. There is no significant gravity anomaly associ- 
ated with the magnetic anomaly in Southland, New 
Zealand’. Thus in the latter case it has been assumed 
that the density of the disturbing magnetic rock is about 
2°65 gjem? which is the density of the Late-Palaeozoic 
to Mesozoic sediments of the syncline. Permian sediments 
of this density and with magnetic susceptibilities of up 
to 4,000 x 10-8 c.g.s. units occur within the area of the 
magnetic high, but it is unlikely that these are extensive 
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enough to cause the major high, though they may causelocal 
noise*. Of igneous rocks, only serpentine and perhaps 
andesite appear to have the relatively high susceptibility 


and low density to explain the high magnetic anomaly ~ 


and lack of gravity anomaly. The Southland syncline is 
separated from its supposed extension, the Nelson 
syncline, by the transcurrent Alpine Fault. Hatherton® 
has suggested that the magnetic and gravity anomalies 
in the Nelson—Cook Strait region can be best explained by 
a dunite-serpentine system. Such a system generally 
shows an inverse relationship between density and 
magnetic susceptibility®. 

As Grantz and Zietz pointed out after studying the 
California and Alaska profiles, “there may be a causal 
relationship between the existence of the rocks that pro- 
duce the broad magnetic highs and the structure and 
lithology of the sedimentary prisms that overlie them”. 


The addition of the New Zealand results increases the 


probability that the broad magnetic highs resulting from 
apparently deep-seated igneous rocks are a generic charac- 
teristic of the stable synclines adjoining geosynclines. 

I thank Prof. George A. Thompson of Stanford Univer- 
sity for bringing the results of Grantz and Zietz to my 
notice. 
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DETECTION OF HYDROGEN EMISSION LINES njso-niss AND nis7>nise IN 
GALACTIC H Il REGIONS 


By Pror. A. E. LILLEY, Pror. D. H. MENZEL, H. PENFIELD and B. ZUCKERMAN 
Harvard College Observatory, Cambridge, Massachusetts 


N 1959, Kardashev: predicted that spectral lines of 
excited hydrogen of the n—>n — 1 type could be 
observed in galactic H IL regions. In particular, he 
showed that the most readily observable lines should 
appear in H IL regions having a high continuum tem- 
perature and that lines of the type n —>n — 2, n—>n — 3, 
etc., should be less intense than those of type n—>n — 1. 
The detection of lines of this type was first announced 
by two groups of Russian observers, who found the 
line nios —> Niga (V = 5,762°9 Mejs) in M17 and the Orion 
Nebula, and the line na —> Nn (v = 8,872:6 Mejs) in 
M17. More recently, Hoglund and Mezger* observed the 
line niio —> Mies (Y = 5,008-9 Mc/s) in a number of galactic 
H IT regions. 

We have detected two new hydrogen lines corresponding 
to the transitions niss —> Mss (1,651-544 Mejs) and 
Nisy niss (1,715676 Mejs) in two galactic sources, 
M17 and W51. Local radio interference prevented a 
search for the intermediate transition 153 —> M157 
(1,683-203 Mc/s). Our data were obtained with the 
Harvard 60-ft. telescope equipped with a 10-channel 
cavity maser radiometer with a resolution of 80 ke/s. 
The antenna half-power beam-width was 52 min of are 
and its aperture efficiency was 0-38 at the wave-length 
of operation. The total noise temperature of the system 
was approximately 100° K. Figs. 1—4 show the profiles 
obtained with this system, and Table 1 summarizes our 
results. 

To interpret their observational results, Hoglund and 
Mezger assumed a Gaussian line shape and a Maxwellian 
distribution of electron velocities at temperature Te. 
The total energy observed in a line is then: 


AvrTy, = 1-67 x 10° Te?!? E deg/sec (1) 


where Av, is the line width at half power in cycles per 
sec and Tz is the excess of brightness temperature in the 
line above that in the continuum. JZ is the ‘emission 
measure’ in parsecs (pe) cm-*. As noted by Hoglund and 
Mezger4, equation (1) should be a reasonable approximation 
for an optically thin line of Gaussian shape. From Oster’s® 
equation (162) we obtain the free—free continuum radia- 
tion. If we assume that the continuum is optically thin 
and set v = 1,680 Me/s and F = 104 in the Gaunt factor, 
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Table 1. SUMMARY OF OBSERVATIONAL RESULTS 


a=18h 17-8m a=19h 20-8m 
mir {g= 18h 178} 1950 W511 $= iog 1980 


r (Me/a) 1,715 1,651 1,715 1,651 

? (cm) 17-5 18-2 175 18-2 

Ta CK)* 0-202 +0:024 02860+0026 0:130+0030 0 088+ 0:026 

T1{Tc 1:0140°17% 1:16+0:17% 1:30+0-36% 0°7340-25% 

Ay L (Iko/s) 240 230 200 

Av, re saad 219+ 60 209 + 60 291 +80 172 +80 
Cis 

Y (cm/s) t 25456 2145 56+6 6446 


*?P antenna temperature of the line above the continuum. 
t The radial velocities are with respect to the local standard of rest. 


we find for Ta the brightness temperature of the con- 


tinuum : 


3:13 x 10" E 
ss ce eT a (2) 


Although the observed hydrogen lines are almost cer- 
tainly optically thin, the continuum radiation ab the 
centre of M17 may be optically thick at ~ 1,700 Mc/s. 
When the regions responsible for the continuum and line 
radiation originate in the same source (subtend the same 
solid angle), then the antenna temperatures are propor- 
tional to the brightness temperatures. 

Eliminating E between equation (1) and equation (2) and 
solving for Te in terms of the observed quantities, we 
obtain for M17 at 1,715 Mejs, Te = 6,800° + 3,000° K, 
and at 1,651 Mejs, Te = 5,500° 4: 2,400° K. The estim- 
ated errors include those in Tzr, Te and Ayz. These tem- 
peratures were calculated with Gaunt factors adjusted to 
the respective temperatures rather than to the 104 °K 
used in the first approximation. If the continuum radia- 
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tion originates in a region that is optically thick, the 
foregoing electron temperatures are too high. The electron 
temperatures for M17 are less than the value of 104 °K 
usually given for HII regions and greater than the value 
for M17 calculated by Hoglund and Mezger‘*. 

We have not calculated Te for W51 because of the 
small signal-to-noise -atio and, since the source is complex, 
we cannot determine what part of the continuum comes 
from the H II region responsible for the spectral line. 

Kardashev gives tcrmulae for broadening of the excited 
hydrogen lines by Doppler motion, turbulence, the linear 
Stark effect, and the statistical Stark effect. The relation- 
ship of the observed line-widths to the line broadening 
predicted by Kardashev is shown in Fig. 5. The two lines 
reported from the U.S.S.R., the line detected at the 
National Radio Astronomy Observatory, and the lines 
detected at Harvarc University are plotted. The line 
broadening as predieted by Kardashev is marked Av, 
and increases rapidity with increasing wave-length. We 
have obtained Ay; using Kardashev’s equations 6, 7 and 
8, Te = 10° °K, N: = 10? cm and no turbulence. With 
these typical values essumed, the direct application of the 
Stark equations given by Kardashev predict a line width 
of an order of magnitude greater than that observed at 
A ~ 18 em. 

Two additional reference lines are drawn for com- 
parison with the observational data in Fig. 5. These are 
the straight lines which represent Doppler broadening 
only; the lower linə for T'e = 104 °K (no turbulence) 
and the upper line for either Te = 10° °K (no turbulence) 
or Te = 104 °K and 40 km/sec turbulence. The observa- 
tional data in Fig. 5 suggest that at least to n ~ 160 
{A ~ 18 em) a combination of thermal broadening and a 
modest amount of mternal turbulence within the nebula 
will entirely account for the observed line-widths. More- 
over, there is observational evidence for internal motions 
within H IT regions’. 

If the Stark equations as given by Kardashev were 
actually valid, we could find an electron density to 
generate the observed line-width at lower frequencies. If 
this procedure is followed for the source M17 we obtain 
Ne = 10 em (for T, = 104 °K) and ne = 9 cm- (for 
Te = 6 x 103 °K). With the electron density evaluated 
in this manner, we may use equation (1) to determine the 
size of the region, since H ~ ne l. Using the observables 
in equation (1), ax aperture efficiency of 0-38, and 
ne ~ 10 cm~, we find a value of 1 ~ 700 pe to account 
for the observed Tr. This size and electron density may 
be compared with 1 ~ 13 pe and ne = 125 om~ for the 
optical H II region given by Westerhout’. However, 
taking ne ~ 10 cm“, 1 ~ 700 pe, and a distance to M17 
of 1,700 pc®, we can use equation (2) to evaluate the 
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Fig. 6. Plot of line width (drz) versus wave-length for all observed 
n—n—1 lines. The error bracket shown for the Harvard data on M17 
(A4=18:2 em) is typical of all four spectra 
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characteristics implied for the continuum. According to 
such a model, M17 would appear as a continuum source 
of very broad angular extent, but observations show no 
significant broadening in either the Harvard beam (52 arc 
min) or the Dwingeloo beam (34 arc min). 

Consequently, the direct application of the Kardashev 
line-broadening theory leads to a contradiction with con- 
tinuum observations, and grossly over-estimates the line- 
width. The fact that the theory was developed for a 
plasma having a much higher density than H IT regions 
may be responsible for the over-estimate of the Stark 
effect. The importance of undertaking further observa- 
tions ab wave-lengths longer than 18 cm is evident in 
Fig. 5, and should help to clarify the problem of line 
broadening. 

The successful detection of the n— n — 1 lines in 
thermal sources will allow astronomers to determine the 
galactic distribution of H IT regions by methods similar 
to those developed for the 21-cm hydrogen line, bringing 
both ground state and excited hydrogen within the 
purview of radio telescopes. 

We thank Patrick Palmer for his help in this investi- 
gation. Radio astronomy at Harvard University is 
supported by the U.S. National Science Foundation. 
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EFFECT OF GLASS CONTACT ON THE ELECTROPHORETIC MOBILITY 
OF HUMAN BLOOD PLATELETS 
By Dr. J. R. HAMPTON and Dr. J. R. A. MITCHELL 


Department of the Regius Professor of Medicine, Radcliffe Infirmary, Oxford 


N important property of blood platelets is their 
ability to stick to each other, in vivo during thrombus 
formation and in vitro during the process of platelet 
aggregation. However, little 1s known about the actual 
mechanism of platelet to platelet adherence. Platelets 
carry & negative charge! and it has been suggested? that 
changes in this surface charge might be related to platelet 
aggregation. The surface charge of a cell can be investi- 
gated by measurement of the electrophoretic mobility of 
the cell, but previous electrophoretic investigations of plate- 
lets have been directed towards the determination of the 
10nic groups responsible for the charge*, or to estimations 
of mobility in patients with various clinical conditions* 5. 
We have investigated the electrophoretic mobility of 
human platelets and have shown (unpublished) that 
changes can be induced by the agents known to cause 
platelet aggregation. During these investigations we 
found that platelet mobility also changes in the absence 
of aggregating agents, and that this change was markedly 
affected by glass contact. This article sets out the results 
of our investigations of these changes in platelet mobility 
which occur in the absence of exogenous aggregating agents. 
Platelet-rich plasma (PROP) was prepared from venous 
blood as described by Emmons and Mitchell‘, and platelet- 
poor plasma (PPP) was prepared by centrifuging PRCP 
in siliconized tubes at 750g for 15 min. Mobility measure- 
ments were made on a mixture of 9 vol. PPP and 1 vol. 
PRCP, using the horizontal capillary electrophoresis 
apparatus developed by Bangham et al.3, All estimations 
were carried out at 25° C, using a potential gradient of 
2-66 V/em. Only platelets in the stationary layer? were 
studied and, to eliminate the effect of drift, five transits 


in each direction were timed. The eyepiece graticule 
was calibrated against a stage micrometer under water, 
and the mean transit times were converted into mobility 
rates, expressed, in u./sec/V/em. 

When platelet electrophoretic mobility was measured 
twice on freshly separated plasma samples, it was found 
that the first measurement always gave a faster result 
than the second, and that subsequent measurements 
gave decreasing mobilities until a stable figure was reached. 
The rate of decrease in mobility varied from subject to 
subject, but all reached a stable minimum mobility within 
lh. Thereafter the mobility did not change and duplicate 
estimations on 36 samples in this stable state gave a mean 
difference between measurements of 1-16 per cent. It 
was also found that bringing the fresh plasma samples 
into contact with a non-siliconized glass surface immedi- 
ately reduced the platelet mobility to this minimum, 
and that ageing thereafter had no effect. Samples were 
brought into contact with non-siliconized glass by placing 
them in a test-tube which had been washed only with tap 
water and distilled water, covering the tube with ‘Parafilm’ 
and gently inverting twelve times. This process will be 
referred to as ‘glass contacting’, and the treated mixture 
as ‘post-contact plasma’, while a PRCP/PPP mixture 
which had not been so treated and which had only en- 
countered siliconized surfaces will be referred to as “pre- 
contact plasma’. The reduction in mobility which we 
observed after glass contacting will be referred to as the 
‘contact effect’. 

(1) Effect of ageing on pre-contact mobility. The pre- 
contact mobility of one aliquot of platelets was measured. ’ 
Between 15 and 20 min later, the pre-contact mobility 
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of a second aliquot which had been kept at room tempera- 
ture was measured and was shown to be reduced. Both 
samples were then brought into contact with non-silicon- 
ized glass in the way already described and their post- 
contact mobilities measured: they were found to be 
slower. The mean mobilities from six experiments are 
shown in Table 1: the mean values and their significance- 
levels were calculated from the transit times, so that each 
figure in Table 1 represents the mean of sixty transit times. 
Once the stable, post-contact state had been reached 
elther by glass contact or by ageing, a second exposure to 
a glass surface had no effect, nor did further ageing for 
several hours. 

If the manoeuvres involved in the glass contacting 
process were performed in a siliconized tube the decrease 
in mobility did not occur. It is therefore the contact 
with the non-siliconized glass surface, and not agitation or 
contact of platelets with air, which causes the decrease. 

(2) Effect of stliconized and non-siliconized glassware. 
Blood samples were collected by a two-syringe technique 
from a single venepuncture. The first syringe was sili- 
conized, while the second was not, and the samples were 
afterwards handled in siliconized and non-siliconized 
glassware respectively. The pre-contact mobility of the 
platelets handled in the non-siliconized system was equal 
to the post-contact mobility of those handled in the 
siliconized system. Glass contacting of the platelets from 
the non-siliconized system in the usual way caused no 
change in mobility. The mean results of six experiments 
are shown in Table 2. 

(3) Microscopical appearance of platelets. If the vis- 
cosity of the suspending liquid remains constant, a change 
in the size of a particle will cause a change in its electro- 
phoretic mobility. It was therefore possible that the 
reduction of platelet mobility on glass contact might be 
due to a change in the configuration of the platelet, or 
to pairs or small clumps of platelets developing. Platelets 
were examined by phase-contrast microscopy before and 
after glass contact and there was no difference in the 
frequency with which pairs or small clumps were seen 
in the pre-contact and post-contact samples, nor could 
any difference be detected in platelet morphology. The 
change in mobility must therefore be due to a change in 
the surface charge of the platelets, or to a change in the 
viscosity of the suspending medium. 

(4) Effect of contacting the platelet-poor plasma. In- 
stead of contacting the PRCP/PPP mixture m the usual 
way, the PPP alone was contacted and was then used to 
dilute pre-contact PROP. The mobility of the platelets 
was unaffected and the usual slowing occurred when the 
whole PRCP/PPP mixture was contacted. The reduction 
of platelet mobility on glass contact is not due, therefore, 
to a change in viscosity of the platelet-poor plasma; it is 
also unlikely to be related to activation of the early stages 
of the clotting process, for this would have occurred when 
the platelet-poor plasma alone was contacted. 

(5) Suspensions of platelets in saline. PRCP was 
prepared in the usual way, but, instead of using PPP as the 
diluent, 1 ml. portions were diluted with 8 ml. 0-85 per 
cent (w/v) saline and 1 ml. 3-8 per cent (w/v) trisodium 
citrate. The pre-contact mobility of the platelets was 
measured; the platelet—-saline mixture was then ‘glass 


Table 1. Erect of AGE AND GLASS CONTACT ON PLATELET MOBITITY 


Mean Mean 
pre-contact post-contact P for 
mobility mobility difference 
{u/sec]/V/em) (u/sec/ V/cm) 
Fresh platelets 1:18 1-10 <0-001 
Platelets 15 min old 114 111 N.S. 
P for difference 0-03 N.S. 
Table 2 Erreot or SILICONIZED AND NON-SILICONIZED GLASSWARE ON 
PLATELET MOBILITY BEFORE AND AFTER GLASS CONTACT 
Mean Mean 
pre-contact post-contact P for 
mobility mobihty difference 
(u/sec/V/ern) (4/sec]/ V/cm) 
Silicontzed 118 1-03 <0 001 
Non-siliconized 1°02 1:08 NS, 
P for difference <0 001 N.S 
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contacted’ in the usual way and the post-contact mobility 
of the platelets determined. The mean values obtained 
from six experiments were: pre-contact, 1-34 p/sec/V/om; 
post-contact, 1:28 u/sec/V/em (P for difference 0-01). 
It will be noted that both pre- and post-contact mobilities 
are higher than those found when the PRCP is diluted 
with PPP; this results from the lower viscosity of the 
saline mixture. _Nevertheless, the contact effect still 
occurs when the platelets are suspended in citrate-salime. 

(6) Effect of ethylenediamine tetraacetic acid (EDTA). 
Blood was collected in a siliconized syringe and 9 ml. 
portions were transferred to centrifuge tubes containing 
either citrate or 0-15 ml. of 10 per cent (w/v) dipotassium 
EDTA and 0:85 ml. normal saline. The contact effect 
inthe EDTA tubes did not differ from that observed when 
citrate was used as the anticoagulant. 

(7) Effect of heparin. 9-ml. aliquots of blood were 
collected into either 1 ml. sodium citrate or into 1 ml. 
normal saline containing varying concentrations of 
heparin; these were such as to give concentrations in the 
final mixture of 1, 2, 5, 10 and 50 units per ml. It was 
found that with concentrations of 2 units/ml. of heparin 
and above the contact effect was abolished: the pre-contact 
mobility was the same as the post-contact mobility of the 
citrate sample. With 1 unit/ml. of heparin the pre-contact 
mobility was lower than that of the pre-contact citrate 
sample, but fell to the same level after contact as the 
post-contact citrate sample. When heparin was given 
intravenously in a dose of 750 N.I.H. units, it abolished 
the contact effect in a blood sample taken 5 min later. 

(8) Effect of enzyme poisons. A variety of enzyme 
poisons was added to a fresh PRCP/PPP mixture in 
siliconized tubes; control tubes containing salme were 
prepared at the same time. Each was incubated at 25° C 
for 5 min and them pre-contact mobility measured. Both 
series were then ccntacted and their post-contact mobili- 
ties measured. It was found that N-ethylmaleimide in 
concentrations up to 10-2 M and p-hydroxymercuriben- 
zoate 10-3 M (inhikitors of reactions involving sulphydryl 
groups), potassium cyanide 1-5 x 10-3 M (inhibitor of 
cytochrome oxidase), sodium fluoride 25 x 10 M 
(inhibitor of synthzsis of phosphopyruvate), and sodium 
monofluoroacetate 10-° M (inhibitor of aconitase, and so 
of the tricarboxylic acid cycle) had no effect on the pre- 
contact mobility, its reduction on glass contact, or the 
post-contact mobility of the platelets. 

However, when she enzyme poisons were added to the 
citrate into which the blood was collected a different 
pattern emerged. N-ethylmaleimide at 10-* M abolished 
the difference between pre- and post-contact mobilities, 
although the post-contact mobility was the same as that 
of a parallel samp-e taken into citrate alone. N-Ethyl- 
maleimide 10 M had no effect, and 10-4 M. an intermedi- 
ate effect. »-Hydroxymercuribenzoate 10 M similarly 
abolished the difference between pre- and post-contact 
mobilities, while botassium cyanide, sodium fluoride 
and sodium monoflnoroacetate had no effect. 

(9) Effect of pyruvate kinase. In view of our finding 
that low concentrasions of adenosine diphosphate (ADP) 
increase the electrophoretic mobility of platelets (unpub- 
lished), it seemed possible that the reduction of platelet 
mobility on glass contact might be due to loss from the 
platelet surface of ADP. ADP can also be removed from 
a system’ by the enzyme pyruvate kinase (PK) acting 
through the reaction: pe 


Phosphoenolpyruvste (PEP)+ADP == Pyruvate + ATP 


In this reaction the equilibrium lies far to the right. 
Blood was collected in the usual way and 8-ml. portions 
were transferred to centrifuge tubes containing 1 ml, 
sodium citrate and 1 ml. of a PEP—PK mixture in saline. 
Control tubes containing citrate and saline alone or citrate 
plus saline solutions of PEP or PK were also prepared. 

PEP in a concentration in the final mixture of 0-005 
ug/ml. did not have any effect on the pre- or post-contact 
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mobility of the platelets. With 0-05 and 0-5 ug/ml. a 
progressive reduction ım both pre- and post-contact 
mobility was produced, but the difference between the 
two was the same as in the control sample; the contact 
effect was thus unchanged. PK alone in a concentration 
of 0-1 mg/ml. in the final mixture had no effect on either 
pre- or post-contact mobility. 

When both PEP and PK were present the difference 
between pre- and post-contact mobilities was abolished: 
this occurred with concentrations of PEP as low as 
0:0005 ug/ml. and PK 0-01 mg/ml. The post-contact 
mobility was not, however, different from that of the 
control sample. 


Contact with a glass surface causes a reduction in the 
electrophoretic mobility of platelets: this could be due to 
a reduction in their surface charge, to an increase in their 
size, or to an increase in the viscosity of the plasma in 
which they are suspended. A change in plasma viscosity 
1s unlikely to be the cause of the change in platelet mobility 
since glass contact of platelet-poor plasma before it is 
mixed with the platelet-rich plasma has no effect; a 
viscosity change ıs also unlikely to be important because 
platelets are still affected by glass contact when one 
volume of PRCP is diluted with 9 vol. of saline. Micro- 
scopy shows that there is no apparent change in the size 
or shape or degree of aggregation of the platelets, and so 
it seems most likely that the reduction of mobility on 
glass contact is due to a decrease in the surface charge of 
the platelet. Since most previous investigators have 
used washed platelets it is not surprising that this differ- 
ence in mobility before and after glass contact should not 
have been noticed before: Zucker and Levine’ found that 
the mean mobility of washed platelets was lower than 
that before washing, but they did not consider the differ- 
ence significant. 

Initially it seemed possible that the change in mobility 
on glass contact was due to adsorption by the platelet of 
factors XII or XI which are activated by glass surfaces. 
This stage of blood coagulation is not calcium dependent, 
so the failure of EDTA to abolish the contact effect would 
be acceptable. However, our inability to produce the 
effect by contacting the PPP on its own makes this 
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explanation unlikely and it is clear that it is contact 
of the platelets themselves with glass which mediates 
the effect. 

The reduction of platelet mobility on glass contact is 
apparently related to reactions involving sulphydryl 
groups, for it is these reactions which are inhibited by 
N-ethylmaleimide and p-hydroxymercuribenzoate. Since 
the blood has to be collected into the enzyme poisons for 
them to have any effect, it seems possible that their action 
is to inhibit some change, which occurs during the produc- 
tion of PRCP, and which results in an increase in mobility. 
This increased mobility can then be reduced by glass 
contact. 

When. blood is collected into the ADP-removing PK/ 
PEP system the contact effect is abolished; this suggests 
that ADP is in some way involved. The addition of low 
concentrations of ADP to a PRCP/PPP mixture causes 
an increase in platelet mobility: ADP is negatively 
charged and ıt seems likely that it is adsorbed on to the 
platelet surface increasing its net negative charge, and so 
causing an increase in electrophoretic mobility. Bringing 
the platelet into contact with glass may then remove the 
ADP; we have shown that ADP is affected by glass con- 
tact, for if a solution of ADP is brought into contact with 
an unsiliconized glass surface its effects on platelet mobility 
are much diminished. We therefore suggest that during 
the production of PRCP, ADP or some similar substance 
becomes adsorbed on to the platelet surface: possibly it 
is released: by red cells or by the platelets themselves as a 
result of centrifuging. "When the platelets come into 
contact with unsiliconized glass the ADP is either removed 
or inactivated; a similar process occurs at a slower rate 
if the platelets are in siliconized glassware. 

We thank Sir George Pickering for advice and encour- 
agement, and Dr. A. D. Bangham for helpful discussions 
on the problems of cell electrophoresis and surface 
charge. 
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INTERCELLULAR SPACE IN NORMAL HUMAN STRATUM CORNEUM 
By Dr. ISSER BRODY 


Department of Dermatology, Karolinska Hospital, and Department of Anatomy, Karolinska Institute, Stockholm, Sweden 


ISTOLOGISTS have disagreed on the question of 
whether or not there is an intercellular space in the 
stratum corneum. Pernkopf and Patzelt? assumed the 
existence of an intercellular space containing a substance 
which could be stained with silver nitrate. According 
to other authors, such as Weidenreich?, Hoepke*® and 
Lever’, such an intercellular space does not exist. Modern 
histochemical research has also been unable to give a 
definite solution to this problem. Wislocki e¢ al.5 have 
demonstrated a weak persistence of periodic acid—Schiff- 
positive intercellular substance in the horny layer of 
plantar skin. Kligman*, on the other hand, could not 
discern any intercellular substances in isolated sheets 
of the stratum corneum. 
In order to elucidate the function of the horny layer as 
a barrier, investigations were undertaken of the horny 
cell itself. The cell membranes have been allocated a 
central part in this research effort, mainly following 
the comprehensive investigations of Unna’ on, the different 
degrees of solubility of the horny substances. When the 
stratum corneum is treated with nitric acid or cold 


alkaline solutions a membrane-like component insoluble 
in these chemicals is all that remains of the stratum 
corneum’. The investigations initiated by Unna have 
been extended, and his hypothesis that the cell membrane 
constitutes the most resistant component of the horny 
layer (Unna’s keratin A (ref. 7)) has been generally 
accepted?-*:6,8-10_ 

The assumption that the membrane-like structure 
demonstrated in the light microscope represents the cell 
membrane of the horny cell is, however, incompatible 
with electron-microscopical investigations of the plasma 
membrane in the stratum corneum. The plasma membrane 
has a thickness cf about 200 A (to be published), which is 
below the capabilities of the light microscope. Further- 
more, no peripherally located intracellular component is 
discernible in the electron microscope which, as @ conse- 
quence of the preparation technique, might fuse with the 
plasma membrane to form a membrane-structure corre- 
sponding to that observable in the light microscope. Thus 
the inference, therefore, is that the structures considered 
by histologists to be cell membranes either constitute 
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components located in a space between the cells or are 
artefacts due to the preparation technique for light 
microscopy. 

An intercellular space has been definitely demonstrated 
by means of electron microscopy"-"?, Only few observa- 
tions of intercellular components have been made!-"’. 
Usually the intercellular space appears electron-optically 
empty. A more detailed electron-microscopic investiga- 
tion of the intercellular space was therefore deemed 
necessary, in order to localize the aforementioned mem- 
brane-like structure in the normal human stratum 
corneum. The problem of the possible dissolution of 
structural components during the process of tissue 
preparation for electron microscopy was considered to be 
of particular importance in this connexion. For this 
reason the time factor with respect to fixation, rinsing 
and dehydration has also been made the subject of 
electron-microscopic investigation. The findings will 
be reported here and discussed in relation to the afore- 
mentioned histological view concerning the localization 
of the membrane-like structure. Furthermore, in the 
light of the results obtained, the barrier function of the 
horny layer has been re-evaluated and an important role 
of the intercellular space has been emphasized. 

Normal skin from the lateral abdeminal and sacral 
regions from four men and four women, aged 30-50 
years, was used. The tissue was fixed in a 1 per cent 
osmium tetroxide solution buffered with verona!l-acetate 
to pH 7-2-7-4 (ref. 18) and made isotonic to blood by the 
addition of sodium, potassium and calcium chloride’. 
The temperature during fixation, rinsing in Tyrode's 
solution and dehydration to the stage of 95 per cent 
ethyl alcohol was about 5° C. The treatment of the tissue 
was carried out according to the following schedule: 


Osmium tetroxide 39 min 
e's solution yi 
Ethyl alcohol (70 per vo 20 ,, 
Ethyl alcohol (95 per cent) 10 ,, 
Ethyl alcohol (abs, 60 ,, 
Propylene oxide 60 ,, 


The tissue was embedded in ‘Epon’’ and cut perpen- 
dicularly to the skin surfaco with an LKB ‘Ultrotome’. 
All sections were stained with a saturated water solution 
of uranyl acetate at 60° C for 20 min'* and with lead 
tartrate according to Millonig**. The sections were 
examined in an RCA EMU 3 A electron microscope. 

The width of the intercellular space. In the cross-sections 
of skin from both the abdominal and sacral regions the 
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Fig. 2. Part of the intermediate sub-layer, The intercellular space is 
filled with a non-homogeneous substance, At the periphery of the 
intercellular space a the hi y opaque membrane-like component 
with its Incorpora es (——). Small electron-optically empty areas 
close te the eell surface ( |——+). (x 16,000) 


Fig. 3. Part of the aa cial sub-layer. The intercellular space (78) 

varies distinctly in w . Itis filled throu t with a non-homogeneous 

puoatanoa The highiy oyna I ae, = componens. with its fra 

pora bodies appears at phery o parts 
intercellular space. (x 11,200) 


intercellular space between the desmosomes shows a 
conspicuous variation in width from 300 A to 20,600 A. 
This variation occurs very irregularly and is not restricted 
to any particular sub-layer of the stratum corneum 
(Figs. 1-3). 

The cells display a longitudinal, flattened shape. At 
either end they taper off in projections of different length, 
interlocking like cog-wheels. In the regions where the 
adjacent cells dovetail with each other the intercellular 
space generally seems to be narrow, but here, too, distinct 
variations in the width are observable. 

Intercellular components. In the horny layer the inter- 
cellular space is filled throughout with a non-homogeneous 
substance showing moderate opacity (Figs. 1-3). In 
higher magnification this substance displays a pattern 
with indications of fine, opaque filaments. Small electron- 
optically empty areas are occasionally seen, for the most 
part close to the cell surface. Embedded in the non- 
homogeneous substance are a membrane-like component 
and granules of different shape, size and ultrastructure. 

The membrane-!:ke component displays a high opacity 
(Figs. 1-5). It appears mainly at the periphery of the 
intercellular space close to the cell surface, but is distinctly 
separated from the plasma membrane (Fig. 5). It may be 
observed along the length of the cells or may occur only 
fragmentarily. In some areas it displays a triple-layered 
pattern and in others it appears as a single, blurred layer. 
The membrane varies here between 100 and 400 A in 
thickness. In other parts, again, bodies with a length of 
2400-7300 A and a breadth of 450-5100 A are incorporated 
in the membrane4ike structure. These bodies occur 
with greater or lesser frequency and contain both a highly 
opaque material which occasionally displays a laminated 
arrangement, and s less opaque substance (Figs. 2-4). 

Granules containing triple-layered membranes are 
often observed (Fiz. 6). It is, however, not yet clear 
whether the outer, bounding membrane is single- or 
triple-layered. The granules have a length of 2700- 
5200 A and a breadth of 1500-2200 A. 

Another larger ty e of granule seems to be at least partly 
constituted of a system of triple- and multi-layered mem- 
branes (Fig. 9). Im the present investigation only certain 
parts of these granules could be observed, and hence it is 
accordingly not possible to give any more exact indication 
of their size. 

A typical granule is shown in Fig. 7. Its ultrastructure 
is diffuse. It seems to be bounded by an opaque, single 
layer. It has a rather low opacity, but some parts appear 
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to be more, and others less, opaque. It is about 3600 
A in length and about 1300 A in breadth. Close to such 
a granule smaller, dense opaque granules are often 
observed. 

Another type of granule appears as mainly dense cor- 
puseles with a round or oval shape (Fig. 8). These var 
in size and opacity'*. They have a length of 170-1300 X 
and a breadth of 170-900 Å. A granule or vesicle bounded 
by a rather broad, opaque membrane adjacent to which 
appear smaller granules can also be seen in Fig. 8. It has 
a length of about 3200 A and a breadth of about 2300 A. 


Effect of the Time Factor with Respect to 
Fixation, Rinsing and Dehydration 


The width of the intercellular space. As clearly emerges 
from this investigation, the intercellular space varies 
considerably in width. This variation is distinct in all 
sub-layers of the stratum corneum. Similar observations 
have been made in other investigations"'-"”. Variations 
in the time of fixation, rinsing and dehydration do not 
appear to affect the width of the intercellular space. 

Since in earlier investigations the intercellular space 
usually appeared to be electron-optically empty, the 
widened parts have been considered as simply ‘‘enlarged 
and emphatic artefacts” due to the preparation technique 
for electron microscopy*. Without adducing any experi- 
mental foundation it has been asserted that the inter- 
cellular space is of a sub-microscopic order of magnitude’. 
Thus Kligman® points out that “if one knows the thickness 
of the horny layer and the number of cell layers, the 
thickness of the individual cells can be indirectly caleu- 
lated”. However, the present investigation shows quite 
clearly that the intercellular space constitutes an essential 
part of the stratum corneum and that it is not possible to 
get away from this when determining the thickness of the 
latter. Throughout the horny layer the cells show a 
variation in height of between 1,200 and 23,400 A. The 
width of the intercellular space is 300-20,600 A. There is 
no doubt that the intercellular space and its substances are 
affected by the preparation technique to the same extent 
as the rest of the tissue. However, throughout the 
stratum corneum the intercellular space is filled with a 





Fig. 4. Higher magnification of Fig. 3 showing bodies incorporated in 
the membrane-like component. The bodies partly display a laminated 
arrangement. (x 35,200) 


Fig. 5. Part of a cell in the superficial sub-layer. The cytoplasm 

consists of rather opaque keratin fibrils and small areas with a less 

opaga substance. The cell is bounded by a plasma membrane (PM). 

s consists of a broad cytoplasmic zone, a narrow intermediate, 

and a narrow outer layer. The highly opaque membrane-like component 

( !—>) is located in the Intercell space distinctly separa from 
the plasma membrane, (x 127,200) 
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Fig. 6. Granule displaying a triple-layered inner membrane. The outer, 
limiting membrane is indistinct. (x 84,000) 


Fig. 7. The granules seem to be partly bounded by an opaque, single- 

layered membrane. Some parts of the granules are more, and others less, 

opaque. Small, opaque corpuscles (——>) occur close to the longitudinally 
sectioned granule. (x 60,800) 


Fig. 8. At the bottom a small, oval granule with a varying opacity. 

In the left upper corner of the picture a granule or vesicle bounded 

by a rather broad, opaque membrane. Small corpuscles (——>) appear 
close to the membrane. (x 70,400) 


Fig. 9. Disrupted grenules which partly consist of triple- and multi- 
layered membranes, (x 60,800) 
non-homogeneous substance irrespective of whether the 
intercellular space is wide or narrow. In this substance 
are embedded different structures, some of them of a 
size discernible under the light microscope. These 
observations may very well support the assumption that 
the intercellular space in vivo is also subject to wide 

variations in width. 

The non-homogeneous substance. In earlier investiga- 
tions of the horny layer the intercellular space usually 
appeared eclectron-optically empty. However, small 
remains of a non-homogeneous substance were observable 
in the intercellular space in the basal and intermediate 
sub-layers, but never in the superficial layer’*-6. In 
these investigations the tissue has been fixed, rinsed and 
dehydrated for long periods according to the following 
schedule: osmium tetroxide, 4 h; Tyrode’s solution, 1 h; 
ethyl alcohol (70 per cent), 3 h or overnight; ethyl alcohel 
(95 per cent), 1 h; ethyl alcohol (abs.), 1-2 h. 

From the present investigation it emerges that the 
non-homogeneous substance is not a material that is 
broken down in the stratum corneum to facilitate the 
flaking off of the cells at the skin surface but fills the 
intercellular space throughout the horny layer, that is, 
also in the superficial sub-layer. It is, on the other hand, 
sensitive to the preparation technique and is best retained 
with short fixation, rinsing and dehydration periods. 
However, even when the time factor for fixation, rinsing 
and dehydration has been considerably reduced (as in 
this investigation), empty areas are still electron-optically 
visible in the intercellular space. Further investigations 
are being carried out to elucidate which stage in the 
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processing for electron microscopy 1s most deleterious for 
this substance. 

A non-homogeneous substance has also been distinctly 
observed in the intercellular space in parakeratotic horny 
layers, for example, in psoriasis*':*2.23 and in atopic 
dermatitis (to be published). In these investigations of 
parakeratosis, however, long fixation, rinsing and dehydra- 
tion times have been used according to the schedule 
already given. This would support the assumption that 
the non-homogeneous substance is less easily dissolved 
in the parakeratotic horny layers than that in the normal 
stratum corneum. The different solubility of the inter- 
cellular non-homogeneous substances in ortho- and 
parakeratosis might be interpreted as an expression for 
differences as to their chemical composition. 

The membrane-like component and granules. In electron- 
microscopic investigations in which the schedule for long 
periods of fixation, rinsing and dehydration was used, 
components similar to the membrane-like structure and 
the different granules described here appeared in the 
intercellular space; this was irrespective of whether the 
non-homogeneous substance was retained or not1$:15-17, 
In an investigation of the horny layer in guinea-pig epider- 
mis}3, two types of intercellular bodies were observed. 
One type displayed a diffusely outlined ultrastructure with 
a laminated arrangement. This represents what was there 
assumed to be a desmosome. The other type showed 
vesicular structures with an outer, highly opaque mem- 
brane. These components were also interpreted to be 
desmosomes, but they may actually correspond to some of 
the granules observed in this investigation. Their length 
is between 750 and 5700 A and their breadth between 550 
and 4600 A. 

The observations of the aforementioned components in 
the intercellular space even in the superficial sub-layer of 
the normal human stratum corneum, where the non- 
homogeneous substance has always been dissolved when 
long fixation, rinsing and dehydration times have been 
used, favour the idea that they suffer less from the prepara- 
tion technique than does the non-homogeneous substance. 


Electron-microscopic Localization of Unna’s 
Keratin A 


Optical microscopy may be used for the study of 
structures down to about 2000 A (ref. 24). Several of the 
bodies incorporated in the membrane-like component 
and several of the different granules are of such an order 
of magnitude that they may be seen in the light micro- 
scope, and may give the impression of a diffuse membrane- 
like structure if they occur closely enough. Granules 
and bodies the size of which are close to the lower limit 
of the resolution of the light microscope may also be 
discernible by means of optical microscopy if they are 
numerous and occur densely in the intercellular space. 

Matoltsy and Parakkal® treated plantar human skin 
and bovine oral epithelium with 0-1 N sodium hydroxide 
and after centrifugation obtained a membrane-like struc- 
ture which they examined in the electron microscope. 
They assumed that this structure represented isolated 
envelopes of the horny cells, in accordance with the view 
earlier suggested by histologists!-3.6-10, However, this 
structure is very similar in arrangement to the membrane- 
like component described in the present investigation. 
The thinnest parts of their membrane seem to be about 
160 A and the thickest about 5400 A, that is, it rather 
closely agrees, also in point of thickness, with the mem- 
brane-like component in the present investigation, also 
where the aforementioned bodies occur. 

The membrane-like component shown here should not 
be confused with the plasma membrane of the cells. The 
former is definitely located in the intercellular space and is 
distinctly separated from the plasma membrane. The 
membrane-like component varies in thickness between 
100 and 6150 A, whereas the plasma membrane in all its 
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parts is about 200 A thick (to be published). ‘There are, 
furthermore, distinct ultrastructural differences between 
these two structures. Thus the plasma membrane dis- 
plays an asymmetric triple-layered pattern consisting of a 
broad, opaque cytoplasmic zone, an intermediate narrow 
layer with low opacity and an outer, opaque narrow layer 
facing the intercellular space (Fig. 5). Finally, the mem- 
brane-like component has a much higher opacity than the 
plasma membrans. 

These differens observations seem to justify the sugges- 
tion that the diffuse membrane-like structure observed in 
the light microscope and retained in the horny layer after 
skin has been treated with cold alkaline solutions or nitric 
acid does not represent the cell membrane as has generally 
been assumed!-*.*1°, but is constituted by a complex of 
opaque components in the intercellular space. These are 
the only structures which are of a size recognizable in the 
light microscope, whereas the plasma membrane itself is 
of a submicroscopic order of magnitude. If this were the 
case, the membrane-like component and the different 
granules demonsizated in the present investigation would 
represent what histologists have considered as the most 
resistant material ın the horny layer, or what Unna’ has 
called ‘keratin A’. 

In this connexion, it is of interest to mention the 
investigations by Szodoray** and Matoltsy and Matoltsy”é 
on the non-cornifed epidermis. Szodoray treated skin 
sections with trypsin and obtained a membrane-like 
structure in the upper Malpighian layer, which, he 
assumed, represected the cell membrane. Matoltsy and 
Matoltsy?* extended the investigations of Szodoray*’, 
confirmed his results and gave them the same interpreta- 
tion. These autkors exposed 2-day-old rat skin to the 
effect of 1:0 per eent trypsin. They pointed out “that 
trypsin attacks and disperses all components of the 
granular cells except the keratohyaline granules and cell 
membranes”. Itis difficult to measure exactly the mem- 
brane, which they thought to be the cell membrane, but 
it seems to vary between 300 and 2300 A in thickness. 
This structure thus differs distinctly in thickness from that 
of the plasma membrane. The plasma membrane of the 
non-cornified cells is about 80 A (ref. 9). On the other 
hand, important changes of the cell surfaces and the 
intercellular space are observed in the stratum inter- 
medium as compared with the strata below. Whereas the 
intercellular space is mainly electron-optically empty and 
the cell surfaces display protrusions in the strata basale 
and spinosum, the vell surfaces in the stratum intermedium 
show invaginations'*:?7-28, The invaginations and the rest 
of the intercellular space in the stratum intermedium 
are filled with a non-homogeneous substance and 
granules?:14.27-35. Some of these granules agree in ultra- 
structure with the intracellular so-called Odland’s 
bodies*®-14.27-33, The granules in the invaginations have 
a size of 1000-5000 A (ref. 9). They have a size similar to 
that of the bodies incorporated in the membrane-like 
component shown in the present investigation. Thus, 
in accordance with the aforementioned discussion on the 
horny layer, it is only the intercellular material that is 
visible in the light microscope, and not the 80-A-thick 
plasma membrane. There is, therefore, no electron- 
microscopic support for the theory first proposed by Unna” 
that the cell membrane represents the most resistant 
component in the horny layer, nor for the hypothesis 
based on the investigations by Szodoray*® and Matoltsy 
and Matoltsy?® to the effect that the formation of these 
resistant cell membranes commences in the stratum 
intermedium. 

On the basis of the present investigation it may be 
suggested that the keratinization process in the epidermis 
implies not only the transformation of a stratum basale 
cell into a horny cell with the formation of keratinous and 
non-keratinous maserial and of a modified plasma mem. 
brane, but also—vhich may be equally important—the 
appearance of struetures in the intercellular space. These 
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structures first appear in the intercellular space in the 
stratum intermedium® 1427-30, The hypothesis has been 
put forward that the so- called Odland’s bodies are 
excreted from the cells into the intercellular space in the 
stratum intermedium®**, The changes of the cell 
surfaces, with protrusions in strata basale and spinosum 
and invaginations in stratum intermedium”, may support 
this view. The intercellular granules are not, in contradis- 
tinction to the findings of Matoltsy and Parakkal?, 
restricted to the stratum intermedium, but, as is shown 
in the present investigation, distinctly discerned in the 
whole stratum corneum. 


Barrier Function of the Horny Layer 


The discussion of the stratum corneum as a barrier has 
mainly pivoted on the question as to whether the barrier 
is located in the basal part of the horny layer®‘~37, or 
includes the whole stratum corneum®**, The route of 
penetration of substances from without into the skin 
and vice versa was earlier thought only to be transcellular, 
but since an intercellular space has been demonstrated 
by electron microscopy, a penetration through the inter- 
cellular space has also been discussed as a possibility >»4*. 
However, it has been suggested that the electron-micro- 
scopic finds may be artefacts, and if an intercellular space 
does really exist it has been assumed to be only of a sub- 
microscopic order of magnitude’. 

Nothing is as yet known about the chemical composition 
of the intercellular material. In accordance with the 
histological view that no intercellular space exists’, no 
such space has been postulated in the chemical and X-ray 
diffraction investigations of the stratum corneum (on 
lipids, water-soluble substances, etc.) and the results 
have been referred only to the horny cell itself. 

The present investigation supports the hypothesis that 
the whole stratum corneum constitutes the barrier*®-°. 
The barrier, however, is formed both of the cells and the 
intercellular space. The intercellular space contains a 
complex of structures. It is filled with a non-homogeneous 
substance which shows indications of a pattern with 
filaments. In this substance appear opaque components 
which are here assumed to constitute Unna’s so-called 


keratin A (ref. 7). The non-homogeneous substance shows | 


greater solubility than these components for the prepara- 
tion technique. These observations may favour the sug- 
gestion that the penetration rate of chemicals and solvents 
may be due to the amount of various opaque components, 
that is, the membrane-like component with its incor- 
porated bodies and the different granules embedded in the 
non-homogeneous substance. Variations of this amount 
could explain the differences in the penetration rate at 
different levels or in adjacent areas of the horny layer and 
in different sites of the body. 
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In a similar way the barrier function of the stratum 
intermedium may be in part regulated by the intercellular 


-material in this layer. 
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REPRESSION AND THE CONTROL OF CYCLIC ENZYME SYNTHESIS 
IN Bacillus subtilis 


By Dr. MILLICENT MASTERS and Dr. W. D. DONACHIE* 


Institute of Animal Genetics, University of Edinburgh 


HE synthesis of many enzymes is periodic in 
synchronous populations of Bacillus subiilis'-*. The 
synthesis of each enzyme occupies only a fraction of the 
cell cycle and the quantity of enzyme does not mcrease 
thereafter until the next cell cycle; thus the total amount 
of enzyme in a synchronous culture increases in a stepwise 
fashion. Since the synthetic periods of different enzymes 
-are not simultaneous, a linear map can be constructed 


* Present address: M.R.C. Microbial Genetics Research Unit, Hammer- 
smith Hospital, Ducane Road, London, W.12. 


which represents the temporal order of synthesis of the 
differentenzymes. Thisarticle reportsexperiments designed 
to discover what mechanisms determine the timing of 
these synthetic periods. 

It has been suggested that the sequential duplication 
of the genome of B. subtilis’ might in some way determine 
the order of enzyme synthesis. Indeed, Masters and Pardee 
have reported that the order of synthesis of four enzymes 
corresponds to the order of replication of their genes‘. 
Various hypotheses have been advanced to explain the 
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discontinuous enzyme syntheses and the way in which they 
appear to be related to the order of replication of the 
genes. These can be summarized as follows: (1) Enzymes 
are synthesized immediately after the replication of their 
structural genes! but not at other times. (2) Transcription 
is ordered in the same way as replication but does not 
necessarily occur simultaneously with replication. <A 
corollary of this hypothesis would be that each gene may 
be transcribed at only one time during each cell cycle. 
(3) Periodic enzyme synthesis is the result of end-product 
repression. Enzyme and end-product form a system in 
which the concentration of one determines the rate of 
synthesis of the other. As a consequence of these inter- 
actions the intracellular concentrations of both enzyme 
and end-product oscillate?*:7, According to this explana- 
tion, the order of enzyme synthesis may, but need not be, 
the same as that of gene replication. 

Our evidence is consistent with the third explanation 
since we have shown that periodic enzyme synthesis 
continues in the absence of DNA synthesis and that the 
timing of synthetic periods can be altered by interference 
with repressor-levels. 

The techniques for growing and synchronizing Bacillus 
subtilis (W23) and the methods used to assay enzyme 
activities and total DNA have been described previously’. 
The 5-fluorodeoxy uridine (FUdR) was a gift from Roche 
Products, Ltd. 


Initiation of Enzyme Steps in the Absence of 
DNA Synthesis 


In cultures of B. subtilis in which L-histidine is supplied 
as sole carbon source, DNA synthesis is periodic. As 
shown in Fig. 1, the DNA synthetic period occupies about 
50 min of a cell cycle of 120 min. 

Consequently there is no DNA synthesis during about 
60 per cent of the cell cycle in histidine medium. However, 
the times of initiation of autogenous? steps in the synthesis 
of the enzymes histidase, aspartate transcarbamylase 
(ATCase), ornithine transcarbamylase (OTCase) and 
dehydroquinase (DHQase) are spacéd over a period equal 
to the whole cell cycle’. It is clear that the initiation of 
some of these syntheses must occur during the period when 
no DNA is replicating. (Similar observations have been 
made on the yeast Schizosaccharomyces pombe.) 

Direct evidence that periodic enzyme synthesis can 
continue in the absence of DNA replication was obtained 
by preventing DNA synthesis with FUdR®’. Since strain 
W23 was not susceptible to this drug, a prototrophic 
revertant (237R) of a thymineless strain (237'-) (ref. 11) 
was used. In this strain DNA. synthesis was almost 
completely inhibited for at least 2 h following the addition 
of FUdR. During this period optical density and cell 
length continued to increase. Cell division, however, was 
inhibited and viability decreased exponentially. 

A synchronous culture of 23TR was divided into two 
parts and FUdR added to one of them (Fig. 2). The 
subsequent synthesis of OTCase was followed in the two 
cultures. In both cases enzyme synthesis continued to be 
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Fig. 1. DNA synthesis in a synchronous culture of W23 growing on 

minima) medium’? with 0'2 per cent L-histidine as carbon source. 

Total DNA was estimated in the hot perchloric acid soluble fraction of 
cold trichloroacetic acid precipitates by the method of Burton" 
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Fig. 2. DNA, O.D.53, aad OTCase Increase in two cultures of 2837R growin 
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synchronously on l medium + 44 ugjml. uracil with 0 2 per cen 

giycero] as carbon scurce. Upper curves, 0.D.; middle curves, DNA 

(assayed as described in Fig. 1); lower curves, OTCase activity (assayed 

as previously described). At 0 min 22 wg/ml. FOdR was added to half 

the culture. Open cizcles (dashed lines) + FUAR. Closed circles (solid 
lines) without FUdR 


periodic and the synthetic periods in the two cultures 
remained in phase. 

The fact that periodic enzyme synthesis can continue 
for at least two eycles after DNA synthesis has ceased 
demonstrates thet the initiation of synthetic cycles is not 
dependent on conzinued gene replication. 


Repression znd the Timing of Enzyme Steps 


It has been reported in previous papers)?+* that genes 
are potentially active at all times during the bacterial 
cell cycle. This wes inferred from the observation that the 
rate of specific enzyme synthesis in synchronous cultures 
can be greatly increased at any time by the addition of 
inducer or removal of repressor. Evidence that genes are 
in fact always active, albeit at a low level, is provided by 
the observation that enzyme synthesis is continuous when 
the level of repression is constant. For example, the basal 
synthesis of alkaline phosphatase (APase) in the presence 
of excess inorganic phosphate has been shown to be linear 
with doublings in rate once per cell cycle?*, Similarly, 
the basal synthesis of the inducible enzyme sucrase (in 
the absence of sucrose) is continuous in slowly growing 
cultures (Fig. 3). 

However, in cultures in which sucrose is provided as 
sole carbon source, the synthesis of this enzyme is periodic 
(Fig. 3). This is consistent with the hypothesis that the 
catalytic action of sucrase on sucrose results in repressor 
(catabolite) produetion and the consequent feedback on 
enzyme synthesis gives an oscillating system. 

In the normal cell cycle, periods of enzyme synthesis 
occur once in every cycle! ?4. If there is a fixed period 
during which a particular enzyme may be synthesized, 
steps in enzyme amounts should occur at intervals equal to 
one cell cycle. It should not be possible to have steps 
initiated at smaller intervals than this. However, if oscilla- 
tions in repressor concentrations underlie the periodic 
enzyme synthesis, -t should be possible to upset the timing 
of enzyme steps by experimental interference with 
repressor-levels. 

This was done in the following manner. The synthesis of 
ATCase in a synchronous culture was repressed by the 
addition of uracil. Since ATCase activity is unstable? the 
amount of active enzyme decayed progressively in the 
presence of uracil ‘Fig. 4). Aliquots were derepressed by 
washing free of uracil at 0-5 and 1-0 cell cycles after re- 
pressor addition. (Growth was not affected by this treat- 
ment.) In both eliquots ATCase synthesis recommenced. 
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immediately on removal of uracil and rose rapidly until 
it reached the normal level for cells growing in the absence 
of external uracil: Synthesis then stopped and did not 
recommence for a further 40 min; 30 min (0-5 cell cycles) 
also separated the times of initiation of the second auto- 
genous step in the two cultures (Fig. 4). The timing of 
OTCase steps (in these cultures) was not affected by the 
treatment. The initiation of steps in synthesis of ATCase 
and OTCase normally occurs simultaneously‘. This experi- 
ment shows that the addition and removal of uracil at 
different times can result in the displacement of ATCase 
steps relative to one another and to OTCase steps. Thus 
release of repression can result in a specific alteration in 
the timing of subsequent autogenous enzyme steps. 

A similar effect has been observed during the derepres- 
sion of alkaline phosphatase (APase) (Fig. 5). The synthe- 
sis of this enzyme is discontinuous after removal of 
inorganic phosphate from the medium. Probably the 
cessation of synthesis after removal of external repressor 
results from the release of inorganic phosphate from an 
internal source. That subtilis has such an internal supply 
of phosphate is suggested by the fact that growth con- 
tinues for a period after removal of all external inorganic 
phosphate. 

As in the experiments on derepression of ATCase, the 
second initiation of enzyme synthesis occurred at a fixed 
time after the removal of repressor from the medium. Thus 
there is no fixed time in the cell cycle during which steps 
in APase are necessarily initiated. Thus we suppose that 
synthesis of APase is autogenous? for a period after 
removal of external supplies of repressor. 

These experiments show that the repressor level can 
determine not only whether or not periodic enzyme syn- 
thesis occurs but also the time in the cell cycle at which the 
enzyme steps are initiated. 


The experiments described here show that periodic 
enzyme synthesis in Bacillus subtilis does not require 
continued gene duplication and that the timing of the 
synthetic periods can be specifically altered by the addition 
and removal of repressor. It was previously shown??4, 
and is confirmed here, that enzyme synthesis can be initi- 
ated at any time in the cell cycle by removing repressor and 
that enzyme synthesis is not periodic in the presence of con- 
stant repressor levels. Taken together, these experiments 
strongly suggest that the basis of periodic enzyme synthesis 
in this organism is cyclic variation in repressor concentra- 
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Fig. 3. Basal and autogenous synthesis of sucrase. The left-hand graph 
shows sucrase activity of 1723 growing on metium with 0-2 
per cent sucrose as carbon source. ‘The right-hand graph shows cell 
counts (upper curve) and sucrase (lower curve) of W23 growing on 
minimal medium with 0-2 per cent L-histidine as carbon source. The 
generation times were approximately 100 min on sucrose and 180 min 
on histidine. Sucrase was assayed as reported previously’. The units 
on the ordinates are arbitrary and are not directly comparable between 
the right and left graphe. Sucrase activity ın the presence of sucrose 
is approximately 20-fold higher than in histidine cultures. The abscissa 
shows time in minutes from ngeninin of the cultures from stationary 
phase 
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Fig. 4. Effect of uracil addition and withdrawal on the synthesis of 
ATCase (upper curves) and OT Case (lower curves) ina synchronous culture 
of W23. At10min,2 x 10 M uracil was added to a synchronous culture 
of W23 growing on minimal medium + glycerol. Circles with central 
points represent ATCase in this repressed culture. At 40 min (open 
circles, solid lines) and 70 min (closed circles, dashed lines) 50 mal. portions 
were washed rapidly ER eaten with medium without 
carbon source at 37° O, e washed cells were resuspended in minimal 
medium + glycerol (without uracil) and sampling continued during 
subsequent growth. 5-ml. samples were taken into 50 ug/mi. chloram- 
phenicol in ice, centrifuged and resuspended in 0-5 ml. of 80 ug/ml, cetyl 
trimethyl ammonium bromide | 
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Fig. 5. pecs of alkaline phosphatase. A stationary phase 
ture of 287°'R was re-inoculated into low phosphate (2-6 x 10-* M} 
minimal medium with 02 M tris, pH. 7, + 02 per cent glycerol. The 
doubling time was 175 min. At the times indicated (arrows) 20 mi. portions 
were removed and washed free of phosphate by filtration with warm 
{37° ©) minimal salts medium containing 0 2 M tris (pH 7). The cells 
were resuspended in this phosphate-free medium + glycerol. One-ml, 
samples were taken for enzyme assay, into 50 ug chloramphenicol in ice, 
during subsequent growth. The cella were lysed with lysozyme (0'1 
mg/ml.) and 0-5 ml. aliquots incubated with 0-018 M p-nitrophenyl 
phosphate and 0:33 M ethylamine, pH 10 2, in a final volume of 1-5 ml. 
After incubation at 37° C, 0-5 ml. of 1 M potassium phosphate + 1 M 
sodium hydroxide was added to stop the reaction. Samples were 
centrifuged and the. O.D at 405 my of the supernatants determined 


tions. It is supposed that these oscillations are self- 
generating? and arise from the feedback of end-product 
concentration on enzyme synthesis. 

These experiments suggest that periodic enzyme syn- 
thesis need not be restricted to organisms in which DNA 
synthesis is sequential and occupies the greater part of 
the cell cycle. Indeed, it is possible that similar cyclic 
enzyme synthesis will be found in any organism in which 
end-product repression occurs. Such cyclic synthesis has 
been predicted on theoretical grounds’? and may have 
great importance in the development of differentiating 
organisms. 

The apparent correspondence between order of enzyme 
syntheses and order of genetic replication requires explana- 
tion. In the model proposed by Pardee! periodic enzyme 
synthesis would continue for several cycles after gene 
replication had ceased. Goodwin! has devised a modifica- 
tion of this model in which ‘free’ periodic enzyme synthesis 
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' map of the enzyme loci investigated (H. coli). 
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is entrained to the period of gene replication by the syn- 
thesis of a small amount of messenger at the tıme of gene 
duplication. This model could explain the correspondence 
between genetic order and order of enzyme syntheses and, 
in principle, it can. be tested. 

The previous suggestion? that the instability of certain 
enzymes could result in stepwise increases in activity is 
now seen to be only part of the explanation. However, 
enzyme instability when it does occur will contribute to 
the discontinuous increase in enzyme amount, no matter 
what the cause of the initiation of the synthetic periods. 

In summary, periodic enzyme synthesis in synchronous 
cultures of Bacillus subtilis continues in the absence of 
DNA synthesis and is therefore not directly dependent 
on periodic gene replication. The addition of repressor 
prevents periodic synthesis and its removal results in an 
immediate resumption of synthesis. The time of repressor 
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removal and not the stage in the cell cycle determines the 
‘timing of the next period of enzyme synthesis. 
1 Masters, M., Kuempel, P. L., and Pardee, A. B., Biochem. Bi ; ; 
. Comm., 18, 38 (1984). ; hee a i 
* Kuempel, P. L., Mastecs, M., and Pardee, A. B., Biochem. Bi ; ; 
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* Yoshikawa, H., and Sueoka, N., Proc. U.S, Nat, Acad, Sci., 49, 559 (1968), 
* Pardee, A. B., Metabolic Control Colloquium, Johnson R rf ndati 
(Academic Press, in-the press). a RERE oe 
? Goodwin, B, C., Temporal Organization in Celle (Academic Press, 1988), 
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Proc. U.S. Nat. Acad. Sci., 44, 1004 (1958), A esres 
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3: Goodwin, B. C., Nature (following article). 
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AN ENTRAINMENT MODEL FOR TIMED ENZYME SYNTHESES IN BACTERIA 


By Dr. B. C. GOOD WIN#* 
institute of Animal Genetics, University of Edinburgh 


ETAILED analyses of enzyme dynamics in synchro- 
nously dividing cultures of micro-organisms have 
recently been reported!-5. These investigations have 
established the following points regarding the temporal 
ordering of events during the cell cycle in Æ. colt and 
B. subtilis. (1) Enzymes which are not continuously 
repressed double in activity suddenly at a characteristic 
time in the division cycle. (2) Repressed enzymes are 
synthesized continuously at low rates which double once 
every cycle. (3) Repressed enzymes can be induced at any 
time in the division cycle. (4) The normal doubling of an 
enzyme can be arrested by adding repressor, enzyme 
activity increasing when the repressor is removed. (5) 
The relative positions of steps for two different enzymes 
can be reversed by delaying the first enzyme with exogenous 
repressor and releasing it from repression after the second 
enzyme has doubled. (6) The potential for synthesis of a 
particular enzyme changes discontinuously at a character- 
istic time in the division cycle, which is not necessarily 
the same as the time of discontinuous enzyme synthesis. 
(7) The temporal sequence of doubling of potential for 
enzyme synthesis has the same linear order as the genetic 
(8) The 
temporal sequence of discontinuous enzyme bursts des- 
cribed in (1) is, on the average, the same as the sequence of 
enzyme loci in the genetic map (B. subtilis). 

An. obvious model relating the order of events during 
the cell cycle to the linear order of genetic loci postulates 
the transcription of genetic information temporally in the 
same fixed linear order as the spatial ordering of the genes. 
This model is attractive for its simplicity, but it is deficient 
in two respects. If genes can be transcribed only in a fixed 
sequence, then it should not be possible to (i) induce or 
derepress an enzyme at any point in the cell cycle, and 
(ii) reverse the order in which two enzyme steps occur 
during the cell cycle. It is thus necessary to seek alternative 
models which can explain all the observations so far, and 
also make some predictions which are subject to experi- 
mental test. 

Observations (1)-(5) indicate that the enzyme steps 
which oceur during the cell eyele are intimately connected 
with the operation of feedback repression circuits. One 
of the major dynamic consequences of negative feedback 
is the possibility of oscillations occurring in the variables 
involved in the control circuit. An extensive investigation 
of such oscillatory behaviour in the feedback repression 
circuits of resting or steady-state cells and the general 
consequences of such behaviour for the temporal organiza- 


* Present address: School of Blological Sciences, University of Sussex, 
Falmer, Brighton, Sussex. 


tion of the celluler processes was made by Goodwin‘. 
It will now be shown how timed enzyme syntheses in a 
population of synchronously dividing micro-organisms 
can be understood and analysed in terms of the same 
general dynamic principles, and how oscillatory behaviour 
and non-linear intaraction can explain the phenomena 
already described. An explanation of discontinuous en- 
zyme synthesis which introduces oscillations in feedback 
repression circuits has also been proposed by Kuempel 
et al.* and by Pardee’. 


Control Dynamics in Growing Cells 


A set of relatively simple equations describing the 
operation of a closed feedback repression loop consisting 
of mRNA, enzyme, and enzyme product (repressor) can 
be derived making the following assumptions: (A) mRNA 
is the controlling factor for protein synthesis. (B) Enzyme 
is the controlling factor for production of enzyme product. 
(C) Repression of mRNA synthesis by enzyme product 
follows the same laws of surface adsorption as does enzyme 
inhibition. 

Expressing mRNA. concentration as X,, enzyme as Ya, 
and enzyme product as Z; the equations describing the 
dynamics of feedbark repression can be written, on the 
above assumptions,in the form: 


Lx; m a Ti x 
dt ~ the + Kız” P hens 
dY; 


-ar ike — hY; 


dZ; 
I = Yi — YZ ~ oi 


The Greek letters sre all constants, y being the constant 


of exponential growth of the cells, cad = yV. Ifthe enzyme 


is stable then B; = +. o; is the rate of utilization of end- 
product Z; per unit cell volume for growth. Tų is the 
concentration of the 2th gene in the bacterial population, 
and nis the power af the repression (henceforth taken to 
be 1). Similar control equations have been derived. pre- 
viously®®9, 

These equations are complete (autonomous) except for 
the definition of how the quantity T; varies in time. 
Keeping T: constant, the equations define the dynamic 
behaviour of the repression circuit in cells which are grow- 
ing but are not replicating their DNA, as occurs when 
§-fluoro-deoxyuridine (FUdR) is added to a culture, 
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for example. There are two possible general modes of 
stable dynamic behaviour which such a system can show. 
In the first case the variables settle down after a longer 
or shorter period of damped oscillations to their steady- 
state values and remain there. This mode does not involve 
continuous oscillations in the variables. The other stable 
mode of dynamic behaviour is oscillatory: the variables 
Xi, Y; and Z; undergo continuous oscillations, all of the 
same period but of differing amplitudes. about their 
steady-state values. The mode into- which the control 
circuit goes depends on the relative values of the para- 
meters. Although rhythmic variation in molecular 
populations have been widely demonstrated in protozoa 
and the cells of higher organisms!*-*, thore has been little 
evidence to suggest that bacteria have endogenous rhythms 
(see, however, Dimmick"). However, the latest results 
of Masters and Donachie® provide strong evidence for 
autonomous periodicities in bacterial control processes. 
The assumption of oscillatory behaviour in bacterial 
feedback repression leads to a consistent intepretation of 
these results and provides a useful working model for cell 
division in general. 

Consider first the behaviour of the variables X;, Y; and 
Z; in cells which are synthesizing all molecular species 
(RNA, protein, metabolites, etc.) but without DNA repli- 
cation. In the oscillatory mode and with the parameters 
scaled roughly to give relative biological quantities of 
the variables, non-linear oscillations such as those in 
Fig. 1 can be observed on an analogue computer’. All 
variables are then periodic functions of time so that, for 
example, Y(t + T) 1s equal to Y;,(é), T being the period 
of the oscillation which is the same for all three variables 
Xj, Y; and Z;. Ifthe variable Ny, = Y,V is plotted on a 
semi-log plot, one obtains the graph shown in Fig. 2. 
This shows steps in the total number of enzyme molecules 
in the culture (compare Masters and Donachie’®, Fig. 2). 

If there are several feedback repression circuits operat- 
ing simultaneously in 2 cell growing without DNA replica- 
tion, then we might expect to have a situation such as that 
shown in Fig. 3. Here only the enzymes, Y; of the repres- 
sion circuits are shown, and only three of these are con- 
sidered. In a bacterial cell there may be as many as 100 
or more feedback repression circuits, all of which could 
show oscillatory behaviour. No interactions are assumed. 
to occur between these circuits, and the variables in Fig. 
3 run freely with periods which are assumed to be approxi- 
mately but not exactly equal. Since the periods of the 
individual variables are not equal, the enzymes do not 
maintain constant phase relationships with each other. 
Y, and Y., for example, reverse their phase relations in 
two to three cycles. It is a prediction of this model that 
cessation of DNA synthesis would result in phase reversals 
of this kind, with no fixed linear order of enzyme steps. 
When DNA replication is allowed to proceed in the cells, 
sequential enzyme syntheses should occur, and a simple 
model will now be proposed which has this consequence. 


Oscillator Entrainment by Replicating Genes 


Assume that when that part of the DNA coding for a 
particular enzyme is replicated there is a small burst of 
messenger synthesis. Hanawalt and Wax! have concluded 
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Fig. 1, Oscillations in the variables Y;, Yı and Z, 
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Fig. 3. Enzyme components of three feedback repression loops running 
freely in the absence of DNA replication 
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from their observations on the -galactosidase system that 
such synthesis occurs at the moment of replication of the 
G-galactosidase gene in #. colt. If the doubling time of the 
culture is about 1 h and the DNA is replicated once every 
doubling time, then the frequency of these small bursts 
of mRNA synthesis at any locus will be also about one 
per hour. For any particular oscillating control circuit, 
such as that shown in Fig. 1, the effect of this burst is to 
add an additional small quantity of messenger X; to the 
system as & pulse at regular intervals. 

One of the commonest phenomena to occur in the inter- 
action of non-linear oscillators is synchronous locking or 
entrainment of frequencies. In biology the best-known 
examples of this phenomenon are to be found in the 
literature on biological clocks, the most striking cases 
arising in the entrainment of circadian rhythms in organ- 
isms by light signals (Pittendrigh and Minis”). In a 
similar manner, the two periodic processes which we are 
considering here, DNA replication and oscillations in a 
closed feedback circuit, can lock together at the same 
frequency when they interact. In this event the inter- 
action occurs because one.of the variables is the same in 
both systems, namely, mRNA. The locking, or ‘entrain- 
ment’, will occur only if the frequency of the control 
circuit oscillations is sufficiently close to that of DNA 
replication, so that this must be assumed. 

This entrainment phenomenon will occur for each 
control circuit which is operating and oscillating in the 
cell. However, the small bursts of mRNA synthesis which 
are assumed to occur when each gene locus is replicated 
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Fig.4. Enzyme components of three feedback repression loops entrained 
by pulses of mRNA 


will have a definite time order corresponding to the linear 
ordering of the genetic loci on the chromosome, since 
replication occurs linearly. The entrained control circuits 


. will have the same temporal ordering, so the result is as 


shown in Fig. 4. This figure has been redrawn from results 
obtained on an analogue computer simulating the system. 
The small oscillations labelled M,, M, and M, are the 
bursts of mRNA synthesis occurring just after the genetic 
loci replicate, shree of which (L,, L, and Ls) are represented 
as replicating at the times shown by the arrows. Only the 
enzyme components of the entrained control circuits have 
been shown in this figure. In comparison with Fig. 3, it is. 
clear that the entrainment process imposes a definite 
temporal order on the enzyme oscillations and the linear 
relations of the genetic code are preserved in the phase 
relations of the oscillations. However, the non-linear 
interaction between the mRNA bursts and the control 
circuit operation resulting in entrainment is subjact to 
disturbance by interference with the dynamics of the sys- 
tem, for example by altering repressor concentrations as 
described. by Masters and Donachie®, There is also a 
finite probability that the control circuits will escape 
intermittently from the entrained condition so that 
spontaneous reversals of enzyme order can occasionally 
occur, as observed by Masters and Pardee‘ for the case 
of histidase and ATCase in’B. subtilis. This entrainment 
model thus predicts a more labile dynamic behaviour 
than would occur in a deterministic tape-reading model. 
It should be observed that there is an appreciable lag 
between the replication of any particular locus and the 
peak of the enzyme oscillation. If DNA replication occurs 
in a time period Jess than the cell cycle, then steps in 
enzyme synthesis occurring after DNA replication has 
ceased, are to be expected, because of the dynamic time 
lags in the model. For example, if DNA synthesis takes 
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only 46 min betweez L, and La with L, the last locus to be 
replicated, then a stəp in Y, synthesis will be located at a 
point in the cell cycla some 20-30 min after DNA synthesis 
has ceased. i 

The model as it now stands can account for ali the 
observations on the behaviour of enzymes and enzyme 
potentials which were summarized in the introductory 
paragraphs, and it makes some predictions. One is the 
drift in enzyme steps relative to one another when DNA 
replication is arrested in a ‘culture, as shown in Fig. 3. 
Another consequence of this model distinguishes it from 
any model which postulates damping in the oscillations. 
The data so far available on enzyme dynamics in synchro- 
nously dividing populations of micro-organisms do not 
allow one to decide between these alternatives, since the 
number of steps observed is never more than three or four. 
Under chemostat conditions, however, the present hypo- 
thesis predicts thet continuing periodicities should be 
observable in cell variables, and experiments are in pro- 
gress to test this paint. 

A final prediction of this treatment of enzyme dynamics 
in bacterial cultures is that if continuing periodicities 
occur under chemostat conditions, then the synchrony 
maintained in the culture must be due to the transmission 
of some signal (or signals) between the cells. This is 
because a population of non-interacting oscillators, each 
subject to random variation, will quite rapidly drift out 
of phase with one another, even if they all have the same 
mean frequency. Some interaction between the control 
circuits of different cells would be required to keep the 
oscillations in phase, and a reasonable class of candidates 
for this interaction signal is the repressors themselves. 
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EFFECT OF CARZINOPHILLIN ON BACTERIAL DEOXYRIBONUCLEIC ACID: 
FORMATION OF INTER-STRAND CROSS-LINKS IN DEOXYRIBONUCLEIC ACID 
AND THEIR DISAPPEARANCE DURING /POST-TREATMENT INCUBATION 


By ASAHARU TERAWAKI* and Dr. JOSEPH GREENBERGT 


Palo Alto Medical Research Foundation, Palo Alto, California ~ 


REVIOUS investigations with carzinophillin (CF), an 

antibiotic isolated from Streptomyces sahachirot by 
Hata et al.1, demonstrated its antibacterial activity as 
well as its marked anti-tumour effect in rodents?. In 
1963, Endo et al.? reported that carzinophillin (CF) was 
able to induce A-phage in Escherichia coli. 

This article presents evidence that: (1) E. coli By, a 
strain sensitive to CF, shows a marked inhibition of 
DNA but not of RNA or of protein synthesis when treated 


* Present address: Firat Surgical Department, Nara Medical College, 
Kashiwara City, Nara, Japan. 
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with CF at doses thas inhibit colony formation; (2) treat- 
ment of DNA of E. coli B, and of Bacillus subtilis results 
in formation of inter-strand cross-linking; (3) the CF- 
induced cross-linking effect disappears either in cells or 
in vitro during post-treatment incubation; (4) transform- 
ing activity of B. subtilis DNA, which is inactivated by 
this antibiotic, can be reactivated to some extent by 
post-treatment incutation in vitro. 

Bacterial strains. Jf. coli By, a strain highly sensitive 
to mitomycin C4 and CF but not to ultra-violet radiation 
and showing host cell reactivation, was used. B. subtilis 
strain 19 and strain 168 were a gift from Dr. D. Bobb of 
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the Palo Alto Medical Research Foundation. Samples of 
carzinophillin were kindly provided by the Kyowa 
Fermentation Industry Co., Ltd., Tokyo, Japan. 

Determination of nucleic acids and protem. Exponen- 
tially growing cells of Ẹ. coli By at a density of I x 108 
cells/ml. were incubated with shaking at 37° C in minimal 
glucose-salts medium (M9) containing various concentra- 
tions of CF. 10 ml. of the sample were taken at intervals 
and analysed for nucleic acids and protein. RNA was 
assayed by the orcinol reaction’, DNA by the diphenyl- 
amine reaction®, and protein by the Folin reaction 
according to the method of Lowry et al.’. 

Transformation assays. These were carried out with 
an indole-requiring mutant of B. subtilis, strain 168, by 
the method of Nester and Lederberg’, 

The ‘irreversibility’ of thermal denaturation was 
demonstrated spectrophotometrically m 7:2 M sodium 
perchlorate according to the procedure of Geiduschek®. 
Denaturation experiments were performed in the following 
manner. DNA solutions (20-30 ug/ml.) were heated to a 
given temperature in a thermostatic cell compartment of 
a spectrophotometer and the absorbance (A) at 260 mu 
was measured after equilibrium was attained. The heated 
cuvettes were then plunged into ice for 45 sec, transferred 
to water at 25° C for 20 sec, rapidly dried and transferred 
to a second spectrophotometer maintained at room 
temperature and the absorbance again measured. The 
heating and quenching cycle was repeated at successively 
higher temperature. Absorbance at 260 mp, measured at 
increasing temperatures, yielded. curves marked (d) in 
Figs. 2-4, while measurement at room temperature on 
quenched solutions yielded curves marked (2). 

The DNAs used were prepared from exponentially 
growing cells of Æ. colt By and B. subtilis 19, wild-type, by 
the method of Saito and Miura**. 

Fig. 1 illustrates the preferential inhibition of DNA 
synthesis by CF for E. cols By. When cells of E. colt Bo 
were incubated in the presence of CF at doses that in- 
hibited colony formation (the dose of CF that permitted 
20 per cent of the colonies to form after 60 min incubation 
was 5 v./ml.), the amounts of DNA failed to increase 
during 60 min incubation; after 60 min it gradually 
decreased. However, the formation of RNA and protein 
was unaffected compared with that of untreated cultures. 

During incubation with CF, the optical density of the 
surrounding medium at 260 my increased more than that 
observed with untreated cultures. The preferential 
inhibition of bacterial DNA synthesis by CF, accompanied 
by progressive and extensive breakdown of DNA as 
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Fig. 1. Effect of CF on the synthesis of nucleic acids and protein —~—, Untreated bacteria; ~ — — -, 
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Fig. 2. Reversible thermal denaturation of CF-treated E. coh Bo 
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In vivo treatment of cells with CF: Cells cultured for 10 h m growing 
medium!” were resuspended at a density of 2 x 10" cells/ml. in same 
medium containing 25 U./ml. 2 r and anonbared at 37° C for 30 min 
In vitro treatment of DNA wi 26 mi. of g solution of DNA 
{about 1 mg/ml) in 015 M edu ‘Shloride plus 0:915 M sodium citrate 
was diluted 1.1 (v/v) with 0:14 M phosphate buffer (pH 7:0) contaming 
OF. The mixture was incubated with gentle shaking at 37° C for 30 min. 
DNA was then precipitated by the addition of two volumes of cold 
95 per cent ethanol, the pr recipitated DNA removed on a glass rod, 
drained, dissolved in 0-15 M sodium chloride plus 0015 M sodium 
citrate, reprecipitated and redissolved. —-~, Untreated DNA, 
— m m —, CF-freated DNA; A, in vitro; A, In vwo 


evidenced by the increase in optical density at 260 mu, 
indicate that DNA is the primary target. 

It is known that other agents which specifically inhibit 
DNA. synthesis, such as nitrogen mustard and mitomycin 
C, produce inter-strand cross-links in DNA as demon- 
strated by the reversibility of thermal denaturation!!22, 
To determine whether CF damaged the template DNA of 
E. colt B, in this manner, the reversibility of thermal 
denaturation of CF-treated DNA, was investigated. Fig. 2 
shows the results of denaturation experiments on CF- 
treated DNA. 

Absorbance of DNA treated with CF both in vivo and 
in vitro, measured at the increasing temperatures (‘stan- 
dard’ melting curves marked (d)), was very similar to 
that of untreated DNA, indicating no unstabilization of 
the DNA molecules such as follows deamination with 
nitrous acid, With regard to the irreversible component 
(2), on the other hand, a 
change was observed. DNA 
treated with 25 v./ml. of CF 
in vitro was not irreversibly 
denatured at 65° C, at which 
temperature untreated DNA 
was almost completely de- 
natured. Similarly, DNA 
extracted from COF-treated 
cells showed much less irre- 
versibility than that of DNA 
extracted from untreated 
cells. These results are 
similar to those obtained 
with nitrous acid, nitrogen 
mustard! and mitomycin 
C-treated DNA”, suggesting 
that, in C¥-treated DNA, 
covalent cross-links between 
polynucleotide chains are 
formed. 

It seemed reasonable that 
the presence of these cross- 
linkages in the DNA mole- 
cule was largely responsible 
for the biological effects 
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Fig. 3. Disappearance of C¥-induced cross-linking In E colh B, during post-treatment incubation. 
ost-treatment incubation was carried out as follows: after extraction of DNA from 
cells, the solutions of DNA (200 ug/ml) in 015 M sodium chloride plus 0015 M 
sodium citrate were incubated at 37°C for 5 or 15 h without shaking, and then subjected to 
thermal denaturation without reprecipitation. In vwo post-treatment incubation as described in 
, ~~~, OF-treated DNA; A, post-treatment in miro; A, post-treat- 


in vitro 
CF -treate 


text. —~—, Untreated DNA 
ment wn vivo 


produced by OF. CF also has a filament-inducing 
action and the property of cross-resistance with muto- 
mycin O and ultra-violet irradiation’. From these 
observations CF could be classified as a ‘radiomimetic’ 
agent along with poly-functional alkylating agents 
such as nitrogen mustard and mitomycin C. It has 
been shown that, during incubation, thymine dimers 
induced by ultra-violet irradiation were released into the 
acid-soluble fraction in several strains of E. colitsi, 
Similarities in the biological effects between ultra-violet 
irradiation and radiomimetic substances imply that 
thymine dimers and the reaction products of radiomimetic 
substances and the DNA molecule might be handled in 
cells in a similar manner. For this reason the stability of 
C¥’-induced cross-linkages was investigated. 

Cells of Æ. coli B, cultured for 10 h were treated with 
CF in M9 medium without glucose for 30 min at 37°C. 
The cells were then collected by centrifugation, washed 
and resuspended in the same medium, and incubated at 
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37° © for 5 h without shaking (in 
vivo post-treatment incubation). 

DNA extracted from these cells, 
as shown in Fig. 3, showed partial 
restoration from the CF-induced 
effect to the normal state of DNA. 
During post-treatment also, incuba- 
tion of extracted DNA (in vitro post- 
treatment incubation) for 5 h, a 
more limited disappearance of CEF- 
induced cross-links than was seen 
with in vivo post-treatment mncuba- 
tion was observed. The same treat- 
ment for 15 h resulted in the disap- 
pearance of a large part of CF-induced 
cross-links. 

It will be noted from the data 
in Fig. 3 that the absorption at 
260 mu of CF-treated DNA was 
unchanged after 15 h of in vitro 
post-treatment incubation. This ob- 
servation could be interpreted to 
mean, that the disappearance of 
CF-induced effect during post-treat- 
ment incubation ¿r vitro is due to the splitting of cross- 
linkages in the DNA molecule in situ, because, if the 
disappearance of CF-induced cross-linkage occurs by 
excision of cross-linked nucleotides, a reduction in 
the rate of increase in the (d) curve should have been 
observed. 

On the other hand, the rate of the disappearance of 
CF-induced cross-linking ın intact cells was more rapid 
than that in vitro. This finding suggests the existence of 
some intracellular mechanism which is responsible for the 
recovery of DNA from CF-induced cross-linking effect. 
This interpretation is supported by the observation that, 
in several strains of FẸ. coli showing host cell reactivation, 
mitomycin C-induzed cross-linkages disappeared during 
in vivo post-treatment incubation, although the same 
treatment ¿n vitro was ineffective’. r 

It has been found recently that several sulphur mustard- 
DNA alkylation products are eliminated from DNA. during 
post-treatment incubation im vivo, In preliminary 
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induced by CF and its restoration during post-treatment incubation In both experiments, same preparations of DNA were used. After mcubation at 
37° C the solutions of DNA were subjected to experiments without reprecipitation 
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experiments, we have also observed that, during post- 
treatment incubation of CF-treated cells, diphenylamine 
reacting material in the acid-insoluble fraction decreased 
and substances with an absorption maximum at 260 mu 
in the acid-soluble fraction increased. Furthermore, the 
presence of glucose and casamino acid in the incubation 
medium enhanced the disappearance of the CF-induced 
effect. Such observations suggest that the elimination by 
excision of cross-linkages from CF-treated DNA occurs 
during post-treatment incubation in vwo. 

We next investigated the possibility of the disap- 
pearance of the CF-induced DNA cross-linking effect 
during post-treatment incubation resulting in the reversal 
of the biological damage induced by CF. Fig. 4 (A and B‘ 
shows the result of experiments in which transforming 
DNA inactivated with 5 u./ml. of CF was subjected to 
in vitro post-treatment incubation. B. subtilis DNA 
reacted in vitro to CF under similar conditions and 
behaved in a manner analogous to E. cols B, DNA 
treated with this antibiotic with regard to the thermal] 
denaturation. Transformation occurred at a frequency 
of 3-5 or 4-5 x 10-4 viable cells with the untreated trans- 
forming factor DNA (1 yug/ml.). Treatment of DNA 
in vitro with 5 u./ml. of CF for 60 min at 37° C reduced the 
transforming activity to about 15 per cent of the non- 
treated material. When the CF-treated DNA was incu- 
bated in vitro for 15 h, partial reversal of the DNA cross- 
linking effect and partial restoration of the decreased 
transforming activity of B. subtilis DNA were observed. 
This evidence implies a causal relationship between the 
cross-linking effect and the loss of transforming activity 
induced by CF. 
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We may, therefore, conclude that at least some of the 
biological effect of CF is mediated by the formation of 
inter-strand cross-linking in the DNA molecule. The in 
viro reactivation system for damaged DNA is much 
simpler to investigate than that in vivo. Both inactivation 
and the subsequent reactivation occur in solution without 
any cell component. 

Further investigations concerning the mechanism of the 
disappearance of cross-linkage in vivo are in progress to 
correlate our observations on the disappearance of cross- 
linking with DNA synthesis and mechanisms of resistance. 

This work was carried out under U.S. Public Health 
Service grant CA 5687, National Cancer Institute. 
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CHANGES IN. WALL TEICHOIC ACID RESULTING FROM 


AS 


MUTATIONS OF Staphylococcus aureus 


By Dr. M. J. WOLIN*, Dr. A. R. ARCHIBALD and Pror J. BADDILEY, F.R.S. 


Microblological Chemistry Research Laboratory, Department of Organic Chemistry, University of Newcastle upon Tyne 


EICHOIC acids are closely associated with the 
surface structures of many Gram-positive bacteria. 
Representatives containing either ribitol or glycerol are 
found in cell walls! and glycerol teichoic acids are associ- 
ated with the wall-membrane interspace, or the membrane 
itself?., The metabolic function of these polyol phosphate 
polymers in the bacterial cell is, however, unknown. 
There 1s evidence that at least some teichoic acid is 
covalently bound to the structural mucopeptide of the 
cell wall of Gram-positive bacteria, but it is believed that 
they are not necessary for the maintenance of rigidity 
of the wall structure. Synthesis of both mucopeptide 
and, ribitol teichoic acids by intact Staphylococcus aureus 
cells is inhibited by penicillin‘, and it has been suggested 
that the teichoic acids might act as a foundation structure 
on which the mucopeptide ıs polymerized’. On the other 
hand, the lability in alkali of the p-alanine ester linkages to 
the polyol phosphate suggests a function for the teichoic 
acids which would involve the potential flexibility of the 
molecular charge, that is, at alkaline pH the molecule 
would lose alanine, become more negatively charged, and 
repulse anions, with the reverse situation operating at 
lower pH when the phosphate groups would be less 
ionized and the alanine could become positively charged. 
Experimental evidence for the suggested functions of 
teichoic acids is almost non-existent, but the location of 
the teichoie acids in cells has reasonably restricted pro- 
posals to processes intimately connected with surface 
function or with the biosynthesis of the cell envelope. 


* Present address: Department of Dairy Science, University of Illinois, 
Urbana, Tlinors, V.S.A. 


Mutants of S. aureus NCTC 8511 were recently described 
with phenotypic characters that are suggestive of difference 
between the surface structures of the mutants and the 
parent stram. We initiated an examination of the walls 
of the parent and certain mutant strains to determine 
whether structural differences in the teichoic acids 
occurred. It was thought that the mutants could provide 
a valuable experimental tool for investigating teichoic 
acid function if such structural differences were found. 
This article shows that the teichoic acid of certain mutants 
differs markedly from that of the parent strain. 

The parent strain and mutants were obtained from Dr. 
Ruth Korman of Cornell University, Ithaca, New York. 
She has isolated and described the characteristics of the 
mutants, and some of the major phenotypic differences 
are summarized in Table 1. The fact that large pheno- 
typic changes are associated with simple mutational events 
has been rationalized by the hypothesis that the pheno- 
typic changes are caused by a primary change in the 
surface structure which leads to secondary changes in, for 


Table 1, PHENOTYPES OF STRAINS STUDIED 
(Information taken from ref. 7) 2 


Parent strain 8611 Glucose (+), lactose (+), mannitol (+), sucrose (+)s 
fructose (+), galactose (+), ‘Novobiocin’-sensitive, 
coaguiase (+), phage-sensitive 

Glucose (+), lactose (~—), mannitol (—), sucrose (—}, 
fructose (—)}, galactose (~), phage-sensitive, “Novo- 
biocin’-sensitive . 

Lectose (+), mannitol (~~), sucrose (+), fructose (r) 
galactose (+), “Novobiocin’-sensitive, phage-resistant, 
coagulase (—) 

Mannitol (+), fructose (+), sucrose (—), maltose (—), 
galactose (—), phage-resistant, “Novobiocin’-realstant, 
coagulase (—) 


Mutant HS635 
Mutant WS968 


Mutant 781160 
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Table 2, MAJOR COMPONENTS IDENTIFIED IN ACID HYDROLYSATES 


Products were identified by paper chromatography i: (4) propan-l-ol-ag. 
ammonia (ap. gr. 0-88)}-water (6:3:1, by bar (B) pyridine-ethyl 
acetate-water~acefic acid (5:5 1:1, by vol), (C) butan-1-ol-ethanol- 
Water—aq. ammonia (sp. gr. 088) (40 10:49.1, by vol.; organic phase). 
Whatman No, 1 paper was used for descending chromatography. Products 
were detected where appropriate by the periodate-Schiff Taan for glycols®?, 
minhydrin reagent for amino acids and amino sugars, molybdate-perchloric 
acid for phosphates™ and aniline phthalate for reducing sugars“. Polyols 
were identified with solvent A and C 


Strain Products 

8511 Ribitol, alanine, glucosamine, anhydroribitol, ribitol 5-phosphate, 
ribitol 3-phosphate, ribitol diphosphates 

HS635 = Ribitol, alanine, glucosamine, anhydroribitol, rlbitol 5-phosphate, 
ribitol 3-phosphate, mbitel diphosphates 

HS968 acer, alanine, glucose, glycerol phosphates, glycerol diphos- 
phates 

HS1160 Glycerol, alamme, glucose, galactosamine, glycerol phosphates, 


glycerol diphosphates 


example, permeability to sugars, susceptibility to attack by 
phage and sensitivity to antibiotics. A mutant simular 
to HS635 is known to have lost its ability to ferment 
several sugars simultaneously because of impaired per- 
meability to sugars’. Korman reported’ that the mutant 
HS968 has serine in its walls, whereas this is absent from 
walls of the parent strain. 

Our first approach to the question of whether the 
teichoic acids of the mutants differed significantly from 
that of the parent strain was to determine the phosphorus 
content of walls prepared from each. The percentage 
of phosphorus (shown in parenthesis) in the walls of the 
various strains was: 8511 (2°64), HS1160 (3-30), HS968 
(2:72) and H5635 (1:92). Although these differences may 
be significant, it was likely that all strains contained a 
wall teichoic acid. A qualitative examination of material 
extracted from the walls with 2 N hydrochloric acid for 
24 h at 20°-22° C was carried out in a study of character- 
istic components of teichoic acid. The procedure was 
more vigorous than that generally used for extraction of. 
these polymers, but this was convenient for the purpose of 
screening for major differences in components. The 
procedure did not remove components of mucopeptides 
from intact cell walls. The extracts were hydrolysed in 
2 N hydrochloric acid for 3 h at 100° C and subjected to 
paper chromatography after appropriate deionization. 
The major sugars, polyols and amino acids in the hydro- 
lysates are shown in Table 2. No changes were observed 
in the nature of the polyols when hydrolysates were 
dephosphorylated with an alkali phosphatase. 

These results show that a major change in the teichoic 
acid of the cell wall occurs when mutants HS968 and 
HS1160 are derived from the parent strain 8511. Unlike 
the parent, there is no indication of the presence of a 
ribitol teichoic acid in the mutants HS968 and 481160, 
but the chromatographic evidence strongly suggests that a 
glycerol teichoic acid is present ın their walls. Mutant 
HS1160 can also be distinguished from mutant H9968 
and the parent strain 8511 on the basis of the presence of 
galactosamine in the hydrolysed extracts. 

Further support for the conclusion that these changes 
in the composition of the hydrolysed extracts actually 
represent changes in teichoic acids was obtained by 
extraction of teichoic acids from walls with trichloroacetic 
acid at 4° C, precipitation with organic solvents and partial 
purification by reprecipitation!*?. The polymers obtained 
in this way from walls of the parent strain and the mutant 
HS968 gave essentially the same products on acid hydro- 
lysis (2 N hydrochloric acid, 100° C, 3 h) as did the 2 N 
hydrochloric acid extracts. However, hydrolysates of the 
polymer from trichloroacetic acid extracts of the mutant 
F77S1160 contained no galactosamine. Wall residues from 
HS1160 obtained after extraction with 10 per cent tri- 
chloroacetic acid at 4° C for 2-24 h were subjected to fur- 
ther extraction with 2 N hydrochloric acid at 20° C for 16h. 
The extract was treated with 2 vol. of acetone and kept 
at 4° C for 24h. The resulting precipitate was collected by 
centrifugation, dissolved in 2 ml. of cold 5 per cent tri- 
chloroacetic acid and treated with 2 vol. of acetone. After 
72 h at 4° C the precipitate was recovered by centrifu- 
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gation and washed with ethanol, acetone and ether. 
The washed precipitate was dried in air and dissolved in 
water; insoluble material was removed by centrifugation, 
and the water-soluble portion was freeze-dried. This 
material was hydrolysed with acid, and chromatography 
of the products showed that they were the same as those 
for 2 N hydrochlaric acid extracts of the walls, including 
the presence of significant amounts of galactosamine. 

The acid hydralysates of the polymers obtained from 
the parent and the mutants H8968 and HS1160 by extrac- 
tion with trichlorcacetic acid contain the typical products 
of hydrolysis of teichoic acids. The polymer containing 
galactosamime in #51160, however, is not readily extracted 
with cold trichlorsacetic acid but 1s extracted with 2 N 
hydrochloric acid et 20° Œ. The galactosamine is mainly 
in a fraction that also gives on hydrolysis typical glycerol 
teichoic acid components. However, it is not possible to 
decide at present whether a glycerol teichoic acid contain- 
ing galactosamins occurs in HS1160 or whether the 
galactosamine is associated with other polymeric material. 
The extraction of material containing galactosamine in 
the 2 N hydrochlaric acid fraction but not in the trichloro- 
acetic acid fractions suggests that at least two polymeric 
species may be prasent. Treatment of wall residues of 
8511 or HS968 with 2 N hydrochloric acid after the usual 
extraction with trichloroacetic acid resulted in the 
extraction of more polymer containing phosphorus, the 
hydrolysis products of which seemed to be grossly similar 
to those obtained by direct extraction with trichloro- 
acetic acid. 

The teichoic acids of the parent strain and mutant 
78635 thus appear to be grossly similar to the teichoic 
acids of the S. aureus group, whereas HS968 and HS1160 
have teichoic acids similar to those of the S. saprophyticus 
group?® (classification according to Shaw, Stitt and 
Cowan"). Baird-Parker’s recent classification of staphy- 
lococci and microzoeci!® records that staphylococci: in 
his Staphylococcus Sub-group I are the only staphylococci 
which contain ribitol teichoic acid in the wall. The 
Staphylococcus Sut-groups II-VI of Baird-Parker have 
glycerol teichoic acids in their walls. No glucose is found 
in the walls of Sub-group I, but glucose occurs in walls 
from members of all the Sub-groups which contain wall 
glycerol teichoic acid. Members of Sub-groups II, V and 
VI, however, are tne only staphylococci reported to con- 
tain galactosamine in their walls. Organisms in Sub- 
groups I and VT are the only ones with the ability to 
produce acid from mannitol. #HS1160, the mutant 
which has glucose and galactosamine in the teichoic acid 
fraction, also produces acid from mannitol. H8968 does 
not ferment mannitol and does not have galactosamine 
in its wall teichoic acid. On the basis of the limited tests 
that have been performed, it would seem that HS968 is 
related to the organisms in Sub-group III and HS1160 
related to organisms in Sub-group VI. It would be of 
interest to know whether strains of Sub-group VI yield 
wall teichoic acid fractions containing both glucose and 
galactosamine. Glycerol teichoic acids containing either 
glucose or galactosamine, but not both, have already been 
shown to be present in S. saprophyticus™. 

There are several interesting questions raised by the 
finding of fundamental differences in the composition of 
teichoic acids in mutants in addition to the question of the 
relationships of the-mutants to natural strains of staphylo- 
cocci. These experiments have shown that changes occur 
in the teichoic acids of mutants with other phenotypic 
differences suggestive of surface structure changes; but 
whether the other phenotypic differences are directly 
related to the charges in the teichoic acid is not known. 
The nature of the mutational event or events which 
account for the changes in. wall teichoic acid is also obscure. 
That the phenomenon is complicated is evidenced by the 
fact that a change in the mucopeptide amino acids also 
occurs in HS968 (zef. 7). Moreover, the change from a 
wall ribitol teichaic acid to a wall glycerol teichoic acid 
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might appear to be a gain mutation. It is not necessary, 
however, to postulate such an unusual phenomenon to 
explain this change. All the Gram-positive bacteria 
examined contain membrane glycerol teichoic acid. (as ıt 
is now known that so-called “‘mtracellular’ teichoic acid 
occurs between the wall and the protoplast membrane 
and is attached, at least in part, to the latter structure it is 
proposed to call this ‘membrane teichoic acid’), whether 
or not they have ribitol, glycerol or no teichoie acid in 
the wall'*.17, It is possible that an event which leads to a 
loss of ability to synthesize or insert ribitol teichoic acid 
into the cell wall could simultaneously permit the insertion 
of a membrane teichoic acid into the wall. This hypothe- 
sis may be complicated by the necessity to postulate a 
control process to regulate the production of membrane 
teichoic acid and to prevent its insertion into cell walls 
of those organisms which either do not require a wall 
teichoic acid or which normally make a ribitol teichoic 
acid for this purpose. The hypothesis, however, does not 
involve the postulation of new genetic capability in the 
mutants containing wall glycerol teichoic acid because the 
capability for synthesis of glycerol teichoic acid exists in 
the parent strain. 
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ANATOMICAL RESPONSES OF PINE NEEDLES TO HERBICIDES 
By Pror. T. T. KOZLOWSKI* and Dr. J. JOHANNA CLAUSEN 


Department of Forestry, University of Wisconsin, Madison, Wisconsin 


EVERAL herbicides have shown variable toxicity to 
young gymnosperms, with susceptibility of plants 
varying greatly with the chemicals and dosage used, 
species, and age of plants!-". Among the more obvious 
deleterious responses of young pine seedlings to herbicides 
are twisting and curling of cotyledons, distortion of old 
needles, chlorosis and subsequent death of the plant. 
Although less obvious than the effects already noted, 
the influences of herbicides on internal leaf anatomy are 
often profound. For example, Ashton et al.® investigated 
the influence of atrazine on leaf structure in Phaseolus 
vulgaris and found that the herbicide: (a) accelerated 
development of vacuoles and modified ontogeny of 
chloroplasts in developing leaves; (b) ultimately caused 
chloroplast destruction and reduced the airspace system 
in mature and primary leaves; (c) promoted cessation of 
cambial activity and caused thin walls to develop in 
sieve and tracheary elements in the stem. 
In another investigation, Ashton et al.® noted that 
atrazine induced several progressive changes in fine 


structure of- chloroplasts in Phaseolus, including: (a) - 
spherical rather than discoid shape; (b) disappearance of. 


starch from the lamellar system; (c) destruction of frets 
leading to disorganization of the lamellar arrangement; 
(d) swelling of compartments of the grana; (e) ultimate 
disintegration of the swollen compartments. Ashton et 
al.® concluded that these changes were effected by forma- 
tion of a toxic substance or substances involving inter- 
actions of light and atrazine in the presence of chlorophyll. 

Only very few investigations are available that deal with 
anatomical changes induced by herbicides in woody 
plants. Parascan and Vlase!® found marked variation 
among species in resistance to 2,4-D. Betula, Carpinus 
betulus, Salix and Populus were very sensitive to the 
herbicide. Fagus silvatica and Quercus were less sensitive, 
while Tilia, Acer campestre, Acer tataricum and Prunus 
cerifera were classified as resistant. The overall responses 
of plants to the herbicide were grouped into two categories: 
(1) decreased growth without dieback; (2) dieback. The 
first group was characterized by leaf modifications such 
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as reduction in size, lobmg, fasciation and, in isolated 
cases, epinasty. These changes occurred in the species 
generally resistant to herbicides. The second group 
responded by forming swellings and cankers, bark split- 
ting, and wilting and dieback of shoots. Work with 
3-amino 1,2,4-triazole by Shiue and Hansen! showed 
that the herbicide caused chlorosis, needle distortion, 
mesophyll collapse, and change in shape of mesophyll 
cells of Pinus resinosa and Picea glauca. These experi- 
ments have now been extended to an investigation of the 
influence of several herbicides on leaf anatomy of young 
pine plants. 

Experiments were performed on young red pine (Pinus 
resinosa Ait.) plants. Herbicides were incorporated in the 
soil or applied as soil surface sprays according to the 
following schedule: 

Herbicides incorporated in soil and applied pre- 
emergence: atrazine, simazine, prometryne, propazine, 
ipazine, EPTC, DCPA, CDEC, and CDAA. Each herbicide 
was applied at 2 or 8 lb./acre (surface area basis). 

Herbicides applied to soil surface when plants were six 
months old: atrazine, simazine, prometryne, propazine, 
ipazine, EPTC, DCPA, CDEC, CDAA, monuron and 
diuron. Each herbicide was applied at 16 lb./acre. 

For the soil incorporation experiments, Plainfield sand 
was placed in greenhouse flats to a 2 in. depth and the 
appropriate herbicide sprayed on the soil surface at 2 or 
8 lb./acre. The soil and herbicide were then mixed in a 
Patterson—Kelly twin-shell blender and distributed in 
4-in. clay pots. One hundred Pinus resinosa seeds were 
planted in each of ten pots for each dosage of each herbi- 
cide. Pots planted with seed but without herbicide served 
as controls. Seeds germinated regularly, beginning about 
10 days after planting. For the surface application 
experiments, each herbicide was sprayed to the surface 
of soil in pots containing 6-month-old seedlings. 

Eight weeks after application of the herbicides, repre- 
sentative needles of all plants were collected and preserved 
in formalin—acetic acid mixture. Afterwards the needles 
were embedded in ‘Tissuemat’, cross-sectioned at 12u 
and stained with safranin and fast green before the 
sections were mounted on slides. 
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Fig. 1. Influence of various herbicides on young Pinus resinosa needles, 
herbicide). Needle semicircular in cross-section. Mesophyll cells are closely packed and 
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gate details of variable injury by different 
herbicides. 

Examples of sections of healthy and 
herbicide-damaged needles are shown in Fig. 
l. Cross-sections of needles from control 
plants were approximately semicircular in 
outline. The mesophyll cells were closely 
packed and infolded and contained large, 
darix-red-staining chloroplasts. In contrast, 
the distorted needles of herbicide-treated 
plants showed considerable yellowing or 
browning, and were triangular (or nearly £0) 
in cross-section. Many needles which had 
turned brown had shrivelled. The red stain 
of chloroplasts was very pale or absent and 
red-staining nuclei were thus unmasked. 
Mesophyll cells were predominantly rounded 
and nad lost the characteristic infolding of 
normal mesophyll tissue. Mesophyll cells 
sometimes became vacuolated or nearly 
empty. Often conspicuous large gaps among 
mesophyll cells were apparent. In some 
needs red-staining granular material was 
present in the mesophyll. The cells of 
lignified epidermis and vascular bundles 
retained their outlines, but the mesophyll 
had disintegrated, permitting the needle to 
collaose. Sometimes only one of the three 
neede surfaces was concave as a result of 
mesophyll collapse. 

The greater damage caused by soil incor- 
poration of herbicides over surface applica- 
tion appears to be related to the amount of 
herbicide absorbed. Kozlowski and Kuntz* 
showed that very young pine seedlings 
readily absorbed soil-incorporated triazine 
herbicides and were killed, whereas surface- 
applied herbicides which were not easily 
abserbed by plant roots were less toxic. 
Whea various triazine herbicides were 
applied to the soil surface and leached, most 


infolded. B, CDAA incorporated in soil at 8 Ib./acre (surface area basis), pre-emergence. 
Needle triangular in cross-section with nular, red-staining material in some mesophyll 


cells. Mesophyll cell contents often ing. Large gaps show among mesophyll cells. 
C, Prometryne incorporated in soil at 2 Ib./acre (surface area basis), pre-emergence. 
Needle distorted and collapsed. Chloroplasts are not apparent and rounded mesophyll 
cells have large gaps among them. D, EPTO incorporated in soil at 8 lb,/acre (surface 
area basis), pre-emergence. A normally shaped cross-section shows breakdown of chloro- 
plasts. Red-staining granular material is present in mesophyll instead of solid red-staining 
chloroplasts. Mesophyll cells are frequently rounded and have spaces among them. 
E, CDEC incorporated in soil at 8 Ib acre (surface area basis). The triangular cross- 
section shows no red-stain in the mesophyll. Large gaps exist among rounded, frequently 
empty mesophyll cells. F, Diuron applied to soil surface at 16 Ib./acre when seedlings were 
aix months old. The typically brown needle was shrivelled. The mesophyll is totally 
collapsed and only the epidermis and some conducting tissues retained their normal form. 


of the herbicide remained in the surface inch 
of sol regardless of whether 2, 4 or 8 surface 
inches of water were used in leaching. Old 
seedlings escaped injury from surface-applied 
triaznes largely because their absorbing 
roots were sufficiently deep to avoid taking 
up the surface-concentrated herbicide. Old 
seedlings were readily killed, however, 
wher small amounts of triazine herbicides 
were incorporated in the zone of absorbing 


(x 72) 


Soil-incorporated herbicides caused far more injury 
than those applied to the soil surface. Within 10 days 
from the beginning of germination, toxicity symptoms 
were developing in plants growing in soil containing 
incorporated herbicides. In general, slight needle curling 
was followed by severe chlorosis, needle dieback, seedling 
distortion, depressed growth and death of many needles. 
Most injury was caused by atrazine, simazine, prometryne 
and propazine, whereas ipazine, EPTC, CDEC, CDAA and 
DCPA caused far less and sometimes only negligible injury. 

The surface-applied herbicides fell into three groups. 
Atrazine, simazine, monuron and diuron were highly toxic. 
Prometryne, propazine, CDEC and CDAA caused inter- 
mediate damage, while EPTC, DCPA and ipazine caused 
slight to no obvious injury. 

There was considerable variation among needles in the 
amount of injury sustained. When needles were severely 
damaged the internal anatomy was altered in a more or 
less similar way by the various herbicides. Such anatom- 
ical changes, however, covered a fairly broad spectrum 
within and among seedlings. Only generalized symptoms 
of herbicide effects on leaf anatomy are given at this 
stage, with further experiments contemplated to investi- 


roots. Such observations are reinforced 
by those of Freeman", who noted that pine seedlings 
were killed by simazine within 5 weeks of germination. 
In contrast, oak seedlings were not damaged largely 
because of the rapid movement of the absorbing zone of 
their roots to levels below that of the herbicide con- 
centration, 
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FFECTS OF ALCOHOL CONSUMPTION ON THE ACTIVITY OF LIVER 
| ENZYMES IN C57BL/Crgl MICE 


By Dr. KURT SCHLESINGER 


Department of Psychology, University of North Carolina, Chapel Hill 
Dr. EDWARD L. BENNETT and MARIE HEBERT 
Laboratory of Chemical Biodynamics, University of California, Berkeley 
AND 


Pror. GERALD E. McCLEARN 
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TNCREASED alcoho! dehydrogenase (ADH) activity has 

. been reported in mice, rats and men following the 
‘consumption of alcohol for prolonged periods!. These 

evious reports indicate that consumption of alcohol 
ases the activity of enzymesinvolved inits metabolism. 
resent study the generality of the effect of alcohol 
y. of alcohol dehydrogenase, xanthine oxidase 
hexokinase (Hk) in liver has been investigated. 
directly involved in alcohol metabolism and the 
e of XO in the in vivo metabolism of alcohol 
eon established. In addition, the influence of 
gestion on liver protein content was investi- 






















057 BLiCrgl mice, obtained from the Cancer 
i Genetics Laboratory, Univ ersity of California, 
were used for the experiments? . All animals were 
ys old at the beginning of the experiments. 
ght mice were used in three experiments; 
ials were used in the first experiment, twenty 
ond and. eighteen in the third. Animals were 
assigned, and in equal numbers, to the experi- 
control condition in each experiment. Experi- 
imals were given a 10 per cent solution of ethyl 
; their sole drinking source for 90-104 days; 
animals were maintained on tap water for an 
;period. All animals had free access to standard 
"diet. 

e were weighed to the nearest 0-1 g before being 
ecapitation. The liver was immediately removed 
hed to the nearest mg. In the second experiment, 
be was dissected and separately weighed. ‘This 
as.dried to constant weight (+1 mg) in vacuo using 

ry ice-isopropy! alcohol trap. 

‘he fresh livers were homogenized with a ‘Teflon’- 
glass homogenizer in distilled, water at 0° and diluted to a 
final concentration of 50 mg/m). A portion of the homo- 
genate was centrifuged at 0° for 30 min at 3,000 r.p.m. 
(International model PR-1 centrifuge). The supernatant, 
excluding the lipid layer, was removed and used for 
alcohol dehydrogenase (ADH) assays and for some of the 
protein. analyses. Uncentrifuged homogenates were used 
for XO and Hk assays and for some of the protein analyses. 
All enzyme assays were carried out in duplicate; duplicate 
assays agreed within 5 per cent. 

ADH assays were performed as follows: 3-0 ml. of a 
glycine-semicarbazide buffer’, 0-20 ml. of 0-015 M nicotin- 
amide-adenine dinucleotide (NAD), and 0-050 ml. of a 
0:35 M ethanol solution were mixed in 10 mm light path 
: ere cells. After ig “warming the incubation 



















tof N AD. Was peor be the increase in Cen 
40 mu. A Beckman spectrophotometer equipped 
xilford model 210 automatic cuvette positioner, a 
220 optical density converter, a recorder and a 
l compartment were used. The absorbancies of 
x ples were sequentially recorded in automatic 





rotation at 30-see intervals for 10-12 min. This procedure k 
has already been described in greater detail’. Inthe absence ooie. 
of added ethanol, no change in absorbance was noted. 
during a 10 min incubation. fe 

Hk activity was determined by a procedure iodid a 
from that described for brain’. Three ml. of a solution = 
containing 0-13 M glycylglycine, 0-02 M magnesium — 
chloride, 0-601 M niecotinamide-adenine dinucleotide 
phosphate (NADP), 0-025 M glucose and 0-01 M adenosin 
triphosphate (ATP) (final pH adjusted to 8-0) and 0-06 
ml. of a glucose-6-phosphate dehydrogenase solution. 
(50 ug/ml.) were pre-warmed to 37°. The uncentrifuged 
liver homogenate (0-075 ml.) was then added and the rate — 
of reduction of NADP was measured by the increase in 
absorption at 340 mu using a Beckman DU spectrophoto- 
meter and auxiliary recording equipment. Boer: 

XO activity was determined by the method described 
by Udenfriend’. 2-Amino-4-hydroxypteridine is readily 
oxidized by XO to isoxanthopteridine’. The activity of 
the enzyme may be determined o ofluorometrically 
since the fluorescence of the substrate, 2-amino-4-hydroxy- 
pteridine, is quenched in phosphate buffer, while that of 
the product is not. To determine XO activity 10-ml. 
aliquots of 0-1 M sodium phosphate buffer containing . 
4 x 10° M 2-amino-4-hydroxypteridine were pipetted — 
into 50 ml. Erlenmeyer flasks, which were then placed. 
into a metabolic shaker and warmed to 30°. Afterward: 
0-25 ml. of the uncentrifuged homogenate was added and 
the mixture was incubated in the shaker-water bath for 
60 min. A 2-ml. portion was withdrawn and analysed | 
in an Aminco-Bowman spectrophotofluorometer. The — 
activating wave-length was 250 my and the analysing 
wave-length was 420 mu. The machine was set at ‘zero’ 
before cach determination and the value of a blank ares 
(containing everything in the sample except the enzyme) r 
read. Values of the blank did not change with time. cors 
After all determinations had been made 10 ul. of milk 
XO were added to each flask to oxidize completely the a 
2-anino-4-hydroxypteridine. The fluorescence of this oo á cie 
sample was then determined after 30 min on a 2 mboo- 
portion. These final readings did not differ from sample 
to sample by more than 2 per cont. Under these conditions 
of measurement, fluorescence was shown to be a linear 
function of the amount of substrate oxidized. 

The protein content of the livers was determined in.” 
triplicate with the Folin phenol reagent’. The original — 
liver homogenate was diluted with water to 2 mg/ml. — 
Aliquots containing 1 mg of wet tissue were mixed with 
5 ml. of alkaline copper sulphate reagent C in 12-ml. 
centrifuge tubes. After 10 min, 0-50 ml. of dilute Folin- 
Ciocalteau reagent was added and rapidly mixed. The a 
optical density at 750 mu was determined in a Beckman Tn 
DU spectrophotometer after 60 min. Suitable aliquots = ~ 
of freshly diluted crystalline bovine albumin solutions 
(Armour) were run. as “standards. All results were referred 
to this standard (mg protein = mg nitroger ox. 6 25). 
Protein results. were expressed as a pereentng of the wet 

































ade both on. “the ver foe that 
been centrifuged and on those that had not. 
Liver- weight and body-weight were not significantly 
different in control and experimental animals. In one of 
the three experiments, the ratio of liver-weight to body- 
weight was significantly greater in the experimental 
animals (P < 0-05), but this finding was not replicated 
-in the other experiments. 

< ce Dry-weight determination of a liver lobe of the animals 
- < used in the second experiment indicates that no differences 
in the ratio of dry weight/wet weight existed between 
experimental and control animals. The percentage dry- 
: weight of the liver lobe was, 33 per cent in both the 
experimental and the control animals (range, 32—34 per 
cent in both experimental and control groups). 

_ Prolonged alcohol consumption significantly increased 
ADH activity in liver by about 20 per cent (Table 1). 
‘These differences were statistically significant and of the 
same order of magnitude regardless of whether ADH 
activity was expressed as zmoles/min/entire liver, pmoles/ 
min/g liver or umoles/min/g liver/g mouse. Since all 
methods of expressing the data gave approximately the 
7 ame results, only those for umoles/min/g liver are given 






‘Table 1. PERCENTAGE OF PROTEIN AND ADH AOTIVITY IN EXPERIMENTAL 


AND CONTROL C57BL/Crgl MICE 


Protein in liver* ADE activity 
Cendition N (per cent) {umoles/min/g 
sa .. fiver) 
aA SD, x s 
Experimental 16 18:17 0 O18 4-41 0-66 
. (aleohol) 
Control (water) 10 16-55 1:13 3°62 0-67 
o Percentage difference 12 18 
fF value < 0-01 < 0:02 
- Experimental 10 18:23 108 6-56 0-32 
_{aleohol 
. Control (water) 10 16-13 166 525 0-39 
“Percentage difference 1% 20 
P value . <0-01 <0-O01 


' The percentage of liver protein is based on the analyses of the uncentri- 
uged homogenates. 


“Liver Hk activity was not significantly different in 
control and experimental animals (Table 2). 

XO activity/g liver was significantly decreased in experi- 
mental animals, by 43 per cent in the second experiment 
‘and by 48 per cent in the third (Table 2). 

C Liver protein (expressed as a percentage of the liver 
ret weight} was significantly increased, in experimental 
imals by 12 per cent in the first experiment and 12 
er cent in the second. These differences were found 
whether the protein analyses were made on the centrifuged 
or uncentrifuged liver homogenates. For this reason oniy 
the results obtained with the unecentrifuged liver homo- 
genate are summarized in Table 1. 
-oo The differences in ADH activity in liver between experi- 
mental and control mice, when enzyme activity is expressed 
= ç per unit protein, were 6 per cent in the first experiment 
and 9 per cent in the second. These differences, although 
=. quite small in magnitude, are statistically significant (P < 
ee $ Ol and P< 0-01 for Experiments 1 and 2 respectively). 
>. The finding that ADH activity in liver is increased 
following the consumption of alcohol is in good agreement 
with the results reported by several other investigators. 
+ MeClearn, Bennett, Hebert, Kakihana and Schlesinger! 
shave shown increased ADH activity in C57BL/Crgl and 
- DBA/2Crgl mice maintained on 10 per cent alcohol for 
2-4 weeks. Kakihana, Schlesinger and McClearn! were 
ble to demonstrate increased ADH activity in 12-week- 
ld BALB/cCrgl mice, but not in 6- or 9-week-cld mice, 
+h had been maintained on alcohol for a 2-week period; 
unger BALB/cCrgl mice had high endogenous ADH 
-Figueoroa and Klotz! and Dejani, Danielski and 
iso reported increased ADH activity in the rat 
‘aleohol ingestion ; Dejani et al. reported increased 
de aene pny in rats following 
f Aieohol,: ER, 












FANIE es, 


Exp Condition N gee aN 
No. T 
A SD. 
(2) Experimental 10 0-96 012 
{alcohol} 
Control (water) 10 1-42 0-19 
Percentage difference 43 
P value < 0-001 
(3) Experimental 7 0-48 O15 
(alcohol) 
Control (water) 0°93 0-48 
Percentage difference 48 
P value <0 01 


































All these reports have focused on the activity of only i 
one enzyme. The increased liver protein content observed _ 
in experimental animals was unexpected and complicates ge 
the interpretation of the observed increase in ADH 
activity. This diference in liver protein content could, 
for example, mean that the increased ADH activity. is. ae 
merely a secondary reflexion of the total increase in liver 
protein. Ifthe argument is to be maintained that ingestion 
of alcohol increases activity of the enzymes involved in. 
its oxidation, then it is necessary to demonstrate that: 
enzymes not directly involved in alcohol metabolism are. 
not affected by ingestion of the substrate. : 

Two other enzymes were measured in these exper 
Hk was not directly involved in alcohol metabolism 
importance of XO in the in vivo metabolism of. 
was not established. The activity of XO decrease 
ingestion of aleanol and the activity of Hk w 
affected by this treatment, while the activity o; 
increased. These-findings suggest that only those e 
directly involved m the metabolism of alcohol are i ff 
by ingestion of the substrate. — 

The fact that liver-weight and body-weight. we 
changed by the iagestion of alcohol was also su 
Liver water content was also not changed. Beca 
protein content was increased by ingestion of ale 
because the liver-weight and the water content of 
remained unchanged, some liver constituent(s) | 
decreased. What these constituents are remains 
determined. 

The results of the ADH analyses in the two exper 
are not in very good agreement in terms of abso 
magnitudes of enzyme activity. Such day-to-day 
crepancies are prcbably due to the fact that the v 
reagents are mace up fresh for each experiment. Be 
comperisons are made between experimental and: 
animals within è given experiment, however, these dis- 
erepancies are not too serious. It should be noted that the 
relative differences between experimental and” control 
mice are in good agreement for all experiments. The 
differences in absolute oxidation rate in the XO assays are 
attributed to difficulties in completely dissolving the 
substrate. Again, comparisons were made within experi- 
ments, and the relative differences between experimental 
and control animals were in good agreement for all 
experiments. 

This research was aided by fellowship F1 MH-16, 
102-02 from the National Institutes of Health. It was also. 
aided by the U.S. Atomic Energy Commission. on 
1 For example, McCleanm, G, E., et al., Nature, eng 793 (1964). Kakihana, R 


et al. (in preparation). Figueoroa, R. B., and Klotz, A. Po, Amer J; Chin. ; 
Nutrit., 11, 235 (#2). Dejani, R. M., et al., J. Nutrit., 80, 196 Us 


? Information on the ori cin and degree of inbreeding of the animals is senliatio = 
in: Jay, jun., G. B., Methodology in Mammalian Genetics, edit. Es 
Burdette, W. J. (Hnlden-Day Inc., San Francisco, 1963), > 

? The buffer was prenered as follows: Semicarbazide—HCl (8 32 D was: 
dissolved in 200 miu. of 0-1 N sodium hydroxide. Then 1 part of this 
semicarbazide solution was added to 2-5 parts of 0-2 N sodium hydroxide : 
and 7 parts of 0-1. glycine in 0-1 N sodium chloride. a 

t Bennett, B. L., and Hebert, M., Univ. Calif. Rad. Lab. SUI Rep. Yo. 
9208 (April, 1960% 

å Bennett, E. L., et al, F. Biol. Chem., 287, 1758 (1962). D ay 
t Cdenfriend, 5., Fluerescence Assay in Biology and Medicine (Academic 
Press, New York, 3962). : 

7 Lowry, O. H., ef al., Æ Biol. Chem., 180, 399 (1949). 

® Lowry, O. H., et al., Æ. Biol. Chem., 198, 265 (1951). 
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LETTERS TO 


ASTROPHYSICS 


Improved Resolution X-ray Photographs 
of the Sun 


A FOURTH successful firing of the new Sun-pointed 
Skylark research rocket! took place at 0520 G.M.T. on 
October 20, 1965, at Woomera, Australia. The flight was 
designated SL 306 and on board were instruments pre- 
pared by Culham Laboratory and University of Leicester 
Groups for study of the short-wave-length emission of the 
Sun. This note presents a number of new X-ray photo- 
graphs of the Sun obtained by the Leicester Group, using 
a camera array similar to that successfully utilized in the 
three earlier Skylark flights?*. Two significant changes 
in the present camera were the inclusion for the first time 
of a Fresnel zone plate unit and the improvement of the 
geometrical resolution on one pin-hole camera unit to 1 
arc min. The latter improvement was encouraged by the 
increased exposures available from the predicted trajec- 
tory of the new, more powerful, Raven 6A rocket motor. 
The zone plate was flown primarily to test its rocket- 
worthiness prior to use in 1966 in the first Mark II stabil- 
ized Skylark, when an attempt will be made to obtain 
photographs of the Sun in monochromatic radiation with 
resolution of 10-20 are sec. In the present flight the zone 
plate camera was focused for the Lyman-z line of C VI, 
recently® found to be one of the strongest short-wave- 
length emission lines in the solar spectrum. Full details 
of the camera array are given in Table 


Table 1, DETAILS OF THE CAMERA UNITS (NOMINAL VALUES) 
Wave- 
length Focal Pin-hole or zone 
Unit Filter band length plate diameter Resolution 
(x) 10% (A) ün.) (107 in.) (arc min) 
A 03 Aluminium <40 74 5 2 
B 1-0 Polypropylene < 32 and 74 5 9 
+ 015 aluminium 44-48 
C 03 Aluminium <40 34 1-4 (inner zone) 1* 
& 7 (outer zone) 
D O83 Aluminium <40 R4 10 j 
E 1% Polypropylene < 32 and 4 25 |! 
+01 aluminium 44-45 
F 1:5 Aluminium <24 8-4 10 9 
@ 1:5 Polypropylene < $2 and R- 10 9 
+01 aluminium 44-48 


* This resolution would only be realized for monochromatic 
33-7 A and a finer grain emulsion than that used in this flight. 


The flight performance of SL 306 was excellent, reaching 


an apogee of 213 km and providing effective exposure of 


the cameras during the controlled phase of 
almost 5 min. Further, analysis of the 
initial flight records has shown the pointing 
control was the best so far achieved. 
Throughout the whole pointed phase, roll 
drift and lateral pointing noise were too 
small to be measured on the low-speed 
telemetry records so far available. It seems 
likely that the lateral noise figure of 20 are 
see obtained on this control unit during 
tests at Elliott Automation may have been 
achieved in flight, owing to thse use for the 
first time of a higher gain error-signal 
amplifier. The major pointing movement 
appears to have been a slow lateral drift of 
the instrument payload relative to the 
control bay. due to heating of the rocket 
during the launch phase. A slight elonga- D 
tion of the X-ray images reported here 
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supports such a drift of about 2 
north-south axis of the Sun. 


are min parallel to the 


The condition of the Sun’? on October 20 was ‘fairly 
quiet’, only three small ee ae piagas being 
evident on the disk, at 20° N. W., 20° N.-65° W. and 


30° S5.-30° E. Of these, the silane near the adie of the 
disk had brightened considerably on the day prior to the 
flight. The only other feature evident in the H-alpha 
photographs are a number of dark filaments in the 
north-west quadrant, being remnants of old active regions. 
The prov isional sunspot number on the day was 17 and 
the 10-7 em radio noise index was 73. 

X-ray images A-G are reproduced in Fig. 1, and en- 
largements of B, C and Æ are shown in Fig. 2. The 
following observations may be made from initial examina- 
tion of the negatives. 

(a) X-ray enhancements are seen associated with all 
three chromosphe ‘ric plages. Of particular note is the 
apparent size of the two low-latitude regions from image 
E. The measured size is 3 x 1 arc min and, after allow- 
ance for camera resolution of 1 are min and the probable 
north-south thermal drift, it is clear that each X-ray 
source is even smaller than the 1 are min estimated for 
earlier photographs’. 

(b) The very small motion of the pointing control 
parallel to the solar equator provides a true measure of 
the limb brightening which can be seen to have greater 
extent in an east-west direction than the plage-associated 
sources. Polar darkening i is again clearly seen. 

(c) A general increase in X-ray emission is found in the 
north-west quadrant of the disk, and this is particularly 
noticeable on the zone plate image. This emission pro- 
bably indicates higher coronal densities in this area, 
possibly associated with the old activity seen as filaments 
in the chromosphere. 

(d) Dark regions are clearly seen on the disk for the 
first time (c ompare images B and G) and it is notable that 
a dark region, probably therefore of lower density, is 
seen either side of the central plage, which was in process 
of rapid enhancement. A similar association of a dark 
patch with a newly forming bright X-ray region was seen 
on flight SZ 301, but on that occasion the poorer image 
resolution made this association less distinct. 

(e) Of particular interest is the higher disk emission on 
image . A compared with image B, particularly as the trans- 
mission of filter A exceeds filter B only below 43 A. It 
seems possible that this observation may be due to the 
greater sensitivity of camera A for the O VII lines at 





A B Cv 
E F G 


Fig. 1. Images A-G 
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21-5 A, reported earlier’ to be very strong in the solar 
spectrum. The lower coronal temperature outside the 
active regions, found in analysis of the earlier photo- 
graphs’, would support the occurrence of abundant O 


VII, requiring the relatively low ionization energy of 


170 eV, in the general corona. 

(f) Image O, from the zone plate camera, ts noticeably 
less distinct than the pin-hole camera images. This 
camera was set for prime focus at 33-7 A, the Lyman-« 
line of C VI, but the thin aluminium filter also transmitted 
shorter wave-lengths. The two low-latitude plages appear 
relatively sharp, probably due to the abundance of C VI 
in the active corona, this being a relatively high-energy 
state, of ionization energy 380 eV. It seems likely that 
much of the out-of-focus emission from the disk, particu- 


O 


E 





Fig. 2. 


Images B, C and £ 
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larly evident in the north-west quadrant, may be again 
due to the 21-5 A lines of O VII. Post-flight checks have 
shown that the zone plate was set in error for focus at 
40 A. This will have contributed to the blurring of the 
image but does not affect the conclusions drawn. 

We thank the staff of the Royal Aircraft Establishment, 
Farnborough, and of Elliott Automation for their respec- 
tive parts in suceessful stabilized Skylark vehicle, and the 
staff of the Weapons Research Establishment, Salisbury, 
for the launch. The technical assistance of colleagues in 
the Department of Physics in preparation of the cameras 
and, in particular, of John Larrad, who conducted the 
flight trial in Aastralia, are gratefully acknowledged. 
For the preparation of zone plates for this and future 
payloads and for laboratory study, we thank Prof, 
MOllenstedt of the University of Tübingen, Germany. 


P. C. RUSSELL 
K. A. POUNDS 
Space Research Group, 
Department of Physics, 
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COSMOLOGY 
A Cosmological Model 


(I) Ir is famibar that the Einstein equations for the 
density and pressure in a uniform universe: 





3 
Seip = Re (ke? + R*) — A (1) 
2p R* Rk” ke? 
8rG 3 = -2 >, - Re tA (2) 


do not suffice te specify the model since there are two 
equations and three unknown functions, p, p and R. A 
very common assumption is p = 0, but models involving 
both positive and negative values of p have also been 
proposed. McCrea! pointed out that there is no objection 
in principle to megative pressure and that the steady- 
state universe car. be interpreted in this way. 

The model discussed here belongs to this negative 
pressure class but with a different ‘equation of state’. Its 
particular interest is that it seems to provide a possibility 





of linking the cosmological parameters with familiar 
laboratory constants. 
(IT) Let us first make: 
Hypothesis A . 
9 
p= — § pe (3) 
If this is inserted in the equation: 
d p dk 
~ {of —=— = (Í) 4 
ds (p28?) + c? df (4) 


which is obtained by eliminating A between (1) and (2), 
there results: 

d 

= 5 = 0 

di (pf) 
so that: 


oP = L (a constant) (5) 


Pee ErGeel st, te = oes Te = ey, 


also the acceleration factor 





Th ation (3) gives sọ = — 2/3 and the Einstein 
equations can be written : 
oe Pe oo A= — 3 (go + o)T >” (7) 
RG) = - et 1-00 (8) 


In these, go 6) and T, can be regarded as having numerical 
values derived from observation. The equation corre- 


spondi to equation (7) in the zero-pressure model is: 


Bee Cacia A = — Bige — o9)T'o? (7) 
Comparison of equations (7) and (7Y brings out an impor- 
tant difference. In equation (7y it is possible for A to be 
_ Zero or positive for positive values of q, and Gy, and in fact 
it is widely assumed that A = 0. With equation (7) this 
sible. If q, and c, are positive then A is certain- 





















seems very likely, qe + 1 > a), the left-hand 
ation (8) must be negative so that k = — 1. 


Bo (9) 
combined with equations (5) and (6), gives: 
o 46 
(Ya + l—o) ~ 3 hare LY, (10) 


(11) 


epresents an oscillating hyperbolic universe. 
ntroduce homogeneous variables Y = R/R,, X = 
quation (11) can be written: 


-qot l~o, + 26) Y — (qo +00) ¥*#=0(Y) (12) 


of this universe is AT „ where: 
da 


1 S ian 


3 | X 
a E E Jap 
a )} V (dq + Bp) base V/ (G2 +4465) 


oe, POETE od, eae | 

+ sin Wat Gera.) (13) 
ample, qo = 1-85 and, is small in comparison, 
about 0-69. 

~~. (TID) Tam not competent to discuss the observational 
aspects, but I suspect that it might prove difficult to 
diseriminate between the present model and a cognate 
zero-pressure one. The observational properties of the 
latter are closely bound up with the function: 


a be | 
Ie) = Ẹ de {1 + 2go + 1)2 + (go + 1 + 30o)z? + 
a Ed 26 29t~4 
The corresponding function in the present theory is: 










i i 
oo da) = k dz {1 + Ziq + D+ (qa + 1 — Og)2*}-4 


ri, of course, be expressed in terms of elementary 
_ Tf it is the case that q, is considerably larger 
would not be easy to distinguish between 
2) for the range of values of z (the red shift) 
so far been observed. 

@ now introduce a second assumption. 

sts B. Equation (5) holds also for the electron, 
same constant L. 

tive pressure in this ease would be a tension 
ng the electrostatic tendency of the electron to 





(6) 
Jo = — RR Ri 


q so. proportional to R?. Such an energy 

as being due to surface tension, has recently been prop 

by Dirac? in his theory of the muon as an excited state 

of the electron. P 
Hypothesis B gives: 


4 : 3 
L = (m[3x0° ) a 2 2 = 


where m and a are the mass and radius of the electron. 
Thus, in equation (10): 
By Gm 
Vio + 1 a) ~ ake 
The radius of the electron is a theoretical concept and 
it is not entirely clear what value should be attached to it. 
We adopt Dirae’s expression, 3e"/4me?. Inserting numeri- 
cal values, equation (14) becomes: 









Ty (14) 


Ty = 2 x 101% mpe see 15): 2225 

i V (da + 1 — S) ( m 

In terms of Hubble’s parameter H, expressed as usual in’ > 

km/sec per megaparsec, this is: 

(qo + 1 ~ a) 
Be $ 

and this appears to be consistent with observation, for 

example, H = 75, qe = 1:85, gives o, = 0-03, which is 7 

in the permitted range’. = 
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PHYSICS 


Gravitational Deflexion of an Electromagnetic 
Wave aie 
Ir is well known! that the velocity of propagation of an 
electromagnetic signal is governed by the boundary 
conditions imposed by the guiding structure, the type of 
modulation and the characteristics of the detector. It 
is possible that. the velocity associated with an unmodul- 
ated transverse electromagnetic wave in free space may- 
not be unique. ee 
The deflexion of a light beam as it passes the Sun is . 
calculated on Newtonian theory as: S 


9 = 2M 
au? 


in astronomical units, where v is the velocity of the hght oi 
corpuscles at infinity, M is the mass of the Sun, anda ~ 
is the radial distance. For v = ¢ = 1 this expression 
gives a deflexion equal to half that given by general 
relativity. pore 
I have previously shown?-* that the constant velocity = = 
of light relative to any frame of reference may, in the 
steady state, be eonsidered as a boundary condition = a 
imposed by the material boundary of the frame of refer- 
ence. Physically, any electromagnetic energy arriving | 
from a moving source may be considered to be guided in 
at c by the energy stored in the near fields associated with 
the current induced in the receiving aerial. Consider now 
the power density, P,, of a wave transmitted into space 
by a dipole aerial, The distant field may be expressed 
in the usual form: | | Aog 











ie foes SRE OP REET 2 








+ is associated with the first term inside the bracket and the 
velocity of propagation of this energy isc. If, however, 
oe this transmitted power is inherently guided by the stored 
.- energy component associated with the second term in 
the bracket, then it is the Sun’s gravitational interaction 
oe with this stored energy term which is relevant to determ- 
— ming the deflexion of a light beam. The root-mean-square 
oes: velocity, along the radius vector, associated with this 
|. stored energy term is simply ej 4/2 and the deflexion of a 
light beam is then: 
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he same result as is predicted by general relativity. 
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Epitaxial Deposition of Cadmium Selenide 

N the past few years there has been considerable inter- 
in the use of evaporated films of cadmium selenide 
>) for thin-film transistors and photoconductive 
est. As normally prepared, sueh films consist of 
ees material which has. a rather poor electron 


crystal films of cadmium selenide in a conventional 
‘ator by using mica as an orientating substrate. 
hotoconductive grade cadmium selenide is evapor ated 
nan alumina boat on to freshly cleaved mica in an 
; ymbient pressure of 10-°-10~* torr. ‘The mica substrate is 
=o mounted in an almost enclosed oven to give a uniform 
ooo substrate temperature, and the cadmium selenide filrn 
<- thickness is monitored by optical reflexion through the 
- substrate. Initial nucleation is performed at a temperature 
ef 200° C, and evaporation is continued until the reflec- 
tivity has increased by about 20 per cent. The evapora- 
tion is then interrupted, the substrate temperature raised 
to 400° C, and the evaporation completed. Deposition 
gates of 100-150 A/min are used at this latter stage, and 
‘the films built up to a total thickness of 750-3000 A. 
‘Thicker films than this tend to flake off the substrate. 
4 To illustrate the single-crystal nature of the films, 
<o Fig. 1 shows a transmission electron diffraction pattern 









where K is & constant. The net ‘transmitted power er. 


ave found that it is ver to produce large-area. 


of a 750 A film. ‘The whole. area of the film produced r 
(1:8 em diam.) is single-crystal. | ae a 
A. Bronnsonyan a ees 
Department of Electrical Engineering, bo 
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Fluid Displacement Phenomena in Porous 
Media observed by a Wide-line Nuclear 
Magnetic Resonance Method ue 


LABORATORY investigations of fluids moving through | 
porous materials have been handicapped by the lack of 
direct methods of measuring fluid content without dis- — 
turbing fow. Investigations of flow in porous media have 
been dependent on the properties of the particular tracer 
used to follow the fow. Experiments using labelled fuid ni 
have been criticized on the grounds that the moverae: 
of the tracer may not completely reflect the mov 
of the fluid. 

The problem of measuring fluid content in 
materials has been studied extensively, howev 
several methods hawe been developed through the. 
various techniques, including electrical resistivity 
absorption, radioassive tracers, neutron diffractio 
netic susceptibility. and y-ray absorption. T 

A new experimental method, based on nuclear ù 
resonance principles, which is free from the i 
limitations of the foregoing methods, was develop 
examination of flow of fluids through porous y 
The sample to be imvestigated is placed within a | 
the amount of heclrogen-containing liquid iso 
directly by measuring the number of hydrogé 
present inside this coil. No additional tracer i 
since each hydrogea nucleus acts as its own tra 

This method depends on the observation 41 
sample containing nuclei with spin quantum 
other than zero is placed in a direct-current magi 
field and is simultaneously irr adiated by a small 
frequency field rotating in a plane perpendicular to the 
steady magnetic faid, the nuclei absorb radio- frequency fe 
energy at unique resonant frequencies proportional to the — 
magnetic field stremgth?. The amount of energy absorbed 
by a liquid sample containing hydrogen atoms in its 
chemical constitutien (such as water or hydr ocarbon) is 
a measure of the number of hydrogen atoms. in: the: 
observed volume. 

In situ determination of fluid saturations in a miscible 
displacement experiment was performed for the first time 
without addition cf a tracer through use of the nuclear: 
magnetic resonance apparatus’? and has already been. 
reported!. This communication presents the results of | 
detailed investigatiens of several miscible and immiscible 
displacement experiments conducted by displacing dis- 
tilled water with deuterium oxide, kerosene with carbon = 
tetrachloride and with deuterium oxide, and n-heptane — 
with carbon tetrachloride in the presence of residual : 
deuterium oxide im Boise sandstone cores. oe 
pasanti resonance spectrometer develop T 
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l in. diameter) of the nuclear magnetic resonance appar- 
atus. The nuclear resonance absorption spectrum was 
first observed under steady-state conditions and the 
derivative of the nuclear magnetic resonance absorption 
curve was obtained’. Then, the hydrogen-containing 
liquid was displaced vertically, from the bottom up, by 
a hydrogen-free liquid with a frontal velocity of the order 
of 10-* cm/sec. The derivatives of the nuclear magnetic 
resonance absorption curves were obtained as the front 
between the hydrogen-containing and the hydrogen-free 
liquids was passing through the section at which the 
sample coil was located. 

Since the nuclear magnetic resonance absorption signal 


amplitude is directly proportional to the number of 


hydrogen atoms present in the observed volume, provided 
the line width is the same, these experimentally obtained 
derivative curves were numerically integrated to obtain 
the nuclear magnetic resonance absorption signal ampli- 
tudes. The initial signal amplitude corresponds to 100 per 
cent saturation of the hydrogen-containing liquid. The 
saturation at subsequent intervals of injected pore volume 
were calculated by comparing the corresponding signal 
amplitudes with the initial signal amplitude. 

In these experiments the line widths of nuclear mag- 
netic resonance absorption curves were essentially the 
same, hence the signal amplitudes were used for com- 
parison. In cases where the line width might change due 
to the wettability characteristics of the porous medium 
or changes in the viscosity of hydrogen-containing fluid, 
the area underneath the nuclear magnetic resonance 
absorption curve should be taken to be directly propor- 
tional to the number of hydrogen atoms present in the 
observed volume. 

Using the procedure described, miscible displacement 
of distilled water with deuterium oxide (a hydrogen-free 
liquid) was observed. Although both the viscosity and 
the density ratios between distilled water and deuterium 
oxide, 0-80 and 0-90, respectively, were favourable, the 
concentration profile obtained was slightly asymmetric 
(Fig. la). This tailing of the breakthrough curve cannot 
be described by the one parameter diffusion model*, which 
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predicts a perfect S-shaped concentration profile having 
the 50 per cent concentration at one pore volume. Use 
of either two- or three-parameter dispersion models? to 
describe this concentration profile may indicste the 
presence of dead-end pores® or stagnant volume? in the 
Boise sandstone. 

The effect of unfavourable viscosity ratio, 2-27, on the 
miscible displacement profile was observed by displacing 
kerosene with carbon tetrachloride. Viscous fingering of 
carbon tetrachloride is indicated by the early break- 
through and the greatly extended shape of the concen- 
tration profile (Fig. 1b). 

In order to investigate a multi-phase fluid flow in & 
porous medium, a sandstone sample was saturated with 
deuterium oxide which was in turn displaced with 
n-heptane until a residual amount was left (this is 
indicated when the nuclear magnetic resonance absorp- 
tion signal amplitudes stop increasing). The residual 
deuterium oxide saturation. 21 per cent, was measured 
by obtaining a nuclear magnetic resonance absorption 
signal from this flow sample and comparing its amplitude 
with that obtained from a similar sample with 100 per 
cent heptane saturation. Then, n-heptane was displaced 
with carbon tetrachloride and a highly irregular con- 
centration profile was observed (Fig. lc). Since this curve 
is plotted on an effective pore volume basis (79 per cent 
of the total pore volume), it is apparent from Fig. le 
that the presence of deuterium oxide has more effect than 
merely changing the porosity available to flow. The 
irregular shape of the concentration profile rather indicates 
a change in the pore size distribution caused by the 
presence of deuterium oxide. Since deuterium oxide is 
present in the core as the wetting phase, the non-wetting 
phase, n-heptane, can occupy only the larger pores, 
thereby resulting in a dendritic, non-wetting phase fluid 
distribution in which the large volumes of n-heptane are 
trapped in non-communicating blocks’. 

For a study of immiscible displacement, kerosene was 
displaced with deuterium oxide. A very early break- 
through of deuterium oxide did occur and its saturation 
increased steadily as more and more viscous fingers 
(viscosity ratio of 1-75) reached the sample coil (Fig. ld). 
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materials it is often stated 
>` process is the 
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a. Flow patterns leads 

ing to uniform diffus- 

ion across the orginal 
interface 


b. Flow patterns lead- 

ing to non-uniform 

diffusion aeross the 
original interface 


ec. Definition of a 

piane ABCD within 

the shear zone of a 
barrel mixer 
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d., Trajectory of col- 

lision between par- 

ticles ın adjacent 

layers within the shear 
zone 





Fig. 1. Schematic representation of the diffusional mechanism of solid~ 
solid mixing 


process, regions of high concentration of one component 
remain, then such an aggregate may be too small to be 
segmented by the action of the mixer in a finite time, and 
diffusion out of the aggregate must take place before final 
mixing can occur. 

In a barrel mixer, loaded axially as shown in Fig. la, 
the observed diffusion is a result of the particles acquiring 
a component of motion along the axis of the mixer. Figs. 
la and lb illustrate the shear zone and two possible 
motions of the diffusion ‘front’ during mixing. (The 
diffusion ‘front’ is any hypothetical plane of constant 
composition perpendicular to the axis of rotation which 
signifies the progress of mixing at a given time.) If regions 
exist in the mixer in which a finite number of particles 
do not move into the shear zone, the diffusion ‘front’ will 
not be uniform. Thus, it must be established whether or 
not there are any systematic variations in concentra- 
tion on any plane perpendicular to the axis of the 
mixer. 

An idealized system of white and yellovgbeads, 2 
diameter, identical in size, shape and densiti di 
in refractive index by 0-03 units, was ob 
investigation. This permitted ready anal 
taken from the mixer bed. ‘These beads 
axially in a simple barrel mixer, 4-in. diame 
length, constructed of ‘Lucite’. Samples 


00p. in. 
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Table 1. ILLUSTRATION oF ‘PLANE FRONT’ DIFFUSION IN AN IDEAL 
SYSTEM OF PARTICLES LOADED AXIALLY IN A BARREL MIXER 


No. of revolutions oy s7 op S 

2,000 0-05 ; 

4,000 1°52 

7,000 1°48 

70,000 0-62 

£0,000 0-82 

20,000 ~ 1-33 

£0,000 ~~ 1-99 

100,000 2:02 


the observed and zandom variances are shown in Table 1. 
Thus, no systematic variation in concentration in & plane 
perpendicular to the mixer axis was observed in this 
system. It now remains to describe the particle motion 
in the mixer that leads to the observed diffusion as a 
plane front. 

The principal mixing zones within a barrel mixer are 
shown. schematically in Fig. la. Consider a plane ABCD, 
as shown in Fig. 1c, located within the shear zone of the 
mixture. Visual observations of motion in the mixer 
reveal that the great majority of particles enter this shear 
zone during each revolution of the mixer. The photo- 
graphic investigation of mixing reforted by Carley- 
Macauly and Donald (ref. 3, Fig. 12) illustrates this 
motion into the shear zone. Distributed at random 
across the plane ABCD are particles which may be con- 
sidered to be haléspheres. For simplicity, consider that 
the centres of the particles all lie in the plane ABCD. 
Due to the gradient in the shear zone, particles passing 
over the plane APCD will collide with those in the plane 
and are likely to 5e deflected. The deflexions result in a 
displacement of the particles parallel to the mixer axis. 
This is shown schematically in Fig. ld, in which particle 
Q after collision with particle P moves in a direction along 
the mixer axis and into a ‘hole’ in the random assembly 
of particles. 

The randomness of position within the assembly of 
moving particles and the action of a shear gradient are 
together the necessary and sufficient conditions to generate 
random motion of a particle in a mixer. Since one com- 
ponent of motion is parallel to the mixer axis, net diffusion 
will take place. As almost every particle enters the shear 
zone during each revolution, on the average, the diffusion 
‘front’ 1s at all times a plane parallel to the original inter- 
face between the components of the mixture in an ideal 
system. Note that early investigations’ revealed that 


density differences between components of the mix lead | 


to collisions in the shear zone in which the resultant 


motion of the particles is predominantly toward or away ` 


from the centre of mass of the rotating charge. 

Recent experimental analysis by Kaye and Sparrow’ 
utilized a system of balls flowing down a stationary 
inclined plane in an attempt to simulate motion within a 
rotating mixer. They interpreted their results in terms 
of diffusion in the limited surface region, rather than in 
terms of diffusion within the more extensive shear zone, 
as shown in Fig. 1d. The results shown in Table 1 show 
that diffusion in.solid-solid mixing cannot, as Kaye and 
Sparrow’ suggest, be limited to a depth of eight or nine 

i ameters from the free surface, but must occur 
whole shear zone into which the great 
Jes enter during each revolution. In the 
materials, limitation of diffusive 
orion is unrealistic, since the shear 
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> GEOPHYSICS 


Munro Jets and the Origin of Tektites 


TE theory of Spencer that tektites splashed out of 
terrestrial craters met with support from Cohen?, Gentner 
and Zdhringer® and others, but also with objections, 
summarized by O’Keefet, The main objection was that the 
air resistance of bodies as small as tektites on their up- 
ward flight is too large to allow them to escape from the 
crater at the velocities (2-8 km/sec) required for their 
observed ranges. Vand*:* proposed a detailed mechanism 
of a tektite jet formation through an implosion of a 
conical cavity lined with molten glass which is formed 
immediately after impact, and showed that a jet of tektites 
can survive the upward atmospheric journey if of sufficient 
total mass; that is, if it originated m a crater more than 
some 4 km in diameter. The escape is further facilitated 
by the low density of the hot train left after the passage 
of the meteorite. The high-velocity jet overtakes the 
general debris and keeps tektites from crystalline con- 
tamination. If moldavites are from the 24 km diameter 
Ries Kessel crater in Germany, the tektite jet from an 
initial conical cavity 4 km deep and 1 km in diameter 
would be a cylinder about 5 km long and 40 m in diameter, 
moving initially at 2-36 km/sec and carrying some 101 
kg glass with it. The original of the required cone wall 
implosion velocity of about 0-15 km/sec was not well 
understood, as such a phenomenon had not then been 
observed in laboratory cratering experiments, and gravity 
collapse could only account for part of the velocity. 

However, the work of Watson and Gibson’? on jets formed 
from imploding bubbles seems adequately ,to elucidate 

` the operating mechanism. Photographs are given of 
beautiful Munro jets formed when hemispherical cavities 
on the surface of a liquid are collapsed. by a shock-wave 
travelling from below. Shock strength of some 10 kbar 
produces 1:9 km/sec Munro jets from cavities g } 

After a meteoritic impact, a travelling shá 
be reflected upwards from underlying 
Reflexion and réfraction of shock-wa 
phenomena. For acoustic wave 
travelling from medium 1 to m 
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Typical boundaries which may be encountered under 
terrestrial conditions at smaller depths are those of 
granite (d = 2-65, c = 5-5 km/sec) over diorite (d = 2-9, 
c = 6-5 km/sec) or at depths of some 40 km {Mohorovičić 
discontinuity) of diorite over dunite (d = 3/4, c = 7-75 
km/sec). We find for P,/P; for the above two cases 0-12 
and 0-16 respectively. 

Assuming that Ries Kessel was formed by an iron 
metecrite 1 km in diameter travelling at 15 km/sec and 
having kinetic energy equivalent to 10° megaton TNT, we 
find by analogy with nuclear explosions that a 100 kbar 
shock would be found at 2-5 km from the blast centre. 
According to Shoemaker’, the blast centre occurs at 4 to 5 
meteorite lengths after ground penetration. Assuming that 
the meteorite arrived at an angle 30° from horizontal, as 
required by the range of moldawvites, the centre of explo- 
sion would be at 2 km depth and therefore a downward 
travelling 100 kbar shock would be found at 4:5 km depth. 
If at this depth there happened to be a discontinuity 
reflecting about 15 per cent of pressure, an upward travel- 
Img 15 kbar wave would form, which would attenuate to 
10 kbar when reaching the cavity. 

The implosion velocity which occurs on the arrival of 
the reflected wave is a spalling effect due to its reflexion 
at the free cavity interface. The implosion velocity at the 
free interface is then twice the instantaneous particle 
velocity, which is given by v = P;/c d, where c and d are 
the velocity of propagation of the longitudinal wave and 
density at shock pressure Ps. Substituting for glass d = 
2-5, c = 5 km/sec, Ps = 10 kbar, we obtain v = 75 m/sec 
or the implosion velocity 2v = 0-15 km/sec, which is just 
the required value for the cavity collapse to generate a 
backsplash jet of the required velocity. 

We may further speculate that the general inward 
motion of other crater materials caused by the passage of 
waves reflected from below will also be responsible for the 
formation of a central peak in some craters, if underlain 
by denser strata at favourable depth. In fact, the central 
peak of Steinheim basin may have been formed through 
reflexion at the underlying limestone-granite boundary, 
and the peaks of certain other large craters through 
reflexion from Mohorovičić discontinuity. Similar inter- 
pretation of central peaks of lunar craters might help in 
mapping such discontinuities under the lunar surface. 


V. VAND 


Materials Research Laboratory and 
Department of Geochemistry and Mineralogy, 
The Pennsylvania State University, 
University Park, Pennsylvania, U.S.A. 
1 Spencer, L. J., Nature, 181, 876 (1983); 132, 571, 678 (1933). 
* Cohen, A. J., J. Geophys. Res., 66, 2521 (1961). 
8 Gentner, W., and Zdihringer, J , Z. Naturforsch., 15a, 93 (1960). 
1 O'Keefe, J., Tekittes (Univ, of Chicago Press, Chicago, Ill, 1963). 
5 Vand, V., Mineral Industries, 38, No. 4 (1968), 
§ Vand, V., Advances in Geophysics, 11 (1965) 
7 Watson, R. W., and Gibson, F, © , Nature, 204, 1296 (1964). 
* Shoemaker, B. M , Impact Mechanics at Meteor Crater, Arizona, Open Fils 
Report, U.S. Aerio Energy Commission (1959). Also published in 
The Solar System, 4, 301 (1963), 
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of Silcretes of Central Australia 
, Stephens! has suggested that the wide- 


ee events: (1) mobilization of silica by 


es of Central Australia can be explained by a 
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Although Stephens’s concept of linking the lateritic 
leaching processes in one great region with the deposition 
of silica in the adjacent one is appealing in its simplicity, 
severe doubts come to mind if one attempts to visualize 
the process of fairly regular distribution of the silica 
over a surface, measuring hundreds of miles across, by 
means of streams and rivers. No planation surface 
is so featureless as to allow complete, or major, inundations 
by rivers, and even during great floods, rivers would, _ 
therefore, tend to follow particular linear trends along 
which the silica supplied and eventually precipitated 
would have to be confined. Thus, if rivers flowing across 
the region actually did contribute a major amount of 
allochthonous silica to the formation of the silerete sheet, 
this could only. have happened by feeding the dissolved 
silica, into the groundwater and by its further slow dis- 
tribution and rise with this latter agent away from the 
river courses. It is more likely, however, that river 
contributions of silica were subordinate or negligible, and 
that the formation of the siliceous duricrust followed, 
predominantly or entirely, the pattern generally accepted 
for the genesis of such surficial encrustations, whether 
ferruginous, aluminous, manganiferous, calcareous, or 
siliceous—mobilization of the substances concerned from 
the bedrock (or parent material) im situ by chemical 
weathering, and precipitation after movement over very 
short, or at best moderate, distances in the groundwater, 
usually by means of evaporation®. It would be necessary, 
therefore, to make allowance, in the silcrete areas, for a 
period during which the climatic conditions were just 
right for both mobilization and precipitation of silica to 
occur more or less in situ. A climate drier than the 
equatorial one with its lateritic weathering processes would 
presumably have to be envisaged. 

My own experience with duricrusts was essentially 
gained in West Africa, and although I was predominantly 
concerned there with ferruginous and aluminous types?-‘, I 
have made some observations on siliceous precipitates 
which support the generally accepted view outlined here. 
These investigations will be published separately. 


W. D. BrRuUcKNER 


Department of Geology, 
Memorial University of Newfoundland, 
St. John’s, Newfoundland, 
Canada. 
* Stephens, C. G., Nature, 208, 1407 (1964). 
* King, L. O., The Morphology of the Earth, 171 (Oliver and Boyd, 1962). 
* Brickner, W. D., Geol. Rundschau, 48, 307 (1955). : 
* Bruckner, W. D., Eclogae Geol. Helv., 50, 239 (1957). 


I rage Prof. Briickner’s remarks to mean that he 
almost exclusively favours the hypothesis of relative 
accumulation of silica within the profile m which it has 
been released by weathering. Examples of this are wide- 
spread in Australia for both laterite and silerete, but in 
the case of the Central Australian silcretes the general and 
detailed evidence is markedly in favour of absolute 
accumulation following lateral movement in dramage 
waters. In addition to the general evidence set out in my 
letter the following details are significant. (1) Water- 
worn quartz gravels are frequently found in the matrix of 
silcrete. (2) Water-worn silcrete from some higher 
residuals is often. included in the silerete of lower surfaces, 
thus pointing to a complex erosional and depositional 
history rather than simple widespread planation. (3) 
Some of the silcrete overlies gypseous, caleareous and 
alunitic lacustrine deposits from which it is most unlikely 
to have been derived. (4) The present ephemeral stream 
pattern and the associated soils and rock exposure taken 
together with the higher situated water-worn quartz 
gravels point to topographic inversion of a landscape in 
which the originally lower silicified surfaces are now 
preserved as the higher topographic elements. 
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It is my intention to complete, during 1966, a mono- 


. graph giving the rasults of an intermittent, but very 


prolonged, investigation of Australian laterites and 
silcretes and their ralationships. 


C. Q. STEPHENS 


C.S.I.R.O. Divisicn of Soils, 
Adelaide, South Australia. 


Cromer Forest Bed Series 


During the past seven years much new evidence has © 
been obtained concerning the stratigraphy of the Cromer 
Forest Bed Series of the Norfolk and Suffolk coasts, and ~ 
this requires the sequence put forward by Clement Reid?.? 
to be revised. These new investigations have not yet 
been completed and it will be some time before the full 
stratigraphical and palaeoecological results will be 
available. But because of the importance of the Cromer 
Forest Bed Series Zor the European Middle Pleistocene 
succession it will be of general interest to give a simplified 
description of our provisional stratigraphical results. 

Reid’s classic Cromer Forest Bed Series succession is 
shown in. Table 1. 


Table 1. LEMENT REID'S SEQUENCE OF THE CROMER FOREST BED SERIES 
AND RELATED DEPOSITS 


Cromer Till (First Till) 

Arctic Freshwater Bed 

Leda-myalizs Bed 

Upper Freshwater Bed 

Forest Bed (estuarine) }Cromer Forest Bed Series 
Lower Freshwater Bed 

Weybourne Crag 


The only emendation that this sequence has received. 
since the nineteenth century is Solomon’s® suggestion 
that the Arctic Freshwater Bed precedes the Leda-myalis 
Bed. 

The new stratigraphical evidence is summarized in the 
sketch-sections of Figs. 1 and 2 of the coastal exposures at 
West Runton and Mundesley. A lower temperate series, 
principally estuarine sediments (a), is overlain by sands 
and gravels (b), often ferruginous near their surface and 
forming iron pan. These gravels are often associated with 
clay-conglomerates derived by re-working of the lower 
estuarine beds. Arctic freshwater beds (c) are associated 
with these gravels at West Runton, and ice-wedge casts 
and involutions oecur within them. Freshwater late- 
glacial marls and silts (d) lie on these beds and then come 
the temperate organic mud beds (e) forming the so-called 
‘Upper Freshwater Beds’ at West Runton. These tem- 
perate freshwater beds are the type sediments of the 
European Cromerian Staget. The soil (f) of this stage 
extends north and south of the main exposure at Goss’ 
Gap, West Runtor.. Along this stretch of the coast the 
soil and the peat are covered by estuarine silts, gravels 
and sands (g) of a marine transgression which occurred in 


. the latter half of the Cromerian. The well-known bed of . 


Mya truncata in situ at West Runton, noted by Trimmer’, 





Fig. 1. Sketch secticn at West Bunton, about 400 m length and 7 m 
depth. Key to letters in Table 2 


498 


appears to be the soil of the Cromerian land surface bored 
by Mya in the first stages of the transgression. At 
Mundesley the transgression silts and beach gravels of the 
same transgression cover thin temperate peats of the 
Cromerian freshwater episode, which lie in hollows of the 
ferruginous gravels and sands of horizon (b). Similar trans- 
gression silts occur at Corton in Suffolk overlying the 
freshwater ‘Rootlet Bed’, which again lies on ferruginous 
gravel. 

At Mundesley, freshwater sediments (h) again occur 
over the transgression deposits. They are arctic in charac- 
ter and are associated with ice-wedge casts and involutions. 
Similar ice-wedge casts penetrate the transgression deposits 


- at Corton, and at West Runton. The succession is capped 


by the lowest till (<) of the coast sections, representing the 
first ice advance over East Anglia. 

Regarding the correlation of these temperate and cold 
horizons, the lower temperate series may be equivalent 
in age to the topmost temperate horizon (L5) of the 
Ludham borehole*. This temperate stage is provisionally 
named “Pastonian’ as the sediments occur on the foreshore 
and in boreholes opposite Paston Cliffs, near Mundesley. 


Table 2 
Deposit 
Stage (letters refer to Environment Identified by 
Figs, 1 and 2) C. Reid as: 
Lowestoftian è Tull Glacial Cromer Till 
k Mossy silts, sands Cold freshwater Arctic Freshwater 
Ice-wedge casts Permafrost Bed 
and involutions 
Cromerian g Silts, sands Temperate estu- Leda-myals Bed 
arine, marine Forest Bed 
f Soil Temperate (estuarıne) 
e Muds, peats Temperate Upper Freshwater 
freshwater ed 
Beestonian 4d Silty marls Late-glacial 
freshwater 
é Silts Cold freshwater rcs Freshwater 
b Gravels, sands, Cold Forest Bed 
clay-conglom- (estuarine) 
erates 
Ice-wedge casts Permafrost 
and involutions 
Pastonian a Silts and sands Temperate Weybourne Crag 


estuarine, marine 


The middle cold horizon appears to be a hitherto unre- 
corded cold stage, here named the ‘Beestonian’ because the 
characteristic arctic beds of the stage are well exposed in 
the Beeston Cliffs, near Sheringham. The upper temperate 
horizon, including both freshwater and estuarine facies, 
must be included in the Cromerian Stage by definition. 
The stage names and their boundaries shown in Table 2 
are given. according to the system described by West’. | 

Reid’s divisions are not everywhere comparable with 
those of the sequence described here. Table 2 shows the 
general relation of the two sequences as far as possible: 
we have not included in this the Lower Freshwater Bed, 
as the identity of this is not yet certain. It will be best 


_ to abandon the names suggested by Reid, as neither the 


sequence nor the divisions can be maintained. 
This work has been supported by a Nature Conservancy 





grant. We thank the Paramoudra Club of Norwich and 
å 4 T á à a å A A i 
Fig 2. Composite section at Mundesley, about 6 m depth. Key to 


letters in Table 2 
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Mr. R. A. Markham of Ipswich Museum for their help in 
excavations made at West Runton. 
R. G. WEST 
D. Gay WESON 
Sub-department of Quaternary Research, 
Botany School, 
University of Cambridge. 
1 Reid, C., Geology of Cromer, Mem. Geol. Surv. England and Wales (1882). 
* Reid, C., Pliocene Deposits of Britain, Mem. Geol. Surv. U.K. (1890). 
* Solomon, J. D , Quart. J. Geol. Soc., 91, 219 (1935). 
t West, R. G., Trans. Norf. and Norw. Nat. Soc., 18, 365 (1961). 
5 Trimmer, J., Quart. J. Geol. Soc.,1, 218 (1845). 
° West, R. G., Proc. Roy. Soc., B, 155, 437 (1961). 
7 West, R. G., Proc. Geol, Assoc. Lond., 74, 151 (1963). 


CRYSTALLOGRAPHY 


Nature of the Twinning in the Lower 
Strontium Soaps 


Morley and Vand! have proposed the space group 
P2,/n for strontium laurate. During the investigation of 
the structure of strontium caprylate I found? that the 
crystals were all twinned and upper-layer Weissenberg 
and precession photographs showed conclusively that the 
crystals were triclinic with the remarkable feature of 
Bt = 90°. 

Crystals of strontium caprate and strontium laurate, 
prepared by metathesıs, have now been grown by slow 
cooling of aqueous solutions. The crystals so formed are 
rather less perfect than those of the caprylate but are quite 
good enough to confirm that all three soaps are of the 
same form; all are triclinic and in all cases 8* = 90°. 

The twinning shows up clearly in the [100] projections 
of the soaps, where the two members of the twin have a 
common c* axis. In strontium laurate the angle between 
the c * and 6* axes (y *) is such that the reflexions from the 
two members of the twin with k even coincide exactly. 
A diagram of the composite reciprocal lattice plane is 
shown in Fig. 1. In the caprate and caprylate, although 
the twinning reveals itself in the same way, the coin- 
cidence of the reflexions on the rows when =+ is even is no 
longer exact. 

The structures exhibited some unusual symmetries. 
The [100] projection shows that the Fourier transform of 
the unit cell contents contains a mirror plane but, since 
the reciprocal net is non-orthogonal, the weighted recipro- 
cal lattice itself does not exhibit the mirror plane. 

The probable mode of twinning is across the (001) 
planes at the ends of the hydrocarbon chains. In this 
plane, remote from the ionic groups, there will be little 
difference in energy between the two orientations. Fig. 


e* 





Fig. 1. The composite reciprocal lattice of the [100] projection 
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a b c 


Fig. 2a, The twinning mode; b, stacking fault with a slip of b/2; c, stacking 
fault with a slip of b/4 


2a shows a sketch of the unit cell and the twinning mode. 
Since the angle 8*, that is, the angle between the (100) 
and (001) planes, is exactly 90° the two lattices of the 
members of the twin coincide exactly in the [010] projec- 
tion. It is interesting to note that the mode of twinning 
preserves the continuity of the lines of apparent sym- 
metry across the twin plane. 

In addition to the twinning in all three soaps there is 
evidence of a stacking fault. This reveals itself in the 
streaking of some sets of reflexions in the c* direction. 
This fault probably originates in the same plane. A shift 
of 6/2, as shown in Fig. 2b, would bring the ends of the 
hydrocarbon chains into a similar environment, and the 
influence of the ionic groups, 12 A or more away, is likely 
to be very small. Such a stacking mistake would restrict 
the streaking to the reflexions when é is odd. Alternatively 
a shift of 6/4, illustrated in Fig. 2c, would result in the 
continuity of the apparent line of symmetry across the 
fault plane and only reflexions with k = 4n would be 
sharp. The first proposed mode agrees better with the 
observations. There is no streaking at all on the (002) 
reflexions and the streaking of the (0kl) reflexions is 
greater when k is odd, but there is some streaking of the 
reflexions with k even. There is no observable difference 
in the sharpness of reflexions for which k = 4n and k = 
2(2n + 1). 

4 E. STANLEY 
Department of Physics, 
University of Saskatchewan, 
Regina Campus, Canada. 


D 


M. S. SHAIKH 


Department of Physics, 
Faculty of Technology, 
University of Manchester. 


1 Morley, W. M., and Vand, V., Nature, 168, 285 (1949). 
2 Stanley, E., Nature, 208, 1875 (1964). 


CHEMISTRY 


A C23-type Modification of ThAs; 


ThAs, was reported to crystallize in the tetragonal 
Cu.Sb or C38 type of structure. In an attempt to syn- 
thesize this phase by reacting arsenic with thorium pow- 
der at temperatures between 600° and 900° C, a new 
modification was obtained. This low-temperature form 
a-ThAs, is orthorhombic and of the C23 type. Its lattice 
constants are: 


a= 7:287 + 3A 
b= 9784 +4A 
c = 4002 +2A 
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The same structure type is also found in ZrAs, (ref. 2), 
HfAs, (ref. 3), TiP,, ZrP, and HfP, (ref. 4). The transition 
to the tetragonal hıgh-temperature modification B- 
ThAs, appears to occur at approximately 1,100° C. A 
sample held at 1,150° C for one day was in parts converted 
into the C38 modifization. 

Our «-ThAs, samples showed p-type thermoelectric 
power of 10-20 pV/°C at room temperature and a dia- 
magnetic susceptibility ym = — 47-10-§ egs units/mole 
at 80° and 300° K. Both modifications were found to be 
metallic. This result is not trivial in the case of «-ThAs,. 
In the ordinary C23 type the co-ordination is: 

M—5Xy + 4X77, X7—5M, Xy—_-4M 

Six of the neighbouring anions form a trigonal prism’ 
around the cation while the remaining three anions are 
located outside the square prism faces coplanar with the 
cation. For large cations, such as Pb?* in lead chloride, 
this co-ordination lsads to a rather dense packing so that 
one might attribute 1ts occurrence to geometry only. 
However, three of the nine Cl neighbours of each Pb are 
considerably closer (2Cly at 2-67 A, 1Clyr at 2°89 A) than 
the rest (at 3-06, #09, 3-14 and 3-30 A), indicating that 
the electron configaration of the cation is also of impor- 
tance: Pb** readily forms p bonds. Hybrid wave functions 
fitting the actual 9-co-ordination of the cation can be con- 
structed by admixing an s and all five d orbitals to the 
p functions. If, therefore, in addition to geometry the 
electronic configuration of the cations is also important, 
then one would expect the C23 structure to occur in con- 
nexion with cations which have all five d orbitals available 
for bond formation. To our knowledge, there are no 
cations which contain localized d electrons and show a 
9-co-ordination. 

Among the non-transition elements, above all Ba**, 
but also Pb?+, fit both criteria and it is not surprising, 
therefore, that their halides are the main representatives 
of the C23 structure. A tetravalent cation is needed in 
order that the bonds in (C23-type chalcogenides be 
saturated, and this is indeed the case in the non-metallic 
phases ThS, and ThSe,. A pentavalent cation such as 
Pa’+ may form PePS, PaAss, etc., which we think may 
be isostructural with Pb(OH)Cl (C23-type with Xy and 
Xy being different anions). Extrapolating further one 
might expect hexavalent cations to be associated with 
the (23-type phosphides and arsenides. This is obviously 
not the case in the ZrAs, family of compounds, and their 
adherence to the C23 structure seems rather surprising 
at first glance. However, the C23 structure of the ZrAs, 
family differs from the ordinary PbCl, structure in that 
the corresponding atomic parameters give rise to bonded 
zig-zag chains involving half the anions. Ideally, bond 
saturation may therefore again occur with tetravalent 
cations, as can be seen from the representative ionic 
formula Zr**As*-As-. Although the anion—anion distances 
within the chains in ZrAs, and HfAs, are too long to corre- - 
spond to single bonds, the ‘strive’ towards bond saturation 
is nevertheless obvious in these compounds. Due to the 
larger size of the 2ation the chain formation will be less 
pronounced in «-ThAs,. I do not know the exact As—As 
distance in «-ThAs, since I did not determine the atomic 
parameters, but itis probably around 2:7 A. The metallic 
behaviour of my samples gives further evidence that the 
As—As distance within the chains is longer than the single- 
bond diameter of arsenic (2-42 A, ref. 5). Since phases, 
the bonding of waich nearly satisfies the conditions for 
semiconductivity. are often superconductors, a-ThAs, 
was also tested far superconductivity properties. How- 
ever, down to 1-2° K. no transition to the superconducting 
state was found. 

As would be expected, the metallic character of the 
high-temperature modification is more pronounced. 
Indeed, no anion—anion bonds occur in the C38 structure 
of 8-ThAs, so thas saturation of the bonds is impossible. 
In this connexion it should be noted that in the corre- 
sponding isostrucsural uranium compounds, UP,, UAs, 
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and USb,, the uranium atoms do not contribute all their 
six valence electrons necessary to fill up the anion valence 
shells, and as a consequence these compounds are also 
metallic. 

Attempts to prepare the diphosphide ThP, always 
failed. Instead of ThP, almost pure Th,P, of the cubic 
Di, type formed, which is a semiconductor like the 
isomorphous Th,As, It would be expected, however, 
that ThP, exists and that it is isomorphous with «-ThAsy. 
Six faint low-angle lines which I observed on my X-ray 
photographs, and which do not belong to the Th,P, 
pattern, can indeed be attributed to a C23 type ThP, 
with the following lattice constants: 


a = 6-95 Å 
b = 942 Å 
c= 390 Å 


I thank Miss E. Viefhaus and Mr. H. U. Boelsterli for 
assistance in the X-ray work and sample preparation, 
and Dr. E. Mooser for advice. 


F, HULLIGER 
Cyanamid European Research Institute, 
Cologny/Geneva. 
* Ferro, R., Acta Cryst., 8, 360 (1955). 


3 Trzebiatowski, W., Weglowskl, S., and Lukaszewics, K., Recen. Ohem., 32, 
189 (1958). 


3 Jeitschko, W., and Nowotny, H., Monatsh. Chem., 98, 1284 (1962). 
‘ Hulliger, F., Nature, 204, 775 (1984). 


* Pauling, L., The Nature of the Chemical Bond, third ed., 408 (Cornell Uni- 
versity Press, 1960). 


* Müller, J., Geneva (unpublished). 


New T;B; Compounds 


In the course of a study on transition-element com- 
pounds of composition TB, (T = transition element, B = 
phosphorus-group element) two compounds with a body- 
centred cubic structure were found, a semiconducting one 
in the system Re—As and a metallic one in the system 
Mo-Sb. Both compounds formed on reacting, at 600° 
900° C, the powdered elements in various ratios. A crude 
analysis of ReAs; by thermal dissociation at 1,000° C gave 
w rw 2-4. Our arsenide, therefore, must be identical to the 
phase ReAs,,, reported by Wiechmann et al... The non- 
metallic behaviour as well as the diamagnetism of rhenium 
arsenide confirmed the suspected stoichiometry Re,As, 
which corresponds to the normal valencies of Re and As. 
From density measurements, the unit cell [a = 8:722 + 
2 A] was found to contain four formula units of Re,As,. 
Since in the X-ray diagram only the general extinctions 
for body-centred cubic symmetry are observed, seven 
space groups are possible. However, the striking resem- 
blance between the diagram of Re,As, and that of Ir,Ge, 
led me to postulate a D8, structure for Re,As,. Best 
agreement between calculated and observed intensities 
_ was obtained for the following parameter values: 


ape = 0-338, wy, = 0-159 


Assuming the D8; type to be correct * for Re,As,, the co- 
ordination is as’ follows: ~ 


Re —4Asrr in 2°50 Å As; — 4Re in 2-604 
4Asr in 2-60 A 
1Rein 2-83 Å Asy — 3Re in 2-50 Å 


This proximity is, in fact, reasonable since it makes 
allowance for saturated covalent bonds as can readily be 
seen by invoking a charge transfer RetAszAs, and by 
allowing half-bonds to form between Re and As;. The 
non-metallic character of Re,As, was established by 
resistivity measurements on sintered samples at tem- 
peratures above 300° C. Assuming ọpọ ew exp (AH/2kT), 
an energy gap AH œ 0:7 eV was derived. At room tem- 
perature the samples were n-type with a thermoelectric 
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power of about 100 uV/°C. The magnetic susceptibility 
ym was found to be —210 and — 250 x 10-* cgs units/mole 
at liquid-nitrogen and room temperature, respectively. 

As expected, the corresponding technetium arsenide 
occurs in the same structure with œ = 8-702 + 2 A. 

Attempts to prepare the corresponding rhenium anti- 
monide failed. Rhenium did not react with antimony up 
to 1,300° ©. The phosphide Re,P, has a different structure 
and is isomorphous with Re,As,P, and Re,As,P,. 

The second compound, Mo,Sb,, is metallic and has’a 
practically temperature-independent paramagnetism (+ 570 
and +680x 10-* cgs units/mole at 80° and 300°, respec- 
tively). The crystallographic data of Mo,Sb, aret: 

a = 9:569 + 2 Å, D8stype with æmo = 0:341,ag, = 0-161 

A survey? of all previously known D8;-type compounds 
(Table 1) shows that they are metallic and that in them 
the total number of valency electrons per formula unit 
(counting all outer d electrons of the transition element) 
lies between öl and 55. The occurrence of the D8; 
structure in Mo,Sb, therefore is less surprising than in the 
non-metallic arsenides Tc,As, and Re,As., the valency 
electron number of which is 56. 

I have tried to supplement the list of D8; compounds 
by preparing a series of binary and ternary phases of 
adequate composition (see Table 1). These attempts were 
successful only in a few cases: 


Ir,Ga,Ge, : a = 8702 +34 
Ir,In,8n, : a= 9371 424A 
Ir,Ga,Ge, : a = 8-694 + 3 Å 


Ir,Ga,Sn, : a = 9113 4 2Å 
Ir,In,Ge, : a = 8-980 + 2 Å 
Ir, In, Sn, : a= 9-369 + 2Å 
, OsIr,Sn, : a = 9367+ 3A 


All my samples were prepared either by sintering the 
components in the form of pressed powder pellets or by 
melting, quenching and subsequent annealing at tempera- 
tures between 450° and 900° O. Since all D8, compounds 
form peritectically, it is possible that these preparation 
techniques are inadequate in many of the systems investi- 
gated and that the failure which I incurred in synthesizing 
the compounds in parentheses in Table 1 does not neces- 


Table 1. OCOURRENOE OF THE DSys-TYPE PHASES IN RELATION TO THE 
NUMBER OF VALENOY ELECTRONS 


Existing phases are underlined; the new ones are marked with an asterisk 

45: (Ru,In,). 

46; (Mo,Sn.). 

48, (Ir,Gay), (Ir;In,). j 

49:.(ResSn,), (RUsGaaGe4), (RusIn,8n,). 

50: (Nb;Sb,), (Ta,Sb,), (fo,8n3Sb,). 

51: Ir.Ga,Ge,*, Trin Sn", Ni Gay, Ni In, Pd,;Ga., Pd,In,, Pt,Ga,, Ptn, 
(TagMoSb,), (Pd,Al,), (PdIn, Tla), (Pd; Tl;), (Au;Cd,In,). 

52: Co,Al,Su, RusSn,, Ir,Ga,Ge,.*, IrsGa,Sn,*, Ir,In,Ge,*, Irin Sn *, 
pito Shs), (Ru;Ge,), (RusPb,), (O83,Ge:), (Os:5n,), (IrsAl;Ge4), 

¢ Tig). 


63; MosSb, * (Taz,Sb,Tes), (Mfo,As;), (Mo;Bi,), (W348), (W;Sb,). 
64: Oslr,Sn,*, (Ptsln.Sms), (AusGa,), (AusIn,). 
55: Ir,Ge,, TnS, CRu,8n,8b3), (Rh,Ge;), (Rh;Sn,;), (Ir,8i,), (Tr3Pb;)» 
(Pd,Ga;Ge,). 
56: TecsA8,*, Re,As,*, (Mo,8b,Te;), (Re,Sb-), (IrsinsSb,), (PtIr,Ge,). 
§7: (Pt,IrGe,), (AUGA, Ge). 
58; (Ir;8n,Sbs), (PdsGe,), (PdsSnz), @t.Ger), (PtSn:). 
Note. I was unable to synthesize the phases indicated in parentheses. 











sarily exclude their existence. Fortunately, in the case 
of Ru,Sn,, Ir,Ge,, Ir,5n,, IrsGa,Sn,, Ir,In,Sn, and 
Ir,In,Sn,, the peritectical transformation occurs at a 
high temperature (between 700° and 900° C). On cooling, 
the solidified reguli suddenly start to glow, indicating a 
very rapid exothermal peritectical reaction. In the 
case of Ni,Ga,, on the other hand, the transformation 
occurs at 250° C (ref. 3) and is accordingly slow. 

I thank Miss E. Viefhaus, Mr. R. Béchade and Mr. 
H. U. Boelsterli for their help in the X-ray work, the 
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magnetic measurements and the preparation of the 
samples, respectively. 
E. HULLIGER 
Cyanamid European Research Institute, 
Cologny/Geneva. 

* This structure type has since been confirmed by S. Rundqvist, Uppsala 
(personal communication) 

+ After this letter was submitted, a publication of Brown appeared in 


which he also reported on Mo,Sb,, giving gmo = 0388 and x3n=0 163 
(Brown, A., Nature, 206, 502; 1965). 
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? Schubert, K., Kristallsirukturen zwerkomponentiger Phasen, 316 (Springer- 
Verlag, 1964). 
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Thermoelectric Power and Chemisorbed 
Hydrogen 

CHEMISORPTION and, catalysis on palladium have been 
attributed to holes in the d band of the metall. Earlier 
work has shown that ambient gases change the thermo- 
electric power of silver? and copper?. The present com- 
munication demonstrates how simultaneous measurements 
of thermoelectric power and resistance show how chemi- 
sorbed hydrogen affects the Fermi-level of palladium at the 
metal-gas interface. 

A 7-mg film of palladium of geometrical area 175 cm? 
was formed by evaporation of a wire in high-vacuum on to 
the glass walls of a reaction vessel. After annealing, the 
film shows a thermoelectric power of —7:5 uV deg.-} 
compared with — 9-5 for bulk palladium’. Hydrogen gas 
was admitted to the film at 20°C, and the hydrogen 
uptake, resistance and the thermopower of the film all 
measured for various uptakes. Fig._1 shows that the 
resistance of the film is raised by chemisorbed hydrogen, 
as found by Suhrmann‘, and the thermopower changes in 
the positive direction. Point M denotes monolayer 
coverage estimated for atomic adsorption on the geometric 
area. 

Like Surhmann', we assume a surface dipole Pdé+ — Hõ-, 
on the basis of surface dipole measurements for other 
transition metals*. Such chemisorption will tend to lower 
the Fermi-level and, assuming the usual density of states 
picture for palladium, nickel and platinum as in Fig. 2 
(ref. 7), this means an increase in Na(#) since the Fermi- 
level lies above the maximum. The following two equa- 
tions for thermopower S and the conductivity o (« (1/2) ) 
are relevant: 


= Ser a (1) 
~ ~~ Biel OB |z=% 
o = const 1A = const ’A/Na(C) (2) 


o(#) denotes the conductivity calculated as ıf the 
Fermi-level was at energy H, and the differential coefficient 
is taken at the true Fermi-level E = č. The electronic 
charge is — |e]. In equation (2), A denotes the area of 
the Fermi surface, and l the mean free path of the 
electrons. A is a measure of the number of electrons at 
the Fermi surface, which 1s quite distinct from the total 
number of electrons discussed in earlior resistance work. 

According to Mott’, the current in transition metals is 
carried by s electrons, which are trapped by holes in the 
d band, so that l œ 1/Na(C), where Nalt) is the density of 
states in the d band at the Fermi surface (see also ref. 8, 
p. 377). Substituting for o(#) in equation (1) gives: 

eT f2 Ind din a (3) 
= ðE 3E BSC 


Tho relatively high resistance of transition metals has 
been attributed’ to the Na(C) factor in equation (2). If 
we assume this is dominant in changes in S, A,S due to 
chemisorption effecting changes ın the Fermi-level from 
(M) to ¢(4+—H-) in Fig. 21s given by: 


whey f2 ln ALH 
Ne) aa oe 


3 lel on 4) 
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If hydrogen chemisorption raises Na(E), then according 
to equation (4) we expect a positive variation of S, and 
according to equation (2) a decrease in o (increase in F), 
both of which are found. We conclude, in contrast to 
copper’, that for palladium the main effect of adsorbed gas 
on electron transport properties is exerted through the 
scattering or ‘mean free path’ term. This was really to 
be expected, if for transition metals the conduction 
electrons are s electrons, since we do not expect much 
change in A, (as distinct from Ag), the area of the Fermi 
surface in the s band, with energy E, so the first dif- 
ferential in equation (3) is small. We would point out 
that, for a transision metal where the Fermi-level lies 
below the maximum of Na(£), electron abstraction chemi- 
sorption will cause a negative variation of S and a decrease 
in È. 

From the practzcal point of view the changes in S are 
some fifty times greater than in F, hence S is a much more 
sensitive indicator of electronic changes in Fermi-level 
due to chemisorpiion. After about one-quarter of the 
palladium surface is covered by hydrogen, S starts to 
decrease again. This effect may be due to a change-over 
from one lattice plane to another. An alternative possibil- 
ity is a change-over from chemisorbed H- to H,*, as first 
noted from surfece potentials’. S may also indicate 
chemisorption on defects and dislocations if present in 
sufficient concentration. We have so far made measure- 


S, 4V. deg. ~ 





4 8 12 16 20 24 
1D-° moles of adsorbed hydrogen 


Fig. 1. Percentage change in film resistance 1004 R/R (R=452) and 
changes 1n thermoelectric power S with 10-* moles of adsorbed hydrogen. 
f denotes the monolayer 


a 
tas 
E> 
Fig. 2. The density of states diagram for palladium (also nickel, 


latinum) showing the way the Fermi-level changes from ¿(M) to 
(M> -— H-) when electrons are transferred from the metal to the chemi- 
sorbed hydrogen 
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ments on palladium, nickel, rhodium and platinum, and 
we intend to extend our measurements to other metals, 
and to investigate how the Fermi-level changes during an 
actual catalytic reaction. The foregoing theoretical treat- 
ment with further development should enable us to 
correlate resistance and magnetic measurements during 
chemisorption, which has not been satisfactorily achieved 
to date. 

Department of Chemistry, 

University of Nottingham. 
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Study of some of the Parameters involved 
in Split-stream Chromatographic Injection 


THE two essential requirements placed on a split- 
stream injector are that: (1) the injected sample be 
uniformly distributed in the spht stream as the splitting 
point is reached; (2) the width of the splitted portion 
entering the column be appreciably smaller than the 
eventual width of all the eluted components. 

It will be assumed in the mvestigation that follows 
that the injected sample, if liquid, is not vaporized slug- 
gishly, and that the wall of the mixing tube connecting 
the injected point to the splitting point does not retain the 
sample. The first of these effects would interfere with 
good sample distribution in the split stream, and the 
second would cause tailing of the portion injected in the 
column. 

Let L, S, D and F designate the length and cross- 
section, of a round mixing tube, the diffusion constant of 
some component of interest and the volumetric flow of 
the split stream. The time required for substantial 
diffusion of a molecule packet across the mixing tube is 
of the order of S/D and the time a S/D will be allotted 
to this event, a being a ‘safety factor’ larger than unity 
intended to allow for nearly completely uniform diffusion 
of the component in the mixing tube. The velocity of the 
carner gas being F/S, the length of an adequately long 
mixing tube should be at least the product of that velocity 
times the allotted diffusion time, that is: 


S F F 
2023. =45 
L za HR =D 
This length is notably independent of tube size. 
The height equivalent to a theoretical plate (H) of the 
mixing tube is given by the expression: 


DS F 
os Ta 24r D 


and since fairly large splitting ratios will be aimed at, 
for which the velocity will be appreciably higher than 
that required for minimizing the expression above, H 
will be given with sufficient accuracy by: 

`~ F 

= 24r D 

The space variance of any component distribution after 

travelling along the mixing tube of length L will be LH 
and the volumetrie variance will be: 


W=SLH = Sta 


(1) 


D 24r D 24r 
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Let N designate the splitting ratio. The volumetric 
variance w of the component entering the column will be: 


aW cs Se S? pe 
— Sin N? D2 


and its space variance will be: 


wi a PF 

gs? 24n N2D 39? 
where s designates the open tubular column cross- 
section. This variance should be appreciably smaller 
than the variance of the inert component eluting from 
the column, which is itself smaller than the variance of 
the retarded components. This variance is, at optimum 
velocity : 


where | designates the column length, and n its number 
of plates. 

At optimum velocity for any component, the column 
fiow is a fraction l/c of the optimum flow for the inert 
component, c being usually between 2 and 3: 


= D 4/48 18 
hence: 
F=oNf= LD Vian © (2) 
and we should have: 
a gF _, 78" 48r N* D?S lns 
24r N? D? 8? 24r et N? D? 3° 7—7 b 3x 


or: 








n 
sses |g (3) 


where b designates a second ‘safety factor’, larger than 
unity, designed to ensure that the main contribution to 
any band variance is that due to the band passage in the 
column. 

Substituting the value of F from equation (2) in equa- 
tion (1) we obtain: 


L2?N V/48xr 8 (4) 

Equations (3) and (4) constitute two essential con- 
straints on the mixing tube, giving as they do an upper 
bound on its cross-section and a lower bound on its 
length. 

M. J. E. Goray 
The Perkin-Elmer Corporation, 
Norwalk, Connecticut. 


Stereospecific Catalytic Labelling of Amino- 
acids and Mandelic Acid with Isotopic 
Hydrogen 

A COMPARISON has been made between the catalytic 
labelling! of organic compounds with deuterium and 
tritium and radiation-induced techniques*. Of funda- 
mental importance in deciding the choice of method, 
particularly for tracer applications, is the possible change 
in configuration which may occur during substitution by 
isotopic hydrogen. In radiation-induced procedures, a 
preference for retention of configuration has been observed 
in crystalline systems such as the octyl phthalates? and 
inositols’, whereas a predominance of inversion occurs in 
the liquid octanols and inositol ethers’ and in simple 
amino-acids’. In the catalytic technique, results from the 
only heavy-water system studied show that, in optically 
active lactic acid, deuteration of the «-position is generally 
accompanied by inversion’. 
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For biological purposes, the labelling of amino-acids, 
particularly phenylalanine, in one step with retention of 
configuration, could be valuable. During charge-transfer 
mechanism studies of catalytic exchange with isotopic 
water®, it has been observed that appreciable isotope 
incorporation only occurs if a compound contains a double 
bond or an aromatic ring. In simple amino-acids, such 
as alanine, it would be expected that catalytic exchange 
with D,O would be low, as the system is essentially ali- 
phatic in nature. However, by analogy with lactic acid, 
if the electron lone-pair on the nitrogen assists the absorp- 
tion process and thus increases the exchange, isotope 
incorporation may occur predominantly by inversion 
since the asymmetric centre would be in close proximity 
to the catalyst surface. In phenylalanine, it is possible 
for the molecule to. be x-complexed to the catalyst 
surface through the aromatic ring! and thus be highly 
deuterated without inversion of configuration. In addition 
to the biological implications, such a result would be 
further evidence to support the x-complex theory of 
catalysis’. 

For the present investigations, alanine, phenylalanine 
and mandelic acid have been exchanged with D,O in the 
presence of hydrogen pre-reduced platmum, since platinum 
is the most active of the Group VIII transition metals 
for exchange”, In a typical experiment, L(—)-phenylalanine 
(0-4 g) in D,O (5-5 g) was heated to 130° C with pre-reduced 
platinie dioxide (0:02 g} for 48 h. After purification of the 
deuterated compound, deuterium analyses were performed. 
on a Metropolitan—Vickers MS-2G mass spectrometer and 
a Varian A-60 nuclear magnetic resonance spectrometer. 
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mechanism of exchange probably involves two competing 
dissociative mechanisms as previously discussed for the 
alkyl benzenes®+!1, The relatively high isotope incorpora- 
tion in the ring suggests that aromatic exchange again 
occurs predominantly by the dissociative m-complex 


‘substitution mechanism?®, 


Lack of deuteration and inversion at the tertiary carbon 
atom of phenylelanine during the low-temperature 
exchange indicates that the molecule is tilted during 
adsorption so thet the proton at this position never 
touches the catalyst surface (as in (I)). This effect has 
already been discussed during the catalytic exchange of 
the alkyl benzenes’, As the temperature of exchange is 
increased from 30° to 130° C, it is obvious that the effect 
of the second competing dissociative exchange reaction 
increases. 


Qn 5~C—COOH P; COOH 


(I) (I) 


Tho results -with mandelic acid (adsorbed as in (II)) 
are consistent wish the phenylalanine data. The only 
hydrogen in the c-position in mandelic acid is adjacent 
to the aromatic ring and attached to a tertiary carbon 
atom. Thus, it is cot surprising to find that some inversion 


Table 1. DEUTERATION OF ALANINE, PHENYLALANINE AND MANDELIO ACID 


I 








Weight D,O or Catalyst Temp. of 
Compound (g) H,O (E) exchange 
(g) (°¢) 
L(+ )-Alanine 
in 1-00 2°36 (D,O) 0-050 30t 
00 2°36 (D0) 0-050 130 
L{ — )-Phenylalanine 
a 70 14:0 (H,0) 0 085 30 
H 1-00 22 6 3} 0-050 30 
m 0-40 508 8} 0-02 180 
' 0 40 5$ DO 0-02 130 
Mandele acid t 
iz 1°52 3-4 (D10) 0:100 30 T 
F 1:52 8-1 (H,0) — 130 
7 1:52 3 1(H,0) | 0-100 130 
m 1°52 3'4 (D0) 0:100 130 








| 
i- | Statistical Approach to 
ety i yan statistical 
D§ D§ DS equilibrium 

(%)} (%)} (% (%) 
16 42-9 3'8 
21:0 42-9 525 
17-7 706 25-1 
23-0 89:3 33°2 

27-6 24°7 60-4 45°7 7 

40-7 || 

86 0 33-0 60-4 59-6 1 

52°8 |] 





* Rotations for alanine measured with 1:5 per cent compound in 1-0 N hydrochloric acid. Rotations for phenylalanine and mandelic acid performed 


with 1-0 per cent compound in water. 


t These runs shaken for 8 days at 30° C; the remainder stood for 2 days at 130° O, 


¢ Aldrich quality resolved grade. 
§ In terms of non-labile hydrogens only. 


{ and |i Percentage approach to statistical equillbrium for d- and l-isomers of mandelic acid respectively. 


From the results given in Table 1, alanine exchanges 
very slightly at room temperature but deuterates exten- 
sively with appreciable inversion of configuration at 
130° C, thus mdicating that the lone-pair on the nitrogen 
may assist the adsorption process. This is confirmed by 
a study of the nuclear magnetic resonance of the dis- 
tribution of isotope in the alanine deuterated at 130° C, 
since 47 per cent of the hydrogen at the asymmetric 
carbon atom is replaced by deuterium while only 30 per 
cent deuteration of the methyl hydrogen occurs. 

The significant feature of the present results is that 
L(—)-phenylalanine readily exchanges at 130° C with a 
predominance of inversion of configuration whereas, after 
shaking for three days at 30° C, deuteration is still rela- 
tively efficient with retention of configuration. Distribu- 
tion of the isotope in the labelled phenylalanine from the 
latter reaction shows that deuteration has occurred essen- 
tially in the phenyl group with no observed isotope at the 
asymmetric carbon atom. This would indicate that the 


occurs with deuteration, even at 30° C. At the higher 
temperature, however, interpretation is difficult because - 
of a thermal-induced inversion of configuration which 
occurs without catalyst. 

For biological reactions involving labelled phenylalanine, 
the present result is significant since, with D,O and 
moderate activity-levels of TO, the catalytic procedure 
can be used, at rcom temperature, to tag optically phenyl- 
alanine with retention of configuration. However, care 
should be exercised in extrapolation of the technique 
to high levels of T,O (c./ml.) since an additional radiation- 
induced activation of the reaction would be expected*, 
with possible consequential changes in stereochemical 
configuration’ 1*. The present results are important since 
they should act as a general guide to the type of results 
to be expected during the catalytic tritiation and deutera- 
tion of all amino-acids, 

We thank the Australian Institute of Nuclear Science 
and Engineering for assistance in the purchase of heavy 
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support; J. Mason for instrumentation advice, and Mr. 
L. James for optical rotation measurements. 
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Stereospecific Addition of Hydrogen to 
Fumaric Acid in Irradiated Single Crystals 
of Succinic Acid 


Pooley and Whiffen! reported an interesting proton- 
deuteron exchange reaction of the primary radical 
HOOCCHsH,CHsCOOH (or DOOCCHsgHyCH,COOD)? 
in an irradiated crystal of succinic acid. By means of 
an electron spin resonance technique, they detected 
DOOCCDsHyCHCOOD in addition to the primary 
species, but they did not detect DOOCCHgDgCHCOOD, 
nor DOOCCH,CDCOOD (hyperfine splitting constant for 
Hg is larger than that for Hg"). It was shown later?-4, 
however, that formation of this DOOCCDsHyCHCOOD 
species is associated with an unidentified impurity in the 
crystal; the impurity is too low in concentration to be 
detected with ordinary experimental techniques. During 
the present investigation it was found that fumarie acid 
behaved quite similarly to the impurity: in a crystal of 
succinic acid which contained 0-001 mole fraction of 
fumaric acid, the ratio 


[DOOCDsHyCHCOOD]/[DOOCCH,CHCOOD] 


was found to be 0-2, that is, the same as the ratio found 
in the impure crystal®. 

The crystals used in this investigation were grown by 
slowly cooling aqueous solutions of mixtures of succinic 
acid and fumarie acid. Heavy water was used for the 
deuterium-substituted crystals. Concentrations of fumaric 
acid in the crystals were estimated from those of their 
mother liquors. The relation between the concentration 
of fumaric acid in the crystal and that in its mother 
liquor was determined by means of radioactive fumaric 
acid HOOCC*H = O*HCOOH. Irradiation of the crys- 
tals was accomplished by an X-ray source (30 kV, 
15 m.amp) at room temperature, and the concentration of 
the radicals was about 7 x 10~* radical/molecule. The 
electron spin resonance absorption was measured at 
9 Ge/s at room temperature. 

In any crystals which were grown from the aqueous 
solutions, only the primary species was detected. In the 
deuterium substituted crystal, which contained more than 
a 0-0001 mole fraction of fumarie acid, the DOOCCD,sHp- 
CHCOOD species was detected, in addition to the primary 
species. When 2,3-deuterofumaric acid was used, the 
absorption from DOOCCD,CDCOOD replaced this ab- 
sorption. Thus, it was concluded that the radical 


January 29, 1966 vo.. 209 


DOOCCDsHgCHCOOD was formed by addition of 
hydrogen (deuterium) to fumarie acid. 

Concentration of DOOCCDsHgCHCOOD increased with 
increasing concentration of fumarie acid in the crystal, 
until the latter concentration became about 0-01 mole 
fraction. For the crystal in which the concentration of 
fumaric acid was higher than 0-01, ratio 


[DOOCCD,sHyCHCOOD]/[DOOCCH,CHCOOD] 


was found to be about 0-65. 
From the signal-to-noise ratio of the absorption pattern 
of the crystal, the ratio 


[DOOCCHsDyCHCOOD]/[DOOCCDsHsCHCOOD] 


was found to be less than 1/300. In an isolated molecule 
of fumaric acid, these two species should have been 
formed with an equal reaction rate. Therefore, there was 
no uncertainty that this large difference in the addition 
rates arose from the crystal field which surrounded the 
molecule of fumarie acid. Such an effect of the crystal 
field on a chemical reaction had already been reported in 
the case of proton-deuteron exchange reaction of the 
radical in irradiated crystals of D,L-aspartic acid‘5, 

So far as we know, a high stereospecific efficiency, such 
as that observed at present, has been found only in the 
case of enzymatic reactions®. Moreover, it is well known 
that an enzyme is highly selective in its reactions. Such 
high selectivity was also found in the present case. So 
far as our examination was concerned, fumaric acid was 
the only compound from which a radical was formed with 
the use of an irradiated crystal of succinic acid. The 
other compounds examined (inactive compounds), which 
are more or less similar to fumaric acid in structure, were 
as follows: maleic acid, oxalic acid, erotonic acid, acrylic 
acid, tartaric acid, and D,L-aspartic acid. It was not 
known, however, whether a crystal, grown from a solution 
containing one of the inactive compounds in addition to 


‘succinic acid, contained a significant concentration of 


molecules of this compound. 

We thank Prof. W. Gordy for his advice, and Prof. N. 
Tamiya for supplying 2,3-deuterofumaric acid. 

This work was supported in part by the U.S. Army 
Research Office (Durham) grant DA-ARO(D) 31-124- 
428. 

Icurro MIYAGAWA * 
Department of Physics, 
Duke University, 
Durham, North Carolina. 
Korom Iron 
Institute for Solid State Physics, 
University of Tokyo, Japan. 

* Present address: Department of Physics, University of Alabama, 
Alabama. 

1 Pooley, D., and Whiffen, D. H., J. Chem. Soc., 368 (1962). 


* Heller, ©., and McConnell, H. M., J. Chem. Phys., 32, 1636 (1960). Pooley, 
D., and Whiffen, D. H., Mal. Phys., 4, 81 (1961). 

3 Miyagawa, I., and Itoh, K., Bull. Amer. Phys. Soc., Ser. IZ, 9, 488 (1964) 

t Itch, K., thesis. Univ. Tokyo (3965). 

5 Miyagawa, I., and Itoh, K., J. Chem. Phys., 43, 2015 (1965). 

s For a review see, for example, Gutfreund, H., in The Enzymes, edit. by 
poe P. D., Lardy, H., and Myrback, K.,1, 233 (Academic Press, Inc., 


Anomalies in Contact Angle Behaviour for 
Ethyl! Alcohol-Water Mixtures 


MEASUREMENTS of static contact angles for alcohol/ 
water mixtures on pretreated copper surfaces are pre- 
sented in Fig. 1. The results indicate that, for ethyl 
alcohol concentrations up to 8 per cent by weight, a 
constant contact angle of 72° is attained. Analogous 
behaviour has been observed by Franke! when measuring 
mutual diffusivities where a minimum value was reported 
at 10 per cent concentration. Hoffman ef al.? have shown 
a maximum value of the temperature coefficient of the 
surface tension of ethyl alcohol/water mixtures at 8 per 
cent weight. 
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Fig. 1. 


This behaviour aggin demonstrates the anomalous bulk 

and surface properties of dilute alcohol/water mixtures. ` 
A. B. PONTER 
G. A. DAVIES 
P. G. THORNLEY 
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impaired Ability of Ribosomes to react with 
Polyuridylic Acid after Hypophysectomy of 
the Rat: Removal of the Disability by a 
Cell Sap Factor 


Tas liver ribosomes of hypophysectomized rats are less 
able to incorporate amino-acids into protein in vitro than 
those of normal rat liver’, Ribosomal preparations from 
hypophysectomized rats contain less polysomes than 
those from normal rats’, and the rate of synthesis of 
messenger ribonucleic acid (mRNA) and other kinds of 
RNA. is depressed? * after hypophysectomy. The action 
of growth hormone in promoting protein synthesis 
and growth can be explained in terms of its action 
in stimulating the synthesis of mRNA, but this 
hypothesis does not explain all the facts. It has been 
noted‘, for example, that the percentage stimulation of 
phenylalanine incorporation obtained by addition of 25 ug 
of polyuridylic acid (poly U) to the cell-free system with 
ribosomes from liver of hypophysectomized rats was as 
great as, or greater than, that obtained when ribosomes 
from liver of normal rats were used; but the absolute 
level of incorporation with ribosomes from hypophysec- 
tomized rats was still less than that obtained with normal 
rat liver ribosomes. The amount of poly U used was 
arbitrary and was probably not optimal for the system; 
thus it was decided to reinvestigate this point under con- 
ditions which were optimal for incorporation of phenyl- 
alanine into polypeptide in the presence of poly U. 

The total ribonucleoprotein particle population of the 
sodium deoxycholate-treated, 10,000g supernatant material 
of liver homogenate was prepared by centrifugation at 
100,000g for 4 h over 1 M-sucrose containing medium M 
(0-02 M tris buffer, pH 7-5, 100 mM potassium chloride, 
40 mM sodium chloride, 10 mM magnesium acetate and 
6 mM mercaptoethanol) as previously described*>. The 
optimum conditions for incorporation of amino-acids had 
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already been elucidated’. Two, which are not widely 
observed, are to trəat the cell sap with ‘Sephadex’ to 
remove inhibitors ard to use at least 20 times as much sap 
protein as ribosome protein to ensure that sap factors are 
not limiting’. Observing these conditions, the amount of 
poly U which was necessary to saturate the system was 
determined. It was found that incorporation of pheny]- 
alanine rose rapidly with increasing amounts of poly U, 
came to a plateau when the amount of poly U added was 
about ten times tke concentration of ribosomal RNA, 
but thereafter contanued to rise very slowly. In sub- 
sequent experiments, ribosomes containing 10 pg RNA 
were incubated with 250 ug poly U in medium M with 
5 mM ATP, 0-6 mM guanosine triphosphate and 0-3 ue. 
D,L (3-4C) phenylalanine (34 mc./mmole) and various 
amounts of ‘Sephadex’-treated cell sap. The radioactive 
protein was prepared and counted in a manner previously 
described’. 

Table 1 shows typical results. It will be seen (lines 
i and 2) that even when saturating amounts of both cell 
sap and poly U are present, the incorporation of phenyl- 
alanine into polypeptide with ribosomes of hypophysec- 
tomized rat liver is much less than that obtained with 
ribosomes from normal rat liver. This result, which has 
been repeatedly obvained, must mean that hypophysec- 
tomy of the rat impaired the ability of liver ribosomes to 
react with poly U to form an active polysome. It gives 
experimental support to the argument, previously ex- 
pressed**.?, that stimulation of protein synthesis by 
growth hormone cannot be explained simply and entirely 
in terms of altered rates of mRNA synthesis; other factors 
are involved. Similar results have been obtained with 
heart ribosomes of zhe rat! and with muscle ribosomes of 
alloxan-diabetic and insulin-treated rats’. 


Table 1. STIMULATION OF THE INCORPORATION OF PHENYLALANINE BY 
Pouy U WITH LIVER RIBOSOMES Prox NORMAL AND HYPOPHYSECTOMIZED 
ATS 
0.p.m./zg ribosomal RNA 
Amount of cell ; Hypophysectomized 
sap protein per Normal rat ribosomes rat ribosomes 
unit of ribo- No poly U oly No poly U Poly U 
somal RNA 0 ug (250 ug) 
20 960 10,800 560 4,800 
50 1,700 13,800 750 7,800 
100 „200 21,500 860 12,880 
200 1,870 33,000 970 26,500 
400 1,316 26,500 1,816 25,800 
800 2,000 19,060 1,570 18,606 
1,000 2,560 12,000 1,850 11,500 


The amount of cell sap required to saturate the ribo- 
somes had been calculated from experiments carried out 
in the absence of poly U5. It seemed possible that more 
sap might be required for saturation when large amounts 
of poly U are present. Ribosomes were incubated, with 
or without poly U, in the presence of large quantities of `, 
cell sap. Saturation was achieved with a twenty-fold 
excess of sap to ribosomes®, but in the experiments sum- 
marized in Table 1 up to a thousand-fold excess was 
studied. Three interesting observations emerged. (1) In 
the absence or presence of poly U, increasing the sap 
concentration above the ‘saturating’ level resulted in 
increased incorporation. This was not caused by ribo- 
somal contamination of the cell sap, for incubation of it 
without ribosomes resulted in little incorporation and no 
particles could be detected when cell sap was studied in 
a Spinco model # analytical ultracentrifuge. (2) In the 
presence of poly U. but not in its absence, concentrations 
of sap greater than about 200 times that of the ribosomes 
had an inhibitory 2ffect. (3) In the presence of poly U 
when the cell sap concentration reached 200-400 times 
that of ribosomes, the difference in incorporation of 
phenylalanine with ribosomes from normal and hypo- 
physectomized rats disappeared. Cell sap contains a 
factor other than the amino-acid activating enzymes and 
sRNA necessary for maximum incorporation of phenyl- 
alanine in the presence of poly U; this factor is required 
to a greater extent by ribosomes from liver of hypo- 
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physectomized rats than by ribosomes from normal rat 
liver. , 

This work was supported by grants from the British 
Empire Cancer Campaign for Research and the Medical 
Research Council. We thank Prof. F. G. Young for his 
interest. 
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Bacterial Degradation of Glycoprotein Sugars 
in Human Saliva 


Previous reports? have indicated that sialic acid in 
human, wax-stimulated saliva is rapidly released and 
metabolized by the oral flora. Heat (100°, 5 min), or 
antibiotic, prevents both these reactions from taking 
. place. Further investigations have now shown that the 
other sugars associated with the salivary glycoproteins 
(3 hexoses, 2 hexosamines and fucose) are all spontaneously 
lost from saliva by bacterial action, and this loss may also 
be prevented by either heat or antibiotics. Wax-stimu- 
lated saliva contains, with the exception of fucose, 
all these sugars in two distinct forms: those in the 
salivary glycoproteins and those in the many and 
varied bacteria (108/ml.) also present in the saliva. Many 
of the bacteria in the saliva contain rhamnose, a 6-deoxy- 
hexose of the same group of sugars as fucose, but it is 
possible to distinguish between these two sugars by either 
paper or thin-layer chromatography?®. By this method it 
was shown that the 6-deoxyhexoses in freshly collected, 
wax-stimulated saliva consisted of rhamnose and fucose. 
It was also shown that, on incubation, the saliva rapidly 
lost all its fucose and sialic acid, while the rhamnose 
remained, The hexoses and hexosamines, however, 
occurred, in the salivary glycoproteins andthe bacteria, 
and it was not possible to distinguish between these 
sources by direct analysis or by chromatography. On 
incubating wax-stimulated saliva, 50-70 per cent of the 
hexoses and hexosamines were lost, but it was not possible 
in this instance to distinguish whether the remaining 
sugar was derived from the salivary glycoproteins or from 
the bacteria. If the saliva was collected directly from the 
salivary ducts (parotid, submaxillary and sublingual) 
and pooled, there were now present so few bacteria that 
all the sugars from the glycoproteins remained intact on 
incubation and the saliva remained clear and viscous. 
The addition of bacteria, in the form of dental plaque or 
salivary sediment, to the viscous duct saliva caused a 
rapid loss of sugars, a drop in viscosity and the formation 
of a precipitate. After incubation no fucose or sialic acid 
was present and the “amount of residual sugars was 
approximately equal to that from the added bacteria. In 
none of the experiments described here has it been 
possible to detect any but traces of free sugars in the 
saliva when bacteria have been present, and these sugars 
‘were also rapidly metabolized when added in a free state 
to the saliva. It is thus apparent that the carbohydrate 
components of the glycoproteins in saliva are labile in 
the oral environment and are rapidly released and meta- 
bolized by bacterial action. The loss of these sugars, 
particularly sialic acid, provides an explanation for the 
observed drop in viscosity and formation of a precipitate 
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that occurs spontaneously in wax-stimulated saliva?-?. 


Previous suggestions that the drop in viscosity is due to ~ 


a mucinolytic depolymerization of the salivary glyco- 
proteinst are valid so far as the viscosity-drop is con- 
cerned, but this mechanism should produce a product of 
increased. solubility, and, in fact, a heavy precipitate 
always appears concomitantly with the drop in viscosity. 
Tt is tempting to postulate that this is the mechanism 
whereby the material from the saliva forms a matrix 
holding together the many bacteria adjacent to the teeth, 
which is commonly referred to as dental plaque. Support 
for this is found in the observation, that dental plaque is 


-practically devoid of both sialic acid and fucose (< 0-002 


per cent), the two essential sugar constituents of salivary 
glycoproteins that can be identified as belonging ex- 
clusively to the glycoproteins and not to the oral bacteria. 
We thank Miss C. Jackson and Mr. P. Van der Zeil 
for their help. 
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High Content of Hyaluronic Acid in Normal 
Human Heart Valves 


Durine the course of investigations of the effect of age 
on acid mucopolysaccharide content of the human heart 
valves, we found hyaluronic acid to be a major component. 
In all it represented about 60 per cent of the acid muco- 
polysaccharide present in the tissue. This observation is 
in striking contrast with reports from other laboratories*:? 
which have shown hyaluronic acid to be a minor compon- 
ent of both bovine and pig heart valves. This communica- 
tion reports the distribution of the acid mucopolysacchar- 
ide fractions of the normal human heart valves. 

For total acid mucopolysaccharide determination, 
individual heart valves (approximately 50 mg) were 
dried, de-fatted and subjected to papain digestion and the 
protein separated by precipitation with trichloroacetic acid. 
The acid mucopolysaccharide is precipitated by cetyl- 
pyridinium chloride, dissolved in sodium chloride and 
reprecipitated with ethanol. For fractionation, extracted 
acid mucopolysaccharide of about ten valves of the same 
age-group was pooled. The acid mucopolysaccharide 
was fractionated to hyaluronic acid, chondroitin sul- 
phurie acids and heparin according to Schiller et al.?. 
Applying this method, hyaluronic acid, chondroitin 
sulphates, and heparin were obtained at 0-4 M, 1:2 M, 
2-1 M sodium chloride solution, respectively. Chon- 
droitin sulphate B was further separated from chondroitin 
sulphate A or O by hyaluronidase (testicular) digestion. 
The total acid mucopolysaccharide is expressed as uronic 
acid and determined by the carbazole reaction‘. The results 
of such a fractionation procedure are shown in Table 1. 
The total acid mucopolysaccharide present in the mitral 
heart valve is 093 mg uronic acid/100 mg dry weight 
and is significantly higher than in the tricuspid valve 
(P < 0-01 analyses were carried out on fourteen individual 
valves). In both valves there is no change in the distribu- 
tion of various fractions of acid mucopolysaccharide and 
it can be seen that hyaluronic acid represents 58 per cent 


Table 1. TOTAL ACID MUCOPOLYSACOHARIDE (AMPS) CONTENT AND 
INDIVIDUAL AMPS FRACTIONS FROM HUMAN HEART VALVES 
Heart Total Fraction (per cent) 
valves * AMPS t+ HA C8SA—A/C CSA—B Heparin 
Mitral 0°93 58-8 O73 13-6 Tracs 
Tricuspid 0-74 577 28 0 14°3 Trace 
FA, hyaluronic acid; CSA-—-A/C; chondroitin sulphate .4 or C; CSA—-B 
chondroitin sulphate B, 


* These heart valves were obtained from subjects of 20-30 years of age. 
+ Mg of uronic acid/100 mg dry de-fetted valve. 
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of the total acid mucopolysaccharide present. Chon- 
. droitin sulphate A or C is about 28 per cent while chon- 
droitin sulphate B is 14 per cent. The actual amount of 
chondroitin sulphate B is a little higher than this value 
beeause of the low carbazole value of iduronic acid in chon- 
droitin sulphate B. Trace amounts of acid mucopolysac- 
charide were found in the 2:1 M. sodium chloride fraction 
(heparin) but the attempt to identify this fraction as 
heparin was not successful. Paper chromatography’ of 
acid, hydrolysed fraction showed spots corresponding to 
glucosamine in the 0-4 M sodium chloride fraction and 
galactosamine in the 1-2 M sodium chloride fraction. 
This confirms the presence of hyaluronic acid only in the 
0-4 M sodium chloride fraction and rules out any con- 
tamination of chondroitin sulphates into this fraction 
and also the presence of chondroitin (chondroitin and 
chondroitin sulphates contain galactosamine). Similarly 
the 1-2 M sodium chloride fraction had chondroitin 
sulphates and not heparitin monosulphate (heparitin 
monosulphate contains glucosamine). The significance 
of the difference in hyaluronic acid content of human 
and animal heart valves is not clear. Further investiga- 
tions are in progress which are aimed at elucidating the 
relationship of this high content of hyaluronic acid in 
human heart valve with function. 

We thank Dr. A. Angrist for his interest and encourage- 
ment in this work. This work was supported by grants 
from the U.S. Public Health Service, H#-—02190-09. 


S. TORNO 
R. BASHEY 
Department of Pathology, 
Albert Einstein College of Medicine, 
Yeshiva University, 
New York. 
1 Moretti, A., and Whitehouse, M. W., Biochem. J., 87, 396 (1963). 
® Meyer, K., Davidson, E., Linker, A., and Hoffman, P , Biochim, Biophys. 
Acta, 21, 506 (1956). 
2 Schiller, S., Slover, G. A., and Dorfman, A., J. Biol. Chem., 286, 983 (1961). 
4 Dische, Z., J. Biol. Chem., 167, 189 (1947). 
5 Stoffyn, P. J , and Jeanloz, R. W., Arch. Biochem. Biophys., 52, 373 (1964). 


K88, an Episome-determined Protein Antigen 
of Escherichia coli 


RECENTLY, I. Ørskov, F. Ørskov, W. J. Sojka and J. M. 
Leach? described a new genetical donor strain of Escherichia 
colr. This strain, G7 (08 : K87(B) : K88ab(L) : H19), was 
at first isolated from a case of pig enteritis. Investigations 
in different countries have shown that this serotype is 
frequently found in enteric diseases in pigs. A character- 
istic feature was the simultaneous existence of two K 
antigens in the same strain. The K87(B) antigen is a 
polysaccharide as are all hitherto examined B (and A) 
antigens?. The K88 antigen is thermolabile, that is, its 
ability to agglutinate and to bind antibody and its capacity 
to induce antibody formation in rabbits are destroyed by 
heating to 100° C for 1 h and thus it must be grouped as 
an L antigen according to established definitions*®. Since 
the first detection of the K88 antigen it has been found in 
many Ë. coli strains, mainly from young pigs with intestinal 
diseases, and in different serological combinations‘, 
Furthermore, it has been shown that K88 exists in at 
least two varieties, one of which is symbolized as K88ab, 
and the other K88ac (ref. 4). Strain G7 is a genetical donor 
and can, in conjugation experiments, transfer chromosomal 
markers to suitable recipients. In addition the genetic 
determinant of the K88 antigen can be passed to other 
E. coli serotypes by episomal transfer’. 

When Æ. coli cultures, collected from beef broth agar 
plates, are suspended in saline, considerable amounts of 
the surface antigens are released into solution. By gentle 
heating the amounts of released antigens can be increased 
considerably. 

In order to isolate the K88 from such an extract con- 
taining as few other contaminating antigens as possible, 
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the K88 factor was trensferred to D282 (08 : K27(A)-: H~, 
lact), a strain that carried no K and no H antigen. An 
overnight broth culture of D282 (0-003 ml.) and 0-3 ml. 
of a broth culture of donor strain D432 (O8 : K87(B) : 
K88(L) : H19, lac-) were inoculated together in 50 ml. 
broth and ineubated overnight at 37° C. The mixed 
culture was spread on bromothymol blue lactose plates 
and after incubation lactose-positive colonies (D282) 
were tested for K88 by slide agglutination. About 15 
per cent of the lactoss-positive colonies had acquired the 
K88 antigen. One such clone (D520) was purified and used 
for the production of K88 antigenic material. Apart from 
the acquisition of K38, D520 had all fermentation and 
antigenic markers of the D282 parent. 

For production of K88 antigenic material, D520 was 
heavily inoculated on to thick broth agar plates (14 cm 
diameter) which were incubated for about 20 h at 37° C. 
The confluent surfaw growth was scraped off into pH 
7—8, 0-1 molar phosphate buffer, 3-5 ml. buffer per plate, 
and the suspension was then heated for 20 min at 60°-65° C 
in a water-bath and finally centrifuged at 10,000 r.p.m. 
for 10 min. The sudernatant was stored for at least 3 
days at 4° C. During this time some impurities separated 
out and centrifugation was then repeated and followed by 
filtration through a 0-65 ‘Millipore’ filter. Sterility was 
ensured by addition of 0-01 per cent ‘Merthiolate’. Since 
it was observed thet the K88 antigenic material was 
soluble in buffers of pH < 3-5 (partial denaturation) -or 
> 6-5, but completely insoluble between pH 4'5 and 65-5, 
dilute acetic acid was added to bring the pH to the iso- 
electric region. The precipitated material was collected 
by centrifugation and washed twice with a pH 5, 0-005 
molar McIlvaine bufer. For purification, the product 
was repeatedly redissolved in pH 7, 0-01 molar phosphate 
buffer by gentle stirring in the cold, filtered as already 
deseribed, and precipitated again by addition of approxi- 
mately the same volume of pH 4-8-50, 0:15 molar Me- 
Ilvaine buffer. As determined by the biuret reaction, 
approximately 2 mg of K88 antigen was thus obtained 
from one plate. 

Extraction and purification of the K88 antigen were 
controlled by a filter paper disk modification of the Ouch- 
terlony gel-precipitation technique. Filter paper disks 
6 mm in diameter, as used for sensitivity tests, were satur- 
ated with éither bacterial agar plate culture (by placing 
them directly on tke confluent growth), with bacterial 
extracts or with different K88 preparations and then 
placed on a 2 mm egar layer in a Petri dish. Antisera 
(mostly undiluted) were applied in the same way. K88, 
purified by repeated isoelectric precipitation, showed but 
one precipitation line against D520 rabbit serum (Fig. 1). 
The material sedimented uniformly in the analytical 
ultracentrifuge—-a small contamination by some heavier 
component could be removed by short (15 min) centri- 
fugation at 40,000 -p.m. The K88 agglutinins could 
be selectively removed from the homologous OK serum 
by absorption with the purified K88 antigen. 

As shown by the disappearance of the K88 line in the 
Ouchterlony test, the antigen is denatured by heating to 
above 70° C or by treatment with mineral acid, sodium 
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Fig. 1. Gel precipitation using purified K88 antigen, bacterial extracts 

of strains with and without K88 antigen and sera agaist such strains. 

Bacteria! extracts: (1) D282 (08: K27~;H-); (2) D520 (08: K27-: 

K88 : H~-); (3) D214 (0100 * K(B) : K88:H2); (4) Purified K-88 antigen. 

Sera: 81, OK antiserum_D520; 82, OK antiserum D282. Precipitation 

lines: a, K88 line; b, lipopolysaccharide line (O antigen); e, non-specific, 
common antigen 
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hydroxide solution or formamide in the cold. The K88 
precipitation line is stained by amido black but not by 
lipoprotein stains such as oil red or Sudan black®. The 
effect of proteinases on the material was investigated in 
the following manner: K88 antigen (six parts) in pH 7, 
0-1 molar phosphate buffer was digested with crystalline 
trypsin (1 part)? at 28°-30° C. After various reaction times, 
the trypsin was inactivated by addition of soy-bean 
inhibitor (two parts)? and the mixture compared by agar- 
gel diffusion with undigested K88, using OK antiserum 
D520. Under similar conditions «-chymotrypsin, B. 
subtilis proteinases, papain and Streptomyces griseus 
proteinase (pronase)*:!° were applied. Extensive splitting 
and weakening of the K88 precipitation line indicated 
that the antigen was affected by B. subtilis proteinases, 
papain, pronase and, tova lesser degree, by «-chymotrypsin. 
Trypsin had no visible effect. 

Solutions of repeatedly precipitated K88 antigen were 
dialysed exhaustively against distilled water and freeze- 
dried. The biuret reaction gave nearly 100 per cent 
protein using bovine serum albumin as a standard and the 
ninhydrin method for proteins yielded an extinction of 
0-015/ug nitrogen/2°6 ml. in a 1 em cell. The orcinol and 
indol reactions" gave 1-5-3 per cent carbohydrates with 
glucose as a standard, and the elemental analysis yielded 
14 per cent nitrogen and 0-1 per cent phosphorus. 

The ultra-violet absorption curve of K88 antigen in 
0-1 N sodium hydroxide showed the broad absorption band 
at about 280 mu, which is characteristic for proteins, and 
no shoulder at 260 my (nucleic acids). 

Bacteria carrying the K88 antigen were also directly 
treated with proteinases and tested for loss of the antigen 
by slide agglutination. Whereas digestion with papain 
soon caused autoagglutinability of the organisms, pronase 
did not have this effect, but removed the antigen as 
expected. Treatment with 50 per cent aqueous urea had 
the same effect. 


STEPHAN STRM * 
Ipa ØRSKOV 
FRITS ØRSKOV 
International Escherichia Centre, 
Statens Sefuminstitut, Copenhagen, Denmark. 


* Guest from Max-Planck-Institut fur Immunbiologie, Freiburg, Germany, 
supported by that Institute. 


1 Ørskov, I., Ørskov, F., Sojka, W. J., and Leach, J. M., Acta Path. Microbiol. 
Scand., 53, 404 (1961). 

? Ørskov, I., Ørskov, F., Jann, B., and Jann, K., Nature, 200, 144 (1963). 

3 eo F., Enterobacteriaceae, Second edit. (Munksgaard, Copenhagen, 

4 Ørskov, I., Ørskov, F., Sojka, W. J., and Wittig, W., Acta Path. Microbiol. 
Scand., 62, 489 (1964). 

5 Wittig, W., A Exp. Veterindrmed., 19, 657 (1965). 

* Bojka, W Escherichia coli in Animals (Commonwealth Agricultural 
Bureau, EE aia Royal, Bucks, 1065). 

? Ørskov, I., and Ørskov, F., J. Bact. (in the press). 

* Grabar, P, and Burtin, P, Analyse Immuno-électrophorétique (Masson, et 
Cie, Paris, 1960). 

j ances enzyme preparations were gifts from Novo Industri 4/S, Cepen- 

gen. 


1? Nomoto, M., and Narahashi, Y., J. Biochem. (Japan), 46, 1645 (1959). 


‘t Kabat, B. À., and Mayer, M. M, Experimental Immunochemistry (Charles 
g. Thomas, Springfield, IN. , 1961). 


Solubility in Phenol of Aortic Polysaccharide- 
Protein Complexes 


BUDDECKE! has reported a successful separation of 
glycoprotein from glycosaminoglycuronoglycan in papain 
digests of aortic tissue by extraction with 90-95 per cent 
w/w phenol*. This result prompted us to attempt a 
fractionation, by this method, of the glycoproteins from 
the -glycosaminoglycuronoglycan protein complexes pre- 
gent in material obtained from aqueous extracts of aortic 
intima. 

An extract was prepared by homogenizing finely 
minced aortic intima in distilled water, stirring slowly for 
several days and dialysing. Insoluble material was 
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removed by centrifuging and a crude mixture of the 


polysaccharide—protein complexes was precipitated with . 


ethanol in the presence of potassium acetate. The pre- 
cipitate was dissolved in water, dialysed, centrifuged and 
reprecipitated as before. The sediment was washed with 
ethanol, diethyl ether and air dried. 

This material was then extracted with phenol*. De- 
terminations of sialic acid (as N-acetyl neuraminic acid)’, 
uronic acid (as glucuronic acid)* and hexosamine (as gluco- 
samine)? were used to define the distribution of material. 
Samples of chondroitin 4-sulphate and chondroitin 4- 
sulphate protein complex from nasal septum and a crude 
glycoprotein mixture from pig aorta® were included. The 
results are shown in Table 1. 

In view of the observed insolubility in phenol of 
chondroitin 4-sulphate, chondroitin 4-sulphate protein 
complex: (Table 1) and aorta chondroitin 6-sulphate?’, 
and the reported solubility of aorta glycoprotein in this 
solvent, a successful separation of these two groups of 
components should be possible. The results show an 
almost equal distribution of material between the phenol- 
soluble and phenol-insoluble fractions. When similar 
preparations were fractionated with ammonium sulphate‘, 
the product obtained at full saturation contained mostly 
phenol-soluble material (Table 1, row 4). 


TER 1. DISTRIBUTION OF SIALIO AOID, URONIC ACID AND HEXOSAMINE 
BETWEEN PHENOL-SOLUBLE AND PHENOL-INSOLUBLE FRACTIONS 


Sialic Uronic Hexos- 

Sample acid acid amine 
(1) Chondroitin 4-sulphate Phenol-soluble — <1 <1 
Phenol-insoluble >99 >99 
(2) Chondroitin 4-sulphate Phenol-soluble — <1 <1 
protein complex Phenol-insoluble — > 99 >99 
(3) Aqueous sorta extract Phenal-soluble 38 51 54 
Phenal-insoluble 62 49 46 
(4) Crude piysopretes Phenal-soluble 94 87 92 
mixture (ref. 6) Phenol-ingoluble 6 13 8 


Results are bean as percentages of the total amount in both fractions. 
Analytical values (expressed as g/100 g material) for samples (1}-(4) were 
zoapaouvely: sialic acid, 0-1, 0 8, 2, 4; uronic acid, 33, 28, 6, 4; hexosamine, 


As the glycoprotein R of aorte are usually 
characterized by the presence of significant amounts of 
sialic acid and the absence of uronic acid? and the glycos- 
aminoglycuronoglycan protein complexes are character- 
ized by relatively large amounts of uronic acid with little 
or no sialic acid!:?-8, we conclude that no significant 
separation of glycoprotein from glycosaminoglycurono- 
glycan protein complex has been obtained by the use of 
phenol, and that both types of polysaccharide—protein 
complex contain phenol-soluble and phenol-insoluble 
components. These findings are at variance with those 
of Buddecke?, who found no phenol-insoluble glycoprotein 
and no phenol-soluble glycosaminoglycuronoglycan. These 
differences may be explained in terms of the relative 
complexity of the aqueous extract where the components 
are present in forms which may approximate to their 
native state and where interactions between the various 
molecular species may occur, thus modifying the proper- 
ties of the individual molecules. Enzymatic digestion}, 
while simplifying the subsequent experimental procedures, 
is known to modify the polysaccharide—protein structures 
and this might lead to the observed differences in solubility 


' properties. 
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Stimulation of Protein Synthesis of Frog 
Embryo Cells by Larval and Adult Frog 
Liver Ribonucleic Acid Preparations 


RECENT work from our laboratory has characterized 
certain. quantitative properties of DNA and chromatin 
from developing frog embryos in terms of RNA-poly- 
merase-mediated RNA synthesis!*. Apart from knowing 
how much RNA can be synthesized using chromatin or 
DNA as a primer, it would be of interest to know some of 
the qualitative properties of the RNA synthesized. The 
present investigation examines two questions: Can added 
RNA stimulate protein synthesis of intact frog embryo 
cells? If it can, is this stimulation due to species of 
tissue-specific RNA molecules directing the synthesis of 
the appropriate proteins? Liver RNA preparations can 
stimulate haemin synthesis of minced frog embryos? or 
mouse ascites tumour cells’, and Niu et al.5 have claimed 
that liver RNA induces the synthesis of liver specific 
proteins in ascites tumour ceils. 

Groups of 25 or 30 early gastrulae of Rana pipiens, 
stage 10 of Shumway'*, were removed surgically from their 
jelly and membranes, and each was cut into four or eight 
equal-sized fragments in sterile Niu-T witty saline medium’, 
The fragments from each group of gastrulae were cultured 
for periods of 24-50 h at 18° C in 1-5 ml. of Niu—Twitty 
saline, which contained an RNase inhibitor, polyvinyl- 
sulphate, at a concentration of 10 ug/ml. Carbon-14 
labelled amino-acids of an algal hydrolysate or C- 
phenylalanine were added to the cultures at levels of 
0-5 or 1-0 uc./ml. RNA was prepared by the cold phenol 
method of Brown and Littna® and in some cases the 
interphases of these extractions were further extracted 
with phenol at 60° C (ref. 9). In one experiment, RNA 
was generated from frog liver DNA with Micrococcus 
lysodeikticus RNA polymerase in a cell-free system}. 
The RNA preparations were dialysed against Niu-Twitty 
medium and the RNA concentration estimated by the 
arcinol reaction, RNA was added to the cultures at a 
concentration of 1 mg/ml. At the termination of the 
period of culture the explants were washed several times 
with 0:7 per cent sodium chloride and homogenized in 
this medium. The homogenates were then precipitated 
with cold 5 per cent trichloroacetic acid (TCA) and washed 
with 1-4 alcohol-ether. They were then treated with 5 
percent TCA at 90° C for 20 min, and washed with 5 per 
cent TCA and ether. These final centrifugal residues were 
dissolved in formic acid, and the pigment granules removed 
by centrifugation at 10,000g. The supernatants were 
plated and counted with a thin-window proportional 
counter. All homogenizations, dialyses and centrifuga- 
tions were performed at 4° C. 

In order to obtain anti-haemoglobin sera, blood was 
collected from the hearts of adult frogs. The red blood 
cells were washed by centrifugation with 0-7 per cent 
sodium chloride and haemoglobin was prepared by the 
method of Drabkin™. Anti-haemoglobin sera were obtained 
by injecting two rabbits subcutaneously three times a 
week during three alternate weeks with a mixture of 
equal parts of a haemoglobin preparation (2 per cent 
protein) and Freund’s adjuvant. The rabbits were bled 
1 week after the final injection. The reaction of the anti- 
serum with & preparation of haemoglobin, frog serum, and 
centrifugal supernatants (10,000g) of adult frog livers, 
kidneys or brains revealed only one antigen—antibody 
precipitate line in agar-diffusion tests’®. The one reacting 
antigen in centrifugal supernatants from the organs is 
haemoglobin from the blood cells in the organs, as the 
precipitate lines showed reactions of identity with the 
precipitation line of the haemoglobin preparation. The 
antiserum appeared to be specific for haemoglobin. 

In the experiment designed to test for the synthesis of 
the globin portion of haemoglobin, centrifugal supernatants 
(10,000g) were obtained from the minced gastrulae 
cultured with 'C-amino-acids, with or without added 


the po 
No. 5022 Janua 


NATURE 


509 


RNA. After washing the cultures four times with 0-9 
per cent sodium chloride, the tissues were homogenized 
with 1 ml. of 0-9 per cent sodium chloride. One ml. of 
anti-haemoglobin serun was added to 1 ml. of centrifugal 
supernatant from each culture in 2 ml. plastic centrifuge 
tubes, These were mixed, placed at 37° C for 1 h and at 
6° C for another hour, and centrifuged at 10,000g. The 
centrifugal residues were washed four times with 0-9 
per cent sodium chlbride by centrifuging at 10,000g. 
These residues were shen dissolved in formic acid and 
counted. 

The results of a number of experiments in which RNA 
prepared from different sources was added to the cultured 
gastrula fragments is represented in Table 1. Comparisons 
of incorporation of labelled amino-acids into the protein 
fraction should be made only for the controls and experi- 
mental cultures of each individual experiment since the 
kind and amount of isotopic compound used and duration 
of culture varied. Exemination of these results shows that 
RNA isolated from the hot phenol (60° C) extracts of the 
interphase of cold phenol extracts of frog liver RNA 
stimulated protein synthesis of the embryonic cells. RNA 
generated in vitro from frog liver DNA and yeast-soluble 
RNA gave lower levals of stimulation. There was no 
significant increase cf incorporation of labelled amino- 
acids into the protein fraction when RNA of the 105,000 
centrifugal residues of stage 18 frog embryos, or calf 


‘thymus RNA or ammonium polyuridylate was utilized. 


The absence of stimulation of 14C-phenylalanine incorpora- 
tion into the TCA precipitates obtained from gastrula 
cells cultured with ammonium polyuridylate (1 mg/ml.) 
runs contrary to the idea of specific stimulation, as 
polyuridylic acid is known to code for polyphenylalanine 
synthesis!*. 


Table 1. EFFECT OF VARIOJ8 RNA PREPARATIONS ON PROTEIN SYNTHESIS 
OF CULTURED FRAGMENTS OF FROG GASTRULAB 


Exp. RNA preparation Average % stimu- 
No. Culture conditions - (1 mg/ml.) ¢.p.m eng A srmn 
protein 
3,407 


(1) 24 h; 1 xe. jml. “None 
ug Hen hydrolysate Frog liver; hot phenol 


4,980 46 
(60° ©) extract of interphase 
$ of cold phenol extract 
(2) 40 h; 05 ge. Jml. None 7,170 
u0 algal hydrolysate RNA generated from liver 8,452 18 


DNA~RNA polymerase 
system 
(3) 42h; 05 ue./ml. None 
“C algal hydrolysate Stage 18 tallbud embryo 7,229 
105,000¢ centrifugal residue 
(hot phenol, 80° C, pH 85 


~ extract) 
(4) 50 h; 0°65 «c./ml. None 4,878 
“OQ algal hydrolysate Calf thymus RNA (Nutri- 4,996 
tional Biochem. Co.) 
Yeast soluble RNA (Cal. 5,547 14 
Bio. Chem.) 
(5) 40 h; 0-5 ue./ml. None 7,585 
#Q-phenylalanine Ammonium polyuridate 7,955 


The use of a specific anti-haemoglobin serum to precipi- 
tate haemoglobin, as well as molecules with similar 
combining groups, revealed that RNA isolated from various 
centrifugal residues of adult frog livers and the livers and 
kidneys of 50 mm frog larvae can stimulate the incorpora- 
tion of labelled amino-acids into the proteins precipitated 
by this antiserum (Table 2). Stimulation of protein 
synthesis also occurred in the supernatant fractions 


Table 2. EFFECT oF ADULT FROG LIVER AND LARVAL LIVER~KIDNREY RNA 
ON HAEMOGLOBIN SYNTHESIS OF KR ADIEN TE OF FROG GASTRULAE CULTURED 
FOR 50 H 


Averaze cpm. 


4 


Average ¢.p.m. 


RNA preparations anti-hasmoglobin % stimu- anti-haemo- % stimu- 
d precipitates lation globin super- lation 
natan 
None 902 5,687 
Frog liver 
centrifugal residues 
800g 2,130 135 8,132 43 
10,0009 2,086 125 10,736 88 
105,000¢ 4,464 394 18,283 221 
Larval liver-kidney 
centrifugal residues 
6007 3,171 251 11,268 98 
10,0009 2,099 132 8,707 83 
105,0009 4,795 431 14,046 146 
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obtained after the antigen-antibody precipitates were 
removed by centrifugation. The larval livers and kidneys 
are known to synthesize haemoglobin", but the livers of 
the adult frog are inactive in this respect and would not 
be expected to possess ‘messenger RNA’ for haemoglobin 
synthesis. 

The results of this investigation demonstrated that 
certain RNA preparations can stimulate protein synthesis 
of frog embryo cells, but suggest that this is a non-specific 
effect not related to the action of tissue-specific messenger 
RNA.-molecules. 

This work was supported by a research grant from the 
National Science Foundation. 
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Metabolism of Glutamic and Aspartic Acids 
in Whole Rumen Contents 


AMINO-ACIDS occur at low concentrations in the liquid 
phase of rumen contents!” as intermediates in the break- 
down of dietary proteins and in the production of micro- 
bial protem. The metabolism of these amino-acids has 
been investigated, mainly in washed suspensions of mixed 
rumen micro-organisms and pure cultures. There is 
abundant evidence of interaction in the metabolism of the 
amino-acids by the rumen microfiora’:*. To obtain mean- 
ingful rates of utilization, physiological concentrations of 
all the amino-acids must be used. We report experiments 
in which glutamic and aspartic acids uniformly labelled 
with carbon-14 were added to whole rumen contents in 
true tracer amounts under conditions closely approaching 
those in the living animal. 

For these experiments a sheep was fed a diet of pelleted 
dried grass meal continuously from a conveyor belt. The 
pellets from the machine arrived on average at intervals of 
1-2 min, the food being eaten on presentation. Under 
this régime concentrations of metabolites m the rumen 
remained constant: in other words, a steady state was 
maintained. It was thus possible to compare entry rates 
obtained by the isotope dilution technique with the 
feeding rate. 

Representative samples of uniform size were obtained 
using the continuous externalized circulation of the 
rumen content described previously’ and transferred 
immediately for incubation at 40° C under nitrogen + 
carbon dioxide (50:50). Experiments were begun by 
injection of the isotopic amino-acid, and terminated by 
injection of 0:05 vol. of 10 N sulphuric acid, followed by 
chilling to 0° C. Samples were centrifuged at 1,500 r.p.m. 
for 25 min and the cloudy supernatant fluid centrifuged 
at 20,000 r.p.m. for 10 min. 
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The residue from high-speed centrifugation consisted 
almost entirely of bacteria and was washed twice with , 
saline containing carrier inert amino-acid. There was 
httle variation in the composition of the rumen content 
from day to day and the procedure of isolation of this 
fraction of the bacteria was rigidly standardized so that a 
constant proportion was collected. This proportion was 
found in separate experiments in which carbohydrates 
labelled with carbon-14 were metabolized, the ratio of 
radioactivity in amino-acids isolated from a hydrolysate 
of the bacterial fraction and in a hydrolysate of unfraction- 
ated contents giving this proportion. 

The supernatant fluid from high-speed centrifugation 
was analysed for radioactivity remaining in the amino- 
acid and for radioactivity in short-chain fatty acids. 
Carbon dioxide was collected in parallel experiments 
and counted as barium carbonate. Amino-acids were 
separated and estimated as their 2: 4-dinitrophenyl 
derivatives®:? and the short-chain fatty acids by steam 
distillation and gas chromatography’. Both glutamic 
acid-U-4C and aspartic acid-U-4C were metabolized 
rapidly with the incorporation of a great part of their 
radioactivity into short-chain fatty acids and carbon 
dioxide. The first phase of the decay curves corresponded 
to half-lives of 72 and 54 sec and entry rates for the whole 
rumen of 92 and 98 mmoles per day for glutamic and 
aspartic acids respectively. 

Feeding rates of glutamic and aspartic acid calculated 
from analysis of hydrolysates of the diet were 80 and 88 
mmoles per day. The shape of the decay curves indicates 
some re-entry of the amino-acid from secondary pools 
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Fig, 1. Time course of the decay of radioactivity of L-glutamic aerd- 

U-40 (O) and the incorporation of radioactivity into short-chain 
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so that entry rates calculated from the initial decay over- 
se estimate the rates of production of the amino-acids. 
The results, however, leave little doubt of the impor- 
tance of the free glutamic and aspartic acids of the ramen 
fluid, the small concentrations observed. being a reflexion 
of their rapid turnover. Some 17 per cent of the radio- 
activity of glutamic acid could be accounted for in the 
hydrolysed bacteria. About 10 per cent was as glutamic 
acid, the rest being mainly in other amino-acids. The 
corresponding figures for aspartic acid were 8 per cent for 
total radioactivity in hydrolysed bacteria, about half of 
which was present as aspartic acid. Net ammonia produc- 
tion was negligible under the conditions examined so that 
dietary nitrogen metabolized would appear almost quanti- 
tatively as microbial nitrogen. 
The experiments we have described show that the main 
fate of glutamic and aspartic acids under physiological 
conditions in rumen contents is metabolism to carbon 
. dioxide and short-chain fatty acids and that direct incor- 
poration of these amino-acids into bacterial protein 1s 
small. Analysis showed glutamic and aspartic acids to 
occur in high proportion in the bacterial nitrogen. These 
amino-acids in the microbial protein must come almost 
exclusively from de novo synthesis. 

This work was supported by a grant from the Gulben- 
kian Foundation and was conducted at the Rowett 
Research Institute, Bucksburn, Aberdeen. 
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Distribution Patterns of Proteolytic Enzymes 
in Normal and Leukaemic Human Leucocytes 


PROTEOLYSIS is a well-known function of leucocytes’, 
but literature on the distribution of defined proteolytic 
enzymes in different types of leucocytes is scarce*-*. In 
this investigation, nine peptidases were estimated in 
normal and leukaemic leucocytes. Four of them (cathep- 
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tic carboxypeptidase, leucine aminopeptidase, imidodi- 
peptidase, iminodipeptidase) were demonstrated in leuco- 
cytes for the first time. 

Leucocytes were isolated using the method of Lohr 
and Waller!*. Proteinase activity was measured by the 
mothod of Anson". The exopeptidases were estimated 
by means of quantitasive paper chromatography. For 
details of assays see Table 1. The assays contained 6-5 
million (proteinases) and 10-4 milhon (exopeptidases) 
cells per ml. on averege. The buffer concentration was 
0:025 M. With the exception of glycyl-leucine dipepti- 
dase, which was hydrolysed according to second-order 
kinetics, the velocities were computed on the basis of 
first-order rate constants. 

Some properties of the enzymes deserved special atten- 
tion. Most peptidases are fully active n & saponin 
(0-1 per cent w/v) lysate. Neutral proteinase, however, 
which undergoes a fifteen-fold increase in activity on 
addition of saponin®, is activated a further 6 times by 
subsequent homogenization (5 min in a Potter-~Elvehjem- 
type homogenizer, cooled by iced water). _Catheptic 
carboxypeptidase, tested on the cells of chronic myeloid 
leukaemia, is activated 250 per cent by 10 mM x-cystem. 
The activity of leucine aminopeptidase (substrate: L- 
leucine amide") is enhanced 230 per cent by 0-2 mM Mn*, 
35 per cent by 1 mM Mg*t, and 16 per cent by 0-2 mM 
Co?+, whereas the enzyme splitting 1t-leucyl-$-naphthyl- 
amide (LNAase) is not activated by manganese jons? 
and the enzyme cleaving t-leucyl-glycine is activated by 
traces of Zn** (ref. 7). : 

The results are shown in Table 1. Neutral and acid 
protemases, aminotripeptidase, and carboxypeptidase 
appear to be characteristic enzymes of the granulocytic 
series. Glycyl-glycine and glycyl-leucine dipeptidases 
are very active in lymphocytes. The greatest differences 
are shown by neutral proteinase and glycyl-leucine di- 
peptidase. The low activities of these enzymes In the 
cells of chronic lymphoid and myeloid leukaemia, respec- 
tively, may be due to contamination by granulocytes 
(10 per cent) in the case of neutral proteinase and by 
lymphocytes (4 per cent) in the case of glycyl-leucime 
dipeptidase; in other words, these enzymes may be absent 
im lymphocytes and granulocytes, respectively. _ 

Compared with granulocytes, most activities in the 
myeloblasts of acute leukaemia are unchanged or lowered, 
except for leucine aminopeptidase ‘and prolidase, the 
activities of which are significantly elevated. In this 
respect, also, leucine aminopeptidase differs from LNAase, 
which was reported to be significantly decreased in acute 
myeloblastic leukaemia*. It is evident, therefore, that 
leucme aminopeptidase and LNAase are two different 
enzymes. 

The cells of the so-called ‘myeloblastic’ crisis which 
terminates chronic myeloid leukaemia are, on a morpho- 


Table 1 PROTEOLYTIO ACTIVITIES IN NORMAL AND LEUKAEMIO LEUCOOYTES 














Conditions of assay (final concentrations): : . 
* 6 mg denatured Hb/ml., homogenization of cell lysates as described in the text, citrate/hydrochloric acid phosphate buffer. 
+ 10 mM carbobenzoxy-glycy!l-t-phenylalanine, citric acid/phosphate buffer, pH 5 0 


4 
b, 


t 20 mM r-leucine amide hydrochloride, 0:2 mM 
0 mM triglyeine, phosphate buffer, pH 7:0. 
0 mM diglycine, 0:2 Co*+, phosphate buffer, pH 8-0 


50 mM giycyl-L-proline, 1 mM Mn?*+, veronal buffer, pH 8 0. 
50 mM 1-prolyl-glycine, 0 02 mM Mn*, verona! buffer, pH 8:0. 


Mn*+ veronal buffer, pH 


(Mean values, standard deviations of the means, and numbers oZ cases) 











| Acute Terminal crisis in 
Enzyme Healthy Chronic myeloid myeloblaszic chronic myeloid 

| donors leukaemia leukaemia leukaemia 

| BAe. resp. pmoles/mimn/10™ cells 
Neutral proteinase (pH 7:5)* 381 + 23 (8) 1,250 + 48 (3) 157 + 55 G) 15 +15 (2) 
Acid proteinase (pH 3°5)* 62°0 +43 9) 800 + 31:2 (3) 61-3 + 20° (4) 21-7 +176 (2) 
Catheptic carboxypeptidase r 4&2 +18 (7 84:8 410-2 (4) 9-8565 (4) 0 (2) 
Leucine armnopeptidase (EC 3.4.1.1)} 282 + 95 (6) 273 +42 (4) 707 +105 “0 2+ 50 (2) 
Aminotripeptidase (EC 3.4.1.3)§ 6,304 + 1,360 (6) 8,680 + 2,970 (4) 1,990 + 449 (4 2,440 + 646 (2 
Glycyl-glycine dipeptidase ae 8.4.3 1)! 78-4 +248 (6) 47-0 + 11-4 (4) 45-5215 0 (4) 286 +150 (2 
Glycyl-leucine dipeptidase (EC 8 4.3.2)4 187 +35 (5) 97 + 27 (4) 287 +73 ti) 7,840 + 2,000 (2) 
Imidodipeptidase (EC 8 4.3.7) ** 169:0 + 28:2 (6) 91-7 + 11-4 (4) 222 0 + 3833-8 (4) 208 0 +1193 0 (2) 
Iminodipeptidase (EC 3 4 3.86)tf 517 +127 (6) 560 + 150 (4) 235 +19 t4) 425 +88 (2) 
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20 mM glycyl-n-leucine, 1 mM Ca‘+, 0 1 mM Zn’, phosphate buffer, pH 8 0. 
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logical basis, indistinguishable from those of acute myelo- 
blastic leukaemia. Their enzyme pattern, however, is 
evidently different (especially for neutral proteinase, 
leucine aminopeptidase,. and glycyl-leucine dipeptidase) 
and cannot be distinguished from that of lymphocytes. 
The cells of the terminal crisis, therefore, should not be 
termed myeloblasts. Perhaps they correspond to a more 
primitive type of cell, which is functionally related to 
lymphocytes!4-15, i 
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PHYSIOLOGY 


Effect of Gonadotrophins on Uterine Growth 
f of Hypophysectomized Mice 


Ir was shown by Lamond and Emmens! that the 
effective dose (ZD) of human chorionic gonadotrophin 
(HCG) for uterine growth in intact immature Swiss 
albino (S.W. strain) mice was approximately 0-2 1.0. 
The HD is defined as the amount of gonadotrophin, given 
in one injection, that will result in uteri weighing approx- 
imately 12 mg 44-48 h later (that is, approximate doubling 
of uterine weight). When the mice were hypophysecto- 
mized a few minutes before injection, the HD was 
increased to about 2-0 1.0. However, 5-6 h after hypo- 
physectomy even very large doses of HCG had no effect 
on uterine weight. We have shown that the time of the 
day when the mice are hypophysectomized influences the 
ED of HCG when the injection is given at the time of 
hypophysectomy*. The mean ED after hypophysectomy 
at 9-10 a.m. was 3-0 I.U., and after hypophysectomy at 
3-4 p.m. was 0'6 1.0. 

It is generally accepted that follicle-stimulating hor- 
mone (FSH) augments the action of HCG on the ovary. 
The Steelman—Pohley assay’, using ovarian weights, is 
based on this assumption. We have used this phenomenon 
of augmentation of HOG by FSH for the assay of FSH, 


Table 1. SUMMARY OF THE RESULTS OF ASSAYS OF VARIOUS GONADOTROPHIO 
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but have based our determinations on production of 


uterine growth-promoting substances produced by thee 
ovary. The standard technique involves hypophysectomy 
before 10 a.m. followed 5-6 h later by injection of 4°5 1.0. 
of HCG and the unknown in single subcutaneous injections: 
at separate sites. Tho mice are killed 44 h after injection 
and uterine weights recorded. Full details of the assay 
and certain modifications that should allow its use for 
routine work have been given elsewhere*. The assay is 
sensitive and precise. It seems to be more reliable than 
that recently described by Igarashi and McCann‘ since 
the results are not influenced by luteinizing hormone (LH). 
Moreover, the possibility of confounding due to diurnal 
release of gonadotrophins or other substances that might 
influence the uterine weight response in intact animals 
is eliminated. 

The importance of unknown diurnal factors in mice is 
shown by the results of a series of FSH determinations 
after hypophysectomy performed either in the morning 
or the afternoon (Table 1). The HD of a number. of 
gonadotrophic preparations, given alone to intact mice 
and to mice 5 h after hypophysectomy performed in the 
morning (8.30-10.30 a.m.) or in the afternoon (3-5 p.m.), 
and the 965 per cent limits of error are shown on the left- 
hand side of Table 1. On the right-hand side are the 
ED’s of FSH in the above preparations; these were 
estimated on the basis of augmentation of HCG when 
both were given 5 h after hypophysectomy. For 4 
particular preparation either all assays were carried out 
simultaneously, or the ED’s are a mean of a number of 
determinations carried out on different occasions. In 
general, there have been no significant changes with 
time in sensitivity in this colony. 

The results show wide differences between the prepara- 
tions. The differences between assays are summarized in 
Table 2. It is generally believed that the mouse uterus 
test measures total gonadotrophin and the HCG- 
augmentation test measures FSH only. 

Column 4 in Table 2 indicates the relative activities of 
the preparations for total gonadotrophin and FSH. On 
this basis the preparations fall into three categories: 
(a) Large differences—N.I.H.-FSH and Armour FSH are 
rich in FSH, but relatively inactive when given alone to 
hypophysectomized mice. (b) Smali differences—-N.I.H.— 
HPG and Armour LH are rich in FSH and also relatively 
active when given alone. (c) No change—N.I.H.—LH, ox 
pituitary fraction and pregnant mares’ serum (PMS) 
evidently contain only small amounts of FSH. The first 
two are also relatively inactive gonadotrophins, whereas 
PMS is active in hypophysectomized animals. 

Column 5 in Table 2 shows considerable differences in 
FSH potency between the preparations after afternoon 
as compared with morning hypophysectomy. 
preparations again fall into three groups: (a) Large 
increase in potency was shown by the crude ox pituitary 
fraction. (6) Small increases in potency were shown by 
N.I.H.-FSH, N.I.H.-HPG and Armour FSH. (e) No 
change or a slight decrease in potency was shown by the 
remainder. 


PREPARATIONS GIVING THE ED'S AND THEIR 96 PER OENT LIMITS OF ERROR 


Standard mouse uterine welght test 






HCG-angmentation mouse uterine 





Substance * Mice injected 5h after hypophysectomy at weight testt 
Intact mice 

8.30-10.30 a.m, 3-5 p.m. 8.80-10.30 a.m. 3-5 p.m. 
N.LH.-~FSH-S1 510 2500 25007 5-0 (4-7-5-3) 1-98 (1-6-~-2-4) 
Armour FSH (pig 216-172-9) 182 (70-474) 330 a20 4-5 (80-60) 2-4 eee 
a ea 22-1 Sadie 50 oor 32 uee 0-0) PS” ap ht ae 
Armour LH (horse 216-171-165) 702 EAS, l 85-4 (49:5-86 Ai 43-0 (34:0-56-0) 12-9 (10-3--16-0) 17-2 (16-9~17-4) 
Pregnant mares’ serum (PMS) 0:12 (0-08-0-17 1:52 (1°45-1-64 1-64 (1:27-2:13) 1-1 (0-8-1-5 0-9 (0-6-1-5) 
Ox pituitary fraction 13-2 mg (9-5-18-2) 15°5 mg (11-8-20-2) | 17-2 mg (18-9-21-4) | 16-0 mg (141-18-83) | 20-3 ug (15°8-26-0) 

* All values not indicated are in xg except for PMS which are in I.U. 


Mice injected at an interval of 5 h following 


Approximate values only; Insufficient materi r accurate determination. 


Hypophys atom , Which was carried out at the times shown, 
0 


The . 


a 


4 


no.so22 January 29, 1966 


NATURE 


513 


Table 2, CHANGES IN ED FROM ONE ASSAY TO ANOTHER 








Assay type: Standard assay in hypo- |- Standard assay Standard and HCG aug- HCG augmentation 
physectomized mice mentation 
Comparison’ Intact mice : hypophysec- am ix hypophysectom- 
tomized mice (a.m. and ized ruce : HCG aug- 
pm. combined) mentation after a.m. 
am. p.m hypophysectomy a.m, > p.m 
N.LH.—FSH-SL NS NS 100 1 2 1 
Armour FSH (pig 216-172~9) NS NS 100 :1 2:1 
N.I.H.-HPG-U E-B NS NS 10:1 2,1 
N.I.H.-LH-S5 NS NS NS NS 
Armour LH (horse 216-171~15) NS NS 5:1 "4:15 
PM NS 1:15 NS NS 
Ox pituitary fraction NS NS NS 800°1 


NS, Not significant. 


The results suggest certain lines of research: 

(1) There was no diurnal effect on potency of PMS, given 
either alone or with HCG. This suggests that there is no 
diurnal variation in ovarian sensitivity per se; thus, there 
may be diurnal variation in circulating augmentative or 
inhibitory substances. Until this is settled, it will he 
impossible to carry out useful studies of specificity for 
gonadotrophins in, intact animals. 

(2) The hypotheses that the diurnal fluctuation in 
response is associated with diurnal release of gonadotrophin 
and that the time of release is influenced by the photo- 
period have been examined (these results will be published 
separately elsewhere). 

(3) It is evident that neither the PMS nor the LH used 
here contain any FSH that was able to augment HCG. 
The test as described could be useful to investigators 
who are attempting to separate the FSH portion of the 
molecule from the remainder. 

(4) Replacing HCG with LH in the augmentation assay 
would be an important step towards an understanding of 
the relation between FSH and LH. Our investigations? 
indicate there 18 no augmentation between sheep FSH 
and sheep LH in uterine growth of hypophysectomized 
mice. However, it is possible that misleading results 
may be obtained by examining the biological action of 
gonadotrophins from one species in another species. 
Techniques for hypophysectomy in the calf and lamb are 
being investigated in this laboratory in order to carry 
out combined-action studies in homologous species. 

(5) We are widening the scope of these investigations 
by determining the #D’s for ovulation in intact and 
hypophysectomized mice. 

Materials used in these investigations were obtained 
from the following sources, to whom we are indebted: 
National Institutes of Health, Bethesda; Armour 
Laboratories, Chicago; Fawns and McAllan, Melbourne; 
and Dr. K. A. Ferguson, C.8.I.R.0., Sydney. 
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Diurnal Variation in the Spontaneous 
Ejaculations of the Male Albino Rat 


Ir is generally accepted that the sexual activity of the 
male rat is subjected to a diurnal variation. Thus, Beach 
and Levinson! and Larsson? have found that male rats in 
the presence of females are sexually more active under 
night conditions. In 1961 Orbach? demonstrated that the 
isolated male rat spontaneously ejaculates. The ejaculates 
yielded appear as plugs of coagulated semen which can 
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be collected provided the animals are prevented from 
grooming the penis orally. In the course of an investi- 
gation I obtained figures which would be suitable for a 
study of the diurnal variation in such spontaneous 
ejaculations of the male albino rat. 

Eight sexually inexperienced male albino rats (Sprague— 
Dawley), 6-5 months old at the beginning of the experi- 
ments, were prevented from grooming their penes by a 
2 em broad girdle, made from plaster of Paris, around 
the chest. Ventrally this girdle was firmly attached to a 
ring of galvanized iron-wire (diameter 1-5 mm) around 
the neck. The experiments lasted from April 21 until 
June 8. 

The animals were separately caged in a windowless 
room and subjected to an artificial diurnal rhythm with 
a dark period extending from 8 p.m. to 8 a.m. A piece 
of paper was placed below the net-floor of each cage on 
which the seminal plugs were collected. Each cage was 
connected with a clock device and equipped with an 
electromagnet which automatically placed a sheet of 
paper below the floar every sixth hour, as indicated in 
Table 1. Consequently, the ejaculates were collected 
twice during the light and dark periods, respectively. 
The papers were removed once & day, and the number 
of plugs on each sheet of paper counted. The plugs were 
then dried over silica gel to constant weight. 

Table 1. NUMBER OF PLUGS DELIVERED AT SPONTANEOUS EJACULATIONS 
DURING DIFERENT PERIODS OF THE DAY 


Con- Rat No. of plugs 
ditions Period No.: I Iv ¥ VI 


E If Vit VIOI Sum 
Light 8 pm- 29 16 i7 16 #18 109 17 35 167 
a.m. 
Light 2 res 13 2 18 12 14 14 22 108 
a.m. 
Dark 8am— 2 1 1 0 9 4 9 3 29 
2pm 
Dark 2 p.m.- 14 i) 8 8 ) 5 18 68 
8 p.m 
Table 2, ME:N WEIGHTS OF THE DRIED PLUGS 
Mean weight 
Period (mg) S.D. 
3 p.m.-2 a.m. 13°45 5°96 
2 &.m.-8 a.m. 14°47 6-36 
8 a.m.-2 p.m. 12 42 6 67 
2 p.m.-$ p.n. 12-23 8-82 


As seen from Table 1, there is a diurnal rhythm in 
the spontaneous ejaculations with the highest frequency 
between 8 p.m. and 2 a.m., the lowest between 8 a.m. | 
and 2p.m. The distribution of the plugs between different: 
periods is not a random one (x? = 112, f = 3, P < 0-0005). 
The mean weights of the plugs, on the other hand, do 
not differ significantly between the different periods 
(Table 2). Consequently, not only the number of ejaculates 
but also the amount of semen yielded are at a maximum 
during the first light hours of the day. 

As male rats are sexually more active during the dark 
phase of their light—lark cycle’?, the frequency of spon- 
taneous ejaculations found may be explained in the fol- 
lowing way. The activity of the male organs is at a 
maximum during n:ght conditions. In the presence of 
females the products of the sexual glands are delivered 
on copulation. When no copulations occur, as in isolated 
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males, the sexual products accumulate and may be 
delivered spontaneously, mainly at the end of the active 
period. It is, however, so far still an open question 
whether or not the presence of sexually active female rats 
modifies the sexual behaviour of the males. 

This work was supported by the Swedish Natural 
Seience Research Council. 


J. E. KIHLSTRÖM 


Institute of Zoophysiology, 
University of Uppsala, 
Sweden. 
1 ae A A., and Levinson, G., Proc. Soc. Exp. Biol. and Med., 92, 78 
2 Larsson, K., Acta Psych. Gothoburg., 1, 1 (1958), 
2 Orbach, J., Science, 134, 1072 (1961). 


Accumulation of Excessive Doses of lodide 
by the Thyroid Gland of Normal, 
Hypophysectomized and Thyroxine-treated 

Rats 


THs accumulation of iodide by the thyroid gland is 
customarily measured subsequent to the administration 
of radioiodide and is expressed either as ‘thyroid iodide 
uptake’ (as a percentage of the administered dose) or as 
‘thyroid : serum radioiodide concentration ratio’ (T/S 
ratio). The literature related to this subject-matter has 
been amply reviewed by Halmi! and more recently by 
Wolff?. Both these authors make it clear that besides 
thyrotrophin (TSH), other factors, such as dietary iodine 
for example, play an important part in the regulation of 
thyroidal iodine metabolism. This communication reports 
work dealing with the accumulation of inorganic iodide 
by the thyroid gland of animals subjected to various 
types of treatment and injected with doses of iodide large 
enough to practically block the organification of the 
accumulated iodide*. 

The experimental animals and the experimental 
procedures have already been described elsewhere*4, 
Preliminary investigations showed that after the injection 
of large doses of iodide to normal rats, at any given dose- 
level, thyroid iodide increased progressively with time, 
reaching &@ maximum at 24h. On the other hand, at any 
time interval, thyroid uptake values increased as the 
iodide dose was augmented; however, increasing the 
dose beyond 100 ug per rat—a dose large enough to block 
organification of iodide transported into the gland?-5— 
was followed by relatively small increments in thyroid 
uptake. In the experiments described here, an iodide 
uptake period of 6 h was arbitrarily chosen. 

Rats were divided into different groups as follows: 
Group I, normal untreated rats; Group IT, hypophy- 
sectomized rats in which iodide was injected (4) 3 days, 
and (B) 10 days after hypophysectomy; Group IL, 
hypophysectomized rats in which iodide uptake was 
investigated 12 days after the operation and which were 
injected with TSH (Primothyron, Schering A.G., Berlin) 
in doses of 0-5 U.S.P. u per rat per day for (A) 5 consecu- 
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tive days, starting on the seventh day after surgery, and — 
(B) 12 days, starting on the day following surgery;* 
Group IV, normal rats treated for 14 consecutive days 
with J-thyroxine (25 ug.per rat per’day). All animals 
were killed for determination of thyroid iodide uptake 
6 h after the injection of 0-1, 1:0 or 10-0 mg of iodide. 
One uc. of iodine-131 was injected along with the two 
smaller iodide doses used and 10 pe. with the largest dose 
used. The results of these experiments are shown in 
Table 1. 

Whereas the thyroid iodide uptake by the normal rats 
was quite similar at the three dose-levels used, in all other 
groups increasing the dose resulted in notable increases 
in the amounts of iodide accumulated. In the hypo- 
physectomized rats of Groups IT (A) and (B), the removal 
of the hypophysis was roflected in a markedly reduced 
thyroid iodide accumulation with a dose of O-1 mg I-/rat; 
but, paradoxically enough, with the largest iodide dose 
used (10-0 mg I-/rat), thyroid iodide uptake reached levels 
superior to those encountered in the comparable normal 
group. To check whether or not the lack of circulating 


‘TSH was responsible for this phenomenon, hypophysecto- 


mized rats were treated with TSH for 5 or 12 days prior 
to the uptake. A thyroid stimulation effect was apparent 
from a comparison of thyroid iodide uptake values of 
Group IT (B) and Groups III (A) and (B); however, here 
again, although the thyroid iodide uptakes after a dose 
of 0-1 mg I-/rat were but a fraction of the normal, with 
the highest iodide dose the thyroid iodide uptake exceeded 
that of the normal. Iodide uptake in the thyroxine- 
treated group following a dose of 0-1 mg I-/rat was about 
four times higher than in the hypophysectomized rats of 
Group II (B), thus suggesting that thyroxine treatment 
does not suppress TSH secretion completely (as was 
pointed out elsewhere‘). As the dose was increased to 
10-0 mg I-/rat, however, uptake in the hypophysectomized 
group was higher than in the thyroxine-treated group. 
With the lowest iodide dose used, the thyroids of the 
thyroxine-treated rats accumulated as much iodide as 
did the glands of rats 3 days after hypophysectomy or 
of TSH-treated hypophysectomized rats. Nevertheless, 
as the iodide dose was augmented, the uptake by the 
thyroid glands of the thyroxine-treated rats was much 
lower than in either of the latter two groups. 

It might be surmized from the foregoing that, unless 
the noted results were due to the hyperthyroid state of 
the thyroxine-treated rats, some factor of adenohypo- 
physial origin and other than TSH may play an important 
part in the control of thyroidal iodine metabolism. On 
the basis of present-day knowledge of thyroid physiology 
we can offer no other explanation for the above phenom- 
ena. Various additional possibilities were, however, also 
considered. ‘Thyroid iodine uptake’ is in reality @ 
balance between iodine transported into the gland and 
iodine released from it. It may be assumed that in the 
normal rat an increase in iodide dose beyond a certain 
level results in no further changes in thyroid uptake 
because at this high iodide dose-level the rate of entry 
equals the rate of exit, or that the amount of iodide 


Table 1. EFFEOT OF HYPOPHYSECTOMY, OF THYROTROPHIN (TSH) ADMINISTRATION TO HIYPOPHYSECTOMIZED RATS, AND OF THYROXINE TREATMENT OF 
: NORMAL RATS OX 6 H THYROID IODIDE UPTAKE OF LARGE DOSES OF LODIDE 









Group No. 





Experimental condition 


I Normal rats (12)t 
Hypophysectomized rats 
3 days after surgery (4) 
B) ,10 days after surgery (10) 

TSH-treated hypophysectomized rats§ 

5 days of treatment (12) 
12 days of treatment (8) 
Thyroxine-treated rats (8) 





* Iodide (ue) per thyroid; values are averages + S.D. 
Per cent of normal uptake (values are approximates) 


T- dose 0 1 mg/rat 


Thyroid iodide uptake 
I- dose 1-0 mg/rat 









I~ dose 10 0 mefrat 


% Nt ue l-/T* % Nt 
100 43414 100 
60 10-8 + 1:8 246 
30 5-309 123 
65 6841-1 158 
70 8941-6 200 
65 4741-0 100 


Numbers in parentheses refer to number of animals per group at each dose-level. 


$ Iodide was injected 12 days after hypophysectomy. 


b 


No. 5022 January 29, 1966 


transported into the gland reaches a maximum while the 
exit of iodide remains constant. It is generally known 
that in the hypophysectomized rat the rate of accumu- 
lation ‘of iodide is diminished due to lack of TSH stimula- 
tion, as 18 shown by considerably lower Cme values (Omt 
being the ‘unidirectional clearance of radioiodide by 1 mg 
of thyroid tissue per minute’). For these thyroids to 
accumulate more iodide than normal glands would 
require a marked inhibition of 1ts release from the gland. 
It was actually shown that the Kr, (exit rate constant 
for thyroidal radioiodide!) of hypophysectomized animals 
1s somewhat lower than normal?:*. However, if this were 
due to lack of TSH, then in the TSH-treated hypophysec- 
tomized, rats the changes in iodide accumulation with 
increased, iodide dose should have approached or at least 
paralleled those of normal. Diffusion into the gland was 
also considered, and the uptake values of all glands were 
corrected by the method proposed by Halmi’, that is, by 
subtracting 40 per cent of the value for serum iodide (in 
mg/100 ml.) from that for thyroidal iodide (in mg/100 mg 
thyroid tissue). The application of these corrections did 
not affect the general trend of the results and, moreover, 
T/S ratios larger than unity were always observed. The 
increase in uptake with an increase in dose was more 
restrained in the thyroxine-treated group than in any of 
the other groups, except for the normal group. Thus it 
might be tentatively concluded that (1) in the presence 
of the anterior pituitary gland both entry of iodide into 
and its release from the thyroid gland are carefully 
controlled—and apparently not only by TSH—and 
(2) that when the anterior pituitary is ablated, this control 
is lost and the amount of iodide entering the gland 
increases in direct proportion to the increase in the dose 
of iodide given. 
ISRAEL POSNER 
ENRIQUE PIMENTEL 
Cátedra de Patologia General y Fisiopatología, 
Instituto de Medicina Experimental, 
Universidad Central de Venezuela, 
Caracas, Venezuela. 
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Epileptiform Seizures induced by Hypo- 
thalamic Stimulation in the Rat: Resistance 
to Fits following Fits 


ELECTRICAL self-stimulation procedures in which 
animals operate pedal-switches to stimulate their own 
brains are sometimes disrupted by epileptiform seizures. 
These may appear as convulsive major attacks, or as 
brief pauses during which the subjects ‘freeze’ for about 
half a minute before they resume pedal pressing?. In a 
series of experiments that involved self-stimulation of the 
hypothalamus in more than thirty rats, we observed 
that the seizures occurred almost entirely at the beginning 
of the experimental sessions, and pedal pressing became 
more regular and rapid after the first few minutes. Fig. 1 
is a typical record of this effect. 

There are a number of possible causes for this pro- 
gressive reduction in seizure activity during self-stimula- 
tion. A procedural consideration is that stimulus intensi- 
ties were administered in descending order of magnitude 
in successive bouts. Also, since fits may be punishing’, 
self-stimulating subjects may learn to hold the pedal 
down. for briefer stimulus trains, or to respond at transi- 
ently slower rates, so as to avoid producing further fits 
from overstimulation. It is also possible that the occur- 
rence of a seizure leads to a temporary change within 
the brain that affords protection against further fits. 
The following experiment tested these possibilities by 
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administering intracranial stimulation in schedules that 
were not under the rat’s control. In other respects the 
procedure followed was similar to that described else- 
where. 

Six rats which had had overt convulsive attacks during 
previous self-stimulation triels were given a stimulus 
series of one-per-second, 0-5-sec, fifty-cycle trains from an 
automatic stimulatcr in four sessions on each of 2 days. 
Sessions were schedaled to follow each other at intervals 
of 30 min, 1 h, and 2 h, in counter-balanced order, and @ 
session will be referred to by the intersession interval 
which preceded it. The sessions themselves were identical, 
and consisted of three bouts of 200 stimuli, each bout 
being followed by a 2-min rest period. The stimulus 
intensity for each sabject was 10 or 20 pamp above the 
lowest intensity which induced major seizures In pre- 
liminary trials. These convulsive thresholds lay between 
50 and 90 pamp, and were 10-30 pamp higher than the 
thresholds for self-stimulation. 

Stimulation occurred in a glass tank, and during each 
bout subjects were slosely watched for the onset of con- 
vulsions, at which point the stimulating current was 
switched off. The namber of stimuli administered and the 
duration of clonic activity were recorded, and the bout 
was resumed 3 min after the seizure had ended. 

Table 1. DISTRIBUTION CF FITS OVER BOUTS AND SESSIONS, THEIR MBEAN 
DURATION, AND THE MEDIAN NO. OF STIMULI NEEDED TO PRODUCE THEM 
Ranges are standard errors of the mean 


Duration Median 
Sessions Bout Total of fits stimuli 
fits (sec) needed 
First 1 12* 
2 1 40219 38°5 
3 1 
After 2 h 1 10 
2 0 35424 40°5 
3 0 
After 1h 1 6 
A 0 33 + 2°8 55 0 
After 0-5 h 1 0 
2 0 — — 
8 0 


ta. Includes two fits which occurred in the same bout, One bout yielded no 


Table 1 shows that only two of the thirty recorded fits 
occurred outside tho first bout of a session, and that on 
only one occasion was there more than one fit in the same 
bout. Since stimuli were of constant intensity, rate, and 
duration, the progressive disappearance of fits during self- 
stimulation can therefore be ascribed to the onset of a 
central resistant state, and need not depend on changes 
in the stimulating current. The approximate duration of 
this resistant state can be inferred from the distribution 
of fits over sessions: the complete freedom from fits in 
the half-hour sessions had almost disappeared in the 2-h 
sessions (only two iit-free first bouts in twelve), and the 
six fits occurring in the 1-h sessions suggest that, with the 
current strengths csed, about half the protective effect 


No417 6ONA OFF > 


lOO 


5 MIN 


ON 


Y 


Fig. 1. Cumulative record of 1,500 lever presses during self-stimulation. 

The first part of the recording was interrupted by a series of non- - 

convulsive seizures, givne the trace a saw-tooth appearance, but the later 
tart of the record is smooth 
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was still present after 1 h. Table 1 also reveals that the 
I-h fits were significantly less severe, in terms of duration, 
than those occurring in the initiel sessions (t = 2-2, 
P < 0-05), and their production required significantly 
more shocks than the 2-h fits (Mann-Whitney U = ll, 
P < 0°05). 

Clinical evidence of post-ictal resistance to fits is neces- 
sarily difficult to obtain, but a recent report describes 
an epileptic patient in whom self-induced seizures con- 
ferred a temporary freedom from spontaneous attacks‘. 
The neurological state underlying a resistance of this kind 
could explain why a fit stops®, and why identical foci in 
different patients may or may not give rise to overt 
epilepsy*. 
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PHARMACOLOGY 


Effect of Promethazine Hydrochloride on 
Hand-Eye Co-ordination 


Tue potential danger to driving and other tasks of 
barbiturate and antihistamine drugs has been emphasized?. 
While the former have been widely investigated, the 
central effects of antihistamine drugs are not fully realized, 
although they are easily accessible to the general public. 

An investigation has been carried out into the effect of 
promethazine hydrochloride (‘Phenergan’) on visuo-motor 
co-ordination. 

The apparatus consisted of a rotating drum (1 rotation/ 
53 sec) covered with an insulating layer in which 400 
holes had been cut. On the ‘disk-dotting’ principle, and 
using a steering wheel of 18 cm diameter, the subject 
followed the irregular course of the holes, so establishing 
electrical contact and recording the score on a digital 
computer. 

Four healthy male students, aged between 21 and 23 
years, took part in a double-blind cross-over experiment 
in which promethazine hydrochloride (50 mg) was com- 
pared with a placebo at 2-weekly intervals. Each subject 
was fully familiarized with the technique in order to 
minimize learning effects. They abstained from stimulants 
and cigarettes durmg the experiment. 

Before, and at 1, 2 and 3 h after administration of the 
drug or placebo, measurements were recorded over eight 
rotations of the drum, with an interval of 1 min between 
each rotation. 

The mean, values of the highest score of each determina- 


tion at any one time in the four subjects were obtained’ 


and the results are shown in Fig. 1. Promethazine hydro- 
chloride produced a significant fall in score {P < 0-05) 
compared with the placebo at 3 h, but no significant 
difference was seen at 1 and 2 h. 

The mean of each eight determinations was compared 
with the highest value of the same for each occasion in 
each subject. A highly significant correlation was found 
between them {r = 0-882, P < 0-001). 

Although antihistamine drugs are known to produce 
varying degrees of central nervous depression, few con- 
trolled trials have been carried out on specific functions. 
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Impairment of visual flicker discrimination by diphen- 
hydramine (25 mg) was demonstrated by Roback, Krasno 
and Ivy*, and Payne? found that meclozime (50 mg) 
significantly impaired memory for verbal material. On 
the other hand, Colquhoun‘ was unable to detect significant 
impairment of vigilance or short-term memory after 
administration of meclozine (50 mg) although it was 
marked if the drug was given together with 32 g ethyl 
alcohol. 


280 


260 


Mean highest score/rotation 





0 1 2 3 
Time (h) 


g. 1. Changes in mean highest score/rotation at 7 1, a and 3 h after 
ARA af promethazine hydrochloride (50 


ty 


placebo { ----) in four subjects. The 95 per cent confidence r 
(1-tail test) were shown for placebo at 3 h 


The present results demonstrate that promethazine 
hydrochloride significantly impairs hand-eye co-ordina- 
tion. The dose used was sufficient to produce subjective 
symptoms of central depression in all the subjects, and 
further experiments are planned to investigate more fully 
the effect of smaller doses of this and other antihistamine 
drugs. This is of importance in view of the ease with which 
these drugs can be obtained by the general public, and of 
the possible hazards involved in driving and other complex 
tasks. 

The apparatus used in this experiment was easy to 
construct and the subjects readily became proficient in 
its use. 

We thank Prof. W. P. Colquhoun, Prof. M. Weatherall, 
Prof. E. F. Scowen, Dr. A. H. Goodspeed and the staff of 
Northampton College for their advice. Messrs. E. Lang- 
caster and E. Caswell assisted in the design and con- 
struction of the apparatus, and students of Northampton 
College co-operated as subjects for the experimenis. 
May and Baker, Ltd., provided tablets of promethazine 
and placebo. One of us (P. T.) is in receipt of a Wellcome 
senior research fellowship in clinical science. 
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Effect of Malachite Green, Congo Red and 
Safranin on Cell Division in Gemmae of 
Allium cepa 


SOME evidence has been published that certain organic 
dyes induce inflammatory conditions and even give rise to 
carcinogenic processes. All these substances belong either 
to the aromatic order or to heterocyclic compounds 
containing aromatic rings. The reports published on the 
harmful effects of these dyes deal as a rule with cases 
of diseases caused by dyes used in factories and labora- 
tories. The evidence given in these reports is not entirely 
conclusive, because in production processes the workers 
come into contact with initial or intermediate products 
which exert a toxic influence. This is particularly so 
because many of the intermediate products are amino- 
or nitro-derivatives of the aromatic order. It is, therefore, 
evident that in order to solve this problem, experimental 
investigations on dyes suspected of a toxic or carcinogenic 
effect are necessary. 

Since we are interested in the problem of the effect of 
carcinogenic compounds on the cell nucleus and its 
division, it was from this aspect that we commenced our 
experiments. The gemmae of the underground portion 
of the onion shoot (Allium cepa L.) were used for these 
experiments. j 

In carrying out experiments with this material, it was 
possible to take into consideration only water-soluble 
dyes. For this reason, from the dyes suspected of carcino- 
genic properties, we considered Congo red, malachite 
green and safranin to be the most suitable for our experi- 
ments. 

We prepared aqueous solutions of these dyes in concen- 
trations of 10-*, 10-4, 10— and 10-° per cent. The morpho- 
logical effector in our experiments was the gemmee of the 
onion root (Allium cepa L.). All the plants were divided 
into three groups according to the type of dye to be 
investigated. 

Each of these groups was then divided into five groups 
according to the concentration of the dye, ons group 
being the control group. The plants of the control group 
grew in distilled water. Since the period of growth for 
the root lasted only 5 days we did not use any medium, 
the food reserves in the cotyledons being quite sufficient 
for that length of time. The onions wore placed on cellu- 
lose tissue in Petri dishes and covered with 150 ml. 
aqueous solutions of the dyes. Five days later, ten roots 
from each of the groups were cut off. The roots were cut 
5mm from tip and prepared by the paraffin method, after 
which microtome sections 6u thick were cut. The sections 
thus prepared were used for the counting of cell divisions. 
In our calculations, the various phases of division were 
taken into consideration as well as all deviations from 
normal mitotic division. The values obtained from each 
concentration were compared with the values noted 
in the control group by means of the y? test. As a 
zero hypothesis, it was assumed that there were no 
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Fig.1. Curve showing the total number of mitoses in A. cepa roots under 
the influence of malachite green, Congo red, and safranin. x, Malachite 
green; @, Congo red; O, safranin 


significant differences between the values investigated 
and therefore these values should not differ from 
the mean. arithmetical values of the group compared. 
Significant differences were marked ‘+°’ (the level of 
significance being taken to be a = 0-01). In order to 
avoid a more detailed description of the findings, we have 
presented them in table form. Table 1 shows the various 
phases of division and indicates the normal and patho- 
logical divisions. ‘The figures given in the table are the 
mean values of 10 readings. They were calculated as the 
mitotic index for approximately 200 cells. In the last 
column the statistical significance of the observed differ- _ 
ences is given. The total number of normal and patho- 
logical divisions are presented in Fig. 1. In order to ensure 
an even distance between the concentrations on the . 
axis, an axis = 7 + log of the concentration was used. 
Though the dyes used in our experiments are generally 
considered to be non-toxic, there have been reports that 


NUMBER OF MITOSES IN Allium cepa ROOTS GROWING IN AQUEOUS SOLUTIONS OF MALACHITE GREEN, CONGO RED AND SAFRANIN 
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Congo red may lead to neoplasms, for example, cancer 
of the bladder. 

Malachite green is strongly toxic to the rabbit, and 
safranin causes inflammation of the skin and may lead 
to the growth of malignant neoplasms of the bladder!. 

Investigations on the mitotic activity of various 
chemical compounds are usually carried out on three 
models. The model most frequently used is the gemma 
of the underground shoots of plants from the Liliaceae 
and Papilionaceae families?*. A modification of this 
method is used when the investigations are carried out on 
excised roots. Rapidly dividing animal tissue and tissue 
culture are also used!5~?. Investigations on the effect 
of carcinogenic substances, anti-mitotic factors and 
X-rays have been carried out on these models**, Keyl 
and Werth’, in their cytological investigations on salivary 
gland chromosomes, found that malachite green caused 
changes in the structure of those chromosomes. 

In our department we have investigated the effect 
of various salts of the ferrous group (cobalt, nickel and 
iron) on mitotic processes?. In all these investigations, 
we observed changos in the nucleus, cytoplasm and in cell 
division. One of the most significant symptoms was & 
marked disturbance in the mitotic processes of the cells. 
For this reason, in our investigations, we took into con- 
sideration only the effect of aqueous solutions of the dyes 
on mitotic processes. In each of our experiments it was 
found that aqueous solutions of the dyes had a stimulatory 
effect on the mitotic processes and gave rise to a consider- 
able number of abnormal cell divisions. 

On the basis of these experiments, it was possible to 
draw the following conclusions: (1) Some of the dyes 
used in histological techniques and belongmg to the 
aromatic order or to heterocyclic compounds containing an 
aromatic ring have an effect on cell division. (2) This 
effect is manifested in stimulation of cell division, that is, 
in a higher mitotic index. (3) After exposure of the plants 
to the action of aqueous solutions of the dyes, a greater 
number of abnormal divisions is observed. (4) The 
character of these changes corresponds to those observed 
when investigating other carcinogenic compounds. 
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Hydrolysis of Di(aziridin-l-yl)sulphoxide to 
Ethyleneimine . 

DI(AZIRIDIN-1-YL)SULPEOXIDE (DESO), which was 
synthesized as a potential anti-tumour agent, has been 
shown to possess the property of liberating ethyleneimine 
in the presence of phosphate ion'. This communication 
reports a more detailed investigation of this effect. 
Ethyleneimine assay involved the colorimetric measure- 
ment (at 420 mu) of the chloroform extractable dye 
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obtained by reaction of the base with 1,2-naphthaquinone- 
4-sodium sulphonate in barbitone buffer (0-1 M, pH 9-6) 
The production of ethyleneimine from DESO was verified 
by comparing the absorption curves of the dyes derived 
from ethyleneimine and DESO (absorption maxima 303 
and 425 mu). On incubating DESO (2 mg/ml., 37° C) for 
2 h in barbitone buffer over the pH range 6-4-8-0 there 
was never more than 3 per cent hydrolysis, but at pH 6-5 
in phosphate buffer there was 74 per cent conversion to 
ethylencimine. DESO was also quite stable on incubation 
in water, but addition of phosphate buffer resulted in 
the rapid production of ethyleneiminet?. 

In 25 M phosphate buffer, pH 6-5, DESO (2 mg/ml.) 
yielded 100 per cent of its ethyleneimine in 10 min. 
Using 1 M and 0-5 M buffer, 83 and 67 per cent respectively 
of the available ethyleneimine was liberated in the same 
period, indicating hydrolysis to be dependent on phosphate 
ion concentration. On incubating the sulphoxide (0:5 
mg/ml., 0:0038 M), in barbitone buffer containing graded 
amounts of phosphate, the amount of DESO converted 
during 2 h was proportional to the logarithm of the phos- 
phate concentration when the latter was 0-3-6 mg/ml. 
(0-0032—0-063 M) (Fig. 1). At ion concentrations of 
6-30 mg/ml. (0-32 M) the yield of ethyleneimine was not 
increased to more than 85 per cent and the pH of the 
solution was reduced. 

The rate of ethyleneimine formation, in phosphate 
buffer, increased with diminishing pH and a linear rate 
of reaction was obtained up to the time when 40-50 per 
cent of ethyleneimine radicles had been removed from the 
parent compound (Table 1). It thus appears that one 
ethyleneimine ring is more readily liberated, although 
breakdown as a whole depends on phosphate ion concentra- 
tion. 

The mechanism of the phosphate effect has not been 
established, but a definite reaction between DESO and 
phosphate is implied, otherwise catalytic amounts of the 
latter would permit ethyleneimine liberation and the 
relation shown in Fig. 1 could not exist. It may be that 
reaction occurs in some way with the H,PO,’ form, the 
amount of which also increases as pH is reduced. 

As regards other ions, sulphate and chloride (up to 
0:5 M) had no effect, but sulphite and thiosulphate (0-067 
M) caused DESO (2 mg/ml.) to yield 18 and 24 per cent 
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Fig 1 Ethylenemine production by di{aziridin-l-yl)sulphoxide (05 
mg/ml.) when incubated (2 h) with various amounts of phosphate in 0-1 
M barbitone buffer (0 1 M pH 7) 
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Percentage of availablé ethyleneimine liberated 
pH 53 pi 6&3 pE? pH 8 


24 20 12 3 
42 36 23 6 
54 49 32 9 
62 57 41 11 
67 62 47 14 
69 GS 54 16 


= respectively of ethyleneimine by 2h. NNN'N'-diethylene- 
urea, which is structurally related to DESO (carbon 
-~ replacing sulphur), only yielded ethyleneimine in alkaline 
solution and then only in small amounts (6 per cent in 
3h, pH 8). 

- While it is generally agreed that the chemical reactivity 
of ethyleneimine derivatives forms. the basis of their 
tumour-inhibitory activity, little is known about the 
im vivo circumstances which may contribute to or inhibit 
the biological effect. It is possible that the present data 
explain why DESO fails to inhibit the growth of experi- 
mental tumours, since ethyleneimme lacks tumour- 
uhibitory activity?. 

thank Dr. H. Jackson for his advice in the preparation 
this article. 
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um Concentration of Phenylbutazone in 
ests for Antiphlogistic Activity and under 
Clinical Treatment 


Jwine to marked individual variations in the rate of 
tabolic transformation in man, the daily doses of 
1enylbutazone used in therapy show a relatively wide 
range. Burns et al. found a biological half-life for phenyl- 
butazone ranging from 1-5 to 6 days, and correspondingly 
found plateau plasma concentrations ranging from 60 to 
50 mg/l. in different individuals. After an initial dose of 
00mg orally followed by 200 mg four times daily, Wilson 
il. found plasma concentrations from 50 to 100 mg/l. 
nd consider these concentrations necessary for therapeutic 
ffect. Currie? found 80-110 mg/l. at the ‘beginning of the 
therapy and later under maintenance dose-levels of 
46-80 mg/l. Bruck et al.‘ are of the opinion that, in order 
- to avoid side-effects, plasma concentrations should not 
sexeeed 100 mg/L., and during treatment they mamtained 
- -@oncentrations of between 50 and 90 mg/l. They propose 
that treatment should begin with 200 mg per day orally, 
“and that the dose should increase by 100 mg daily until 
: the response is satisfactory. 
On an mg/kg base these doses lie considerably below 
‘those necessary for the demonstration of antiphlogistic 
<i effects in animal experimentation. In experiments in this 
=c laboratory, these doses amounted to 25-50 mg/kg when 
"a maximal reduction of several forms cf experimental 
oedema in rats was to be achieved®'®, 
` Since it seemed possible that the difference in the dose 
night be compensated for by the much shorter half-life 
phenylbutazone i in the rat, we decided to compare the 
trum concentrations reached after oral application of 
effective in the different tests for antiphlogistic 
ty in the rat with those determined in patients under 
tment with phenylbutazone. 
lbutazone was determined spectrophotometrically 
method of Burns et al), Fig. 1 shows the serum 
ions: “etter, oral application of 10, 25, and 50 
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mg/kg in male and final rate. The conce 
present during 5} h (the duration of the test 
phlogistic activity) agree closely with those obtan 
clinical treatment for the two higher doses. T 
serum concentratiens after a dose of 10 mg/kg cor 
to the submaximal effect in the test for antiph 
activity®:*, We are inclined, therefore, to regard the eff 
of phenylbutazone : on the different models of inflan 
used in our laboretory (kaolin, aerosil and carra ; 
as a true correlate of clinical antiphlogistic activi 
more so as a similar sensitivity of peripheral processes 
drugs should exist even in different species. a 
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Serum concentration of phenyibutazone 
(ug/ml) 


Time {h} 
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Serum concentration of phenylbutazone 
(ugimi.) 
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Fig. 1. Scrum concencrations of phenylbutazone after oral appli à 
to male and female rate (Leo strain). Dosage: g, 10 met phenyibut 
ke: b, 25 mg phermylbutazone/kg; ¢, 50 mg phe butazone/ kg: 


It can be seen from Fig. 1 that the concentrations. o TEL 
tained in female rats were always higher than those in thè 
male ones. This sex difference cannot be explained by a 
different metabolic: rate alone, since the half-lives determ- 
ined for both sexes le rather close together (5-2 h for . 
the males, 6 h for the females), and since the difference - 
could not be abolished by pretreatment with SKE 
525-A. Besides the difference in half-life, a lower volume | 
of distribution anc a higher haematocrit were found in _ 
our female rats, all three factors contributing to the higher ee 
phenylbutazone serum concentrations in this sex. 
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HAEMATOLOGY 
Gm(b) Factor in the y Globulin of Non-human 
Primates 


RECENT investigations in man have shown that the 
Gm factors of yG globulin are linked to non-segregating 
antigenic determinants which define at least four different 
classes of heavy polypeptide chains in human yG globulin’. 
Studies in man have also suggested that the Gm(b) 
factor is not unique, but rather is pleomorphic and may 
vary in different human races*. Certain of the Gm 
genetic factors including Gm(b) have been recognized 
in the serum of some non-human primates**, It therefore 
became of interest to assess the Gm(b) factor as it occurred 
in non-human primates, to evaluate any pleomorphism 
and to investigate its relationship to the H-chain sub- 
group with which the Gm(b) factor is known to be associ- 
ated in man. 


Table 1. INHIBITION or GmM(B) TYPING SYSTEMS BY y GLOBULIN OF 
DIFFERENT PRIMATES 
Anti-Gm(b) Degree of agglutination with inhibiting 
agglutin- y Globulin y-globulin at concentration (mg/ml.) 
ator from from 10 05 O25 012 0-06 003 O15 Sal. 
Rheum- bd 0 0 0 0 1 2 2 2 
atoid Gorilla t 0 0 0 0 1 2 2 
human Chimpanzee * 0 0 0 1 2 2 2 
Baboon * 1 2 2 2 2 2 2 
Old world monkey * 1 2 2 2 2 2 2 
New world monkey * 2 2 2 2 2 2 2 
Tamarin * 2 2 2 2 2 2 2 
Immun- Man 0 0 0 0 1 2 2 2 
ized Gorilla 2 2 2 2 2 2 2 
monkey Chimpanzee 2 2 2 2 2 2 2 
Baboon 2 2 2 2 2 2 2 
Old world monkey 2 2 2 2 2 2 2 
New world monkey 2 2 2 2 2 2 2 
Tamarin 2 2 2 2 2 2 2 
Non- Man 0 0 0 0 0 0 1 2 
rheum- Gorilla 0 0 0 0 0 1 2 
atoid Chimpanzee 0 0 0 0 0 1 2 
human Baboon 0 0 0 0 0 0 1 
Old world monkey 0 0 0 0 0 1 2 
New world monkey 1 2 2 2 2 2 2 
Tamarin 2 2 2 2 2 2 2 
* Isolated from pooled serum. 
} Isolated from individual serum. 


Seven representative species from five different primate 
families are represented in these investigations: Hominidae 
(man), Pongidae (gorilla, chimpanzee), Cercopithecidae 
(old world rhesus monkey, baboon), Cebidae (new world 
spider monkey) and Callithricidae (tamarin). Serum pools 
from each species represented the contribution of 3-12 
different animals with the exception of gorilla serum from 
a Single animal. Gamma globulins were isolated by zone 
electrophoresis in starch. Gm typing was performed by an 
inhibition of agglutination technique as previously 
described® utilizing three different anti-Gm(b) agglutina- 
tors: (a) that from a rheumatoid human, (b) that from a 
rhesus monkey which had been immunized with human 
Gm(b + ) yG heavy chains and the serum of which was then 
absorbed with a human Gm(a+b-—) serum, and (c) that 
from a non-rheumatoid human. Each system used red 
cells coated with an appropriate incomplete anti-D, and 
gave concordant results in the typing of 21 Gm(b+), 
8 Gm(a+b—) and 1 Gm(b+f—) human sera from the 
White and Negro races. Table 1 presents results of typing 
the various primate y globulins. As shown, the rheuma- 
toid agglutinator was inhibited by human and gorilla 
y globulins to an equivalent degree, somewhat less by 
chimpanzee y globulin, and no inhibition was seen by the 
other y globulins. Inhibition of the monkey anti-Gm(b) 
agglutinator was obtained only by human y globulin, while 
investigations with the non-rheumatoid human agglutin- 
ator gave strikingly different results. Marked and quanti- 
tatively similar inhibition was obtained by y globulins 
from man, gorilla, chimpanzee, old world (rhesus) monkey 
and baboon, while the new world (spider) monkey and 
tamarin failed to inhibit even at 1 mg/ml. 


NATURE 


January 29, 1966 voL. 209 





A-429 


Fig. 1. Reaction of monkey anti-Vi antiserum (centre well) with (a) 


Gm(b +) myeloma protein at 1 mg/ml, ; (0) gorilla y globulin at 10 mg/ml. ; 

(c) human y globulin at 10 mg/ml; (d) Gm(a+) myeloma protein at 

1 mg/ml.; (¢) monkey y globulin at 10 mg/ml.; ({) chimpanzee y globulin 
at 10 mg/ml. 





Fig. 2. Reaction of monkey anti-Vi antiserum absorbed with 8 mg per 

mi. antiserum of (a) human y globulin; (5) chimpanzee y globulin; (c) 

gorilla y globulin; (d) monkey y globulin; (e) tamarin y globulin; a 
Gm(b+) myeloma protein at 1 mg/ml. (centre well) 


A precipitating antiserum prepared in the monkey 
against Gm(b+) human yG H chains was specific for the 
Vi H-chain sub-group after appropriate absorption. 
This sub-group has previously been shown to be associated 
with the Gm(b) factor in human yG globulin’. Search for 
the Vi H-chain sub-group determinant with this antiserum 
was performed in a number of ways. First, double diffu- 
sion in agar against y globulins at concentrations of from 
l to 20 mg/ml. failed to reveal precipitin lines, as shown in 
Fig. 1. Also, quantitative precipitin investigations with 
monkey and chimpanzee y globulins failed to detect 
precipitated antigen. In order to search for the presence 
of cross-reacting but non-precipitating Vi antigen, inhibi- 
tion studies were also done. Aliquots of anti-Vi antiserum 
were absorbed with quantities of the various y globu- 
lins equal to more than twice the amount of human 
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{ tly anti-Vi activity. 
e ri 2, in which Vi-specific 
ed after absorption. : In addition, investi- 
ions ; utilizing inhibition of quantitative precipitation 
of human y globulin at the equivalence point by the various 
primate T globuline also failed to demonstrate Vi specific 
= antigens in the non-human primates. 
=o These studies would suggest that the Gm(b) factor is 
«not only a mosaic of determinants varying between human 
races and in certain non-human primate families, but is 
also probably composed of more than a single determinant 
in the yG globulin of a single individual. Clearly, the 
Caucasian Gm(b) has one. determinant which is not 
shared with non-human primates and which was detected 
_ in these investigations by an anti-Gm(b) raised in a rhesus 
monkey. One might anticipate that Gm(b) positive non- 
human primates may have a similar determinant in their 
Gm(b) ‘area’ which is specific for that particular primate 
family. In addition, at least one Gm(b) determinant 
found in Caucasian and Negro Gm(b) positive y globulin 
occurs in the y globulin of the Pongidae and Cercopithecidae, 
asis evident from their inhibition of the Gm(b) specific 
haemagglutination system utilizing an agglutinator from 
the non-rheumatoid human. This probably does not 
f represent simple cross-reactivity in that the inhibition 
was quantitatively similar to that by human y globulin. 
‘In addition, at present it is conceived that Gm specific 
gglutinators from non-rheumatoid donors are a uniquely 
pecific form of anti-Gm agglutinator. It is impossible, 
owever, to exclude cross-reactivity between similar but 
ot identical Gm(b) determinants. There is no clear 
xplanation of the variable degrees of inhibition seen in 
dies with the Gm(b) specific rheumatoid agglutinator. 
sh reagents may, in fact, be detecting several determin- 
of the Gm(b) mosaic, which may in turn appear in 
ing degrees in the non-human primates. Alterna- 
y, cross-reactivity may have influenced results with 
8 reagent to a significant degree 
The failure to demonstrate the Vi antigen to accom- 
any Gm{(b) determinants in the Pongidae and Cerco- 
ithecidae is of some interest. It is, of course, impossible 
» exclude totally the presence of this antigen. It is 
‘known that different anti-Vi-specific antisera may detect 
- different areas of the yG globulin molecules. If this 
_ indicates polymorphism of the Vi determinant, the use 
- of the Vi specific monkey antiserum may have precluded 
demonstration of its presence. The most that can be said 
is that this determinant as it is recognized in man does 
‘not seem to occur in association with a Gm(b) determinant 
“recognized by a human agglutinator in these primate y 
=, globulins. This would support the original concept that 
the H-chain sub-group determinants are distinct from, but 
_... linked to, the Gm characters and occur in the same area 
a of the H polypeptide chain, rather than the alternative 
Suggestion that they are an epistatic configuration the 
_. structure of which is necessary for the appearance of the 
= Can(b) factor. 
I thank Drs. E. Melby, H. Fudenberg and L. Martensson 
=o for-eertain primate sera and reagents used in this investi- 
- ¿> gation, which was supported by grant AZ 05780 from the 
National Institutes of Health, Bethesda, Maryland. 
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Ribonuclease sid Deoxyribonuclease s 
Film Methods: a Pitfall in the interpre 
of Results 


Dvurinc the course of histochemical Brata nt 
various metabolic disorders, the substrate-film methoc 
for the demonstration of ribonuclease and deoxy: 
nuclease? were examined. Satisfactory thin films w 
obtained by dipping chemically cleaned slides into the 
DNA or RNA gelatine mixtures at 60° C and then shaking 
off the excess liqaid. The films were allowed to stand 
vertically at 60° C for 5 min before wiping clean the 
bottom quarter of the slide. This procedure gave stable 
films which did net lift or distort during the subsequent : 
operations of fixazion in formalin, incubation and stain- 
ing. The gelatine was obtained from B.D.H. (‘Gold Label’ | 
grade), and the DNA and RNA from L. Light. E E 

The apparent distribution of DNase and RNase in 
tissue sections shewn by the methods cited)? led to the 
conclusion that not all the activity could be attributed to 
the respective enzyme. It was thought that quite a con- a 
siderable proportion of the apparent activity was due 
proteolytic enzymes dissolving the gelatine film, 
though formalin fixed, thus releasing the substrati 
specifically. To test this hypothesis, substrate: 
RNA and DNA were prepared in the normal mann 
0-1 ml. water, 0-1 ml. ribonuclease 0-01 per cent, a 
rol. trypsin 0-01 per cent were placed separately o 
film and the slides were incubated at room tempe 
for 1 h. The slides were then washed and stained fo 
min with 2 per cent toluidine blue. Sane 

The water controls left both films completely untoue 
and ribonuclease digested only the RNA film. ` 
completely digested both films. From these rogal 
concluded that the present substrate film techniqi 
ribonuclease and deoxyribonuclease can lead - 
results unless the gelatine used is found to be resist 
tryptic digestion after formalin fixation. Much of 1 
apparent activity using B.D.H. ‘Gold Label’ gela 16 
due to the action ef proteolytic enzymes. Further w rk 
in progress incorporating inhibitors in the gelatin 
strate films and using agar as an alternative i ca 
medium. eae 

I thank D. Barry for technical assistance. This woi kis 
supported by a grant from the National Society for 
Mentally Handicapped Children. 
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IMMUNOLOGY 


Mouse Thymic Iso-antigens 


Old, Boyse anc Stockert reported the presence of a 
common. iso-antigon (LT) in certain leukaemias of two 
strains of mice, anc in thymus of only one of these strains 
and one unrelated strain!. Later, the LT iso-antigen was 
found in normal thymus of eight out of twenty-four 
strains’. The LT iso-antigen was not detected in the 
normal tissues examined other than thymus?*, 

Following our iaitial report of a strong antigen: associ- EE 
ated with thymic lymphocytes of AKR mice’, thymocy ytes =o > 
from eighteen strains of mice were found to possess: either ` 
the §-AKR or tae 0-C3HeB/Fe iso-antigens on. their- 
surface’. These taymic antigens were distinct from. Lt. 
In the four to six strains of mice that were tested further, 
neither splenic lymphocytes nor lymph node lymphocy tes. 
were cytolysed by iso-antisera that cytolysed thymocytes. 



















le lymphoe tes possessed a ioe percentage 

6-iso. ‘antigens present on thymocytes. pene the strains 
tested, no exceptions were found*. Results were sufficient 
to establish the immunological distinction of AKR 
thymocytes’, 

This communication extends the foregoing findings to 
eighteen strains or sub-strains of mice. Use of an AKR 
iso-antiserum almost fifty times more potent than pre- 
viously used‘ has permitted increased precision. Since 
again no exceptions were found, immunological distinction 
of thymocytes seems confirmed as a general phenomenon 

in- mice. 
The potencies of iso-antisera for immune cytolysis of 
lymphocytes were determined in a small-scale assay 
system*. Absorptions of iso-antisera by lymphocytes were 
carried out by a quantitative adaptation’ of the method 
of Möller! and Amos et al.?. These two methods should 
give complementary results, since Möller and Möller have 
shown that cytolytic potencies are directly related to the 
content of iso-antigens on the cell surface®. 
Iso-antisera to thymocytes were previously prepared by 
six weekly intraperitoneal injections of viable thymocytes, 
| plus. B single subcutaneous injection of thymocytes incor- 
-porated in complete Freund-MeDermott adjuvant, 5 
x inization of groups of three C57BL/6 mice by various 

schedules showed that adjuvant actually depressed the 
immune response (Table 1, groups C and G), age se 
because of the relatively high dose injected (0-2 ml.). 
single intraperitoneal injection of viable thymocytes a 
duced detectable sensitization (group A). 









Tatile 1. EFFECTIVENESS OF IMMUNIZATION OF C57BL/6 MICE BY AKR 


THYMOOYTES 


No. of weekly No. of subcut- 


at e Cytolytic 
goer ‘deep of intraperitoneal aneous 


Intervali between potency * of 


- « ROTRLIS injections of injections of injections and serum against 
Le mi ee A adjuvant bleeding (days) AKR 
ee lymphocytes thymocytes 
roe. 1 — 10 (24% a.c.) f 
B 3 coe 10 40 
ee fa 6 - 10 2,580 
Eris meme i 10 <2 
Te = 1 52 <2 
OE 6 1 10 860 


a * ytolytic potency is expressed as 100/cytolytic titre. 
t The highest cytolysis obtained was 24 per cent above the control-level. 





‘Table 2. IMMUNE Cyronysis OF THYMIO, SPLENIC AND LYMPH NODE 
‘YMPHOCYTES FROM VARIOUS STRAINS OF Mice BY AKR Iso-aNTIsERUM 
AGAINST C3HeB/ Fe THYMOCYTES 


ae. Cytolytic potencies * against lymphocytesfrom ` 
`: Mouse strain 


Thymus Spleen Lymph nodes 
ARR <2 <2 <2 
at, <2 <2 <2 
BREFM/Un <2 <2 <2 
 C3HeB/ Fe 794 (19% a.¢.)t (16% a.c.) 
 C38H/ DiSn 844 (28% a.c.) <2 
OSH St 614 (19% a0.) 7% a.e.) 
Ale 398 (18% a.e.) (17% a.c.) 
BALBIe 77 (16% a.c.) (14% ae.) 
C57 BL 873 (17 of a.¢.) 
COT BL/6 429 (22% - e.) <2 
CS7 BL]19 794 <2 <2 
C57L 574 {27% a.c.) <2 
C58 601 (27% a.e.) (17% a.0.) 
DBA! 1,000 <2 (14% a.c.) 
PBA? 510 <2% < 
ICR Swiss 429 <? (20% ag.) 
482 <2 <2 
129 794 <2 <2 


* Cytolytic potency is expressed as 100/cytolytic titre. 
+. The highest cytolysis obtained was 19 per cent above the control-level. 


-Potent AKR iso-antiserum to 03H eBj Fethymocytes was 
prepared by the most effective schedule of injections 
(Table 1, group C). This iso-antiserum cytolysed thymo- 
cytes from mice possessing the 0-C3HeB/ Fe iso-antigen at 
hi gh potencies; in contrast, splenic or lymph node 
. lymphocytes were not cytolysed in excess of 28 per cent 
_ above the control value (Table 2). Equivalent data were 
- previously reported for cytolysis of lymphocytes from 
- mice that possess the 9-AKR iso-antigen (namely, AKR 
2 and RF mice) by C3HeB/ Fe iso-antiserumt; lymphocytes 








pony to ) react 





‘of. ae 








strain. mr 

The absorptive capacity of splenic lymphoeyt ES wes. 
between 6 and 21 per cent of that of thymocytes (Table 3). 
Equivalent data have previously been reported for AKR 
micet, Since it is known that a critical concentration of 
iso-antigens must be present on the cell surface before. 
cytolysis can occur*®®, the present results of cytolysis and 
absorption experiments are compatible. 





Table 3. ABSORPTION OF AAR ISO-ANTISERUM AGAINST C3HeB/ Fe Taymo- 
CYTES BY THYMIC AND SPLENIC LYMPHOCYTES FROM VARIOUS STRAINS OF 


MICE 
Absorptive capacity * of lymphocytes from 
Mouse strain Thymus Spleen 

AKR < <1} 
REF <5 <1 
C3HeB/ Fe 196 20 
C8H/ DiSn 110 73 
O8H{St 112 21 
A/He 57 14°3 
BALB/c 164 13°3 
C57 BL 114 14-9 
C57 BL/6 139 13-0 
C57 BL/10 141 12-0 
C572 94 7-3 
C58 — 17-3 
DBA[I 116 P8 
DBA][2 80 6-4 
ICR Swiss 98 19-6 
SWR 100 9-6 

129 124 0-3 


* Calculated relative to absorption by the same number of C3HeB/ Fe 


thymocytes. 


Crosses were made between AKR and C3HeB/ Fe mice. 
Thymocytes from the F, offspring were cytolysed both 
by iso-antisera to the 0-AKAF iso-antigen and by iso- 
antisera to the 6-C3HeB/Fe iso-antigen. The cytolytic 
potencies were, on average, 39 per cent lower than againet 
thymocytes from the parent strain, which could only be 
eytolysed by one or other of the two iso-antisera (Table 2, 
and ref. 4). Similar results were obtained with thymo- 
cytes from F, offspring of a mating between RF and 
C57BL/6 mice. Thymocytes from (AKR x C3HeB/Fe)F, 
mice absorbed respectively 70 and 66 per cent as much 
of the two iso-antisera as thymocytes from the respective 
parents. These data are consistent with a theoretical 
absorption at an intermediate value, possibly 50 per cent, 


which would be expected if the 6-AKR and 6-C3HeB/ Fe ie oe $ 
iso-antigens represented alleles of a single locus that has 


two sites. Inbred mice are homozygous with respect to 
one or other of these alleles, and both antigens are ex- 
pressed in the heterozygous state. 

With regard to chemical nature, the §-C3HeB/Fe iso- 
antigen of thymus was non-Gialysable, and could not be 
recovered in active form after treatment!* with lipid 
solvents, such as chloroform—methanol (2:1), at 0° C. 
Treatment with sodium deoxycholate at concentrations 
between 1 and 30 mg/ml., followed by exhaustive dialysis 
to remove the deoxycholate, did not increase the antigenic 
activity of the supernatant obtained after centrifugation 
at 35,000g. On the basis of unit nitrogen content, the 
microsomal fraction!! of a homogenate of C3HeB/Fe 
thymus was nineteen times more potent than the whole 
homogenate, when tested for absorption of an AKR iso- 
antiserum prepared against C3HeB/ Fe thymocytes. These 
data suggest that the 9-C3HeB/Fe iso-antigen is a lipo- 
protein. 

In the mouse, presence of the LT iso-antigen in certain 
strains that possess the 0-C3HeB/ Fe iso-antigen indicates 
that a single inbred strain may possess more than one 
thymic antigen‘. In man, the presence of auto-antibodies 
directed against both thymus and muscle in one-third of 
a series of patients with myasthenia gravis? suggests the 
presence of iso-antigens shared between thymus and 
muscle, although other explanations are possible. Both 
in the mouse and in man much further work seems 
required to delineate the presence, distribution and sig- 
nificance of thymic antigens. 


in a & atalar i manner to those of the parent z E 
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Mouse Nervous Tissue Iso-antigens 


Mucu work has been done on experimental auto- 
wounization with nervous tissues, and the relation of 
resulting pathology to that found in demyelinative 
ses of the human nervous system!. Furthermore, 
TT of organ-specific lipid haptens has long been 
ized; recently, Joffe, Rapport and Graf have identi- 
one of these haptens as a galactocerebroside’. No 
specific iso-antigens were deseribed by these 
hors}}?, 
Ve recently described two strain-specific iso-antigens, 
6-AKR and 0-C3HeB/Fe, one or the other of which is 
present at a high concentration in adult brain and thymus 
of all mouse strains that were tested®:*. In new-born 
mice of the four strains investigated, these antigens were 
found at a high concentration only in thymus; neonatal 
brain contained between I and 3 per cent of the antigen 
concentration found in adult brain. Thus, the two anti- 
ns appeared to originate either in thymus or in closely 
related cellular precursors. These 6-iso-antigens were 
ae ‘present at much lower concentrations in lymph node 
-co lymphoeytes, splenic lymphocytes, appendix, lung and 
liver. Some leukaemias from AKR mice possessed a high 
>. eontent of the 0-A KR iso-antigen, while others, apparently 
we cof non-thymic origin, possessed a low content. These 
data were obtained by use of immune cytolysis and of a 
quantitative absorption procedure’. 
=o In the present investigation, the same methods but 
“more potent iso-antisera were used. Results of absorption 
experiments are expressed as the absorptive capacity 
“per unit wet weight of brain. Since the iso-antisera used 
showed high specificity in their absorption by different 
tissues, absorptive capacity is taken to parallel the content 
of §-iso-antigens. 

: The appearance of §-iso-antigens in brain of three strains 
of mice (Fig. 1) paralleled the histological®.* and physio- 
logical? maturation of mouse brain. The 6-iso-antigens 
c remained at very low levels for the first 4 days after birth. 
Between 10 and 20 days of age, the antigen content rose 
from approximately 15 to 62 per cent of the adult-level, 
ch was reached at 5-6 weeks of age (Vig. 1). 
ddition, groups of two C3HeB/Fe mice aged 14, 
57 and 81 weeks were investigated for antigen 
All mice were male except for the youngest 
he mean relative content of 0-C3HeB/Fe iso- 
per unit wet weight of brain was 100, 99, 87, 93 
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Fig. 1. Development of the 6-iso-antigens in brain of three strains of 
mice. The absorptive capacity per unit wet weight of brain was deter- 
mined for AKR and RF mice with C8HeB/ Fe iso-antiserum to AKR. 
thymocytes, and for C573L/6 mice with AKR iso-antiserum to C3H. ete 
thymocytes. Most points repreneas brain pooled from two miea. 


O 5 


and 101 per cent, respectively. Thus, no signifidant 
change in antigen ccntent was observed during adulthoos 
Previously, we reported‘ that immunological matar: 


tion of brain occurs :n four strains of mice: AKR, CSIBE, oe 


ICR Swiss and A. This finding has now been extended to- 
eight additional strains: C3HeB/Fe, C3H/DiSn, C57L, 
C57BL/6, C58, DBA/1, RF and SWR. Neonatal brain. 
averaged 0-8 per cent of the content of 8-1s0- -antigen ine 


adult brain of thesə eight strains. Since no exceptions Si 


have been found, the presence of 0-iso-antigens in mouse- 
brain, and their development from low levels at birth. to 
high levels in young adulthood, appear to be general 
phenomena in mice. These results suggest the possibility 
that analogous iso-antigens may exist in other species 
including man, ane may be involved in auto-immune 
diseases of the nerveus systemi. 
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amparan Investigation of Immune 
Globulins of Various Vertebrate Classes 
DurIxG the past few years our knowledge of the immuno- 
globulins of man and mammals has been substantially 
extended. The method of making antiglobulin sera 
developed by Milgrom et al. in 1956 (ref. 1) has played a 
decisive part in this particular connexion. As is well 
known, this method makes it possible to prepare antisera 
which react, in addition to y-globulins (IgG, IgA, IgM), 
with complemental factors, if any*. Since our knowledge 
of non-mammalian immunoglobulins is limited’, I 
prepared (using a modification of Milgrom’s method?) 
antisera to the globulins of mammals (horse, cattle, hog), 
birds (duck, goose), turtles (Testudo hermanni Gmelin), 
and fishes (Cyprinus carpio L., Tinca tinca (L.), Perca 





Fig. 1. Immunoelectrophoresis of ‘immunoglobulins’ (see text) from: 
A, duck; B, Testudo; C. Cyprinus; D, Tinca; E, Ictalurus; F, Perca; 
G, normal immunoelectrophoresis from Perea. Anode to the left 
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fiuviatilis L., and Ictalurus nebulosus Le Sueur). The 
serum concentration used to bring about coupling with « 
erythrocytes was chosen so that, for the mammals, only 
antibodies were detectable against the y-globulins during 
immunoelectrophoresis. In this connexion, distinct 
precipitate lines of the IgG and IgM globulins were always 
observed. Moreover, for both horse and hog a weak line 
was observed corresponding to the IgA globulin. The anti- 
sera prepared against the globulins of goose and duck 
showed wide identity during immunoelectrophoresis. 
Two parallel lines were found that could be assigned to 
the IgG and IgM globulins (Fig. 1A). Clearly visible is a 
splitting up of the IgG line in the anodic region. 

The immunoelectrophoretie analysis of the antiserum 
against turtle globulins yielded 4-5 precipitin lines (Fig. 
LBE). Of these, the IgG line shows, at both ends, a splitting 
that cannot be simply attributed to ageing of the serum. 
In addition to the typical IgM line two distinct lines 
were also present in the æ, region; it is possible that these 
correspond to complemental factors. 

Whereas the analysis of the antisera against mammalian, 
bird, and turtle globulins shows a certain conformity, 
the fish globulins differ both from the others and from one 
another to a considerable extent. It is true that lines 
corresponding to the IgG globulin are thus found for 
Cyprinus, Tinca, and Ictalurus, but they are lacking for 
Perca (Figs. 1C—F). Also, the immunoelectrophoresis 
with one antiserum against the complete serum proteins 
of Perca confirms the absence of a typical IgG fraction 
(Fig. 1G). Here, only a faint but entirely uniform fraction 
is found in the cathodic region. 

The immune sera prepared using Milgrom’s method 
precipitate for fishes, quite a large number of fractions 
extending into the «-globulin region, and for Perca and 
Cyprinus even into tho pre-albumin region. Although 
further investigations will be required in order to clarify 
which of these fractions are genuine immunoglobulins, 
the present results already give some indication of the 
strong heterogeneity of the immunoglobulins for fishes. 
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PATHOLOGY 


Leptomeningeal Sarcomata and Gliomata 
induced in Rabbits by Rous Sarcoma Virus 


Muca has been written in recent years about the 
ability of Rous sarcoma virus (RSV) to induce malignant 
neoplasms in mammals. 

Heterozygotic albino mice’, rats'-*, hamsters’-*, guinea- 
pigs’, and monkeys?” were found to be susceptible to the 
Carr-Zilber* strain or Schmidt-Ruppin strain of RSV 
(ref. 1). Recently, Bryan™ strain and Mill—Hill (Harris)** 
strain of RSV were found to be oncogenic for hamsters», 

Zilber?® was the first to inoculate rabbits with Rous 
sarcoma virus. Numerous fibrous nodules and punctate 
haemorrhages in various organs were observed following 
repeated subcutaneous inoculation of Carr-Zilber strain 
RSV. Usually the fibrous nodules underwent reabsorp- 
tion’*. Later, Ahlström?” subcutaneously inoculated rabbits 
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Table 1. NEW-BORN RABBITS [INOCULATED INTRACEREBRALLY WITH RSV, 
» SCHMIDT-RUPPIN AND BRYAN STRAINS 
No. of rabbits 
Appearance of with 
Experiment Inoculum titre No. of neurological leptomeningeal 
No. P.F.U.* x w symptoms sarcoma and 
10°/0-15 ml. rabbits (average days) glioma 


Schmidt-Ruppin mota RSV from —— wing-wen® sarcomata, Pool No. 44 
1 “4 7 4 


2 17 4 28 4 
Bryan strain RSV from chicken wing-web's sarcomata, Pool No. 19. 
3 8-5 4 25 4 


Bryan strain RSV — chicken yeeros anteinesne. Pool No. 35. 
4 "I ‘ 2 2 


6 ie 3 a> ie 
Controls 
— PBS} 3 -— — 
The viral inoculum was titrated in chorio-allantoic membrane of embryo- 
nated hen's eggs. 


Values are expressed in plaque-forming units (P.P.U.). 
* Plaque-forming units in embryonated hen's eggs chorio-allantoic 


ł Phosphate buffer saline pH 7-2 used as diluent, 


less than 4-weeks old with Schmidt-Ruppin! strain RSV. 
Fibrosarcoma-like tumours developed at the site of 
inoculation, but these regressed spontaneously after some 
weeks. Several of the rabbits treated in this way showed 
lymphogenic cysts filled with a clear fluid. 

The present investigation was undertaken to determine 
the effects of intracerebral inoculation of RSV, Bryan” 
and Schmidt-Ruppin! strain, into new-born rabbits. 

Both strains of RSV were prepared by the technique of 
differential centrifugation'* from wing-web’s sarcomata 
induced in 2—3-week-old white Leghorn chickens. The 
cell-free virus preparations were then stored in 0-153 M 
potassium citrate at — 70° C and prepared for inoculations 
as previously described*. The titres of the final concentra- 
tions used in the inocula are shown in Table 1. 

New-born rabbits (New Zealand White) were obtained 
from the animal production unit of the National Institutes 
of Health, and when they were less than 24 h old they were 
inoculated with 0-15 ml. of viral suspension in the mid-por- 
tion of the right cerebral hemisphere. A high degree of 
mortality was experienced with these animals during the 
neonatal period. After 3 weeks, subcutaneous fibrous 
nodules were discernible at the site of inoculation in the 
surviving animals. At this time the rabbits showed 
sluggishness, somnolence, lateral posture of the head and 
left or right hemiparesis (Fig. 1). Some animals were left 
to die, and some were killed in a moribund condition. 
Two were killed in fair condition. The results are sum- 
marized in Table 1. 

At autopsy, the brain was found to be enlarged and an 
increase in volume of cerebrospinal fluid was noted in 
rabbits inoculated with the RSV (both strains). Hydro- 
cephalus was present in most of the animals. Gross 
examination showed medium-size nodules scattered 
throughout the meninges and focal areas of malacia within 
the cerebral tissue. Under the microscope the superficially 
located nodules could be seen to consist of large elongated 
cells with an oval vesicular nucleus, basophilic cytoplasm 
with thick processes. These areas appeared to be meningeal 





Fig.1. Effects of intracerebral inoculation in rabbit at birth of 3-4 x 10° 

p.¥.U, of Rous sarcoma virus, Schmidt-Ruppin strain, Age of the animal, 

$1 days. Note lump on the head at the site of inoculation, left hemiparesis 
and ptosis of eyelid 
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Fig. 2. 

sarcoma. Haematoxylix and (x ¢, 20). (B) Glioma in the periven- 

tricular subependymal tissue of the right on Haematoxylin and 

eosin (x e. 17). (C) Cel menos? of ir glioma. Haematoxylin and 
eosin (x e. 2 


(Same animal as pos 2 1.) (A) Parasagittal leptomeningeal 
n 


sarcomata (Fig. 24). The intracerebral tumours were 
located in the periventricular subependymal tissue and 
consisted of round vesicular cells, with basophilic cyto- 
plasm, and thin fibrillar processes. These areas could be 
classified as gliomata (Figs. 2B, 2C). 

In most of the animals small tumours were observed 
in the lungs, and :n one instance in the liver. Control 
rabbits inoculated with the suspending medium alone 
(phosphate buffer saline) failed to show any evidence of 
intracranial tumours or of pathological changes after 
3 months. 

It has already been pointed out*"* that high doses of 
RSV are needed to produce oncogenesis in the brain of 
the hamster. This & also the case for the rabbit. Approx- 
imately 10? p.r.v. of Schmidt-Ruppin and 10° P.F.U. of 
Bryan strain RSV are needed to produce tumours in 
the brain of the rabbit. 

The presence of tumour growth in the lungs of all rabbits, 
and in the liver of one treated rabbit, is probably not a case 
of true metastasis and may be due to viral induced 
neoplasms in these organs brought about by virus escap- 
ing from the brain. 


The reason for the regression of the subcutaneous 


tumours induced in rabbits by Zilber!* may be due to the 
_ difference in the strain of the RSV used. This was not so 
in the ease of Ahlstrém’s experiments", for he noted 
regression of the fibrosarcoma-like lesions of the rabbits 
using the Schmidt-Ruppin strain of RSV. Using the 
latter strain we obtained a malignant progression of the 
induced neoplasia which led to the death of the host. To 
explain these different results, it is possible that the large 
doses of virus used in our work may not be the only reason. 
The choice of the brain as a target organ may be of some 
importance. The induction of malignant neoplasms by 
RSV in rabbits has not previously been reported. Brain 
tumours have not been induced in this host by any virus. 
The use of these large animals, carrying a primary malig- 
nant tumour, should be of interest in eancer research. 
GIANCARLO F. RABOTTI 
RICHARD L. SELLERS 
WIRTLEY A. ANDERSON 
Laboratory of Viral Carcinogenesis, 
National Cancer Institute, 
National Institutes of Health, Bethesda, Maryland. 
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- Retardation of Parasitaemia, Prolongation of 
-Life or Survival of Lactating Mice in Infections 

oe with Trypanosoma cruzi 
_ Kramprrz! found an endogenous synchronization of 
_ the propagation of host and parasite in Trypanosoma 
. duttont infections of mice. Experimental infections with 
2 uttoni at certain periods of pregnancy have resulted 
in an exceedingly intense and prolonged parasitaemia 
im mice. 

Mice infected with T. cruzi have also shown an increase 
in the number of parasites during pregnancy ; however, the 
increase was only slight compared with that in female 
control animals. 

Lactating mice, however, display a very peculiar 
behaviour. Development of the parasites is retarded in 
them; the mice live longer or survive. When given a 
dosage of 1-3 x 10° trypanosomes per mouse immedi- 
ately following birth, the life of the animals is found to be 
about one-third longer than that of normal mice. Infection 
on the tenth day after birth significantly increases the 
time of survival. When extremely high doses of trypano- 
somes (1-3 x 10°) were administered, one-tenth of the 
lactating mice survived. Lower doses of trypanosomes 
(namely 700 x 10? to 250 x 10°), which would be fatal 
for normal mice, produce similar conditions. Here, 
it can be expected that up to one-half the lactating animals 
will survive. The results are well confirmed statistically. 
< White female mice, 3-4 months old (nulliparae), of the 
weight class 33-35 g of the strain NMR 1 [Tübingen were 
cused for our experiments, as well as trypanosomes of the 
strain WBH (T. cruzi, Wellcome Brazil-Hamburg)?, 
which had been kept for approximately 1 year by mouse 
passages. All injections of parasites were given intra- 
nuiscularly. The mouse litter was constantly adjusted 
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ately 250 animals have been used so far in the experiments, 
which were frequently repeated. The number of mice in 
the various experimental groups was always kept the 
same (10) in order to comply with the statistical basis"of 
the experiments. 

Further experiments are being undertaken at present, 
in particular to clarify the cause of these strange pheno- 
mena. Therapeutical implications cannot be excluded. 

H. E. Kramprrz 

Institut für Infektions- und R. Disko 

Tropenmedizin der Universität, 

8 München 9. 
! Krampitz, H. E., First Intern. Congr. Parasit., Rome, 1964 {in the press). 
* Hauschka, T., 8., ¢¢ al., Amer. J. Trop. Med., 80, 1 (1986). 


RADIOBIOLOGY 


Plasma Concentration and Excretion of 
Calcium-47, Strontium-85, Barium-133 and 
Radium-223 following Successive 
Intravenous Doses to a Healthy Man 


SEVERAL investigations have been made of the turnover 


organs. Corresponding similarities and diseriminations in 
the turnover of barium and radium have been investi- 
gated, but experimental data refer almost entirely to 
laboratory animals. 

In the present investigation, a healthy adult male, 
sixty years old, was given not only barium and radium 
but also calcium and strontium so that the metabolism 
of all four alkaline earths could be compared in the same 
individual. By this means, biological variation between 
different: individuals was eliminated. Each radioactive 
isotope was given intravenously on a separate occasion 
(Table 1), but all four were administered within a 10-week 
period to minimize any possible temporal changes in turn- 
over. The present preliminary report gives the results 
for the plasma concentration and excretion following the 
four successive intravenous injections of the separate 
radioactive isotopes. 

A weighed portion frorn a solution of the respective 
earrier-free radioactive solution was made up to 10 ml. in 
isotonic saline. 4 ml. of a sterile solution were injected 
into the antecubital vein of the right arm and the remain- 
der was used for the preparation of radioactive standards. 
Urine and faeces were collected and serial 20-ml. blood 
samples were taken by veni-puncture from the left arm 
at 10 min, 3 and 12 h and about 1, 2, 4, 6 and 8 days after 
each intravenous dose. 

For Ca, “Sr and }°*Ba, the y-ray intensity in the prin- 
cipal photopeak (Table 1) was measured with a scintilla- 
tion y-ray spectrometer by comparing the counting-rate 
in the peak with that from a standard solution. In the case 
of Ra, the method of assay for solutions of faecal ash 
was essentially the same, but in samples of low activity, 
for example, in plasma, the total «-particle activity in a 
chemically separated fraction was compared with that 
from a standard. 

The results obtained for the plasma concentrations of 
the separate radionuclides up to 8 days after injection are 


Table 1. CHARACTERISTICS OF INJECTED ISOTOPES 
Half- Eadiation Principal y-ray Intravenous Date of 
Isotope life emitted energy abundance dose (we.} injection 
eV) (a? 

"Ca 47a Bey 1-31 7 1-04 26.2.65 

tSr 650d y 0-51 100 0-54 9.2.65 

pa Ty Y 0-36 70 2-25 12.1.65 

Ra and 117d age y 0-27 ~ 20 0-72 23.3.65 
daughter 


products 


to 10. Parasites obtained from venous tail blood were 
counted daily in a Thoma haemocytometer. Approxim- * 
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Fig. i. Plasma concentrations of the four radioactive nuclides at 


various times after the respective intravenous dose 


hown in Fig. 1. The concentrations of *Ba and Ra 
vere indistinguishable over the period of measurement 
md after a few hours they were more than an order of 
een ee less than those for *Sr and Ca. 
It is of special interest to note that § years ago plasma 
neentrations of “Sr were measured up to 50 h after an 
intravenous dose in the same experimental subject!. The 
sults of these earlier measurements are in good agree- 
b with the present ones for which the precision was 
+h greater. 
he present values for the plasma concentrations of 
Ra are in general agreement with those observed by 
‘ton et al.? following an intravenous dose to a chroni- 
ick man forty-two years old. Bauer, Carlsson and 
uist? measured the plasma concentrations in a woman 
aty-five years old following intravenous injections of 
and 140Ba. The fall in plasma concentration with time 
in general agreement with the results for “Ca given 
Fig. 1, but for Ba corresponding values were about 
‘three times greater than the present. ones for **Be. This 
discrepancy may well be due to difficulty in the estimation 
‘of the 8-particle contribution of Ba in a mixture of 
‘Ca, 4°Ba and La. 
-The urinary output rate for the four separate radio- 
lides over the first 200 h after the dose is shown in 
2. Values are shown in Table 2 of the renal clearance, 
defined here as the ratio of urinary output rate to the 
-eo contemporary plasma concentration. The renal clearance 
for strontium was 3-2 times that for calcium in good 
agreement with earlier measurements on the same man‘ 
-= and with clearance ratios reported for different subjects*§. 
| So far as we know, the results for the renal clearance or 
 S8Ba and Ra (mean values 10-2 and 3-4 1. per day, 
oe respectively) are the first measurements to be reported for 
=o jan. There is some evidence of a fall in the renal clearance 
of both Ba and ***Ra after the first 24 h (Table 2). 
This fall could be due to a change in the ion-binding of 
these nuclides in plasma. 
Total excretion (urine plus faeces) is shown in Fig. 3. 
This was “Ca < Sr < Ba and Ra; about 85 per 
eent of the injected dose of the latter pair were excreted in 
<o the first 8 days. Values are also given for the ratio of 
the total faecal to the total urinary output in the first 
8 days after the dose. These results show that gastro- 


able 2. RENAL CLEARANCE (L. PER DAY) OF “CA, SSR, ISBA AND YRA 
= 3 AFTER INTRAVENOUS DOSE 








. ter dose Ca aS Waa pa 
a7 12-4 10-6 3-1 
RS 10-5 130 4-4 
3°3 9-4 124 4-6 
3-3 9-1 7D 2-9 
34 12-2 79 2-7 
35 12-0 7 28 
a4 + 01 10-9 + 0-7 10-2 = 16 34 + 0-4 
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Fig. 3. Percentage of the respective dose excreted over the first 10 days, ae a 

Ratio of total faecal to sotal urinary excretion after 8 days eae te 
"Ca "Sr Ba Ra 
048 025 90 36 









intestinal clearance of the intravenous dose predomina x 
for }**Ba and especially Ra. . 
A further report will appear elsewhere giving additiona’ ps 
results, particularly of the retention measurements. | 
These are still in progress for *Sr and **Ba. We expect. 
reliable estimates of the body content of the former isotope 
to be obtained over the next year and of the latter over 
several years. | 
We thank Mr. F.J. Sandalls and Mr. A. Holmes of the 
Health Physics and Medical Division, Atomic: Energy. 
Research Establishment, Harwell, for their help in the 
assay of? Ra in various samples. The ***7Ra was separated 
from a pure source of 27 Ac at the Radiochemical Centre, 
Amersham. G. E. HARRISON — 
T. E. F. CARRO 
ALICE Surron 
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a: A and protein synthesis in 
recovery of the DNA synthetic system of Escherichia coli 
damaged by ultra-violet light (UV) has been demonstra- 
ted?+. At that dose of ultra-violet light producing the 

maximum possible delay in DNA synthesis without non- 
restorable inactivation, an approximate doubling of RNA 
occurs before initiation of DNA synthesis. If chloram- 

_ phenicol, an antibiotic which blocks protein synthesis, is 
added before the doubling of RNA, DNA synthesis 
: “proceeds, after the completion of the restoration period, at 

_ # reduced, non-accelerating rate directly related to the 
_inerease in RNA between the time of exposure to ultra- 
violet light and the time of adding chloramphenicol‘. 
= Fhe dye, acriflavine, at appropriate concentration 
blocks DNA synthesis in the UV-damaged cell but allows 

formation of RNA in limited amount and at a reduced 

_ rate’. The RNA synthesized is primarily the soluble 
variety with density gradient sedimentation character- 

_ isties comparable with rapidly labelled or messenger 
ORNA; little RNA is incorporated into ribosomal fractions®. 

iflavine was added to a UV-exposed culture of E. coli 

in WP2) after different periods of post-irradiation 
bation at 37° C. The results of this experiment are 

n Fig. 1. It was observed that the rate of synthesis 

. in acriflavine increases with the duration of the 

‘adiation restoration period before addition of the 
as was found with chloramphenicol’. Restitution of 

¿synthesis is correlated with recovery of capacity 

NA synthesis in the presence of the dye equivalent 

e UV-exposed culture incubated without the dye 

1) and with the formation of the 30S and 50S 

ial fractions’. A comparable pattern of effect 

en found for chloramphenicol on RNA synthesis 
not on formation of ribosomal fractions) in UV- 

d cultures. These results suggest that restorative 

es in the UV-exposed cell restitute some damage, 

nably to the DNA, with which the dye interacts to 

DNA synthesis and the synthesis of the RNA in- 

in formation of the ribosomal fractions. It would 

that, for restoration of synthesis to occur, some 
ic event blocked by acriflavine, which is located 
mly in the population in regard to time elapsed from 
on of the restorative process, must occur before 
on of the dye. That this event involves protein 
os. esis is suggested by the comparable results with 

-. thioramphenicol?. Thus, when the dye is added sub- 
“sequent to the synthetic event for a given bacterium, 
synthesis of RNA involved in formation of ribosomal 

fractions proceeds (Table 1) but initiation of DNA for- 
mation requires a restorative period subsequent to addition 
of the dye (Fig. 1). 





































Table 1. EFFECT OF ACRIFLAVINE, ADDED AFTER DIFFERENT PERIODS OF 
INCUBATION FOLLOWING EXPOSURE TO ULTRA-VIOLET LIGHT, ON SUB- 
SEQUENT RNA SYNTHESIS WITH E. coli STRAIN W P2 


Relative amount RNA with incubation t 


Time of AC addition Post-irradiation incubation (min) 
(min) * 6 7 9 


} 30 45 g 5 0 105 120 

0 1-23 1:30 1°45 1-52 1-53 1:57 1°82 

10 122 1-39 1-52 1-62 1:64 1-62 1-62 

20 1-25 1-39 1-64 1-67 175 1:75 1°75 

30 1:39 1:48 1-66 1:87 1-89 2°12 2°66 

40 1-41 1-56 1°72 1°94 212 2-25 2-38 

`: No AC 1-4] 1-61 t- 1-96 2-07 2-31 2-66 
Na UY, no AC 176 226 277 on nn —_— om 
“Woe UV, + AC 162 214 2-63 ao _ _ ~= 


-1o See the legend for Fig. 1 for details of this experiment. The cultures 
Were exposed to ultra-violet light (45 sec) and then incubated at 37° C. 
At the indicated times after exposure to ultra-violet light, acriflavine (AC) 
_ was added and incubation continued (please read across), The culture labelled 
"No AC’ had no acriflavine added. The culture labelled ‘No UV, no AC’ 
-was an unirradiated control culture with no acriflavine in the incubation 
medien, The culture labelled ‘No UV, + AC’ was an identical culture 
ith acriflavine in the incubation medium. 
-Belative amount of RNA at the time of sampling after the indicated 
riod of incubation over that at the time of exposure to ultra-violet light. 
This amount (1-0) was 150 ag per ml. of culture. 













20 


18 


1:6 


Relative amount DNA, 


1-4 
1-2 


1-0 


0 15 30 45 60 7 $0 105 126 
Post-irradiation incubation (min) 


Fig. 1, DNA synthesis in acriflavine added after different periods of 
incubation at 37° © after exposure to ultra-violet light of a culture of 

E. coli strain W P2 (tryptophan requiring), The exposure was for 45 see... | 
at a dose rate of 10 ergs/mma*/sec as measured by a Hanovia ultra-violet =. 
meter at the positien of the cells. The time of addition of acriflavine (Q5. iei 
ug/ml.) to each culture after exposure to ultra-violet light is denoted — 
{in minutes} by the number labelling each curve. The curve labelled - 
‘U V’ denotes a culture exposed to ultra-violet light and incubated without. ~ 
addition of acrifavine. The curve labelled ‘C° represents an unirradiated 
control culture incubated without addition of acrifiavine. Acriflavine at- 
the concentration used does not significantly inhibit the formation of . 
DNA in an unirradiated culture. The amount of DNA at the time of 
initiation of incubation in 1 mol. of the culture was 20 ng. The techniques 
used have been described’. All incubations were in minimal medium sup- 

plemented with 20 wg per ml. of L-tryptophan 





The synchrony of initiation of DNA synthesis in UV- =~ 
exposed cultures‘ could be explained if it were assumed 
that the completion of a sequential cycle of repair of the 
damage done by the ultra-violet light to the bacterial 
chromosome is necessary for resumption of DNA synthesis. 
Evidence has been presented that the decrease in rate of 
DNA synthesis caused by addition of chloramphenicol 
prior to complete recovery involves the inhibition of _. 
synthesis of part of the DNA*. The results with chloram- 
phenicol (and acriflavine) could be explained if at some site 
on the circular chromosome, randomly situated in the 
bacterial population in relation to the site of initiation of 
restoration of damage done by the ultra-violet light; 
protein synthesis were necessary for the continuation of | 
restoration. Thus, only when the restorative process has — 
passed the chromosomal site requiring protein synthesis _. 
by the time of chloramphenicol addition would repair of. 
the chromosome be continued to completion and the. 
initiation of DNA synthesis occur. See 

The suggestion has been made that complementary  . 
RNA formation on the DNA template is involved in. oo 
restitution of the UV-damaged DNA synthetic systemt f oo 
That RNA synthesis (but not protein synthesis) is re- 
quired for restoration of the UV-damaged DNA synthetic | 
system subsequent to the requirement for protein synthesis. 
already described can be supported by the following experi- 
ment in which chloramphenicol and 6-aza uracil are added 
to UV-exposed cultures of E. coli after 30 min of post- 
irradiation incubation and removed after 50 min (Fig. 2). 
Chloramphenicol (which inhibits protein but not RNA 
synthesis)*:® in a UV-exposed culture during this period 
allows completion of restoration, as indicated by initia- — 
tion of DNA synthesis at the same time as observed with 
a UV-exposed culture incubated without chloramphenicol. 
However, 6-aza uracil (which inhibits both RNA and 
protein synthesis in bacteria)*° in a UV-exposed culture? — 
during this period results in a delay in initiation of DNA > = 
synthesis for 10 min after removal of the bacteria from | 
the analogue, a period equal in duration to that period of .. 
time between addition of the analogue and the initiation | 


of DNA synthesis as observed with UV-expos a] cultures 


















IN DNA SYNTHESIS wirs UV-exrosep E. coli STRAIN 
DIFFERENT PERIODS OF INCUBATION WITH 6-AZA URACIL 
. DURING THE RESTORATION PERIOD 


addition of. 

aza uracil (min) * 0 10 20 30 40 

rojected time of initiation 

of DNA synthesis t 72 66 58 51 41 

* See the legend to Fig. 2 for details of this experiment. The cultures 

were exposed to ultra-violet light (45 sec) and incubated at 37° ©. 6-aza 

uracil was added at the indicated times after exposure and incubation con- 

tinued, The bacteria were removed from this medium by filtration after 40 

ee min of post-irradiation incubation and resuspended for further incubation in 

>> fresh medium free of the analogue. 

“ooo t Determined by projection to a relative DNA concentration of 1-0 (see 

0 Fig. 2) of a straight line through four points representing relative amounts of 

DNA determined at 10-min intervals of sampling after initiation of measurable 
DNA synthesis. The rates of DNA synthesis observed in these cases were 

comparable with that observed for the 6-aza uracil incubated culture as 

reported in Fig. 2. 


incubated without the analogue. That the increased 
delay in DNA synthesis caused by prior incubation with 
the analogue is related in duration to the period of inter- 
ruption of the post-irradiation recovery process is demon- 
strated by the results of another experiment (Table 2). 
In this the analogue was added after different periods of 
incubation after exposure to ultra-violet light and removed 









































at the time of initiation of DNA synthesis in the UV- 
exposed culture incubated without the analogue. That 


chloramphenicol blocks the formation of ribosomes but 
lows formation of RNA to occur®.*® suggests the possibility 
hat the RNA which is involved in restoration of the UV- 
amaged DNA synthetic system is complementary RNA 
‘ormed at the site of repair. The assumption that a ‘node’ 
NA synthesis on the DNA template at the time of 
posure to the ultra-violet light, randomly situated in 
ation to the origin of the chromosome, is the site of 
-irradiation initiation of the RNA synthesis involved 
restoration and that protein synthesis is required for 
node to pass the chromosomal origin (or some other 
») would be in harmony with the foregoing observations. 
sults with acriflavine (Table 2) suggest that this 
-formation somehow triggers the formation of 
mal RNA. 
The nature of the molecular mechanism by which RNA 
ithesis effects restoration of the UV-damaged DNA 
thetic system cannot be defined at the present time. 
t has been suggested that such complementary RNA 





Relative aiiount DNA 





30 40 50 60 70 80 
Poat-irradiation incubation (min) 


oo Ng. 2, The effect of chloramphenicol and 6-aza uraeil on DNA synthesis 
‘ia UV-exposed cultures of E. coli strain WP2 (tryptophan requiring). 
“These antimetabolites were added to separate UV-exposed (45 sec) 
uitures after 30 min of post-irradiation incubation in tryptophan- 
containing minimal medium at 37° C. The resulting concentration of 
ramphenicol (CHL) was 40 ug per ml. and that of 6-aza uracil 
was 50 ug per ml. The curve labelled ‘U yV’ denotes DNA synthesis 
Y-exposed culture incubated without addition of either of the 
bolites. After 50 min of post-irradiation incubation, the three 
vere separated from their growth medium using membrane 
ashed with warm (37° C) tryptophan-supplemented minimal 
id resuspended to the same volume in the same warm medium, 
on took less than 2 min. Incubation was then continued. The 
xd have been described’. The amount of DNA in 1 mi. of 
vat the time of initiation of incubation was 24 ug 
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might function in some undefined manner in the restit 
of the DNA after enzymatic excision of a region < 
DNA strand containing a UV-induced lesion, such 
thymine dimer‘. This hypothesis would imply that the 
formation of DNA strands in the region left after € 
of the thymine dimer region occurs sequentially alo: 
the chromosome and is dependent on RNA synthes 
Evidence for such synthesis of DNA during the restorati 
period has been presented“, However, the fact th 
restoration of damage done by ultra-violet light occurs in: 
a thymine-requiring strain deprived of thymine during 
the restoration period!— casts doubt on the assumption __ 
that restoration reqaires sequential resynthesis of DNA in | 
the excised regions əf the chromosome during the restora- - 
tion period. This would not preclude resynthesis of the 
excised regions on addition of thymine and initiation of 
DNA synthesis, as a result of the previously completed 
restoration process mvolving RNA synthesis. The sugges- 
tion has been put forward that complementary RNA 
derived from the epposite DNA strand functions as a 
template in by-passing sites of UV-damage to the DNA. . 
strand’. eee 
These results suggest the possibility that complementary 
RNA is an essential component of the DNA synt} 
system in the unirradiated bacterial cell and that 
irradiation RNA formation is necessary for rey 
replacement of sites damaged by ultra-violet light 
RNA. This possibility might underlie the observ 
that a doubling of RNA occurs before initiation o 
synthesis in cultures exposed to that dose of ultra- 
light which produces maximum delay in initiatior 
DNA synthesis without non-repairable inactivation 
could be assumed that at this dose almost con 
replacement of the RNA involved in restorati 
necessary. The reduced duration of the delay in i 
tion of DNA synthesis with lower doses of ultra- 
light would be ralated to the possibility that 3 
lower doses of ultre-violet light, the RNA involved nees 
only be partially replaced and that the sequential restora- - 
tion mechanism is able to pass rapidly over regions of ~ 
undamaged RNA. All these considerations imply that 
complementary RNA formation on the DNA template — 
encompasses (or controls) gross replication of RNA 
the cell. The concept that prior gross RNA forma 
somehow limits subsequent DNA synthesis in the growth | 
cycle of the bacterial cell is supported by a recent investi- 
gation! 2, Thus, involvement of protein formation 
initiation of the cyele of DNA synthesis may be indi 
and dependent on she necessity of protein formatio pai oi 
continuation of RNA synthesis past the chromosomal = 
origin and for the formation of ribosomes. CAs 
Some implications of these findings for the understand- 
ing of mutation in bacteria induced by ultra-violet light. 
will be presented esewhere*??, 
This work was supported in part by U.S. Atomic Energy 
Commission contraet AT'-(40-1)-2139. Ee 
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Myo-inositol-2-t Incorporation by Germinating 
Pollen 


POLLEN of pear (Pyrus communis) germinated in vitro 
in 10-* M myo-inositol-2-t rapidly incorporates label into 
its 70 per cent ethanol-insoluble polysaccharides'. Analysis 
of pectinase hydrolysates recovered nearly all this label 
in D-galacturonic acid and L-arabinose residues. Other 
investigations** have shown that this conversion is highly 
specific and that the original carbon sequence in inositol 
is conserved. Hexose constituents present in these 70 
per cent ethanol-insoluble pollen residues, principally 
D-glucose and p-galactose, are essentially unlabelled. 

is communication offers autoradiographic evidence 
to show that myo-inositol-2-t taken up by germinating 
pollen and incorporated into alcohol-insoluble tissue 
residues is initially localized in the pore region of the 
pollen grain; with germination the label appears in pollen 
tube membranes. 

Pollen of Oenothera organensis, from the Botanical 
Garden, University of California, Berkeley, and of Pyrus 
communis var. ‘Packham Triumph’, from Mina T. Firman 
Co., Chelan, Washington, was used in these experiments. 
In a typical run, Pyrus anthers collected during the spring 
of 1963 and stored over desiccant at — 15° C for 5 months 
were returned to room temperature and shaken in a small 
straight-walled polyethylene container. The pollen 
grains clung to the plastic container walls and the anther 
residue was discarded. Pollen samples of about 50 mg 
were scraped from the plastic container walls and sprinkled 
on the surface of a solution in a 4-5-cm diam. Petri dish 
containing 0-4 M sucrose, 10 M calcium phosphate (pH 
7), 10-* M sodium borate, and 4 x 10-° M myo-inositol-2-t 
(34 ue./mg). Incubation at 26° C for 0-5-3 h resulted in 
germinated pollen grains with tubes up to 100u in length. 
Following incubation, each portion was fixed in 15 ml. 
of a 3:1 mixture of ethanol and glacial acetic acid. 
Within 30 min, most of the pollen settled to the bottom 
and excess fixative, together with most of the labelled 
media, could be drawn off with a Pasteur pipette. Fixed 
tissues were re-suspended in fresh fixative and allowed to 
settle several times to remove all traces of soluble radio- 
activity. After the final wash, the pollen was transferred 
to paraffin for sectioning. 

Under Kodak ‘Safelight’ filter Wratten 1, sections were 
laid on pre-warmed slides coated with photographic 
emulsion (plate type V1060, Kodak, Ltd., England), 
covered with a thin sheet of ‘Teflon’, and pressed firmly 
against the emulsion by applying light pressure with a 
hand roller. Slides were then stored in light-tight boxes 
for 2-4 weeks. After storage, each slide was dipped into 
1-25 per cent cellulose acetate emulsion and drip-dried 
at least 3 h to secure the pollen sections in place during 
subsequent steps of photographic development and stain- 
ing*. Stained, developed slides were examined micro- 
scopically for comparison of morphological features and 
oceurrence of silver grains sensitized by tritium in the 
film directly beneath the sections. Photographic records 
were made with a ‘Polaroid-Land’ camera using ‘Polapan’ 
200 type 42 film. 

In Figs. 1 and 2, pollen of Oenothera. grown for 30 min at 
26°, reveals a highly localized distribution of tritium in 
pore regions. All three pores of Oenothera incorporated 
tritium, although the planar sections seen in these figures 
prevent one from viewing the third pore. Similar results 
were obtained with pollen of Pyrus. Evidence that con- 
siderable metabolism occurs in pollen grains even before 
tubes become microscopically visible has been obtained 
with Petunia pollen’. Heslop-Harrison® has published 
interesting electron micrographs in which he notes a 
distinct modification of the plasmalemma underlying the 
pore area. As these areas develop during the formation of 
pores, an underlining plate of endoplasmic reticulum 
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forms. There is no wall growth over these pore areas 


during subsequent development and maturation of the» 


pollen grain. Electron micrographs prepared by M. 
Ledbetter (personal communication) also clearly reveal the 
presence of a reticulate plasma membrane which pene- 
trates the intine layer in the pore region of mature 
Saintpaulia pollen. The present observations merely 
reveal incorporation of tritium into tissue structures 
resistant to the extractive procedures used during tissue 
fixing and staining. However, one can assume from our 
previous investigations that the structures involved include 
labelled pectic substance derived from metabolism of 
myo-inositol -2-¢. 

As germination proceeds and the tube elongates, tritium 
localizes in the non-extractable portions of the tube 
membrane (Fig. 2) and accumulates in an annular pattern 
about the cireumference of the pore at the tube base. 
In Figs. 2 and 3, sections through sucrose-germinated 
pollen of Oenothera reveal a concentration of tritium 
(indicated by arrows) coincident with the basal wall 
regions a short distance beyond the point where the tubes 
emerge from the pore. Similar observations made in 
Pyrus pollen can be seen in Figs. 5 and 6, in which the 
same view is presented at two focal depths. In Fig. 5, a 
high concentration of tritium is revealed by oblique 
section through the base of one pollen tube, while in Fig. 6 
a second pollen tube in approximately longitudinal section 
reveals the same pattern close to the juncture of tube and 
pore. These accumulations of tritium might represent 
regions in which pectin is deposited at the time of germina- 
tion. Alternatively, these accumulations might result 
from pectin formation in the pore surface prior to germina- 
tion, in which case eruption of the pore membrane and 
elongation of the pollen tube would create an annular 
ring of tritium-labelled tissue about the pollen tube at its 
basal end. 

In one experiment with pollen of Oenothera and Pyrus, 
sucrose was replaced with three molar equivalents of 
D-glucose in the germination medium. As seen in Fig. 4, 
non-extractable tritium from myo-inositol-2-t metabolism 
appeared throughout cytoplasmic regions, especially in 
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the regions behind each pollen tube tip. Glucose, but 
not sucrose, is readily utilized by germinating Pyrus 
pollen for biosynthesis of pectic substance (unpublished 
observations). In the present experiment, it appears that 
glucose does not interfere with movement of myo-inositol 
into cytoplasmic regions or incorporation of myo-inositol 
into cytoplasmic structures which resist extractive pro- 
cedures used during fixation but does prevent subsequent 
mobilization of tritium-labelled metabolites into cell-wall 
structures. Additional experiments are necessary before 
detailed evaluation of the glucose effect can be attempted. 

In summary, autoradiographic experiments in which 
pollen grains were germinated in a sucrose-rich media 
containing myo-inositol-2-t reveal a highly localized 
pattern of tritium incorporation into non-extractable 
tissue structures in the pore region shortly after the pollen 
is placed in the labelled medium. During subsequent 
tube development, tritium is incorporated into structures 
of the walls and membranes of fixed pollen tube sections. 
From related investigations, it appears that these tritium 
accumulations represent regions of deposition cf pectic 
substances. 

This work was supported in part by grant GM—12422 
from the Institute of General Medical Sciences, U.S. 
Public Health Service. 
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An Adaptive Butyrase Enzyme System in the 
, Alga Prototheca zopfii 


ANDERSON! reported that Prototheca zopfit, which is a 
colourless alga, was able to assimilate most of the mono- 
saccharides, and all the fatty acids with the exception of 
formic, isovaleric and pyruvic acids. Pyruvate could, 
however, become assimilated if the pH were lowered to 
4-5, and this also affected the rate of oxidation of the 
carbon energy source. 

During confirmation of this work, PF. zopfii (Strain 263/5) 
from the National Collection of Algae and Protozoa, 
Botany School, Cambridge, was grown in liquid culture 
consisting of a carbon energy source at a dilution of 
0-1 per cent in a basal medium suggested by Whickerham’. 
Glucose, ethanol, and the sodium salts of lactic and 
butyric acid were investigated. The inoculum was derived 
from a culture adapted to glucose utilization by continual 
sub-culture on a 0-1 per cent glucose supplemented 
(Whickerman, 1951) medium. All cultures were incubated 
at 25° + 0:5° C and aeration improved by sloping the 


* tubes containing 5 ml. of medium to angle of 10° from the 


horizontal. Preparation of the inoculum was carried out 
by centrifuging out the cells from liquid culture at 
4,000 r.p.m. for 20 min and washing the cells with sterile 
distilled water. 10x 10° cells were used as the inoculum 
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10° cells/ml, 
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Fig. 1. Graphical representation of the gropi ie Prototheca yy lactate on 
four carbon substrates: glucose (——), ethanol 
Genadi ), and butyrate (---—-—) La nO ested at 250b 


for each culture. Growth was estimated using an EEL 
nephelometer and obtaining cell population by comparison 
of the readings to a standardized graph relating nephelo- 
meter readings to gross cell density in the culture. All the 
results for the four carbon substrates used are recorded 
in Fig. 1. 

Glucose, ethancl and lactate were all utilized im- 
mediately, although each with a different intensity of 
final cell production. Since P. zopfit was adapted to glucose 
and grew immediately and assimilated ethanol and lactate, 
this indicated the presence of constitutive enzyme systems 
for these two orgaric compounds. For butyrate, there was 
a lag period of 3 days before growth commenced. Growth 
was then as rapid as for the utilization of glucose, indicat- 
ing that this strain of P. zopfii has a very efficient adaptive 
butyrase enzyme system. 
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Repellency of the Mandibular Gland Scent 
of Worker Honey Bees 


THe mandibular glands of worker honey bees secrete 
10-hydroxy-2-decenoic acid, the chief lipoid component 
of larval food!*, but although this substance is odourless, 
the secretion as a whole has a strong smell resembling 
that of the mould on blue-veined cheese. It is now 
shown to be repellent to foraging bees. 

A 50 x 18 mm glass specimen tube containing sucrose 
syrup was exposed in an apiary and a few bees trained to 
visit ıt. When sufficient bees were visiting the tube it 
was replaced by three clean tubes symmetrically arranged 
on a table that could be revolved. Following Ribbands', 
the repellency of a substance was tested by placing it in 
two of the tubes and a control substance in the third. 
The table was turned frequently so that no tube had a 
constant position relative to the general surroundings. 
Each bee that landed was immediately driven off. A bee 
landing. on the tabe with the control substance was 
counted ae poEtive-and one landing on either of the tubes 
with the test substance negative. Each test was con- 
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tinued until either the number of positives exceeded the 
number of negatives by 5, which showed preference for 
the control tube (P = 0-031), or the number of negatives 
exceeded the number of positives by 6, which signified 
nothing. The materials used were crushed heads of 
foraging bees in ethylene glycol, crushed thoraces of the 
same bees in ethylene glycol, and ethylene glycol alone. 
Solution in glycol was necessary to retard evaporation of 
the scent, which otherwise became imperceptible in a few 
minutes. In other experiments the number of bees landing 
on each of a pair of tubes was counted until a total of 
ten landings had occurred; then a fresh pair of tubes 
was provided and the experiment repeated. Tests were 
made with clean empty tubes, clean tubes containing 
sucrose syrup, tubes from which bees at another feeding 
place had been actively taking syrup and tubes that these 
other bees had emptied of syrup and, though still visiting, 
were leaving, unsatisfied. Each bee that landed on a 
tube during the tests was immediately driven off, and if 
the tube was a clean empty one it was replaced by another. 

Tubes with thoraces were preferred (P < 0-001) to 
tubes with heads (Table 1); this was because the heads 
were actually repellent and not merely less attractive 
than the thoraces, as tubes with glycol alone were pre- 
ferred (P < 0-001) to those with heads. The mandi- 
bular-gland scent was fairly certainly responsible for the 
repellency of the crushed heads, as no other part of the 
head has a readily noticeable smell. Tubes that bees had 
emptied of syrup and were leaving, unsatisfied, were more 
attractive than tubes from which bees had been actively 
gathering syrup (P < 0-02, Table 2). It is unhkely, 
therefore, that bees warn others away from an exhausted 
food source by depositing mandibular gland scent on it. 


Table 1. REPELLENCY OF MANDIBULAR GLANDS 
No. of bees landing on tubes in each a (Nos. in parentheses are for two 
eg 


Contents of tubes 1 2 
10 crushed heads 


Test No. 
3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 


glyco 
10 ernshed thor- 
aces in ethylene 


(8) (4) (1) (1) © 0 © © 1 (40) (4) (0) (6) (0) (1) GQ) (8) 


13 9 8 6 (6) (6) (6) (6) (7) 
15 6 5 5 5 B 6 6&6 
Table 2. ABSENCE OF REPELLENOY AT EXHAUSTED FOOD SouRCE 


glycol 
Ethylene glycol 
alone 


Meanof S.2E.of No of 
Tube A Tube B (a—})* mean tests 
Ciean, containing syrup Clean, empty 1 60 0:72 12 
Containing syrup on Clean, contan- 0-80 0 79 10 
which bees had been ing syrup 
feeding 
Emptied of syrup by Clean, empty 5-22 0 69 13 


bees; bees had still 

been landing but were 

finding no syrup 

* q= No. of landings on A. b= No, of landings on B 


The repellency of honey-bee mandibular-gland scent to 
foragers is surprising; the stingless bee, Scaptotrigona 
postica, marks points along routes to food sources with its 
mandibular gland secretion’, which is physically similar 
to that of honey bees’, and in males of many bee species 
the secretion is a sexual attractant’. Foraging bees 
usually have more secretion in their mandibular 
glands than bees taken from the hive’, but this is prob- 
ably evidence of diminished use rather than more active 
secretion, as it is the younger bees that feed the secretion 
to larvae, and the older ones (that is, those most likely 
to be foraging) have smaller secretory cells in their glands®. 
Probably the scent is present in newly discharged larval 
food and soon evaporates; if so, it may deter nurse bees 
from giving more food to larvae that have just been fed. 
Maschwitz’ found that mandibular-gland secretion evoked 
an aggressive reaction from bees at a hive entrance, and 
Shearer and Boch!* obtamed a similar reaction with 
2-heptanone, which they had identified in the secretion. 
Mandibular-gland scent is much less effective in‘producing 
hostility than the scent that .is_contamed in a fold in the 
membrane at the base of a bee’s sting’, but it seems likely 
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that it does play some part in colony defence. Possibly 


its main function is to repel robbers; this could explain ¥ 


its repellency to syrup-collecting bees. 
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An Estuarine Fauna in a Freshwater Lake in 
South Africa 


AN expedition from the Department of Zoology and 
Entomology, Rhodes University, recently visited Lake 
Sibayı in Northern Zululand, Natal. The lake is completely 
separated from the sea by a line of forest-covered. sand- 
dune whichis 600 ft. high at the highest point. During July 
the lake water was homogeneous throughout, thus there 
was no stratification with regard to temperature (17°— 
18° C) or chlorides. The chloride content of the water in 
July, which is the dry season, was 135 p.p.m. This is high, 
and the lake can be regarded as being chloride-enriched. 
The source of chloride is possibly the cyclical salt carried 
in the air from the sea and precipitated in the basin, the 
sea, being only half a mile from the lake at its nearest point. 
However, assuming that the chloride 1s derived from 
the sea and that the salts present in the lake are in the 
same proportion as in sea-water, the salinity would be in 
the region of 0-25 parts per thousand. This is extremely 
low and the lake must perforce be regarded as a fresh- 
water environment. 

A normal freshwater fauna was found, as typified by 
chironomids, oligochaetes, freshwater pulmonates (Bulinus, 
Biomphalaria, Lymnaea) and the prosobranch Melanoides, 
freshwater fish (Clarias), mayflies, Odonata, belostomatids, 
dytiscids and hydrophyllids. In addition there is a 
typical estuarine component as shown by amphipods, 
tanaids, isopods, polychaetes and both adults and zoeae 
of Hymenosoma orbiculare Desm. The amphipods were 
found bearing well-developed eggs. Tinley! has recorded 
the estuarine fish, Gélchristella aestuarius (Gilchrist and 
Thompson), and Atherina breviceps Cuvier. 

Of the animais so far identified, the crab Hymenosoma 
orbiculare, an isopod Cyathura carinata (Kroyer) and two 
of the four species of amphipods have been reported from 
Natal estuaries?:*. 

The discovery of estuarine animals in a freshwater lake 
requires an explanation. Clearly the presence of such a 
fauna indicates an estuarine origin for Lake Sibayi. 
Bathymetric soundings in the lake indicate the presence 
of a north-south running trough with a so far recorded 
maximum depth of 38 m. The floor of this trough is at 
least 30 m below present sea-level and, this indicates that 
its formation occurred at atime when the sea was at a lower 
level than it is at present. This hypothesis is supported by 
geological evidence of a lowered sea-level of 30-40 m ` 
during a Pleistocene glacial phase‘. After the sea-level 
rose again the mouth of the estuary closed to form the 
present lake. 

We consider that this is a unique situation not previ- 
ously described in South Africa and that the estuarine 
animals found in Lake Sibayi represent the remnants of an 
estuarine fauna. From this the question arises whether 
the fauna has slowly adapted to increasingly freshwater 
conditions or whether the species found can normally live 
in fresh waters but are excluded by other factors. Experi- 
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mental investigations in an endeavour to solve this 
problem are being carried out in our laboratories. 
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Composition of the Blood in Onychophora 


Tue primitive terrestrial arthropods of the Class 
Onychophora are of especial zoological interest. As 
comparatively little is yet known of their physiology it 
seems worth recording some measurements of the blood 
ion-levels in Peripatopsis moseleyi and also the composi- 
tion of a satisfactory physiological saline based on these 
10n-levels (Tables 1 and 2). 


Table 1. CONOENTRATION OF IONS IN BLOOD OF P. moseleyi IN M.EQUIV./E. 


Na K Ca Mg Cl 
Average of 160 * 5G * <20T <1 
7 animals not detected 
Individual 94°5 3°46 — aon 695 
specimens 93:2 ‘9 62 <12 72-0 
96-3 I4 72 mame 715 
882 37 24 oe 745 
Average of 93-0F 42} 58t <12t 719$ 
4 specimens 


The pH. of freshly drawn blood is 7-3], 


Methods: * EEL flame photometer; presence of ofher ions not allowed for. 
Ethylenediamine tetraacetic acid titration. 
Unicam flame spectrophotometer S.P.900. 


$ Electrometric titration. 
li Beckman drop electrode. 
Table 2. COMPOSITION OF PERIPATUS RINGER’S SOLUTION 
Stock solutions Final 
M g/l. mi, m.eguiv./i. 

NaCl 0-54 81°68 198-0 106-9 
KCl 0-54 40°2 9 25 5-0 
CaCl,éH,0 0°36 78:2 9°20 6-6 
MgOly6H,0 0:36 36-6 2-0 1-4 
aHCO, 20 25 0:6 
NaH,PO, anh. 0-1 50 0-1 


Distilled water added to make up to 1,000 ml. Fmal pH is 7:3. 
Glucose: 0-4 g added to 100 ml. before use, 


The analyses were based on whole blood, but the ions 
contained in blood cells can contribute little to tae total 
since haemocytometer counts for six animals indicate 
only an average of about 5,000 cells/mm. Two counts by 
Tuzet and Manier!! give an average of 2,000 cells/mm’. As 
the blood cell volume must be less than 0:5 per cert of the 
blood volume, even the potassium contribution of the cells 
would be at most only 5 per cent of the whola blood 
potassium-levels, while that of other ions would be 
negligible. The blood does not clot. 

Dissected preparations of the nouromuscular system 
remain viable in the physiological saline for at least 12 b 
at 20° C. 

Simultaneous measurements of blood osmotic pressure 
were not made, but a level very close to 110 mmole/l. 
sodium chloride, the average of values found by Picken? 
for species of Pertpatopsis, would be expected if inorganic 
ions account for the major part of the total concentration. 

The animals normally live in moist microclimates 
and show a preference for high humidities?. In dry air 
they lose water rapidly owing to evaporation from the 
numerous tracheal openings®*, Those used for the 
present determinations were kept beforehand under 
rotting wood on damp cotton-wool, and it will be noted that 
there is relatively little variation between individuals 
in the ionic composition. This implies that in favourable 
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conditions the body-fluid concentration is accurately 
regulated. Certain pf the regulatory mechanisms involved 
are known. Water which might otherwise be lost in the 
excretion of nitrogenous waste is conserved by the 
secretion of uric acid into the gut®. The nephridia produce 
hypotonic urine and are probably emptied infrequently*”. 
In some species water can be taken up from moist surfaces 
by eversible coxal sacs*. Despite these conservatory 
devices there is likely to be a net loss of water from the 
body if the animale are exposed to drying conditions. It 
is interesting to noze therefore that the blood concentra- 
tion is very low in comparison with that of terrestrial 
arthropods of comparable size belonging to the classes 
Crustacea, Myriapcda, Arachnida and Insecta’. It is 
possible that this low tonicity may be of advantage to an 
animal occasionally liable to suffer desiccation, since a given. 
water loss will conzentrate the body fluds by a smaller 
absolute amount than if the concentration were higher. 
Consequently if the volume of any cells is to be maintained 
constant, the necessary adjustments to the internal osmotic 
activity and ion-levels will also be of smaller magnitude 
than otherwise would be the case. 
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Effects and After-effects on Planarians of 
Reversals of the Horizontal Magnetic Vector 


Tue freshwater planarian, Dugesia dorotocephala, was: 
investigated at Evanston, Illinois, to learn whether it 
displayed orientational responses to abrupt experimental 
reversals of the horizontal vector of magnetism comparable 
with responses recently reported for marine mud-snails, 
Nassarius obsoletus, at Woods Hole, Massachusetts!. The- 
study of the plansrians extended over the period from 
April 12 to Septernber 25, 1962, which included nearly 6. 
synodic months. 

Observations were made between 9 and 11 a.m. on 
25 days of the first month, 22 days of the second, and 24, 
27, 21 and 16 days of the succeeding synodic months, 
respectively. Each morning two observers independently 
determined the mean turning rate over a l-in. course for 
15 paths of initially northbound planarians under each of 
eight experimental conditions in a fixed three-light field 
in a manner previously described’. One of the observers. 
alternated the assaying of worm paths in the Earth’s field. 
(controls) with worm paths in each of four experimentally 
reversed fields (0-05, 0-2, 1-0 and 4:0 gauss) presented in 
shuffled order. The other observer performed the same 
kind of experiment sxcept for using different field strengths 
(0-1, 0-5, 2-0 and 6-0 gauss). Each observer worked 
alternately with the 0-05- to 4:0-gauss and the O'l- to. 
6-0-gauss series. The observers were uninformed of the- 
order of presentation of the reversed magnetic strengths. 
and of whether their alternating series commenced with. 
a control or with en experimentally reversed field. Five 
worms remained in the small orientation vessel and were 
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repeatedly used to obtain each complete series of 120 
paths, and then these worms were discarded. The entire 
investigation involved assay of 32,400 paths using 1,350 
different worms. 

One additional variable was present in the experiment. 
‘Whether on any given day the experiment was performed 
mm an equi-potential right—left electrostatic field, a con- 
sequence of the presence of interconnected, large, vertical 
aluminium plates to right and left‘, or simply was per- 
formed in the unmodified right—left electrostatic gradient 
existing at the time, was determined by lot. 

Fig. 1 shows the difference between mean planarian 
path while in each of the eight reversed field strengths 
and the average of all the controls in the same series. 
The series which were run in the equi-potential right—left 
‘field (solid circles) and those run in the unmodified electro- 
static field (open circles) are shown separately, together 
with standard errors of means (N > 100). The similarity 
of these two emphasizes the general reproducibility of the 
results during this period and indicates that at least 
‘over the greater portion of the experimental range no 
significant influence of the right—left electrostatic gradient 
-on the response was observable. However, at the two 
.ends of the range, the presence of the plates suggestively 
-sharpened a mean response to the 0-05-gauss field and, 
-on the contrary, essentially abolished a mean response to 
cthe 6-gauss one, 

The dotted curve in Fig. 1 illustrates, for comparison, 
‘the corresponding relationship between strengths of 
‘reversed fields, within the same range, reported! for 
-southbound mud-snails which were observed at Woods 
Hole, Massachusetts, during July and August of the same 
‘year by other observers. Neither group of observers was 
informed of the results being obtained by the other one. 
The form of the relationship, though exhibiting about a 
1° displacement, is remarkably similar for the two species. 
“With the 1° displacement it is evident that a maximum 
rin snail response (in this case left-turning) occurred near 
‘0-1 gauss. This is consistent with the published report’ 
‘that the mean turning behaviour of north- and south- 
-directed snails differs significantly one from another. On 
-the other hand, the presence of a minimum in mean 

sturning response of planarians at 0-1 gauss is consistent 


-with the previous report? that the mean paths of north- - 


and south-directed planarians are indistinguishable from 
one another even though both are highly significantly 
different from those of east- or west-directed worms. 
‘The existence of the minimum at 0-1 gauss instead of 
0-5 gauss suggests an adaptation of planarians to the 
.strength of the horizontal vector at the specific local 
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“Fig. 1. Response of planarlans, expressed as path difference from. the 

controls, to each of a series of strengths of reversed horizontal magnetic 

vectors while otherwise in either the natural feld (open circles) or a right- 

Heft equipotential electrostatic field (solid circles), and for mud-snails 

«(x --- x) studied elsewhere d the same year (ref. 1). Standard 
errors of means (VN > 100) are shown 
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Fig. 2. The differences, for each of 6 synodic months, of the paths of 
_ north-directed control planarians from the mean of all contro! paths for 
that month, during 5-min periods following termmation of 5-min 
exposures to reversed horizontal magnetic vectors at each of four 
strength-ranges. Means and their standard errors CY = 6) are also shown 


geographic latitude in contrast to total field strength, 
jast as had been demonstrated for mud-snails?. 

The data were next examined to learn whether ex- 
posures to the reversed horizontal magnetic vectors were 
followed by any after-effects. The duration of exposure 
to an experimentally reversed magnetic field averaged 
about 5 min, the time required to observe fifteen paths, 
and similarly the assay for any after-effect of an experi- 
mentally altered field-strength expressed as altered 
behaviour of the following controls, extended over about 
a -min period immediately after removal of the experi- 
mental field. 

The data were reduced to synodic monthly units and 
the mean path of the controls in the Earth’s field for each 
month was correlated with the strength of the reversed 
magnetic field that immediately preceded it. Data for 
controls when first in a series were discarded. The 
monthly unit was selected in view of the well-established 
monthly variation in response of both snails and plan- 
arians to very weak magnetic fields. Also, such a unit 
period was long enough to randomize in large measure 
any influences of other, uncontrolled weather-system- 
related geophysical variations on the phenomenon under 
investigation. 

In Fig. 2 the mean path of the control worms is plotted 
for each of the 6 synodie months of data in relation to 
strength of the immediately preceding reversed experi- 
mental magnetic field. Mean path for each of the four 
control groups is expressed as the path difference from 
the mean path for all the controls of that month. Itb is 
evident that following those field strengths that deviated 
by no more than a factor of 4 (0-2-2-0 gauss) from the 
Earth’s total field of about 0-5 gauss, the control values 
did not differ significantly from the mean for all controls. 
However, following the weakest fields (0-05 and 0-1 gauss) 
there was an after-effect in the form of a significantly 
increased counter-clockwise turning. Following the 
strongest fields (4 and 6 gauss) there was increased clock- 
wise turning. Analysis of variance of the four populations 
of values yielded F = 9:9 (P < 0-001), indicating that 
the controls following the four strength-ranges of mag- 
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netism were, with very high probability, not random 


samples of values from a homogeneous population. 

It is noteworthy that the after-effect shown by the 
planarians is qualitatively of the same general character 
as that reported previously for mud-snails?, namely, 
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increased clockwise turning following felds stronger than 


„the Earth’s and increased counter-clockwise turning 
Y following fields weaker. This similarity obtained despite 


the fact that the snails had been south-directed while the 
planarians in the present investigation were north- 
directed. 

Inspection of Fig. 1 reveals that the worms turn less 
far to the right in response to the 4- to 6-gauss fields 
than to the 1- to 2-gauss ones, and right-turning response 
to the 0:05- to 0-1-gauss fields averages about the same 
as to the 4- and 6-gauss ones. Therefore, the highly sig- 
nificant differences in after-effects among these ranges as 
shown in Fig. 2 cannot be attributed simply to a tendency 
of the worms to maintain in the subsequent control field 
the same path in the orientation apparatus that resulted 
from direct response to the experimentally reversed mag- 
netic fields. Some other explanation must be sought. 
It is postulated that the phenomenon reflects acclimation 
or accommodation of the magnetoreceptive mechanism 
toward the altered strengths. This behaviour is inter- 
preted as further evidence suggesting that the organism 
is, normally, physiologically adjusted in some manner to 
the strength of geomagnetism, even to specific vector 
strengths. 

The general similarities of responses of the planarians 
to those obtained earlier for mud-snails suggest that 
responsiveness to the horizontal magnetic vector may be 
a fundamental and widespread biological property. 

This work was aided by grants from the National 
Institutes of Health (GM-07405) and the National Science 
Foundation (G-15008), and by a contract with the Office 
of Naval Research (1228-30). 

Frank A. Brown, JUN. 
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Distribution of the Genus Nephrops 
(Crustacea Decapoda Macrura) in the 
Indo-Pacific Region 


A sURVEY of the northern part of the South China Sea 
recently carried out by R.V. Cape St. Mary, of the Fisheries 
Research Station, Hong Kong, has shown that considerable 
numbers of Nephrops spp. (Crustacea Decapoda Macrura) 
are present in this region. Four species have so far been 
obtained: N. thompsoni Bate, N. sagamiensis Paris, 
and two which are newt. The most abundant species is 
Nephrops thompsoni Bate, previously known only from 
the original specimen obtained by the Challenger Expedi- 
tion and a second specimen from Formosa?. One of the 
new species is almost equally abundant. 

The widespread occurrence of these lobsters has been 
revealed during the systematic trawling survey of the 
South China Sea being carried out as part of the pro- 
gramme of R.V. Cape St. Mary. Further prospecting 
cruises are being undertaken to determine whether or not 
Nephrops is present in commercially exploitable quanti- 
ties. 

In the northern part of the South China Sea Nephrops 
has been found only on soft muds off the edges of the 
continental shelf, mainly between 100 and 200 fathoms, 
although one species was obtained at 450 fathoms. 
Attempts to catch Nephrops on oceanic banks have so far 
been unsuccessful. In November 1964, R.V. Cape St. 
Mary obtained N. thompsoni at 94-98 fathoms off North 
Borneo. The original record of this species was from the 
Philippines between Manila and Samboang. The results 


so far obtained indicate that N. thompsoni is probably 
present all around the continental slopes of the South 
China. Sea. 

The European Nephrops norvegicus (L.) is now exten- 
sively exploited by she north-west European and Mediter- 
ranean fisheries, where it has become a luxury product. 
sold under such names as scampi, langoustine and Dublin- 
Bay prawn. Until racently the tropical species of Nephrops 
has not been exploised, but a commercial fishery based on 
the New Zealand spzcies, N. challengeri Balss, is now being 
developed®:4, N. norvegicus is abundant in depths of 
25-50 fathoms and its fishery presents no special problems. 
The Indo-Pacific species occur mainly at depths of more 
than 100 fathoms where few local vessels are yet able to 
fish. 

No systematic surveys have been undertaken for 
Nephrops in tropica: waters, but the recent results obtained 
in the South China Sea by R.V. Cape St. Mary indicate 
that this genus msy be more abundant and widespread. 
then has been supposed. Two new species have recently 
been found in Australian waters®-*, and there are numerous 
scattered records from the Indian Ocean. The purpose of 
this communication is to draw the attention of fishery 
research workers ix. the Indo-Pacific region to the possi- 
bility that quantities of Nephrops may be present at. 
suitable localities and depths, and that further efforts. 
should be made to investigate their distribution and 
biology. Any furthar information concerning the distribu- 
tion of adult Nephrops, or their larvae, in the Indo-Pacific 
region would be welcomed by me. 


A. J. Broce 
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ENTOMOLOGY 


Ascorbic Acid in the Larval Stages of Plusia 
signata (Lepidoptera: Noctuidae) 


Davy! found that in the larva of Tineola, the columnar 
but not the goblet cells contain vitamin ©. Dadd? 
reported that vitamin C is essential in the development of 
Schistocera gregaria. Gilmour? found ascorbic acid widely 
distributed among insects and synthesized by them. An 
investigation of different larval instars of Plusia signata. 
was undertaken to determine the distribution of ascorbic 
acid in different tissues in these stages. 

The histological presence of ascorbic acid was demon- 
strated by the silver method as modified by Bacchus‘, 
and its estimation was performed by the indophenolxylene- 
extraction method of Robinson and Stotz®. 

Histological sections showed that the presence of 
ascorbic acid was greatly marked in different tissues during 
different instars. Tirst instar larvae which had hatched 
about 1 h before, and which had not yet started feeding, 
showed even impregnation throughout the gut epithelium 
and blood cells. The cells of the spinning glands exhibited 
very little impregnation, in fact, only localization in the 
supra-nuclear regions of the cells. Fat bodies and nerve 
cells also contained small amounts of ascorbic acid. In 
the second and third instars, the accumulation of ascorbic 
acid appeared to have increased only in the mid-gut 
epithelium and blood cells. The cells of the spinning 
glands in these steges exhibited very slight increase of 
ascorbic acid, but she impregnated cells now showed an, 
even distribution throughout: the ascorbic acid was not. 
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limited only in the supranuclear zone as in the previous 
stage. During fourth and fifth instars, the cells of the 
mid-gut epithelium, cells of hepatic caecae and the epithe- 
lial cells of the hind-gut showed heavy impregnation. 
Cells of fore-gut epithelium and nerve cells did not indicate 
any increase in the ascorbic concentration. Heavy 
impregnation of the spinning gland cells was now found 
mostly towards the lumen surface of the cells. The fat 
body and blood cell also showed considerable concentra- 
- tions of ascorbic acid in these latter instars. A compara- 
tive investigation of different instars showed that there 
was a gradual increase in the amount of ascorbic acid in 
different tissues as the larva grew, except in the case of 
nerve cells. Estimation of ascorbic acid during different 
instars based on the extracts of whole larvae also indicated 
such gradual increase (Table 1). 


Table 1 
Instars mg/g 
First instar larva 0-08 
Second instar larva 0-35 
Third instar larva 0 49 
Fourth instar larva 0-71 
Fifth instar larva 0:82 


From both histological examination and extract estima- 
tion, it is evident that high concentration of ascorbic acid 
is found in the larval life. This ascorbic acid does not 
appear to be purely of dietary origin, as in the first instar 
larva, which had not started feeding, an appreciable 
quantity of ascorbic acid was found in the tissues. The 
gradual increase in the amount of ascorbic acid from first 
instar to the last suggests that ascorbic acid is required 
during the process of metamorphosis during the formation 
of adult organs. 

I thank Dr. 8. Keshava for his advice and various 
facilities. 
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MICROBIOLOGY ; 


Inhibition of Yeast Growth by Streptomycin 


For the isolation of a pure culture from yeast cultures 
heavily contaminated with bacteria, sub-cultures were 
made into media containing penicillin and streptomycin. 
With certain yeasts we observed that yeast growth as 
well as bacterial growth was inhibited. Preliminary 
observations suggested that the streptomycin was the 
inhibitory agent. This observation contradicts earlier 
opinion which considered fungi, including yeasts, to be 
insensitive to the action of streptomycin!*. Based on 
this opinion of insensitivity to streptomycin, some media 
designed for the isolation of pathogenic? and saprophytic‘ 
yeasts include streptomycin, at a concentration of 40 ug/ 
ml., to inhibit bacterial growth. 

However, partial inhibition of yeast growth by strepto- 
mycin at the high concentration of 100-10,000 ug/ml. 
(ref. 5), and also partial inhibition of a variant of Torula 
utilis by 13 ug/ml. of streptomycin’, have been reported. 
This communication describes experiments which were 
designed to measure quantitatively the streptomycin- 
sensitivities of yeast strains from the National Collection 
of Yeast Cultures which appropriate screening had sug- 
gested to be sensitive to this agent. 

The streptomycin-sensitivities of the yeast strains were 
assessed in M.Y.G.P. (ref. 7) except for the osmophihe 
strains which were assayed in osmophilic medium (malt 
extract 0-3 per cent, yeast extract 0-3 per cent, sucrose 
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40 per cent, dextrose 5 per cent, peptone 0-5 per cent). 
The final pH of both types of medium was 6-9-7-0. . 
Streptomycin sulphate was added aseptically to the 
medium just prior to inoculation. As the nature of the 
medium has been demonstrated to have a significant 
effect on the activity of streptomycin towards yeasts’, a 
complex medium was deliberately chosen for assay so that 
inhibition of yeast growth in the assay system would then 
refiect the probability of inhibition of yeast growth 
occurring during laboratory isolations. Assays were per- 
formed ın 10 ml. amounts of medium, and each tube was 
inoculated with a standard loopful of a 3-day yeast 
culture (4:5-11 x 104 yeast cells per tube). Incubation 
was at 25° C for 72 h on an automatic shaker (3 cm 
amplitude, 80 cycles per min). The degree of growth at 
the end of this period was assessed visually. 


Table 1. SENSITIVITY OF YEASTS TO STREPTOMYOIN 


N.C.Y.C. Growth in presence of strepto- 
Yeast No, mycin sulphate (ugiml. 

0 10 20 0 100 
Candida utilis 193 + + + + + 
Endomycopsis fibuliger 13 + + Sit m — 
Hansenula anomala (0)* 522 + + + + + 
Hansenula subpelliculosa (0) 558 + "p + + + 
Saccharomyces acidifaciens 464 + + + a — 
Saccharomyces carlsbergensis 5IL + + + SI — 
Saccharomyces carlsbergensis 519 + + + _ — 
Saccharomyces carishergensts 520 + + + + — 
Saccharomyces cerevisiae 83 + + + + 81 
Saccharomyces elegans 128 + + + _ — 
Saccharomyces ludungii 364 + + + ma — 
Saccharomyces rosei 492 + + — ~ — 
Saccharomyces rouxi (0) 381 + + -+ + — 
Saccharomyces rousti (O) 581 + + + + + 
Schizosaccharomyces oclosporus (QO) 427 + + — _ — 


* (0) Denotes osmophilic strain. 
{S1 denotes slight growth, 


Table 2. EFFEOT oF pH ON saa Mp ACTION OF STREPTOMYCIN TOWARDS 
Growth in presence of 


N.C.Y.C. pH streptomycin sulphate («g/ml.) 
Yeast No. 0 10 20 50 1 
Saccharomyces elegans 128 47-50 + + + + Sl 
57-60 + + + men — 
Saccharomyces 464 47-50 + + + ~ — 
acidifaciens 57-60 + + + ~~ — 
Saccharomyces rosei 492 4-50 + + SI on — 
57-60 + + SI m — 
Saccharomyces 519 47-50 + + + + — 
carlsbergensis 57-00 + + + SI - 


The results summarized in Table 1 appear to be the 
first demonstration that streptomycin at such low con- 
centrations can completely inhibit the growth of a variety 
of yeasts during the incubation period. Furthermore, the 
degrees of sensitivity of the various species tested suggest 
that the level of streptomycin incorporated into media for 
isolation of yeasts may inhibit some yeast strains as well 
as bacteria, Media used for the isolation of yeasts are of 
lower pH than the assay media, but Table 2 reveals that 
reduction of pH to 5-7-6-0 has little effect on the degree 
of sensitivity of these yeast strains to streptomycin, and 
even at pH 4-7-5-0 some yeast strains could still be in- 
hibited by the concentration of streptomycin in these 
media. 

In the light of these observations, therefore, it would 
appear unwise to incorporate streptomycin routinely in 
any medium designed for the isolation of yeasts. 

We thank Dr. A. H. Cook for his advice and encourage- 
ment. 
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Sporogen—an ‘Inductor’ for Bacterial Cell 
¢ Differentiation 


CELLULAR differentiation has proved to be one of the 
most fascinating subjects for investigations in the field of 
biology. Since Spemann’s! discovery of the phenomenon 
of induction by organizers, numerous investigations have 
been directed towards the isolation and identification of 
inductor substances in morphogenesis. Efforts to obtain 
such genotropic substances and to analyse the mechanisms 
of their actions have so far been unsuccessful. In my 
investigations, bacterial sporogenesis has been taken as a 
model system for studying the biochemical aspects of 
intracellular differentiation. 

My colleagues and I reported earlier? that an endogenous 
factor was present in the early stationary phase of growth 
of Bacillus cereus strain T. This factor played an active 
part in triggering the vegetative cells to the sporulating 
stage. It has now been fractionated and a biologically 
active substance isolated by means of the 
method which we used to detect biological 
activity in our previous communication’. The 25 
trivial name of ‘sporogen’ has been given to 
the crystalline material. 

The procedure for the isolation of sporogen 
from 5 Ib. (wet weight) of B. cereus strain 
T cells was as follows. The cells were 
suspended in 2-5 1. 0-01 M potassium phos- 3 
phate buffer at pH 6-8. The suspension was 
mixed with an equal volume of glass beads 
(100. in diameter obtained from Minnesota 
Mining and Manufacturing Co.), and the 
cells disintegrated by passing the mixture 
through an Eppenbach Colloid mill. The 
glass beads were removed by decanting 
off the fluid after allowing the mixture to stand for a 
while; the cell debris and unbroken cells were obtained 
by centrifugation. The clear supernatant fluid was 
adjusted by adding hydrochloric acid so that it had a 
pH of 2-0; at this pH a precipitate formed and this was 
removed by centrifugation. The solution, golden yellow 
in colour, was adjusted to pH. 5-5, this time using potassium 
hydroxide, and left overnight at 4°-5° O. The small 
amount of precipitate which formed was removed and the 
solution was evaporated to dryness under reduced pres- 
sure; a residue weighing 100 g was obtained. This 
material was suspended in 51. of a mixture of ethanol 
formic acid and water in the proportion 90:5:5 and 
shaken thoroughly at room temperature overnight. The 
suspension was filtered off and the filtrate once again 
evaporated to dryness under reduced pressure; 10 g of 
residue was obtained. This was treated with a minimal 
volume of 0-2 N acetic acid and fractionated on a column 
(50 cm x 5 cm) of ‘Sephadex’ G-25 pretreated with 0-2 N 


“acetic acid. The fractions were monitored by measuring 


the absorption at a wave-length of 249 mu in a Beckman 
spectrometer. The active fractions were pooled, and once 
the solvent had been removed under reduced pressure, the 
residue was further fractionated on a cellulose column 
using a mixture of butanol~acetic acid—water (4:1:1) 
as the developing solvent. The fractions were analysed 
by paper chromatography using the same solvent mixture. 
Biological activity was exhibited by the fraction with an 
Ry of 0:35. This fraction was collected, the solvent 
removed by evaporation under reduced pressure and the 
residue crystallized from aqueous solution (yield 19 mg). 
The crystalline substance obtained melted between 162° 
and 165° C and had an elementary composition as 
follows: C, 42:78 per cent; H, 4:89 per cent; N, 18-63 per 
cent; O, 33-7 per cent (by difference). It had a character- 
Astic ‘ultra-violet absorption spectrum with an absorption 
“maximum at 249 my (Fig. 1). The infra-red spectrum of 
the compound is presented in Fig. 2. 

The chemical nature of the substance is at present under 
investigation, but little is known about the mechanism 
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of its action. As a working hypothesis, adopting Jacob 
and Monod’s model’ for induced enzyme synthesis, it may 
be taken for granted that sporogen derepresses the 
regulators controlled by the ‘sporogenes’, thereby releasing 
the operator gene which in turn switches on the structural 
genes responsible fcr the synthesis of macromolecules 
which is required for the initial steps in sporulation. 

I thank Dr. H. Orin Halvorson for his advice, and Mr. 
Francis Engle for his assistance. I also thank Dr. J. G. 
Garver of the University of Wisconsin for making available 
his facilities for growing large batches of organisms. 
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GENETICS 


Synchrony of Chromosome Duplication 


In some recent publications statements have been made 
on the marked asynchrony of homologous pairs of auto- 
somes with respect to duplication of the chromosomes- 
as studied with tritiated thymidine’. In an earlier 
publication, in which quantitative analysis of grain counts 
on chromosomes hae been performed, we have reported 
that no evidence for a marked asynchrony was found?. 

In view of these apparently contradictory reports, the 
question was re-examined. The results, which are 
described here, indicate that there is no detectable 
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difference between the homologues of the chromosomes 
investigated. It is possible to pick cells in which*a truly 
striking difference exists between homologues of a pair, 
but when the painful analysis of grain counts over a 
significant number of cells is performed, these differences 
appear no more than the extreme ends of a rather wide 
distribution. It is not legitimate, therefore, to deduce 
asynchrony unless supported by statistical evidence. 

The material examined included blood cultures from a 
normal female (case 1), a normal male (case 2) and a 
female with a large iso-X chromosome (case 3); also skin 
cultures from a normal female (case 4) and from an XXY 
male (case 5). The cultures were labelled with tritiated 
thymidine at the end of the § period so that the celis to 
be analysed spent only about 30-40 min in the § period. 
The culture, labelling and autoradiography methods were 
described previously?. 

Each chromosome in group I (Nos. 1, 2 and 3) was 
grain counted. ‘The total number of grains over all 


‘ chromosomes was also counted in each cell, and separate 


counting was undertaken on the ‘hot’ X chromosomes in 
cases l, 3, 4 and 5 (ref. 6). The total number of cells 


analysed was 226, and the total number of grains counted’ 


was more than 84,000; the total over the group I chromo- 
somes was more than 16,000. 
In the analysis of our results we will use the following 

notation: 

a, b, the grains over two homologues in a cell 

n, the total grains m the cell excluding the ‘hot’ X 

T, the total number of cells 

=, a summation made over the T cells 

H = (a+), the total grains over the two homologues in the Z cells 

N = Xn, the total grains in the 7 cells excluding ‘hot’ X’s 

M= HIN, the mean proportion of grains over the two homologues 


P, (1p), the expected proportion of grains over each homologue 
w, the statistical weight given to a cell 


Although not distinguishable morphologically, the two 
homologues are different in so far as each was originally 
derived from a different parent, but they do not neces- 
sarily have different labelling patterns. If we call the 
two homologues A and B, then, due to the considerable 
statistical variation, we cannot assign the observed grain 
counts @ and 6 in any individual cell uniquely to A or B, 
unless @ and b are consistently very different. This is not 
the case except for the pair of X chromosomes. Differences 
in labelling intensity may be separated from the statistical 
noise, but it is misleading to attempt this by assigning 
the greater of a and b to one homologue and the smaller 
to the other. This could lead to misclassification in up to 
half the cases, and the average difference would be 
difficult to interpret. A better approach is to average the 
square of the difference (a—b)*, since an analysis of variance 
can then be made. 

We denote p and 1—p the expected proportion of grains 
over the two homologues; p may have any value between 
0 and 1; p = 0:5 corresponding to equal labelling. For 
the moment we will assume that all the chromosomes in 
our set of cells have a consistent labelling pattern and 
that all the observed differences are due to random 
statistical variations. Some cells have, however, been 
exposed to the label for a longer period and so have more 
grains; we shall take n the total number of grains as a 
measure of exposure and assume these grains to be dis- 
tributed on average in the same proportions over the 
chromosomes, independent of labelling intensity. 

With these assumptions, the variances of (a + b) and 
(a — b) about their respective mean values-will be the 
same. In calculating these variances it is necessary to 
weight the observations. We have used the weights 
appropriate to a binomial distribution, each cell being 
given a weight w, inversely proportional to its grain 
count; that is, the inverse of the expected variance of 
{a + b): 

RE w = N N 1 

N-H Hin 

Now the expected value of (a + b) is Hn/N and that 
of (a — b) is (2p—l)Hn/N. We denote by Ys and Ya the 
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weighted sums of squares of the differences of (a + b)-“, 


and (a — b) from their expected values. Therefore: 
Ys = Lw (a + b — Hn/N)? 
Ya = Lw (a — b — (29 — 1) Hn/N)? 


Expanding out of these expressions and using the identi- 
ties for H and N, we obtain: 


Y, = oN (FE (a + bhn- H) 


¥ 


~ NN L pin — (9m—112 
Ye= a (Fre b)*/n — (2p—1)*H) 


The assumption made here requires the sums of squares 
Y. and Ye to be estimates of the same variance and, 
equating these, (2p— 1)? and p can be calculated. 


Table 1. DETAILS OF THE GRAIN COUNT ANALYSIS OF TRE HOMOLOGOUS 
AUTOSOMES oF Grour I 


For explanation of the symbols, see list in text 


Culture 
and = 
chromo- T N H Ata+bjjin Ea—byn {2p —1F 
some 
1 1 33 6,769 415 29-2989 5-4188 +0-06340-053 
AX 2 33 6,759 658 68-8533 3:9157 — 0-0144 0-027 
3 88 6,759 544 48-5145 44122 —0 607+ 0-088 
2 1 32 11,011 621 39°5196 2-2918 — 0-063 +0 047 
XY 2 $2 11,011 952 88-5394 7-1653 +0011 + 0028 
8 32 11,01 720 58-6880 2-7028 —6-056+0-041 
3 1 25 3,198 187 14-0715 25261 — 00584+0118 
iso-X¥ 2 25 3,198 272 28-6682 3-219868 —0-100+0-099 
3 25 3,198 198 16°2613 2-3813 — 01832+0135 
4 1 66 40,084 2,620 1860968 126287 -0013+0022 
AX 2 65 39,520 2,116 121-2073 45564 —0030+0 018 
8 61 37,775 1,64 78 9804 3 3870 —0-064+ 0-028 
5 1 72 23,722 1,811 1521511 130099 —0-006+0-024 
XAY 2 72 23,722 1,918 1695604 8-0801 — 0-047 40-024 
3 72 23,722 1,393 92-5665 6 0463 — 0 058+ 0-031 


Table 1 shows the results for the chromosomes I, 2 and 
3 and from five different cultures. It will be seen that 
except for two of the fifteen cases examined, the estimate 
of (29-1)? is negative. The squared quantity (2p—1)* 
must essentially be positive, and the findings in Table 1 
therefore indicate that the basic assumption that Ys and 
Ya are equal is not justified. This shows that the variance 
of the differences (a—b) is less than the variance of the 
sums (a+b) from its mean. 

This unexpected finding indicates that we have no 
precise way of estimating ». However, it must be remem- 
bered that any value of p other than 1/2 involves a smaller 
variance for the differences between the homologues 
within the cells than between cells. 

The considerable biological variation implies that some 
large differences in labelling intensity will be expected to 
be seen and therefore these must not be given undue 
significance. 

Thus the analysis of our data gives not only no evidence 
for a difference in the-number of grains over the pairs of 
homologues of the chromosomes in group I, but, in fact, 
shows that the pairs of homologues have on average a 
smaller difference than would be expected from the 
observed variance from cell to cell in this narrow ‘end of S” 
cohort of cells. 

C. W. GILBERT 
L. G. LastHa 
S. MULDAL 

C. H. OCKEY 


Paterson Laboratories, 
Christie Hospital and Holt Radium Institute, 
Manchester. 

i Lima-de-Faria, A , Blanchi, N. O , and Nowell, P., Conf. Mammahan Cytol- 

ogy and Somatic Cell Geneties, Puerto Rico, November 1984. _ 
* Bader, S., Miller, O. J , and Mukherjee, B. B., Exp. Cell Res., 81, 100 (1963)™ 
* Kikuchi, Y., and Sandberg, A. A., J. Nat. Cancer {nat , 82, 1109 (1964). 
* Gilbert, : W., Muldal, S., Lajtha, L. G., and Rowley, J., Nature, 185, 889 

(1962). 


è Rowley, J., Muldal, S., Gilbert, C W., Lajtha, L. G., Lindsten, J., Fraccaro, 
- M., and Kaler, K , Nature, 197, 251 (1883). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are oper to the public) 


Monday, January 31 


CIBA FOUNDATION FOR THE PROMOTION OF INTERNATIONAL CO-OPERATION 
IN MEDICAL AND CLINIOAL RESEARCH (at The Royal Institute of British 
Architects, 66 Portland Place, London, W.1), at 5 p.m —Prof, C. P. Leblond, 
F.R S yai zi University): “Role of the Golg: Complex in Secretion” (18th 
(Annual) Ciba Foundation Lecture). 


UNIVERSITY OF LONDON (at the London School of Economics, Houghton 
Street, London, W.C.2), at 5 pm.—~Prof. R. J. Harrison-Church: “Some 
Geographical Aspects of West African Development” (Inaugural Lecture)*. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONIOS DIVISION (at 
Savoy Place, London, W.C.2), at 5.80 p.m.—Colloquium on “The Problems 
of Radiation Pressure and Associated Mechanical Forces”, 


INSTITUTION OF ELECTRIOAL ENGINEERS, ELEOTRONIOS DIVISION (at 
Savoy Place, London, W.C.2), at 6.80 p.m.—Mr. R. F. Hoskins: “The 
Definition and Properties of the Delta Function”. 


ROYAL Sootety or ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 6 p.m —~Prof. M. W. Thring: “The Status and Training of Engineers and 
Technologists”. (Last of three Cantor Lectures on “The Place of the Tech- 
nologist in Modern Society’’.) 


PLASTICS INSTITUTE, LONDON SECTION REINFORCED PLASTICS SUB- 

Group (at the Wellcome Building, Euston Road, London, N.W.1), at 6.30 

ero J. Kohn: “The Use of Balsa Wood in Association with Reinforced 
ca’, 


Tuesday, February ! 


UNIVERSITY or LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.80 p.m —Dr. 
J. H, an eee “Call Damage by Complement” (Sixth of fifteen lectures 
on “The Scientifie Basis of Medicine” organized by the British Postgraduate 
Medical Federation }* 


UNIVERSITY OF LONDON (ab the Institute of Archaeology, 31-34 Gordon 
Square, London, W.C.1), at 5.45 p.m.—Prof. P. L. Shinnie: “The Place of 
Archaeology in African Studies’’.* 


PLASTICS INSTITUTE, LONDON SECTION (at the Wellcome Building, Euston ` 


Road, London, N.W.1), at 6.30 p.m.—-Dr. B. 0. A. Horner: ‘Olefin Copoly- 
mers”, 


Wednesday, February 2 


COLOUR GROUP (GREAT BRITAIN) (at Strand Electric and Engineering Co., 
Ltd., 29 King Street, London, W.C 2), at 3 pm.—Prof. W. D. Wright: 
“Colour Tolerances—Y esterday and Today”; Dr. Vickerstaff: “Advances in 
Colour Recipe Prediction’; Mr. J G. Holmes: ““Tempsrature Variables in 
Coloured eae Signals”; Dr. W. S. Stiles, F.R.S.: “Significant Advances in 
Colour Vision”. 


ROYAL MICROSCOPICAL Soorety (at the Royal Society, Burlington House, 
Piccadilly, London, W.1), at 5.30 p.m.—Sir Ahster Hardy, F.2.S.: “The 
Development of the Plankton Recorder Method”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS (a$ 9 Bedford Square, 
London, W.0.1), at 6 p.m.—Dr. M. A. Champney: “The Electron Beam in 
Electromes Research and Production”. 


ROYAL SOOIETY oF ARTS (at John Adam Street, Adelphi, London, W.0.2), 
at 6 p.m.—Prof. R.O Redman, F.R.B.: “The Surface of the Moon” (Peter Le 
Neve Foster Lecture). 


SOCIETY FOR ANALYTICAL OHEMISTRY (at the Chemical Society, Burling- 
ton House, Piccadilly, London, W.1), at 7 p m.—Meeting on “Determination 
of Purity ın High-purity Organic Materials”. 


Thursday, February 3 


ROYAL Soorety (at the Royal Institution, 21 Albemarle Street, London, 
W.1), at 2.30 p.m.—Discussion Meeting on ‘Structure and Function of 
Lysozyme”, organized by Dr, M, F. Perutz, F.R.S. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C 1), at 6.30 p.m.— 
Dr. R. Rodnight: ‘‘Phosphoprotein Metabolism in the Brain”. (Seventh of 
fifteen lectures on “The Scientific Basis of Medicins”, organized by the 
__ British Postgraduate Medical Federation.)* 


UNIVERSITY OF LONDON (at the School of Pharmacy, Brunswick Square, 
London, W.C 1), at 530 p.m.—Mr. H, E. O. Powers: ‘Crystallization: a 
Study in Molecular Architecture”. (Further lecture on February 4.)* 


OHEMIOAL SOCIETY (in the Chemistry Lecture Theatre, University College, 
Gower Street, London, ew at 6 p.m —Dr. C. B. Colburn: “The Difluaor- 
amino Free Radical and Its Derivatives” (Centenary Lectura 


INSTITUTE OF REFRIGERATION (at the National Collage 
lating, Refrigeration and Fan Engineering, South 
S.E 1), at 6 p.m —Mr. P. G. Valentine: ‘a 


Store Construction”. 


UNIVERSITY OF 
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INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SEOTION (at Savoy Place, London, W.C.2), at 6.30 p.m.—-Mr. W, S. Metcalf: 
Radio Astronomy”, 


SOOLkTY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
Jerdon, S.W.1), at 6.30 pm.—Dr, E. A. Mason: ‘The Chemical Industry of 


INSTITUT FRANÇAIS DU ROYAUME-UNI (at Queensberry Place, London, 
S W.7), at 8.15 p.m.—French Selentific Films. 


ROYAL GEOGRAPHICAL Sooty (at 1 Kensington Gore, London, $.W.7), 
at 8.15 p.m.—Dr. Peter Beighton: “Easter Island People”. 


APPOINTMENTS VACANT 


APPLICATIONS are invitec for the following appointments on or before the 
dates mentioned: OF ee | 

ASSISTANT LEOTURER (preferably with a special interest in the biological 
sciences) IN HISTORY AND PHILOSOPHY oF SOIENCE—The Secretary, The 
Queen’s University, Belfast, Northern Ireland (February 4). 

ASSISTANT LECTURER IN BIOOHEMISTRY IN ST. SaLvator’s COLLEGE— 
The Secretary, University of St. Andrews, College Gate, St. Andrews, Fife, 
Scotland (February 5). 

LECTURER and an ASSISTANT LeOTURER (with special Interest in either 
physical geography and biogeography or in regional studies) IN GEOGRAPHY 
-—The Secretary, Birkbeck College (University of London), Malet Street, 
London, W.C.1 (February 7L 

LECTURERS or ASSISTANTS IN PHILOSOPHY—The Seeretary of the Uni- 
versity Court, The University, Glasgow (February 7). 

LECTURER (preferably with a special interest in the development of com- 
puter software) IN THE COMPUTER UNit—The Registrar (Room 39, O.R.B.), 
The University, Reading (Feoruary 8) 

GRADUATE (with a degree in chemistry, biochemistry or an allied biological 
subject and a wide general interest in biology) TO ASSIST IN OANOER RESHARCH 
—The Secretary, King’s Cellege Hospital Medical School, Denmark Hill, 
London, 8.5.5 (February 12). 

LECTURER and an ASSISTANT LECTURER IN THE DEPARTMENT OF 
yee CHEMISTRY—The Secretary, The University, Aberdeen (February 
LECTURER or ASSISTANT LZOTURER (with interests in soil mechanics) IN 
ENGINEERING—The Registrar, The University, Manchester, 13, quoting Ref. 
8/66 (February 12). 

LECTURER IN THE BIOCHEMISTRY DEPARTMENT—The Secretary, Royal 
Free Hospital School of Medicine (University of London), Hunter Street, 
London, W.C.1 (February 141. 

LECTURER or ASSISTANT LEOTURER IN ORGANIO CHEMISTRY-~The Regis- 
trar, University College of South Wales and Monmouthshire, Cathays Park, 
Cardiff (February 14). 

RESRAROH ASSISTANT (graduate in chemistry or the biological ene 
IN THE DEPARTMENT OF BOTANY to work with Dr. A. J, Peel on transpor 
physiology in phloem tissue using the aphid technique—-The Registrar, The 
University, Hull (February 142. 

SECOND CHAIR or GEOGRAPHY-—~The Registrar, University College of 
Swansea, Singleton Park, Swansea (February 14) 

ASSISTANT LECTURER IN TH PHYSIOLOGY DEPARTMENT—~The Secretary, 
Queen Elizabeth College (University of London), Campden Hill Road, 
London, W.8 (February 15). 

OHAIR OF PURE MATHEMATIO3-—The Registrar, University College of South 
Wales and Monmouthshire, Carsiff (february 15). 

UNIVERSITY DEMONSTRATOR (with an honours degree in an appropriaie 
pure science (for example, biochemistry or physiology) or agricultural science, 
and preferably teaching and/or research experience) IN ANDMAL NUTRITION 
—The Secretary, Schoo! of Agriculture, University of Cambridge, Downing 
Street, Cambridge (February 15). 

ASSISTANT LECTURER IN ARCEAROLOGY—The Registrar, University College 
of North Wales, Bangor, North Wales (February 18). 

EXPERIMENTAL OFFICER IN THA DEPARTMENT OF OHEMISTRY IN THE 
FAOuLTY OF SOLENCE to work on an electron spin resonance Instrument 
shortly to be installed in the Dsapartment and concerned with the study of 
inorganic complexes—The Registrar, The University, Manchester, 13, 
quoting Ref. 9/66 (February 16). 

LECTURER IN THE DEPARTMENT OF PHysios—The Registrar, The Uni- 
versity, Leicester (February 16). 

LECTURER/ASSISTANT LECTURER IN PHYSICAL CHEMISTRY; a LECTURER/ 
ASSISTANT LECTURER IN APPLIED MATHEMATICS; and a RESEAROH OFFICER 
to assist in the operation of programmes for the College TBM 1620 taps/ 
dise/card system—The Registrar, University College of Wales, Aberystwyth 
(February 17). 

LECTURER or ASSISTANT LEOTUREBR (preferably with research experience, 
interests, or qualifications in any of the following fields: parasitology, 
ecology, or small mammal ecology and systematics) IN THH DEPARTMENT OF 
ZooLocy, Ahmadu Bello University, Northern Nigeria—The Inter-University 
Counc) Rodford Place, Londen, W.C.1 (February 17) 

SCOHNOL OF HAVIRONMENTAL SOIENCES-—-The Registrar, 
dham Hall, Norwich, NOR 880 (February 19). 
IN THE DEPARTMENT OF GENETICS—The 

A bere 19). 
th a degree in chemistry) IN THE 
ich will include laboratory manage- 
ay relieving the Professors of much 

É y o ` Ang ry & ger ae F 























i 





>» "1 a? 


540 = sd variis: i January 29, 1966 ` "VoL. 209 


CHAIR or P DInCECIETEY at ths Univer of The Inter- of Sheet 201, New Series) By E. A. Edmonds, E. G. 
University Counci 1, $8 Bedford Piaco, donee DA 20) Fook, par Wilson With contri ate by r W., Bullerwell and 
CHAIR OF EDUOA TION—The Registrar and Deelt. Univeraty of Durham, linms. X+1874+7 Form {London H.M. Stationery Office 
Old Shire Hall, Durham {February 28). 1695) a 320: 6d. ne {2911 
pA CHEHIOAL ELLOWS (below the age of 80, with a Council for Natlonni Academic Awards. Statement No 


USTRIES 
D. degree or e ; ecatvalant research expariencs) FOR RESEAROH IN VARIOUS 1066) Pp 15. reed on li for National Academie Awards, aeS (2011 6.) [2011 
Orn i APeLIED MATHE- 95) EP 30. (Lo ie de Presao ot d'In Tnformation In, 1965.) [Z011 


or ranco, Service 
MATIOS, ENGINEERING AND TECHXOLOGY AND ALLIED soBsE0rs——The  Policy—Statement made the Minisis before th the United 
Roglatrar, Bradford Institute of Technology, Bradford (Fobruary 28). Nations General Amemb th. September Fore ae ro 14. ( 

VESSOR (with experience in the petroleum Industry) OF uson Ambassade de Pace red do Presse et d’ nte nati 1065 ) (2011 
GEOLOGY IN THE DEPARTMENT OF GEOLOGY, Univers! og Dbadan Nigerin 
saihe Inter-University Council, 33 Bedford Pince, C.1 (February 


BOOND guan OF EDUCATION--T'he Registrar, ‘The Uy aa Other Countries 


(February 28). United States of tha ee Geological Survey. Bulletin 
GRADUATE ASSISTANTS (qualified to register In John Harian 
lending to the 3L5c. and Ph.D. IN THE DEPARTHENT OF iva + 

Foon sutunce—Prof L. F. L Clegg, Department of Daty and Food 
monton, Alberta, Canada. 


7 and end a“ Lake Y 
EOTURER SSISTANT LEOTURER (0 ENIOR LREOTURER) nd, Laytony daponviilo, a Card 
u EUREN Or ASINTANT LEULURNR (or 6 tablishvasat) University c Sonoma ep tornia. BY ates i sina ap: 
Somer, Si Xe “ianmer House, Stanmer, B ton, § ties on the Weat-Gantral Mesab: Iron Range, N North- 


IRBOX, 
or ASSISTANT LEOTORER (with special training In entomology, aera . H. 
and preforably a particnlar Interest im e00 al in m genet naklon) TE w BIOLOGY piel + plats p- Cotler, oer i sion ee fica ge Sa Ro 
mhd 


 Ualvernly f Malawi—The Ynter- 
Piace Le adon W Or 1 Ton M Shes Dapartment of the Interior: Geol cal Survey. r 




























LE LEa or ASSISTANT PROFESSOR IX THA DEPARTMENT OF PRILOSOPHY 
-The Dean, Faculty of Arts and Selence, University of Manitoba, Winnipeg Supply E a a aaa around y Pp. We 32-4 platen 1-3. Waters 


2 oee crate mate) to take part in a three-year research ply 

projec Tiaperal Collega, t a pore formation own oo 

Pt ing d ma clos in ayes 2 qpaltcations aod [ 

e Ea 

Energy Adviser, senate gons SETDA POA mnt iming o Ora. 196 des Unions Sclentif Jn of 
FELLOW (prefarabl Giestans ort O50., Bolantido 


POSTDOCTORAL with Para 
lography) IN THE e o or + Daear, T, to ool collakorate xi £. ti Unions, and Soon va Diak of Pubie 
5 the dintion chemistry of erystal- and Pp. 121. Tentative List of Publications of TO 80; 
iino aromatic compounds—The n Bogan, 1 The p Univer: Tanoe o „Specia 1 and Scientific Committees and Commussions 


SENIOR TORY 7.0.8.U., Year and corrections and additions to the 1953-1008 “List. 
ZOOLOGY. to take cha to runnin ry degree 
pps thet of dat -day n cur of botany and ean zoology 5 e Pp. 81 (Paris: TOs. Abstracting Board, 17 rue Mirabeau, 1 064 and 


i Stree London . 2.0.3, on: 
oouoarsts (A Be, or PE 3 or Ph ob, with research experience, „and preferably some ted States Naval Observasory. oa Cll No. miis Oe A. of the 
mul pinay programmes of basi Daslo ressoreh to the Bela E "By Ecl 
toxoaiogy-—The Director thw eee ee Ame 12 November 1966 Sega tid ee 


tern 
REPORTS and other PUBLICATIONS Uae te Uap ge na fy ah 


Annual ual Report of the Chemical Research Laboratories 1064-1965. 116. 
(nol included in the monthly Books Supplement) Gielbourne ” Commonwealth Scientific and industrial Resa Research Organization; 
Great Britain and Ireland Unt 


1 
ow versity o f Ibadan, Calendar 1965-1008. Pp. 209 (Ibadan: The 
VOISI 
nitry of Technology. oiaren Spring Tabamtory. Register of Research Contribu X 






















coes Å vulsns do [2911 
vulma do faes tituto Oosanograñoo, U mversidnde de Sao 







tat the Human Sclences, 1962-65. : HM, Stationery lana guadrcornis — e Chave 
tual Report of the Bri ritish Connell, 1084~1965. miini e No. 7: Ciimidoigan pasa an Ea tH Ahy kge ig . 
(Lonnon The British Council, 1986 ) "Ss. Od. [2611 Verrll 1090. (Opitarenden). Mr t Paulo: Tpstituto Oceanografico, 


National Research Development Corporation. Universidade de 


Sixteenth Annual Report, Sao rank, 1 [2911 
1 M t Ph o 4 Ie 
1054-05; Pp. 53+8 pistes. (London: H M. Stationery Office, » 2065.) Ee delle Bases eet preg a ma. ae Ain i 0. 


11 n Aloilon). By Guat 
woe ieis-i064 Fp, 68 (Lo Resear Amoslatlon. get of Pu ; Anion an nad Erio iomblerl. wr el , 
Researah fon, 1065.) usor STOCVesT! SkogshOgekolan, Stockholm. Studia cook Sueclen Nr a BO. 


The Sclantific Proceedings of the Dublin Soclety. Series A, Vol.2, Production as a Meosure of 
No. 7 Seren” 27 1965): © : a aaa Rave to j tho Genera = s matron 
conomlo Notes. By H. 































and Species, , with Klingstrém. Pp. 20, 3 kr. Nr. 27: Om 
E A . FitzPatnok Pe 07-129 -+ plates 4-10 (Dublin’ slag 1 Försök med Naturlig Föryngring 
The al Dublin oclety, 1065.) 85s. L1 
The the Leverhulme Trnstecs, 1062-1064. Pp. 08, zation. 
don" The Leverhulme Trust, 196 pon } Report of the Irriga tion Research A Tuna trial Res rreta » 45. 
nai T ooroiomodl Office her in ] Home Fiest Waters. Yol. 1: No (Graith, N S.W dae ir maton Scientific and Tndus Research - 
Seas CHorwerins ant arn AT and Desb Alanlio Norik of G 60° W), Part 2. 965. | 11 
Ep. vtan. (Met. O 732b) Sra tonone He Stationery Office, 1965.) United Stat es Departmani of Comet Natonal Duran of S = 
87: Oxidation of matic Hydrocarbons—a 
the Ordnance 8 tna Pp. 2049 ore iv+52. (Washi 
Stations Office, 1865, pau ai 
Observatory, Rdiaburg. Pub ublicstions, Vol. 5, No. 1: Rotation State of Californian. Departmen iepr rr Marine Mammals of 
of the the BI ind Manganese 3 Br B . N. G. Gutt Py, 12 ugherty Pp.87 Fh Bulletin 130 pean 
5s., Gd. net. qT ptlcaons, Val 6, No. -” Obgaryat' ah and Effort Point o 
Ređddoning. Resul r Region In ler and Daniel Gotshall. Pp i 







g By 
Oe. Gd, ne b nd Lo g ture, Deve Food Relations, AE ad 
The ciety, Tn Service Traini Y; on opelescens By W. Gordon 


ea ried rt of be California. Office of Peuitcamnh, 
soea on 16 September 1066 ) 5.) 


a 4 iik i 


No. 5023 SATURDAY, FEBRUARY 5, 1966 Vol. 209 


Published by 
MACMILLAN (JOURNALS) LTD. 


CONTENTS 


S 
Page 
Tue PricnrT or Basic CusmisrteY RESEARCH . i : : R f : ; .  §41 
TOWARDS a RATIONAL FuEL Poricy i : : ; : f . . 543 
On Human Bonpace. By R. Brightman : E : : . §45 
INTERNATIONAL ENCYCLOPEDIA oF Scrence. By Dr. W. L. Sumner f : . 546 
Insect Nervous System. By Prof. L. H. Finlayson . . . : ; . 546 
LEVIATHAN AND Co. By Dr. L. Harrison Matthews, F.R. S. ; : ; ; . 547 
PRopHYLAxIS AGAINST RADIATION Injury. By J. H. Barnes ~- ; ; : . 547 
Prans and AFRICA. By Dr. A. S. Thomas . . ; i i ; : . 548 
Postrions oF RADIO SOURCES DETERMINED BY THE INTERFEROMETER AT THE ROYAL RADAR 

ESTABLISHMENT. By R. L. Adgie and H. Gent . . 549 

Wary is an Opour? By R. H. Wright 551 
7 PROGRESS or Cancer Researcs. By Dr. P. Alexander, Dr. I. Hieger and Dr. A. L. Levene 554 
OBITUARIES: 

Dr. F. J. Wixins. By A. H. Wilson. ; ; ; l . l : . . 558 

Pror. Mary Barser. By Prof. R. Knox . ; : : : : . 559 
NEws AND VIEWS . i ; l ; ; i i : : . 660 
MONOLAYERS at Liquip Inrerraces. By Dr. D. A. Haydon and M. J. Jaycock . : . 565 
Puysios In Mrepiorvss. By Dr. J. M. A. Lenihan . 566 
ENERGY SPECTRUM oF Primary Cosmic-RAys. By P. K. Malhotra, P; G. Shukla, S. A. 

Stephens, B. Vijayalakshmi, M. G. Bowler, Dr. P. H. Fowler, F.R.S., H. L. Hackforth, 

J. Keereetaveep, V. M. Mayes and S. N. Tovey . ; l i : l , . 567 
GENESIS OF Rapaxivi. By Peter R. Dawes . ; : ; i . 569 
ODOUR AND MOrBECULAR Visration. By R. H. Wright ; i 571 
MOLECULAR DISTRIBUTIONS or Norman Farry ACIDS AND PARA7FINS IN SOME LOWER 

- CRETACEOUS SEDIMENTS. By Keith A. Kvenvolden . 573 
EVIDENCE FOR A ‘FOLDED-FIBRE’ ORGANIZATION IN HUMAN CHROMOSOMES. By Prof. E. J. 

DuPraw . 577 
MOLECULAR SPECIES OF THE UROBILINS, By Dr. A. H. J jackson, K. M. Smith, “Prof. ©. H. 

Gray and Dr. D. ©. Nicholson . 581 
Human Gastrin: ISOLATION, STRUCTURE AND SYNTHESIS. By Prof. R. A. Gregory, F.R.S., 

Hilda J. Tracy and Prof. Morton I. Grossman; P. H. Bentley, Frof. G. W. Kenner and 

Dr. R. ©. Sheppard; J. Beacham, P. H. Bentley, Prof. R. A. Gregory, F.R.S., Prof. 

G. W. Kenner, J. K. MacLeod and Dr. R. C. Sheppard 583 
ORIGIN OF URINARY METHYLATED PURINES. By Dr. Lewis R. Mandel, Prof. P. R. Srinivasan 

and Prof. Ernest Borek : 586 
CHORIOALLANTOIC MEMBRANE LESIONS PRODUCED BY INOCULATION oF ADULT Fow. SMALL 

LymrHOCYTES. By Dr. M. J. Simons and Dr. R. Fowler . 588 
MECHANISM OF A HISTOCHEMICAL REACTION DIFFERENTIATING BETWEEN ADRENALINE- AND 

NORADRENALINE-STORING CELLS IN THE ELECTRON Microscore. By Prof. R. E. Coupland 

and Dr. D. Hopwood . 590 
VARIOUS CELL TYPES IN TEE ADRENAL MEDULLA. By I. Benedeczky, A. Puppi, A. Tigyi and 

gä Prof. K. Lissák. ; 592 
A POSSIBLE FUNCTION FOR THE AXIAL ORGAN OF ECHINOIDS. By Prof. N. Millott . 594 
FOUR SIBLING SPECIES INCLUDED IN Simulium damnosum THEOBALD (DIPTERA : SIMULIIDAE) 

FROM Uganpa. By Dr. R. W. Dunbar. 597 
PLANARIANS AND MEMORY. By Prof. Allan L. J acobson, Clifford ‘Fried and Sheldon D. 

Horowitz . : F ‘ 599 


AN itia } 


~% 


cexvi 


Z 
> 
=j 
C 
x 
=i 
Es 
& 
a 
= 
je 
x 
1 
homed 
Oo 
=, 
an 





mn 
M 
il 


mle 
i 


ay 


i 
yy 
fain 
Ll 


i 


Mh 
| 

i nu 
| 


. 
wy 
2 
= 


Viculagnyy E 
3 
N 
ya” 


"y 1J 
~ t 
~t 


t 


Oven accommodates interchangeable head units incorporating different detector and column 
configurations’ and is designed for isothermal! or programmed temperature control. 


\ 


———— oy 


'Q Wiig t 








* 


WE R 
| 


j 


MENEE AR 
it 


| 


nua 


—— 2 ———— Oe 


I 
| 


TILRTLGUIIIE MERI 
j 
iy 
Hang 
UT 
CT 


ul 


—_—_<_<—_—_—_—_—_ irr S———————————— 


CA 


er NO erred 
—a 





T sore DE a) dhe ep AA hio he sie aw Me of OM 
a 


> hee 
a 9 * 
a 


+ 
4 
£ 
i 
? 
% 
f 
x 
j 





Oven head unt with dual flame detectors, 
columns and infection ports. 


NEW PYE SERIES 104 CHROMATOGRAPHS SPEED ROUTINE ANALYSES 


Analysts are changing to the new low- 
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outlay and maintenance costs. 
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THE PLIGHT OF BASIC 


N the fascinating and well-documented Westheimer 
Report, Chemistry : Opportunites and Needs *, Amer- 
ican scientists have received some answers to the 64,000- 
dollar question, “What is the role of basic chemistry 
research in the United States and is sufficient financial 
support available to ee this role to be adequately 
filled?” 

The 222-page document is the result of the rapid and 
remarkable team-work of thirteen leading professors of 
chemistry and two senior industrial chemical research 
directors, under the chairmanship of Frank H. West- 
heimer, of Harvard. This body, termed the Committee 
for the Survey of Chemistry, was set up in 1964 by the 
National Academy of Sciences—National Research Council 
in order to investigate the widespread belief among 
scientists that American basic research in chemistry has 
been handicapped by a grave shortage of funds. Financial 
support for the survey to the extent of 50,000 dollars was 
provided by the’ National Science Foundation and the 
American Chemical Society. 

In a comparatively short period of time (two years) 
the Committees has gone to a great deal of trouble to find 
out all it can about basic chemistry in the United States 
and other leading countries. It considered it to be neces- 
sary to define from the start what ‘chemistry’ means; 40 
pages of the Report have been devoted to a delightful 
essay entitled “Basic Research in Chemistry”, which 
deals with current trends in the chemistry of everyday 
life and its impact on other scientific disciplines. In this 
the Committee has high-hghted a number of outstanding 
discoveries, quotmg authorship, which naturally brings 
American scientists to the fore. Among the topics covered 
are structure, physical properties and characterization, 
syntheses (particularly of molecules of biological import- 
ance), chemical dynamucs, reactions in solution, and in 
biological systems, liquids, solids and surfaces, theoretical 
chemistry and spectra, and nuclear chemistry. These un- 
questionably have a great impact on the whole world of 
science. Some hints are given as to how basic concepts are 
applied to industrial processes. Quoting from the past, it is 
cited “that the structural theory of organic chemistry 
which was originated in Ghent in 1858-65 led promptly to 
the great German dye industry . . . subsequently the theory 
has provided the framework for the development of the 
plastics and pharmaceutical industries”. Some will say 
that this is a far-fetched statement, but the meaning is 
clear. More precisely it ıs stated that “the electro- 
chemical industry from chlorine to aluminium is based on 
the theory of ionization”. 

We have the statement that “another way of con- 
firming the relationship between basic research and the 
practical world is by examination of publications from 
industrial laboratories that announce useful inventions”. 


-From a study of these in which citations to previous 


* National Academy of Sciences-National Research Council. Chemistry" 
Opportunites and Needs (A Report on Basic Research in U.S. Chemistry 
by the Committee for the Survey of Chemistry, National Academy of Sciences- 
National Research Council) Pp. 222 (Pubhecation 1292). (Washington, 
Doe National Academy of Sclences-National Research Council, 1965 ) 
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publications are given in footnotes, it is shown that an 
overwhelming percentage of the citations refer to pub- 
lications in fundamental journals and a majority to 
university research. Figures are provided to show that 
this particularly applies to the great list of pharmaceuticals 
and industrial chemicals produced since the end of the 
Second World War. Basic chemistry and current chemical 
research point the way to the future. Some complacency 
is perhaps sensed in the statement that “the data also 
support the contention that the Chemical Industry, 
especially in the United States, is remarkable and perhaps 
unique for the speed and vigour with which it incor- 
porates advances in fundamental science into the body 
of useful knowledge”. 

The Report compares chemistry in the United States 
with chemistry elsəwhere. Here the number of papers 
and patents dealt with by Chemical Abstracts provides a 
means of estimating the share contributed by each nation 
to the total publicetions for any particular year, and ‘‘as 
recently as 1960 these indicate clearly that the United 
States led the World”. The Committee could obviously 
not give a direct assessment of the impact or signific- 
ance of these papers, but tables have been drawn 
up showing the citation in publications from other 
countries to American literature: again the United 
States leads. 

The ‘brain drain® (so aptly described as “‘the free flow 
of young scientists”) has also been used by the Com- 
mittee as a meastre of the quality of basic research. 
Figures given show that no less than 1,000 European post- 
doctorals (one for every ten graduate chemistry students) 
are working in basic chemistry in the United States. 
(European tax-payers might do well to ponder what 
this loss, albeit partly temporary, of expensively 
trained alert minds will mean to their future economy.) 
The number of Nobel prizewinners in Chemistry is also 
used as a yardstick, and the United States comes out 
well, being second only to the British (six winners) with 
four (R. B. Woodward has since become the fifth) out of 
the fourteen between 1954 and 1964. Further evidence 
of American leadership in chemistry is shown by the 
almost complete dominance of Chemical Abstracts in 
summarizing the chemical literature throughout the 
world. 

Some very strikmg figures give a good idea of the 
weight and importance of the chemical industry in the 
United States. Allowing for lack of precise information 
from the U.S.S.R., it is claimed that the dollar volume of 
the chemical industry in the United States is 40 per cent of 
the world total. In 1962 it produced 32,800 millon dollars 
total value of products compared with 22,900 million 
dollars produced in Western Europe, and this it did with 
about half the laboar force of Western Europe. Exports 
in that year were 1,900 million dollars and imports 500 
milion dollars. European exports were 2,500 million 
dollars and imports 2,600 million dollars. The growth 
rate of the European chemical industry is 10 per cent, 
whereas that in the United States is 6 per cent. All these 
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figures lead to the statement in the Report that the “U.S. 
Chemical Industry is the largest in the World, and is 
successful in competing in World Markets”. 

Attention is directed to the considerable renaissance in 
chemistry and biochemistry due largely to the develop- 
ment of modern electronic instruments such as mass 
spectrometers, infra-red, ultra-violet, nuclear magnetic 
resonance and electron-spin spectrometers, vapour phase 
chromatographs and other instruments. A survey of 
several thousand articles in various journals shows that 
the use of such instruments has increased six-fold in the 
United States and that this has drastically changed the 
pattern of chemical research. Attention is directed to 
the remarkable developments in X-ray crystallography. 
It is claimed that six of the major instruments are used 
to about the same extent in the United States, Great 
Britain, Germany and Japan—all these countries being 
well ahead of the U.S.S.R. in their use. Great Britain has 
the lead in X-ray diffraction studies, while the United 
States is well ahead in the use of computers. 

A critical survey is made of the important question of 
the financing of basic chemical research in the United 
States and other leading countries. Since the Second 
World War, the overall pattern of support in the United 
States has changed from private to Federal funds. In 
1964 about 100 million dollars of the Federal support for 
research went to chemistry. In 1963 the American 
chemical industry spent 1,250 million dollars on research 
and development and 140 million dollars on basic research. 
The total expenditure for 1,300 Ph.D.s in 1964 was 
between 85 and 95 million dollars, that is, about 70,000 
dollars for each Ph.D. awarded, with another 5,000 dollars 
added for the depreciation of laboratories. Of this, the 
Government contributes 30,000 dollars per Ph.D. These 
are surprisingly high figures and are indicative of the high 
measure of instrumentation. 

It is claimed, using figures for chemical research in 1959- 
60 from Returns from Universities and University Colleges 
an Receipt of Treasury Grants, that the percentage of total 
research expenditure in Great Britain was 13-6 per cent, 
whereas chemical research in the United States receives 
only 5-6 per cent of the Federal total expenditure on 
research. The Report states: “Chemistry in Great Britain 
~ has responded well to the nourishment it has received. 
The quality of the research in Chemistry is high——note the 
high proportion of British Scientists among the Nobel 
laureates”. 

All the facts and figures collected ın the Report, whether 
strictly accurate or not, are the best available and serve 
to show that basic chemical research in the United States 
is insufficiently supported and is greatly in need of 
increased resources. It is considered that even an im- 
mediate increase of 16 per cent in financial support 
would be inadequate for proper support of chemistry in 
the United States. The present ‘back-log’ in needs for 
chemical instrumentation in universities has been estim- 
ated to be 20-30 million dollars and only an additional 
expenditure of 7 million dollars per annum over and 
above the normal for the next 3--5 years would allow the 
universities to catch up. Great emphasis is pleced on the 
growing need of chemists for the use of computers: it is 
claimed that 15 million dollars would be needed to cover 
the cost of these. Chemistry also needs funds for specialist 
projects, particularly those involving techniques of X-ray 
crystallography. The Committee considers that support 
for basic chemistry research at universities will need to 
jncrease from the 61 million dollars in 1965 to 121 million 
dollars in 1968. (Some idea of the present rate of increase 
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of financial support can be gained from the fact that in 
1964 over-all support was 50 million dollars.) 

Some interesting specific recommendations are made. 
Thus, support of basic chemical research should he 
extended at the annual rate of 20 per cent for 3 years 
and 15 per cent for several years further. It is suggested 
that 5 million dollars should be set aside to meet appli- 
cations from ‘young chemists’. Universities are recom- 
mended to modernize their chemistry departments and 
laboratories. The curricula should be examined and 
improved and the ‘post-doctoral system’ should be 
investigated. It is suggested that the chemical industry 
could well increase its support of university education 
and research. 

In support of its recommendations, the Committee 
comments that increments of the order recommended 
are not “blue sky fancies’ or even bold planning; the 
point is made that the amount at present allocated by 
the Federal Government to explicit support of basic 
chemical research in universities in 1 year is equivalent 
to 5 weeks of Federal expenditure for basic research in 
the Earth sciences and to only 4 days of the National 
Aeronautics and Space Administration budget. 

We wish our American chemistry friends all success in 
their aims and ambitions, but we must also look to our 
own position. In total amount, the figures given in the 
Report will be quite staggering to British chemists, and 
Britain’s scientific advisers to the Ministry of Education 
and Science should sit up and take notice. Has anyone 
in Britain really tried to find up-to-date information 
regarding the cost of basic chemistry (or indeed any other 
science) in the universities of Great Britain? At the 
present time the University Grants Committee is investi- 
gating the comparative costs of undergraduate teaching 
and research. Its method of doing this is not the most 
efficient and is upsetting a great number of university 
staff. University research is so closely linked with teaching 
that it is quite pointless to separate the two. 

What Britain needs is a rapid and concise “Westheimer 
Report’ on the financing of all basic scientific research in 
the universities of Britam. She needs this to show the 
Treasury how badly financed basic research is and how 
very much she needs to keep up with the Americans and 
the rest of the world in this area. For chemistry, between 
them, the University Grants Committee and the Depart- 
ment of Scientific and Industrial Research in the past 
have done their best with the funds at their disposal. In 
many parts of Britain many fine new chemistry labor- 
atories have been built and when built have been lavishly 
equipped with the most modern instruments. Jn other 
places, however, some considerable chemistry ‘slums’ still 
exist; because it is impossible to obtain an equipment 
grant except for a new building, a great number of nearly 
obsolete instruments are still in use. 

The former Department of Scientific and Industrial 
Research did its best to fill in some of the gaps, and no 
doubt the Science Research Council with more than 
£075 million per annum available for basic chemistry 
research projects will continue to do what it can; how- 
ever, it is essential that it makes a special point of 
encouraging some of the younger chemists. There is great 
need for the University Grants Committee and the Science 
Research Council to work in close harmony on the financ- 


ing of basic research: there are some signs that closer coss- 


ordination is already in operation. 

Support from the British chemical industry for univer- 
sity research, although very welcome, is relatively small 
and confined to fellowships or scholarships and the 
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occasional small piece of apparatus on loan. Possibly 
the best way that the industry could help would 
be to place contracts with university departments 
for some of its more speculative long-range research 
projects. 


NATURE 


543 


Basie research in chemistry and other sciences must be. 
kept in the healthy state it enjoys at present. If Britain 
is to maintain her present advanced position a consider- 
able increase in financial support must be forthcoming 
from the Government and industry. 


TOWARDS A RATIONAL FUEL POLICY 


MAJOR feature of the meeting of the British Asso- 
ciation for the Advancement of Science at Cambridge 
was the plenary symposium on ‘World Fuel and Power 
Resources and Needs”? on September 6, 1965. The six 
papers contributed were published almost simultaneously, 
with an introduction by Sir Cyril Hinshelwood, in a 
special issue of The Advancement of Science. They provide 
an appropriate background against which to consider the 
White Paper on Fuel Policy* which came from the Ministry 
of Power in October. This is especially so as, in the final 
contribution to the symposium, Prof. A. R. J. P. Ubbe- 
lohde called in question the whole basis of British policy 
for energy even more unequivocally than did Political 
and Economic Planning in its recent Broadsheet, Questions 
of Fuel Policy (see Nature, 208, 24; 1965). The sym- 
posium itself was indeed intended to stimulate answers 
to such questions as the magnitude of world needs for 
fuel and power and the potential contributions and limita- 
tions of coal and oil and natural gas, as well as of nuclear 
energy and hydro-electric power. It sought also to assess 
the significance of new inventions such as the fuel cell and 
magneto-hydrodynamics, together with the implications 
of the answers to the foregoing questions for the less- 
developed countries. 

It was appropriate that the symposium should have 
been opened by a paper on the world’s needs from Sir 
Harold Hartley, who from 1950 until 1956 was president 
of the World Power Conference and who had devoted his 
presidential address to the British Association in 1950 to 
“Man’s Use of Energy” (Nature, 166, 368, 636; 1950). 
Sir Harold concluded his address with a quotation from 
the final words of his presidential address, from which he 
saw no reason now to dissent: “‘On man’s wise use of 
energy depends so much the future of this troubled 
world”, and the ovation which Sir Harold received at its 


- Close, ag much for his courage as for the sweep of the 


address itself, is unlikely to be forgotten by any of those 
present. 

Lord Robens discussed the contribution of coal with 
vigour and confidence, emphasizing more particularly the 
significance of recent developments in mechanization and 
organization. Mr. J. P. Berkin was equally confident as 
to the potential contribution of oil, and he too emphasized 
the technical advances in oil operations, and the scope for 
yet further technical advance, flexibility and adapt- 
ability. Prof. H. J. Kruisinga was confident that future 
developments in gas technology and the greater avail- 
ability of natural gas would make for an increasing 
contribution to the world’s needs for energy. Lord Hinton 
questioned, however, whether existing knowledge per- 


-mitted quantitative forecasts of the contribution of 


He thought the 
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hydro-electric power or nuclear power. 


development of hydro-electric power was likely to con- 
tinue for several decades but that, in the long-term, its 
exploitation would diminish under the competition from 
nuclear energy, which he expected to Jower progressively 
the limit of acceptable cost. 

In this context, it is worth noting the lecture on 
nuclear power development in the United Kingdom, 
which Sir William Penney gave to the Japanese Atomic 
Industrial Forum in Tokyo and which has been published 
in Atom, the monthly information bulletin of the Atomic 
Energy Authority (108, 198; October 1965). Sir William’s 
outline of British progress in the industrial application of 
nuclear power, showing the trend from the first magnox 
station to the advanced gas-cooled reactor at the Dunge- 
ness B station, incicated that, with a 30-year life and an 
average load factor of 75 per cent, the latter station would 
give a generating cost of just more than 0-41d./kWh, or just 
less than. 0-38d./kWh with an 85 per cent load factor. He 
was confident that the fast reactor offered promise of 
lower power costs as well as of an immense improvement 
in. the use of natural uranium. Sir William predicted that 
with a large progremme of fast reactors, the cost of the 
fuel cycle would be less than Old per unit, and in the 
longer term could be about half this amount. The capital 
costs should be similar to those of advanced thermal 
neutron stations built at the same time. 

The most imaginative contribution to the Cambridge 
symposium was undoubtedly that of Prof. Ubbelohde, 
which nevertheless provided a wholesome corrective to 
some of the earlier optimism. He emphasized the extent 
to which the need to plan supplies of energy had out- 
stripped the development of wholly reliable techniques of 
forecasting and also the importance of giving special 
consideration to the cost and timing of switches between 
different forms of energy. He reminded his audience that 
almost all technologically advanced communities are now 
net importers of energy and that hindrances to free 
access to energy resources outside national boundaries 
could become much more obstructive, with increasing 
danger of famine conditions to countries importing energy 
on & large scale. He also gave warning of the high quality 
of political judgment demanded in deciding the extent to 
which a policy of protection for indigenous production of 
energy is wise or desirable. He emphasized the importance 
of ensuring that thas methods used to modernize an old 
industry do not unduly distort invention and design in 
technological innovation in the newer industries. 

Prof. Ubbelohde also observed that until recently the 
spontaneous urge towards technological advance had been 
most marked in communities living in climates in which 
subsistence is neithsr very easy nor very difficult. He 
suggested that we might well ask if any of the more 
advanced nations as yet showed any signs of levelling 
off in the rapid grcwth of their per capita consumption 
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of energy. If restraining factors were beginning to be 
felt, it was important to try to describe their nature. 
Such a question might well be raised about Britain, 
whose earlier start in technological he could now be 
& handicap. 

Prof. Ubbelohde’s reference to the power technology 
of the future, including the direct conversion of nuclear 
energy into electric power, the use of fuel cells, the 
generation of electricity by magneto-hydrodynamics and 
the possibility of approaching more closely the vastly 
more efficient biological power mechanisms, is obviously 
too visionary to have any practical bearing on the White 
Paper. This does not apply, however, to what he said 
about the process of policy-making. The whole implication 
of his address is that much more needs to be done to 
improve the process of decision-making and enabling 
decisions to be based quickly on all the relevant facts. 
This criticism is implicit in the P.E.P. Broadsheet. The 
White Paper on Fuel Policy does nothing to remove the 
gravity of the charge in spite of the claim at the outset 
that the Government has improved and extended the 
arrangements for securing the effective and co-ordinated 
development of coal, petroleum and other sources of fuel 
and power in Great Britain, and of promoting economy 
and efficiency in their supply, distribution and consump- 
tion. 

The Minister of Power describes the arrangements for 
consultation and co-ordination between these industries, 
particularly the Co-ordinating Committee and the Energy 
Advisory Council established in January 1965. His White 
Paper includes a paragraph on research, in which he 
repeats his statement in opening an exhibition at Cam- 
bridge, sponsored by the British Association for the 
Advancement of Science, that the nationalized industries 
of coal, gas and electricity are now spending more than 
£14 million a year on research and development, compared 
with £6 million in 1958-59. Their research programmes 
are reviewed by the Minister’s Advisory Council on 
Research and Development, which considers: (1) whether 
the programmes of research are adequate to the needs of 
the fuel industries and of consumers; (2) whether there 
is proper balance between the different lines of research; 
(3) whether there are any gaps, undue overlapping or lack 
of co-ordination between the programmes of the different 
industries and between them and other programmes, 
including that of the Atomic Energy Authority, in the 
field of fuel and power. The Minister of Power has also 
& special responsibility for the research on problems 
affecting the safety and health of mine-workers which is 
carried out by the National Coal Board and by the Safety 
in Mines Research Establishment, under the super- 
vision of the Safety in Mines Research Advisory Board. 
There is also informal co-operation in research generally 


between the nationalized fuel industries at all levels. In>~ 


addition, on the Government’s initiative, the Research 
Liaison Committee of the National Coal Board and the 
Central Electricity Generating Board has been expanded 
to include the gas industry. 

Even the most appropriate structure or efficient organ- 
ization, however, does not amount to a policy, nor does 
the Minister’s frank recapitulation of the difficulties which 
confront the reconciliation of the conflicting claims of 
gas, coal, electricity and’ oil indicate what action he could 
take, still less proposes to take, to rationalize the fuel 
situation. Without decisions, however, policy is impos- 
sible. A. disappointing feature of the White Paper is the 
Minister’s evident reluctance to use his powers even in 
minor matters where friction arises between the gas and 
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electricity industries. If the Government believes that 
the two industries should reach an acceptable agreement, 
policy should encourage if not enforce such agreement. 
Nor is the paragraph on amenity considerations reassuring, 
in spite of the statement that the Government is encour- 
aging the research efforts of the electricity industry and 
the cable manufacturers to reduce the cost of underground 
transmission. It is recognized that reduction of pollution 
from the emission of sulphur involves greater expenditure, 
as does the use of underground cables instead of overhead 
lines. It is not recognized that this expense should be a 
national and not a regional or local charge, but such a 
step is essential in any really national policy. 

The failure to deal with the investment problem is more 
serious, and the magnitude of the economic implications 
is no excuse for ignoring the issues. They are emphasized 
as much by the possibilities in the production of nuclear 
power to which Lord Hinton and Sir William Penney 
referred as by the new prospects of oil and gas from the 
North Sea. Decisions on taxation policy are involved to 
which the P.E.P. Broadsheet referred, but the Minister o 
Power comes no nearer to considering the possibility that 
there might be sound reasons for encouraging the use of 
gas where it can be a substitute for electricity than the 
admission that it may be desirable to curb the demand 
for space-heating by direct-acting appliances because of 
the high costs to the economy which are generally in- 
volved compared with other forms of space-heating. 
Nevertheless, Mr. Lee omits to notice either that the 
demand he thinks desirable to curb involves an 
investment in power stations of £2 million a day, or 
the bearing of cheaper energy on Britain’s economic 
development. 

To read the White Paper alone is to appreciate that as 
large a share of the responsibility for the position which 
the early onset of wintry weather precipitated rests fairly 
on the Minister of Fuel, including his predecessor in 
office, as on the fuel industries themselves. Admittedly, 
as thé White Paper acknowledges, while there is little 
change from year to year in some basic characteristics of 
the fuel industries, yet their research and development 
effort continually opens up new opportunities and presents 
new problems. New sources of fuel supplies are being 
discovered, and the balance of costs between different 
fuels changes continually. This, however, only enhances 
the need for sound judgment, especially where social as 
well as economic costs are concerned. Nor is it easy to 
take decisions when, as so often happens, the interests of 
particular sectors are pressed with complete disregard of 
the wider perspectives. 

The objectives of fuel policy as set forth in the White 
Paper are reasonable and are consistent with much in 
the P.E.P. Broadsheet. It is recognized further that some 
of the objectives desiderated are mutually inconsistent 
and that the single-minded pursuit of the supply of 
every fuel at the lowest immediate price would not neces- 
sarily be to the best advantage of the nation. As to how 
this dilemma is to be resolved or what should be the 
choice of priorities, there is no hint. Similarly, there is 
no indication of the resolution which will be required to 
pursue any policy that may be chosen. It may be that, 
as P.E.P. suggests, the right policy for Britain is to 
attempt to achieve the chosen degree of support for British 
coal at the lowest possible cost and with the least dis- 
tortion of other resources throughout the economy. 
Nevertheless, the Minister and his Advisory Council must, 
at the same time, make the closest possible investigation 
not merely of the reliability of the latest tenders for 
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nuclear power stations but also of the implications of the 
developments in fast reactors emphasized by Sir William 
Penney. Only in this way can full advantage be taken of 
what is now one of Britain’s foremost assets—her trained 
manpower and the technology it provides. 


ON HUMAN BONDAGE 


The Technological Society 

By Jacques Ellul. Translated from the French by John 
Wilkinson. Pp. xxxi+449+xiv. (London: Jonathan 
Cape, 1965.) 63s. net. 


N his foreword, R. K. Merton claims that in The Tech- 
nological Society Ellul formulates a comprehensive and 
forceful social philosophy of our technical civilization. 
The book is much more accurately described as a rigorous, 
detailed and persuasive analysis of contemporary civiliza- 
tion. Philosophically it adds nothing to Bavink’s discussion 
of the philosophy of technology more than a generation 
ago in The Anatomy of Science, and virtually the problem 
of values and judgments of value is ignored by Ellul. 
Its counterpart is rather Mannheim’s Diagnosis of our 
Time, from which, however, it is poles asunder, and it is 
for its searching, incisive, ruthless analysis of the impact 
of technology on society and of the changes that are in 
consequence taking place not merely in industry but in 
society, in government and in science itself, that this 
picture of what might perhaps be described as the decline 
of man has certain claims to be considered a major book 
of our times. Its prose is as lucid as its thought; the 
freedom from jargon matches its honesty of thought, and 
the translator has admirably reflected the incisiveness of 
the original. Whether we accept entirely M. Ellul’s 
argument, whether or not he is right in his main con- 
tention, this is a challenging book which compels us to 
look below the surface and see where we are going. Any 
fallacies are to be detected only by hard thinking, and i 
he is in fact too pessimistic, he stimulates the constructive 
thought that is required to provide the answers. ` 

M. Hllul’s use of the term ‘technique’ does not make 
for easy reading, and is the outstanding exception in a 
book that can otherwise be read with ease and pleasure, 
due also to the high standard of production; unlike so 
many expensive books to-day, it is goad value. By ‘tech- 
nique’ M. Ellul does not mean simply this or that pro- 
cedure for attaining an end: it is rather the sum o 
methods rationally reached and efficient (at a given stage 
of development) in every field of human activity. Accord- 
ingly, it is continually new and has no common con- 
cern with techniques of the past. Such a definition is 
sufficiently at variance with the ordinary more restricted 
concept to be liable to cause confusion, particularly when 
considering its effects on social relations, political struc- 
tures or economic phenomena, unless the distinction is 
kept carefully in mind. 

In the first of his five main subjects, M. Ellul elaborates 
this conception and traces briefly the historical develop- 
ment of techniques, though to a less extent than Mumford 
in his great trilogy, and with less assurance. In the second 
chapter he reviews the way in which technology functions 
in society to-day and the tendency of techniques to 
dominate the situation and of ends to determine means. 
In the third chapter, he carries this analysis into the 
economic sphere and shows how this same process holds 
there, thus agreeing with Galbraith’s analysis in The 
Affluent Society, but not pursuing Galbraith’s criticism. 
The fourth chapter, on technique and the State, examines 
ruthlessly the implications of this process in the sphere 
of government, particularly for democratic systems and 
for the relations between science and public policy, while 
finally in his fifth chapter, on human techniques, he 
extends his analysis to the implications of technique not 
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simply for human relations in industry or problems of 
leisure, but to the long-term effects of television, radio 
and the cinema on the outlook and the very nature of 
man. Only in the eight pages of his final chapter does he 
permit himself a brief look at the future. 

It is unfair to an outstanding and cogent diagnosis 
merely to describe i, though quite accurately, as depicting 
man as dominated by the machines and the organization 
he has created, losmg more and more his power to control 
events, even his individuality and his creative powers, 
until ultimately ths great machine and organization run 
down to a halt, unless some chance first sparks off the 
total destruction of a nuclear war. Admittedly also he 
has no place for moral values or judgments: civilization 
is seen first and foremost as a civilization of means which 
are in reality more important than ends. Nor does he 
offset his pessimism by offering solutions to the problems 
he raises, beyond insisting that correct diagnosis is the 
essential prelude to treatment. 

The calibre of the book is illustrated much more fairly 
by indicating the particular challenges it presents, though 
obviously only a few can be mentioned as representative. 
For example, in this picture of technique, the choice of 
techniques is increasingly automatic and man is stripped 
of his faculty of choice, while every technical activity is 
superior to any non-technical activity. That is of a piece 
with the opposition which Ellul sees between technique 
and Nature, but rejection of that view and its implications 
calls for some deep thinking and not mere superficiality. 
Again, technique is seen as inconsistent with the freedom 
of man and no democracy is possible in the face of a 
perfected economic technique. He writes that technique 
cannot tolerate the gropings and slow tempo of science, 
and that it seems impossible that independent research 
can survive in such a technological society as he describes. 

There is a thoroughly realistic passage in which the 
implications of this theory for scientific policy are clearly 
indicated and the anti-democratic character of economic 
technique, though he never mentions either ‘scientific 
adviser’ or ‘scientific policy’. The emphasis is on the loss 
of liberty involved in the ascendancy of technique. He 
discusses the implications of human techniques and 
suggests that it is impossible to speak of a technical 
humanism, and he brings before us much that every one of 
us can recognize as happening. The question is mescap- 
able: Is this where we are really going ? 

But not everyone will accept without further enquiry 
that there is no alternative, nor is M. Ellul explicit on the 
point: this is what could or will be, he writes, not this is 
what must be. Hs diagnosis is likely to provoke fresh 
battle over issues In which von Hayek and Polanyi and 
others have contended in the past and it would seem to 
be part of Ellul’s purpose to stir fresh debate and enquiry. 
In this long book there is not a single reference—only a 
considerable bibliography. The reader is left, for example, 
to search through Mumford’s trilogy for the passages to 
which Ellul refers, nor is the third and most relevant 
volume of the trilogy cited in the bibliography. There are 
some other surprising omissions—the work of Bavink, 
already noted; anc the absence of references in the text 
is scarcely to be excused by the naive remark that the 
books cited are to be read and not consulted. 

That is a major blot on an important if not a great 
book. It is stimuleting and suggestive, as provocative as 
Skew at his best, especially in the opening chapter, but 
even Mr. Wilkinson’s limpid prose scarcely makes it a 
refreshing book, extept perhaps in contrast to the stilted 
jargon in which sc many technological and sociological 
books are written. This is, in truth, evidence, which Ellul 
has neglected, thas men and women are seeking—and 
need—a worth-while view of life, that the spirit of man 
is not yet quenched, that the scientist will not be content 
to see the very conditions in which scientific work is 
possible disappear without a struggle, that mankind is 
beginning to become aware of its peril. To rouse men to 
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their danger was indeed. Ellul’s purpose in writing the 
book: had he considered more deeply Bavink’s emphasis 
on the element in technology of fitness for a purpose he 
might have written a less pessimistic and a more con- 
structive book. R. BRIGETMAN 


INTERNATIONAL ENCYCLOPEDIA 
OF SCIENCE 


The International Encyclopedia of Science 

Edited by James R. Newman. Vol. 1: Ato D. Pp. ix+ 
1-342 + plates 1-26. Vol. 2: Eto L. Pp. v+343-688+ 
plates 27-49. Vol. 3: M to R. Pp. v+689-1034-+ plates 
50-70. Vol. 4: StoZ. Pp. v+ 1035-1379 + plates 71-84. 
(Edinburgh and London: Thomas Nelson and Sons, Ltd., 
1965.) 252s. the sot. 


i ke HE International Encyclopedia of Science is a hand- 
some work of four large volumes, totalling nearly 
1,400 pages. It 1s produced in first-rate American style 
with excellent printing, colour diagrams and photographs 
and many other ilustrations in colour. It was first pub- 
lished in the United States as The Harper Encyclopedia of 
Science ın 1963, and now appears, with some additional 
material, printed in Edinburgh with the original American 
spelling. At 3 guineas per volume, the price of this 
valuable work cannot be considered excessive. 

Four hundred and fifty scientists and engineers have 
contributed nearly 4,000 articles which appear in the 
work. An encyclopaedia, almost like an anthology, is & 
work of compromise, selection, preference and taste. 
There are bound to be space limitations no matter how 
large the project. One may say of the work, like Samuel 
Johnson of his Dictionary, “In this work when it shall be 
found that much is omitted, let it not be forgotten that 
much likewise is performed”. 

The scope of the work is wide and includes all the 
so-called pure and applied sciences, The mathematics 
sections are particularly full, even to the extent of some 
overlapping with one another, when separate authorities 
write the articles in which there is some common material. 

The standard of difficulty of the Encyclopedia vares 
from subject to subject: generally it is of undergraduate 
level or less, and much of it would appeal to the sixth- 
former. ‘The intelligent layman and woman will find 
these volumes admirable as bedside books, although some 
of the mathematics, albeit logically set out, is not easy 
and often is of greater difficulty than the rest. 

In so large and comprehensive a work, it would be easy 
and priggish to make criticisms in detail. There ıs a 
sizeable article on quaternions, but, of a class of thirty 
mathematics graduates in one British university, only 
one knew what they were, and even he could not suggest 
any applications-of them-——nor indeed does the Hncyelo- 
pedia. 

There is no article on the laser and even the paragraph 
on the maser does not give a worthy explanation of its 
action. 

in the statistics section, average family i income is given 
as that of the median family in the income hierarchy, 
and this would be true only if incomes were distributed 
normally or symmetrically. 

More might have been said about entropy and degrees 
of freedom, both of which have wide applications in the 
sciences. 

Acoustics is dealt with as the physics of sound and not 
the science of hearing, although there is a separate article 
on sound. Some of this is rather old-fashioned in con- 
ception; for example, the idea that harmonics define a 
tone quality. 

There is an article on r which mentions its irrational 
but not its transcendental nature, though this is not 
forgotten in the article on ‘e’. Chemical research is the 
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subject of an article which overlaps with other chemical 
entries, but there is no article on physical research. In 
an American publication, 1t is delightful to find that the 
American gentleman of forwune, “Rumford, Benjamin 
Thompson, Count’’, is described as a British physicist, as 
indeed he was, among other things! The pituitary body 
(an endocrine gland) is given an article, but there is no 
mention of its other name, ‘hypophysis’. Lindberg is 
incorrectly given as the first man to fly the Atlantic. 

Although one may feel sorry for writers and compilers 
of scientific encylopaedias, since much of their work 
becomes of historic interest only, because of the rapid 
progress of the subject, there is much in these volumes 
which will not quickly become effete. Moreover, it can 
be expected that another edition will be called for very 
quickly, because of the scope and worthiness of the present 
work. In this case, a ‘tidying up’ of the Encyclopedia 
will produce an even better set of books. Large as are 
these four volumes, 1,400 pages are a not great amount 
of space to encompass, even briefly, the whole of scientific 
knowledge. Some of the articles, such as those which 
deal with pure mathematics, statistics and quantum 
theories, should be read by future editors, so that common 
material between the parts of these (and other) subjects 
respectively might be eliminated. Some of the smaller 
articles could be combined into larger treatments of the 
subjects and references made thereto under the present 
headings. This would save space for more comprehensive 
essays on some important topics about which little 
appears in the present volumes. 

The many pages of tabulated information, the biblio- 
graphies and the index are excellent. The whole is 
generally a splendid piece of work. W. L. SUMNER 


INSECT NERVOUS SYSTEM 


The Physiology of the Insect Central Nervous System 
Edited by J. E. Treherne and J. W. L. Beament. (Papers 
from the 12th International Congress of Entomology held 
in London, 1964.) Pp.ix+ 277. (London: Academic Press, 
Inc. (London), Ltd.; New York: Academic Press, Inc., 
1965.) 60s. 


T HE Physiology of the Insect Central Nervous System is 
a collection of fifteen articles based on papers pre- 
sented at the twelfth International Congress of Entom- 
ology, and it is not surprising that it is a mixed bag, 
ranging from original contributions of interest mainly to 
the neurophysiologist, to reviews of recent work which 
are of interest to the general reader. It includes the 
folowing topics: properties of the axon (Narahashi); 
composition of the fluid bathing the neurones (Treherne) ; 
ultrastructure of synapses (Smith); free amino-acids of 
the central nervous system (Ray); neurophysiological 
mapping and pharmacological study of a ganglion (Ber- 
nard, Gahery, Callec and Boistel); co-ordination of reflex 
activities (Weevers, Wilson. Miller and Rowell); neuronal 
pathways (Hughes); recordings from single neurones of 
optic lobe and brain (Horridge, Scholes, Shaw and Tin- 
stall); learning in headless insects (Hoyle); and stimu- 
lation of areas in the brain concerned with control of 
sound production (Huber). 

The articles by Narahashi and Treherne review their 
own recent work on the nerve impulse and show that the 
insect has fluid of an ionic composition differing from that 
of haemolymph bathing the axon and that the nerve- 
impulse follows the classical pattern. Smith points out 
that axons which are closely apposed may have no glial 
material between their membranes, and he regards this 
situation as a pre-requisite for a synapse. It is of interest 
to speculate on the possible function of such presumptive 
synapses which are found in both central and peripheral 
systems. In his review of neuronal pathways, Hughes 
gives in a concise form an excellent account of method- 
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ology and discovery in this field. For the reader who is 
interested in locomotory mechanisms the articles by 
Weevers, Wilson and Rowell give an up-to-date account 
of recent developments. Miller’s account of the control 
of spiracular movement is particularly lucid and stimu- 
lating. 

Although Hoyle’s paper is not a review but a sub- 
stantial original contribution, his conclusion that Hor- 
ridge was justified in usmg the term ‘learning’ to describe 
behaviour in headless insects is of wide general interest. 
Hoyle demonstrates at the neurophysiological level the 
phenomenon of ‘reinforcement’ at the behavioural level. 
His preparation is the simplest at present available for 
the study of the physiology of learning. The suitability 
of insect preparations for neurophysiological work depends 
partly on the separation of constituent parts of the 
nervous system into ganglia and peripheral neurores, but 
particularly on the smali number of central neurones 


involved. The insect achieves with a few cells wnat the ` 


vertebrate uses many cells to accomplish. The spiracular 
muscle preparation of Miller is another with a consider- 
able future in the analysis of central mechanisms, par- 
ticularly the role of the median (‘autonomic’) system. 
The preparations of Rowell, in which he progressively 
isolates the prothoracic ganglion, illuminate the appar- 
ently widespread phenomenon of non-specific inhibi- 
tion. The classical type of localization experiment is 
well exemplified by the work of Huber in locating by 
stimulation those ‘centres’ of the brain concerned with 
sound production. The caterpillar stretch-receptor 
preparation of Weevers with its single sensory neurone 
also provides an easily recognizable input to the central 
nervous system. 

This book shows clearly that a variety of techniques 
is necessary for studying the physiology of the nervous 
system, but above all it shows the necessity for & sound 
anatomical basis in physiological work. As Roeder points 
out in his epilogue, the first gap is in ‘old-fashioned’ 


neuroanatomy. It is good that physiologists realize that - 


anatomical studies are indispensable to future progress. 
Let us hope for a rise in the status of anatomusts and 
histologists, to- attract research workers of the necessary 
calibre. L. H. FINLAYSON 


LEVIATHAN AND CO. 


Marine Mammals 

By R. J. Harrison and J. E. King. (Hutchinson University 
Library.) Pp. 192. (London: Hutchinson University 
Library, 1965.) 165s. 


Ma E Mammals packs a remarkably complete 
account of the cetaceans, pinnipeds and sirenians 
into 200 pages. The very inaccessibility of these creatures, 
which differ in so many ways from their terrestrial 
relations, enhances their interest to the zoologist and 
throws out a challenge to investigate the manner of their 
lives. 

Until about 25 years ago the only methods that could 
be used for learning about them involved observing 
living animals in their native habitats, often difficult of 
access, and dissecting their dead bodies either fortuitously 
washed ashore or obtained in the field and transparted in 
a more or less mutilated condition to the laboratory. 
Now the invention of aqualung diving allows the zoologist 
to approach them in their own element; developments 
in electronics permit a study of their remarkable under- 
water powers of echo-location; and the building of the 
great marine aquaria, the ‘oceanariums’, has brought the 
cetaces as well as the pinnipeds and sirenians into captivity 
where they can be kept under close observation and be 
made the subject of experiment. 

So much has been discovered by these means about the 
marine mammals that Man has basely tried to enlist their 
help in his futile quarrels—attempts have been made, 
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misusing the newly acquired knowledge, to train dolphins 
to find out and advertise the presence of enemy frog-men 
spying on harbour installations and perhaps trying to 
destroy them, and 50 act as unwitting suicide ‘heroes’ by 
homing on enemy undérwater craft while carrying charges 
of explosives to sink them. 

The authors give a concise account of the systematics 
of the three orders cf marine mammals, and enumerate the 
species with notes on their appearance, habitats, geo- 
graphical distribution, and frequency of coming under the 
notice of Man. Under the modest headings of “Some 
Characteristics of Cetacea” and ‘‘of Pinnipedia’ a very 
good account is given of the biology of the creatures in 
all its aspects, anatomical and physiological, together 
with notes on their general natural history. Little that is 
known about these fascinating creatures escapes notice, 
although it is necessarily summarized and the information 
is compressed. 

The book is well written and can be read from cover to 
cover with enjoyment and profit, but it is also a valuable 
work of reference, for an extensive bibliography cites the 
more detailed souress from which much of the information 
is culled. There is a good index, and the pages are em- 
bellished with a series of drawings by Mr. Frank Price 
of the animals and their anatomical details; but what 
has happened to the eye ofthe sperm whale, which seems 
to have migrated to a very unusual position—perhaps it 
is the roving eye of Moby Dick? This book is a dis- 
tinguished addition. to an already distinguished series. 

L. Harrison MATTHEWS 


PROPHYLAXIS AGAINST RADIATION 
INJURY 


Chemical Protection Against lonizing Radiation 

by Prof. Zenon M. Bacq. (A Monograph in The Banner- 
stone Division of American Lectures in Living Chemistry.) 
Pp. xvi+ 328. (Springfield, Illinois: Charles ©. Thomas, 
1965.) 14 dollars. 


HE search for prophylactics against radiation leth- 

ality in mammals, begun in the late nineteen forties, 
has proved unrewarding in that no agent having practical 
utility has emerged. Nevertheless, as Prof. Bacq reminds 
us early in Chemical Protection Against Ionizing Radiation, 
it is true that: ‘““Chemical protection has won an enviable 
place in the vast ensemble of radiation research; it 
occupies about ten per cent of the time and the publica- 
tions in congresses, meetings and periodicals dedicated to 
radiation research”. For most, interest now lies chiefly in 
the properties of existing agents, rather than in the search 
for new; in their pnarmacology, biochemistry and mech- 
anisms of action at.one or more levels of biological 
organization. With its ramifications into many disciplines, 
there is no disputing with the author that: “chemical 
protection ... has become a very complicated subject in 
recent years”. He has produced this book “‘because a 
guide written by somebody who has actively lived through 
its capricious evolution might be useful to those who are 
engaged in or want to enter one sector of this research 
field”. 

Prof. Bacq is to be congratulated for this attempt to 
bring the mass of published observations on this subject 
into ordər within ths covers of a single volume, a task for 
which his long association with the subject fits him well. 
In this task he has been, in the main, successful. The 
literature has been covered largely up to 1964. Where 
obscurity occurs, orre feels it is mainly due to the contra- 
dictory nature of the material. 

In this book, the field has been narrowed down by 
exclusion of all bus passing mention of curative, post- 
irradiation treatments; prophylaxis alone is considered. 
However, attention has not been confined to the pro- 
tection of mammals. There are twenty chapters, the first 
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three being brief and introductory. Chapter 4 presents 
the major classes of radioprotectors and should be of use 
to beginners; it ıs based on a list of familiar agents 
impartially selected, “by an anonymous scientific secre- 
tary”, for the second report of the United Nations Scientific 
Committee on the Effects of Atomic Radiation (1962). 
Theo remainder cover all aspects of the subject but some 
may be selected for comment. In Chapter 5, on pharma- 
cology, the review of the diverse circulatory effects of 
thiol protectors in different species seemed of particular 
interest. In Chapters 6 and 7 are collated a mass of data 
on the metabolic effects and metabolism of radioprotectors: 
it is not the fault of Prof. Bacq that any definite relation- 
ship between protection by cysteamine and its tissue 
distribution is still difficult to discern. Chapter 9, which 
deals with protection against effects other than lethality, 
gives a useful literature survey. Examples of protection 
against genetic damage, in micro-organisms, are brought 
together in Chapter 12. In Chapter 14, possible applica- 
tions of thiols in connexion with radiotherapy are men- 
tioned and, ıt is hoped, will be noted. Chapter 19, on 
protective mechanisms, is impressive: the section on the 
role of molecular oxygen is, to me, a highly illuminat- 
ing interpretation of an extensive literature. The 
final chapter is largely of a speculative nature. Some 
useful practical information is included, as that on dosage 
in Chapter 5. There is a large bibliography, and the index 
is adequate. 

In a work of this type, some omissions and errors of detail 
inevitably escape correction. There are, in fact, numerous 
minor errors. Jiccentricities in spelling such as “gasses” 
(page 3), “cristallized”’ (page 9), “‘sensitizors’’ (page 32), 
“exsudate’”’ (page 65) or such forms as “‘methemoglobin- 
izing” (page 44) and ‘“‘aminoisothioureae”’ (page 67) prob- 
ably do no material harm. The term “physiochemical” 
appears on page 79 and again on page 221. In chemical 
nomenclature, in Table 2 (page 17) ‘‘N-dimethyl- 
cysteamine”’ might disturb the chemist: N,N-dimethyl- 
cysteamine is the correct (American) nomenclature. On 
page 168, some units are omitted: ‘‘Just as in the intact 
mouse, the active concentration for MEA and AET ıs 
around 10”. If these are grams per ml., this concen- 
tration would correspond with a mouse dose of 100 
mg/kg. 

There can be little doubt that Prof. Bacq bas accom- 
plished his object, and that in bold, Gallic style: this 
work will inevitably be used by those already engaged in 
this field of research and by the novice. The book is 
handsomely produced but the price is very high, even. for 
a modern scientific monograph, so that the private 
purchaser is virtually excluded. J. H. BARNES 


PLANS AND AFRICA 


Man and Africa 

Edited by Gordon Wolstenholme and Maeve O’Connor. 
(A Ciba Foundation Symposium jointly with The Haile 
Selassie I Prize Trust.) Pp. xix +400. (London: J. and A. 
Churchill, Ltd., 1965.) Cloth 36s.; limp 25s. 


HE Ciba Foundation organized a conference in 1964, 

at Addis Ababa, on the climate, resources, develop- 
ment and welfare of Africa; Man and Africa embodies 
the papers and the discussions. As at every conference, 
the papers vary m quality; some embody the same old 
clichés which have done duty at conferences for the past 
twenty years, but most of them are factual and fresh. The 
participants were of many races and of many disci- 
plines. 

The geographical introduction by Last is good, in spite 
of the confident assertion, “We must tell them in 1964 
what they must do in 1984” (p. 22). Dekker shows clearly 
the instability of African climate and the fact that water 
supply is a limiting factor over much of the continent. 
Goody shows how the imposition of several European 
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languages on a variety of African dialects may hinder the 
unification of Africa, but there is little reference to the 
great ability of Africans in learning languages. 

Lambo emphasized the bad effects of migration and 
urbanization on mental health. But can migration be 
stopped, when Africans love to travel and to see strange 
places? “Before major developments in the soco- 
economic sphere took place, very little was heard of 
addiction or abuse of drugs as a national or continental 
medico-social problem” (p. 135). Little may have been 
heard of addiction to hemp and it was illegal; but there 
was much of it and one often saw in the countryside the 
blank, bewildered faces which, alas, one sometimes sees 
in London. Why do people smoke hemp? The only time 
that I tried it, I had no erotic dreams, only heavy sleep 
and a bad hangover. 

The paper by Sutton and the discussion on “African 
Educational Needs’? embodies many ideas applicable far 
beyond that continent: “the now painfully familiar 
problem of primary-school leavers increasingly hopelessly 
seeking jobs in crowded towns” (p. 196); “‘African leaders 
now denounce the education of ‘pen-pushing’ left to them 
by the colonial powers” (p. 197); “there is, I believe, no 
African country which has shown in recent years a decline 
in the numbers of children in school. But there are 
several, including ones with umpressive rates of economic 
growth, where total employment has declined” (p. 198); 
“Education for most Africans cannot, in the short run, be 
& preparation for employment. It will e:ther be a prepara- 
tion for unemployment or for some form of self-employ- 
ment, mostly agricultural’ (p. 200); “it is not easy for 
young graduates to regard their talents humbly or to 
appreciate that they may not yet be of much use to 
society” (p. 205); “Some of those returning from abroad 
are even unable to work for two or three years after- 
wards” (p. 216); “Often more than half the high cost of 
teaching university graduates goes on almost palatial 
dormitories” (p. 217); “an elite group which may be 
irresponsive to the national needs and insensitive to the 
general feelings of society” (p. 218); “Very often in a 
village one sees schoolboys on holiday sitting around in 
apathetic idleness” (p. 221). 

Haldane’s observations on biological research, founded 
on experience in India, apply closely to Africa; research 
can be cheap, for all that is needed is power of observation, 
a truthful mind and freedom from the ‘there-is-no- 
knowledge-but-I-know-it’ attitude of some graduates. 
Good research can be carried out by people with little 
education; many years ago I taught an African schoolboy 
of sixteen to weigh coffee samples, and it took him five 
days to find why his records did not always correspond 
exactly with my checks—that if he weighed the coffee 
beans early in the morning, they weighed more than in the 
afternoon; he did not know the word hygroscopy, but 
he discovered it. 

“Perspectives for Industrialisation in Africa’? by Ewing 
and Patel reads like a piece of science fiction; because 
production in developed countries increased 44 times in 
110 years, that of Africa will increase 25 times by A.D. 
2000 (p. 308); steel production will be 100 milhon tons, 
“There is no reason why African production should not 
attain this level”? (p. 313). Some of those born in Africa 
had a more realistic outlook, “The demands of the African 
family system sometimes make it difficult for ministers 
and other responsible persons in government to appoint 
the best men to positions of managerial control, even if 
they are available” (p. 322); “yet, when I listen to my 
economic colleagues talking, I feel that the human 
element is really lacking” (p. 336). 

Dr. Wolstenholme was obviously delighted with the 
great success of the conference, and he is to be warmly 
congratulated on it, as are the printers, for the book has 
good paper and the print is extremely clear and well 
spaced. This book is to be recommended to all those 
interested in African development. A. S. THOMAS 
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POSITIONS OF RADIO SOURCES DETERMINED BY THE INTERFEROMETER 
AT THE ROYAL RADAR ESTABLISHMENT 


By R. L. ADGIE and H. GENT 


Royal Radar Establishment, Great Malvern, Worcestershire 


HE determination of the position of radio sources 

with very high precision is one of the most pressing 
needs in radio astronomy: accurate positions provide the 
essential bases for the identifications of radio with optical 
sources. ‘The calculation of the distance of a source is 
dependent on the optical determination of its red shift, 
and the whole knowledge of the radio power emitted by 
sources, as well as the relation between optical and radio 
counterparts, depends on reliable identifications. The 
deduction of properties bearing on the evolution of galaxies 
and cosmology, and of the energy of radio sources which 
for certain quasars and strong radio galaxies has so far 
proved inexplicable in terms of known physical processes, 
emphasizes the vital importance of identifications, and 
this demands extreme accuracy in determining radio 
positions. The interferometer at the Royal Radar Estab- 
lishment (R.R.E.} has been applied to this task for the 
past 2 years, and we now present accurate positions of 
137 small-diameter radio sources measured with this 
instrument. 

The R.R.E. Interferometer! consists of two steerable 
paraboloids, 25 m in diameter, mounted on movable 
carriages. To obtam the greatest resolving power for 
these measurements the aerials were placed at the maxi- 
mum separation of 750 m. Two separate sets of observa- 
tions were made using a base-line oriented approximately 
east-west to measure the right ascension and near north- 
south to measure the declination, each source being 
observed for a few minutes near meridian transit. The 
receiver was tuned to 610 Mc/s giving a lobe-width of 
140 sec of arc at this spacing (with the north-south 
orientation the base-lme is foreshortened for directions 
away from the zenith, increasing the lobe-width up to 280 
of are for a source at the lowest observed declination 
of —5°). 

Sources with a small angular diameter were selected 
mainly from the Revised 30 Catalogue*, a few additional 
ones being taken from the original 3C (ref. 3) and the CTA 
Catalogues*. The sources were also observed with a much 
smaller spacing of about 150 m to resolve the lobe-ambigui- 
ties that can arise with the wider spacing where the pub- 
lished position is not sufficiently accurate. In addition, 
these observations gave a value for the unresolved intensi- 
ties, which were then compared with the values obtained 
at the wider spacing to check the angular diameters. 
The position of the ‘centre of gravity’ of a source should be 
obtained with reasonable accuracy provided the amplitude 
at the wider spacing is greater than half the unresolved 
amplitude; with a lobe-width of 140 sec of are this imposes 
a limit of 60 sec of are diameter for a single gaussian 
source or 40 sec of arc separation for a double source. 
If the amplitude is less than half, the position is still 
valid if the source is symmetrical about the centre of 
gravity, but without a detailed picture of the structure 
the result is obviously less significant. 

The interferometer was calibrated by observing sources 
that had been identified with optical objects having 
accurately known positions. This problem has already 
been dealt with in a previous article? presenting the results 
for eighteen calibrators. A few of these sources showed a 
significant difference between the radio and optical 


positions, in particular 3C 286, but in this case the dis- 
crepancy has now been removed by the discovery of an 
error in the published optical position®. In two cases, 
3C 254 and 30 293, new identifications as quasi-stellar 
sources were suggested on the basis of the agreement 
between the radio positions and stellar objects’; these 
identifications have since been confirmed by examination 
of the optical spectra of these objects*»®. The differences 
for the other sources were explicable in terms of their 
large angular diameter and complexity. 

With many more sources now identified®°, a fresh 
calibration of the interferometer has been made. In 
addition, more accurate ionospheric data on the total 
electron content}! Lave given slightly modified refraction 
corrections, and a 1-measurement of the delay cable has 
meant some small changes in the declination results. The 
revised positions tor the original eighteen calibrators 
differ slightly from the published regults®, but the changes 
are within the stated errors of measurement and in no 
way modify the conclusions concerning the identifica- 
tions. 

The measured positions of 137 sources are given m 
Table 1. The root mean square errors have been com- 
pounded from errors due to phase instability in the equip- 
ment, calibration, and the confusion produced by other 
weaker sources in tae aerial beam. Errors due to random 
noise on the records are negligible. By careful design and 
temperature contro! of the equipment and cables, a phase 
stability corresponding to less than 1 per cent of the 
lobe-width has been achieved over a period of a few days. 
The root mean squere value of the confusion in directions 
away from the galactic plane was measured and found to 
be 0-5 flux units, corresponding to a positional error of 
2-6 per cent of a Icbe-width for a source of 3 flux units 
(1 flux unit equals 10-** W.m-? (¢/s)-*). 

The last column in Table 1 gives the flux densities 
obtained at the closer spacing scaled to the absolute values 
given by Conway, Kellerman and Long", the root mean 
square errors being 2 combination of stability, calibration 
and confusion errors. The observed values have not been 
extrapolated to zero spacing and so will not include the 
contribution from any large diameter halo (as, for example, 
in the case of 3C &4). Finally, those sources are noted 
which give an indication of being resolved at the wide 
spacing, as these positions may not represent the true 
centres of gravity. l 

Accurate positions in both co-ordinates were determined 
for 122 of the sources. Of these, 72 have been identified 
and the optical positions measured to an accuracy of a 
sec of are or better7:® 1°, The differences between the 
radio and optical positions for these identifications are 
given in Table 2, the sources being divided into two 
groups, thirty quasi-stellar sources and forty-two radio 
galaxies. Each difference (expressed in sec of arc) is the 
total separation between the two positions; the associated 
error (root mean square) is the resultant error in total 
separation calculated from the radio right ascension and 
declination errors alone. All values have been rounded 
off to the nearest sez of arc for the sake of clarity. 

Of the two groups, the agreement is least satisfactory 
for the radio galaxtes, but this is doubtless due to their 
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Table 1. MEASURED POSITIONS 
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identifications, since the chance coincidence of two 
unrelated objects to within a few sec of arc is very small. 
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WHY IS AN ODOUR?* 


By R. H. WRIGHT 
British Columbia Research Council, Vancouver 8, Canada 


SMELL is a sensation we perceive when odorous 

molecules impinge on sensitive nerve endings in our 
noses. There are three important things about smells. 
The first is that the nose is the most sensitive chemical 
detector known: at its best, its threshold of perception 
is more than one hundred times lower than the best of 
our gas chromatographs. Secondly, smell sensations are 
highly specific: most of us can easily distinguish cigarette 
smoke from cigar smoke or a rose perfume from a violet 
scent, but an experienced perfumer can do much better, 
so that, for example, there are men who can not only 
name the country of origin of a sample of lavender oil, 
but can even name the farm from which it came. The 
third important thing is the emotional impact of a smell. 
The trade in perfumes is based on this, and even such 
unromantic objects as second-hand cars can be given an 
added market value by an artfully applied ‘new car 
smell’. 

From a scientific point of view, the sensitivity and 
specificity are the most interesting, though I will have 
something to say about the emotional import later on. 

Prof. J. T. Davies, in the University of Birmingham, 
has developed a theory of the olfactory threshold that 
allows him to caleulate the approximate threshold con- 
centration of many odorous substances from two basic 
parameters'. One is the partition coefficient of the sub- 
stance between air and a water-—oil interface. The other 
is the cross-sectional area of the odorous molecules. 
According to his theory, the partition ratio determines 
how many odorous molecules will collect on the receptor 
surface, and the contact area in some way (which he does 
not try to explain) determines their ability to ‘puncture’ 
the nerve cells and initiate action potentials which travel 
to the brain. 

Davies’s theory gives very good quantitative threshold 
values, but it says nothing about the quality of the sensa- 
tion. It does not tell us what makes one smell different 
from another. 

Thus, we know some of the properties of substances 
that relate to their odours but not others. For example, 
a substance that is completely non-volatile can have no 
odour, but volatility alone is not enough—some degree of 
lipid solubility is also needed. Moreover, a substance 
that is very acidic or very basic, and one that is strongly 
oxidizing or reducing, is likely to generate a sensation of 
pain because of its chemical reactivity, and this will 
usually hide any true odour it may possess. 

The properties of a substance that are related to its 
smell are called its ‘osmic properties’, and the position 
to-day is that the osmic properties that have been identi- 
fied are the non-specific ones. They do not correlate 
with particular odours such as those of rose, or musk, or 

int. The fact is that the osmically specific 


properties of odorous substances have still not been 
securely identified, and until they have been, we will not 
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be able to give a really precise answer to the question 
“Why is a smell 7”. 

To identify the esmically specific properties of odorous 
molecules, we muss look for secure correlations between 
certain molecular properties and the olfactory sensations 
that go with them. A t many correlations are 
conceivable, but most of them have not stood the test of 
experiment. At present, two, or possibly three, lines are 
receiving the most attention. 

I would like to mention first the ‘Profile—Functional 
Group’ or ‘PFG’ theory put forward some years ago by 
Dr. M. G. J. Beets in Holland*. He supposes that the 
particular kind of sensation a molecule evokes is determ- 
ined by the interplay of two factors. These are: the overall 
shape or ‘profile’ ef the molecule, and the ‘functional 
group’ that acts as a point of attachment and so determines 
which of its various profiles the molecule presents to the 
receptor surface (Fig. 1). This is evidently a refinement 
of Davies’s ideas smce the cross-sectional area of many 
molecules would vary according to the direction from 
which they were viewed. 

Dr. J. E. Amoore in California has carried this idea still 
further in his stereochemical theory. Originally, he 
supposed that the sensitive receptor surface was provided 
with ‘pits’ or ‘sockets’ of several rather rigidly defined 
shapes that only certain molecules could fit into*. More 
recently, he has abandoned this idea in favour of a specific 
‘silhouette’ very much like Beets’s ‘profile’ but much more 
clearly expressed‘. Instead of constructing a solid 
model of the receptor site into which molecules with a 
‘floral’ or ‘minty’ odour will fit more or less well, he now 
selects one molecule as typifying each odour class (floral’, 
‘camphoraceous’, ‘musky’, ‘minty’, and so on). He then 
uses a system of shadow matching to measure the similar- 
ity in shape between the standard molecules and other 
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Fig. 1. Model of an ana.ogue of the sex attractant scent molecule of the 
gypsy moth. The ‘profile’ it presents to the receptor surface is highly 
dependent on whick ‘functional group’ governs the orientation 
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Fig. 2. Benzonitrile (a), nitrobenzene (b) and benzaldehyde (c) have 

quite similar odours, but their profiles are no more similar than those of 

aniline (d), anisole (e) and toluene (f) which have distinctly different 

odours. Vibrational blurring of the edges would still further reduce the 
differences in shape 


molecules when the silhouettes are superimposed. He 
uses photographs of three-dimensional models taken 
from three different directions to make the silhouettes, 
and he finds some degree of correlation between the 
profiles of substances the odours of which are in a general 
way similar to the various standard odorants. 

The stereochemical approach has received much very 
favourable comment, and is at present regarded by many 
people as the most promising line of investigation. The 
principal objection to it is its inability to account for 
the remarkable specificity of odour sensations. Thus, 
Amoore lumps together under the single heading of 
‘floral’ such disparate odours as geraniol (rose-like), 
anisole (‘aniseed’), ionone (violet) and terpineol (lilac- 
like). The more or less substantial differences in smell 
within his group of generally ‘floral’ odours would indicate 
that the molecular profile is osmically specific only to a 
very rough approximation (Fig. 2). 

The third of the present lines of attack aims at pin- 
pointing the osmically specific properties with precision 
by identifying them with particular vibrational move- 
ments of the odorous molecules. 

From a vague beginning more than a hundred years ago, 
when Faraday and later Tyndall speculated that odour 
might be associated in some way with molecular vibrations, 
the theory has become more and more specific with the 
passing years. The first major advance occurred 30 years 
ago when Sir Malcolm Dyson suggested that the then 
recently discovered Raman effect made it possible to 
give numerical values to the vibration frequencies of 
molecules, and so, for the first time, opened the way to an 
exact correlation of particular odours with particular 
patterns of vibration frequencies®. Very little development 
occurred until about 10 years ago, when I pointed out 
that the osmie vibrations must necessarily be low- 
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frequency ones®. This is beeause they alone can acquire 
the necessary quanta of energy from the rather soft 
collisions which molecules make with each other at room 
temperature (which is only 300° C away from the absolute 
zero). Low-frequency oscillations are, however, the 
most difficult ones to study experimentally, and then 
only rather simple molecules of about the degree of com- 
plexity of nitrobenzene can be studied (Fig. 3). 

Quite recently, and on the basis of some of the latest 
information to be published, I have found indications 
that not all the low-frequency vibrations of a molecule 
are necessarily osmically active: the active ones are 
probably those which involve motions that are per- 
pendicular to the surface of the olfactory receptor organ 
on which the odorous molecice is lying’. 

When a molecule vibrates, each atom in it oscillates 
about a mean position in a very complicated way, but 
its motion can be resolved into components along three 
axes at right angles to each other. We ean choose 
these axes any way we like, end so I like to think of two 
of them as parallel to the surface of the receptor organ 
in the nose, and the third ss perpendicular to it. Then, 
it is only the oscillations along that third axis that appear 
to be osmically active and specifie (Fig. 4). 

This seems to be a rather important addition to the 
theory, because its effect is to draw together into a single 
focus all the various approaches I have outlined. 

Thus, the role of Beets’s ‘functional group’ is to orient 
the molecule in a certain way with respect to the surface 
and hence to determine which of its oscillations will be 
osmically active. 

The amplitude of these oscillations is considerable. For 
example, calculations show that in their out-of-plane 
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Fig. 3. Models showing approximately the amplitude of movement in 

one of the out-of-plane modes of nitrobenzene. Oscillations of this mag- 

nitude limit the precision with which the shapes or ‘profiles’ of molecules 
can be specified 
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Fig. 4. Toluene (a) and benzaldehyde (b) have closely similar shapes or 

‘profiles’ especially when the edges are blurred by vibration, but the 

distinct differences in their odours are paralleled by correspondingly 

distinct differences in the low-frequency, out-of-plane movements of the 
atoms in the ring 
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movements, carbon atoms in benzaldehyde may be 
displaced by as much as a quarter or a third of their dia- 
meter (that is, by as much as 0-3 A) from the equilibrium 
position. This means that the molecular shape is only 
approximately described by Amoore’s molecular sil- 
houettes, and in reality their edges should be rather fuzzy 
because of the vibrations. At the same time, his basic 
idea gains added force if we picture the out-of-plane 
movements of the odorous molecule as conforming 
with corresponding out-of-plane movements of the sensi- 
tive surface. To conform in this way, the two molecules 
must have nearly the same frequencies in nearly the same 
places, so that the net effect depends both on shape and 
on frequency. 

Furthermore, the interaction would be sironger the 
greater the area over which the motions of the odorant 
and the receptor coincided—which brings us right back to 
Davies’ calculations which seem to show that (other things 
being equal) a very low threshold 1s associated with a large 
area of contact. The restriction of the contact to areas 
that fit sterically because they mesh vibrationally gives 
to Davies’s theory the specificity it has lacked up to now. 

The synchronous ‘throbbing’ of the odorous molecules 
and the receptor surface over a considerable area would 
permit of a much closer approach than would otherwise 
be possible, and hence allow a closer than usual electronic 
(van der Waals) bonding between them. This may be an 
important hint as to the kind of primary event that 
initiates an olfactory sensation. 

One of the common objections to the vibrational theory 
is that the quanta of energy in a low-frequency mode are 
too small to be in any way effective. In other words, if 
it is the vibrational energy that is the important thing, 
there is too little of it in a low-frequency mode to be 
significant. This objection disappears if the energy is 
not the prime mover in olfactory stimulation. 

Another objection to the vibrational theory is that it 
has appeared to presuppose a type of dipole-to-dipole 
coupling between the receptor and the odorous molecule 
that is inconsistent with quantum-mechanical principles 
and with some of the spectroscopic data. This objection 
also loses its force if we suppose that the coupling does not 
take place between oscillating dipoles, but is an ordinary 
van der Waals interaction made stronger than usual by 
an unusually close approach over an unusually large area 
of contact. 

Quantum mechanical theory is concerned with transi- 
tions between different levels of vibrational energy, and 
is only vaguely conscious of what the molecule is doing 
between the transitions. In contrast, the vibrational 
movements that go on between transitions are the ones 
that may be giving various substances their specific 
odours. The fields of interest of the molecular spectro- 
scopist and the odour chemist are therefore not the same. 
The osmically significant fact is that a molecule is vibrat- 
ing, whereas the spectroscopically significant fact is that 
it can change from one level of vibrational excitation to 
another with the absorption or emission of radiation. 

‘Fhe complex oscillations of a molecule can be analysed 
into certain independently excitable movements which are 
called its ‘normal modes’ of vibration. The spectra 
sometimes show indications that an energy transition 
takes place into or out of two modes simultaneously, but 
spectroscopically the resulting bands are usually weak. 
The spectroscopists regard them as rather exceptional 
happenings which result from the fact that the two normal 
modes are not entirely independent, but are ‘coupled’ 
through what is termed their ‘anharmonicity’. There 
is nothing to prevent two modes from becoming excited 
simultaneously given enough energy in the collision to 
do it, and this can happen whether or not a corresponding 
combination frequency appears in the spectra. The 
physical conditions during excitation by collision are 
completely different from those during a radiative 
excitation. 
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When a single mode is excited, the period of the vibra- 
tion is the interval between successive passages through 
the equilibrium configuration. When two normal modes 
are excited .simultaneously, the period of the complex 
oscillation is defined in exactly the same way, and its 
frequency is the difference between the frequencies of the 
two normal modes. Osmically, such a difference frequency 
should be just as significant as a pure normal mode of 
comparable population. Whether or not a corresponding 
‘difference band’ appears in the spectra is irrelevant, 
because the spectrescopic transition into or out of two 
modes simultaneously depends on entirely different 
considerations. 

Previous searches-for ‘osmic frequencies’ have not taken 
into account the possible role of the difference frequencies 
that must arise when two normal modes are excited in 
the same molecule at the same time. When. this possibility 
is included (something that is only now becoming possible, 
thanks to the advance of molecular spectroscopy), it 
serves to fill what would otherwise be awkward gaps in 
the correlations. 

The vibration theory—at least since Dyson’s contribu- 
tions—has been unique among odour theories in being 
capable of precise verification, at least in principle. 
Whether it would be so verified in practice depends 
on developments in spectroscopy which are only now 
becoming adequate for the purpose. So far as matters 
have gone, the effect has been a progressive refining and 
sharpening of our picture of the part played by vibration 
in giving molecules their osmic specificity. At the same 
time, there begins to emerge a picture of the actual 
triggering mechanism that incorporates several seemingly 
distinct approaches to the problem. Thus, as has hap- 
pened so often in the past, what appeared at first to be 
competing alternatives may prove to be complementary 
parts of a single wkole. The next few years should see 
interesting developments in the whole field. 

Interest in the matter is not merely scientific or academic. 
So far, I have been trying to answer the question, “Why 
is @ smell a smell?” Now I must answer the question, 
“Why is a smell important?” To do this, let me first 
recall something thas has nothing to do with smells. 

Forty years ago, the populations of most of our cities 
were much smaller than they are now, but air pollution 
was much worse then than now. In those days, every 
house had a coal-burning kitchen range, and those with 
central heating had a coal-burning furnace as well, and 
they all poured out immense amounts of fly ash and soot. 
Soot was the main and, indeed, almost the only serious 
air pollutant. Forty years before that, dried, wind-blown 
horse manure matcked it in importance if not in public 
mention. Now, what was it that has eliminated these 
two forms of air pollution ? Was it restrictive legislation ? 
Was it ingenious scrubbing devices? Or was it the 
automobile which took the horses off our streets and the 
gas and electric stoves which took the coal bins out of our 
houses ? 

The moral of this story is that it is better to make air 
pollution uneconomiz and obsolete than it is to make it 
illegal, though this is not to say that legal restrictions 
are not a useful proc in the right direction. 

To-day, automobil= exhaust gases are the main source 
of air pollution in large cities, but there is another kind of 
pollution that affects country and city alike and is, indeed, 
@ world problem. This is the danger from pesticide 
residues. Rachel Carson in her book, Silent Spring, 
pointed to a danger, but was not able to suggest a realistic 
solution. 

At the beginning, I mentioned the emotional impact of 
smells. At the human level, this reflects the fact that 
smell is our most primitive sense. It is no longer of 
primary importance to us in comparison with sight and 
hearing, but, as we go down the ladder of living things, we 
find that smell plays a more and more important part in 
the lives of most crestures. 
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A very great many insects (though perhaps not all) 
regulate such vital activities as mating, eating and egg- 
laying by chemical signals that are nothing more nor less 
than smells. When we can understand better what scents 
are and how they are registered by the insects’ antennae, 
we will be in a position to control insects by misleading 
them, by confusing the signals, and by exhausting their 
ability to respond; and the chemicals needed to do this 
will not be poisons. Instead, they will be smells that 
affect one kind of insect only, and in one special way only, 
and are harmless to everything else. We will be able to 
control one pest at a time and leave the balance of Nature 
undisturbed, or disturbed as little as possible. 
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When that stage 1s reached, the contamination and 
pollution of our environment by pesticides and pesticide 
residues will be as uneconomic and as obsolete as pollution 
by coal smoke and horse manure are now. This is one 
practical answer to the question, “Why is a smell impor- 
tant ?” 
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PROGRESS OF CANCER RESEARCH 


HE forty-second annual report (for 1964) of the 

British Empire Cancer Campaign for Research *, like 
its predecessors, is a weighty tome of 700 pages describing 
hundreds of investigations carried out at the centres 
financed by the Campaign or working under its aegis; 
these researches, most of them having a direct bearing on 
cancer, can be classified into three main groups and will 
be treated separately by the three reviewers, namely, 
carcinogenesis and the biology of cancer (I. H.); radio- 
therapeutics and radiobiology (P. A.); clinicopathology 
of cancer (A. L. L.). 


Carcinogenesis and the Biology of Cancer 


in the field of carcinogenesis, Haddow has found that 
the glycidyl ethers induce sarcomata in rats, and Roe and 
colleagues, also at the Chester Beatty Institute, are 
working on tumour-indusing characteristics of a variety 
of agents such as polyvinyl sponge, contraceptive chemical 
preparations for use intravaginally, asbestos, hydrazine 
compounds such as the anti-tuberculosis drug isonicotinic 
acid hydrazide (INAH), thalidomide, tobacco smoke 
fractions and nitrosonornicotine. At the same centre 
Birbeck and Kerawalla have studied the progressive 
changes in skin-cell ultra-structure, using the electron 
microscope, after application of carcinogens. ~ Boyland 
and associates, from a study of urethane and related com- 
pounds as carcinogens and antiviral agents, conclude that 
“the effect of urethane and hydroxylamine derivatives 
may therefore be exerted through reaction with pyrimi- 
dine bases of DNA”, which greatly simplifies the situation, 
but where the two processes under discussion, carcino- 
genesis and antiviral action, diverge still remains a 
difficult question. 

The introduction of new carcinogens continues—only 
to make any chemical theory of carcinogenesis less and 
less capable of explaining transformation from the normal 
to the malignant. 

The excitement first generated by the lung cancer— 
cigarette smoking discovery has now petered out into a 
tortuous search for carcinogens in cigarette smoke, which 
is something of an anticlimax. (Why do cigarette manu- 
facturers’ research teams not look for some other way of 
administering the narcotic to addicts without having to 
supply at the same time tar, bemzpyrene. etc. ? Perhaps 
that is precisely what the manufacturers are trying to 
avoid.) 

At the Middlesex Hospital a comprehensive study of 
azo-dye carcinogenesis is under way, using electron 
microscopy and cytochemical and biochemical methods; 
the investigators conclude that the question of the binding 

* British Empire Cancer Campaign for Research. Forty-Second Annual 
Report covering the year 1964. Part 1: The Chairman’s Statement and the 
Accounts of the Central Organization. Pp. xxxvi. Part 2: The Scientific 
Report of the Researches Undertaken by the Central Organization and its 
Autonomous Councils in the United Kingdom, and by some of its Affiliated 


Organizations Overseas. Pp. xxxvii-lix+705. (London: British Empire 
Cancer Campaign for Research, 1965.) 


of dye, or of a metabolite, to protein as a necessary step 
in carcinogenesis has not yet been settled. 

Rees et al. at University College Hospital have been 
investigating intranuclear changes in carcinogenesis; 
contrary to the oft-quoted, but extremely naive, state- 
ment that carcinogens bind to DNA and therefore carcino- 
genesis is primarily a chemical change in DNA (which 
ignores carcinogenic agents like plastic film), Rees con- 
cludes that “It is therefore considered that some of the 
nuclear changes are the result of direct alterations in 
nuclear metabolism and others are secondary to metabolic 
changes in the cytoplasm. It was also noted that there 
were similarities in biochemical changes in the nucleus 
2 weeks after feeding different carcinogens, despite differ- 
ences in histological appearance’. 

At St. Bartholomew’s Hospital, experiments have been 
in progress to see if pulmonary tumour induction in mice 
by urethane or by DMBA can be facilitated by irradiation 
(400-500 r.); it was found, on the contrary, that irradia- 
tion was inhibitory to the action of urethane. 

At Birmingham, Orr et al. have continued their study of 
carcinogen-induced breast and ovarian tumours in mice; 
in one particularly interesting experiment “ovaries from 
mice which were given fortnightly skin paintings of 0-5 e.c. 
0-5 per cent DMBA. in olive oil were capable of developing 
into tumours in 50-100 per cent of cases after transplanta- 
tion into untreated mice whose own ovaries were 
removed. Even ovaries grafted only 10 days after a 
single painting developed tumours in three or four cases 
after 14 months, while ovanes grafted from untreated 
mice gave no tumours in ten cases 20 months after 
grafting.... It would seem that a single treatment of a 
mouse with DMBA sets in motion a series of events in 
its ovary which eventually will lead to tumour production, 
even when the ovaries are transferred after as little as 20 h 
to normal hosts. This rapid effect of a single dose of 
DMBA could provide a useful tool for further investiga- 
tions of the mechanism of action of this carcinogen’’. 

From the Queen Elizabeth Hospital in Birmingham 
comes the following cautious statement: “Steroid contra- 
ception. In collaboration with the Family Planning 
Association and the Council for the Investigation of 
Fertility Control, the Department has been screening 
patients on steroid therapy as a long-term project. The 
results of this study are in print, but it can be said that 
cytologically and histologically there is evidence in a 
small percentage of the cases of nuclear abnormalities. 
It is not, however, justified to undertake immediate 
biopsy but follow-up would seem to be vital for this group 
of patients. Our total number of biopsies from patients 
on steroid contraception is so far 15. Itis already obvious, 
however, that within 6 months modern steroid contra- 
ceptive therapy leads to a condition of cervical pseudo- 
pregnancy. It will require between 5 and 10 years before 
the significance of these changes is clear and especially 
with regard to the incidence of pre-cancer in patients on 
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steroid therapy. At the moment we can recommend that 
all patients who are on the contraceptive pill should 
submit to regular cytological screening tests and that the 
‘positives’ should be watched closely both by the clinician 
and the ecytologist’’. 

The two branches of cancer research which have 
attracted most attention in recent years have been the 
immunological approach and the study of tamour-inducing 
viruses; Alexander et al. find that implantation of heavily 
irradiated benzpyrene-induced tumours grown in rats 
confers resistance to a challenge dose of 2 x 10° cells; 
they conclude that the lymphocytes play an active part 
in the resistance to tumour cells and that they attack the 
tumour antigens directly. 

At Guy’s Hospital, Batchelor has been studying immun- 
ization in mice to epithelioma produced by dimethyl- 
benzanthracene; and at King’s College Hospital, Tee and 
Wang in experiments on the antigenic composition of 
human tumours state: “An antigenic analysis has been 
made of seventy-two tumours and thirty-one normal 
tissues using anti-tumour antisera and the agar gel 
double-diffusion technique. Tumour-specific reactions 
were observed with some tumours, regardless of whether 
the tumours were derived from different patients or from 
different sites. A higher proportion of positive reactions 
was observed with tumours from the same site as that of 
the immunizing tumour. Anti-tumour antisera did not 
react with the normal tissues. . . . It was confirmed that 
these additional antigens were not due to isoantigenic 
differences between the cells of genetically different 
individuals. Loss of antigens was shown in at least a 
proportion of the tumours. It was not possible to detect 
antigens serologically identical with the tumour-specific 
antigen in extracts of foetal tissues and HeLa cells”. Tee 
and Watkins, using the analytical ultracentrifuge and gel- 
filtration through ‘Sephadex’ columns of the globulins 
in mice immunized with a mouse leukaemia. conclude that, 
“The results may suggest that the immunization has 
caused stimulation of specialized plasma cell clones 
producing a particular fraction of the 7Sy-globulin. 
Further experiments are in progress to measure the 
M/M" ratios of the 7Sy-globulins from different strains 
of mice immunized with other transplantable tumours 
and to see if similar results can be obtained by immuniza- 
tion with other antigens, in particular transplantation 
antigens”. 

Salaman eż al. at the London Hospital have found evid- 
ence of a new mouse sarcoma virus (MSV) in the cell-free 
plasma of rats with Moloney virus leukaemia (MLY); 
the MSV virus when inoculated in rats and mice induces 
solid sarcomata, angiomata and cysts, filled with clear 
fluid or blood, of the thighs, abdominal or thoracic walls, 
the flanks, axillae and lymph nodes. The sarcoma is 
transplantable to mice and hamsters, and the cell-free 
filtrate produces tumours rapidly, especially in new-born 
rats and mice. The virus is neutralized by mouse anti- 
sera to Friend virus (FV) and also by undiluted monkey 
and rabbit anti-sera against Rauscher virus. Polyoma 
virus which has been reported as occurring commonly 
in mouse colonies is not identical with MSV for a number 
of reasons, for example, much more rapid tumour induc- 
tion with MSV; absence of salivary gland tumours with 
MSV; viraemia in mice infected with MSV but not with 
polyoma; inactivation of MSV with ether or heating at 
56° C (polyoma resists both). Salaman and Flocks have 
attempted to isolate a leukaemogenic virus from urethane- 
induced leukaemia in mice; they conclude that the agent 
belongs to a type isolated in many laboratories from a 
variety of strains of mice and that its action is probably 
on haemopoietic stem cells of varying state of differentia- 
tion giving rise to erythroleukaemias of various types. 

At the Mount Vernon Hospital a group of workers 
studying the cytogenetics of cancer state that “the clearest 
evidence for clonal development is the presence of the 
same marker chromosome in many cells; similarities in 
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an analysis of 23 malignant tumours .. . suggest that all 
the cells have been derived from a single chromosomally 
altered cell.... Lata on DNA content and sex chromatin, 
taken together with chromosome findings, support the 
hypothesis that human malignant tumours usually arise 
from one cell (or perhaps in some instances from two or 
some other small number of cells} in which chromosome 
changes have occurred’. At the same centre, Powell 
has used propiolactone to induce malignancy in rat embryo 
lung cultures in vitro; the malignant changes were morpho- 
logical and behavioural only, for when the cultures were 
inoculated ən vive, no tumours resulted even after six 
months, which makes the use of the term ‘malignant’ in 
this connexion somewhat dubious. 

At the Hospital for Sick Children, Great Ormond Street, 
London, an attempt is being made to grow childhood 
tumours in neonatally thymectomized mice; this procedure 
destroys the antigenic mechanisms, but the only success 
was with a human embryonic sarcoma. At the same 
laboratory, chromesome studies of untreated neuroblas- 
toma showed that 60 cells out of a total of 76 examined 
contained fragmenis or double minutes. In a series of 
nephroblastomata ranging from undifferentiated (primi- 
tive blastoma) tə partially differentiated (tubular, 
mesenchymal and papillary type) the chromosome number 
suggested that tha more differentiated tumours were 
associated with a higher chromosome number. 

At the Cambridge centre the possibility of antigen 
liberation from tumours is the subject of experiments 
where a liquid nitrogen probe is inserted in the tumour 
in the hope of destroying part of it and rae antigens 
without denaturing the proteins. 

At the Strangeways Laboratory, Daniel and colabora- 
tors investigated the loss of antigen which occurs when cells 
are cultured in vitro; primary cultures from skin and 
lungs of human embryos were found to contain antigens 
of the A and B group, but already at the second sub-culture 
some antigens were missing and subsequent cultures 
consisted of a mixed population of cells some of which 
were strongly antigen-positive and others antigen-negative. 

At Nottingham, Baldwin and associates in an extensive 
series of experiments on tumour immunity find that: 
“These studies show that DMBA-induced liver tumours 
possess specific tumour antigens, but they appear to be 
much weaker thar those demonstrated in 3-methyl- 
cholanthrene-induced sarcomata (Baldwin, 1955). Al- 
though further evidence is required, the results so far 
indicate the absence of any strong cross-antigenicities 
between liver tumours. These findings contrast with the 
demonstration by immuno-diffusion studies (1963 Report) 
of common microscmal and cell-sap antigens’. While 
tumour-specific antigens can be demonstrated in carcino- 
gen- and viral-induced tumours in mice, and to a lesser 
extent in rats, little success has been achieved in experi- 
ments on spontanecus tumours. Baldwin finds that by 
ligation of the spontaneous tumour and thereby its 
disintegration, sufficient antigens are liberated to protect 
against a challenge with 1-5 x 10° tumour cells; the failure 
of heavily irradiated tumour grafts to induce immunity 
may be due to sensisivity of tumour antigen to y-irradia- 
tion. 

Dawson in Newcastle finds that inoculation of neonatal 
rats with spleen from mice infected with Friend virus gives 
rise to lymphatic leukaemia; the thymus and involved 
lymph nodes show complete loss of normal differentiation 
between cortex and medulla; masses of lymphocytes 
infiltrate the sinuses of the red pulp of the spleen, the 
portal tracts of the liver, the sternal marrow and the 
spinal cord. In the reverse experiment (inoculation of 
mice with cells from rats) the cell-free filtrate from spleen 
and thymus of these rats gave rise to lymphatic leukaemia 
but not Friend disease, suggesting that the filter-passing 
agent causing leukaemia in rats is different from mouse 
Friend virus althouzh it arises by infection with this 
virus. 
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Stuart-Harris and collaborators at Sheffield have in- 
duced anaplastic-celled tumours, subcutaneous or intra- 
thoracic, by inoculating suckling hamsters with human 
adenovirus carried in tissue culture of human amnion or 
embryo cells and originating in aseptic meningitis in a 
child. 

At Edinburgh, Carter et al. have been studing osteo- 
petrosis virus infection in the fowl; this virus proliferates 
in the kidney, muscle and other tissues and causes charac- 
teristic bone lesions. In co-operation with the British 
Museum (Natural History), an examination of a dinosaur 
fossil bone (70 million years old) shows very similar lesions 
to contemporary osteopetrosis gallinarum, where tumours 
appearing in the muscles can be transplanted. At the 
same centre it was found that injection of tells from a 
minced 10-day chick embryo gave rise to an unusual 
sarcoma drfferent from other transmissible tumours in the 
laboratory, but eighteen subsequent embryos from the 
same hen failed to produce further tumours. 

Leslie ef al. in Belfast have continued their study of 
tissue cultures of DMBA-induced rat mammary tumours; 
at first both epithelial and fibroblastic cell types are 
present, but the colonies of epithelial cells finally disap- 
pear, leaving cultures of fibroblastic cells which have little 
cell-adhesion and easily give suspensions of single cells. 
Schild and Dale at University College, London, in studies 
of tumour antigens find that antigenic material in the 
serum of tumour-bearing animals is absent in the sera of 
normal rats and mice, but note that the difference could 
be either due to the presence of a tumour-specific antigen 
or that the tumours used were genetically different from 
the host animal, and that antigenic substances could be 
produced or released merely because of the presence of 
rapidly proliferating tissue; anaphylactic tests suggest 
that the antigen was not tumour-specific. 

Stoker eż al. at Glasgow, in an investigation on neoplastic 
transformation by DNA-containing viruses, find that 
early-passage baby hamster kidney-cell cultures when 
. transformed by polyoma virus increase their transplanta- 
tion efficiency by a factor of 104; a new virus-specific 
cell antigen is demonstrable by rejection of transplanted 
transformed cells in virus-immunized animals, or by 
treatment with irradiated and lyophilized transformed 
cells. Thomsett and Allison at the same centre have found 
evidence that canine dermal papillomatosis and the oral 
variety are due to two different viruses and that, while the 
dermal form has not been transmitted in their experi- 
ments, the oral condition is reproducible in puppies. 

Weipers et al, have successfully transmitted leukaemia 
in the cat by virus particles which are very similar to 
mouse leukaemia virus, and the particles can be grown 
in vitro and can be found in electron-micrographs. 
Weipers refers to reports from European countries that 
lymphosarcoma in cattle has attained enzootic propor- 
tions (Denmark has slaughtered 20,000 cattle in a control 
programme); in Scotland the morbidity is 250 per million 
cattle slaughtered. 

Woodruff in Edinburgh, using a mouse mammary car- 
cinoma growing in & hybrid strain (A x CBA), finds 
that the tumour is inhibited by intravenous injection of 
spleen cells from CBA mice immunized against the 
tumour ; experiments are in progress using thoracic- 
duct lymphocytes instead of spleen cells and also methyl- 
cholanthrene-induced sarcoma (instead of mammary 
carcinoma) whieh possesses strong tumour-specific anti- 
gens. Woodruff does not state whether the mammary 
tumour was spontaneous or carcinogen-induced (the 
former type, unfortunately, is lacking in tumour-specific 
antigens). 

From Ibadan comes a report by Lawson that cancer 
of the cervix is the commonest malignant tumour seen in 
Nigeria; since all males in Southern Nigeria are circum- 
cised, some factors other than foreskin or smegma must 
be involved (age at circumcision is not mentioned). 
Oettlé in Johannesburg has been working with the 
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kangaroo rat (Mastomys); this rat was at one time reputed 
to be the only rodent with a large incidence of spontaneous 
gastric carcinoma, but in recent years this incidence has 
receded, for it is no longer found in Mastomys which, 
however, shows a remarkable tendency to papillomatosis 
of the skin, perineum and vagina. 

The Fahmys have continued their work on trans- 
formation versus mutation with DNA in Drosophila; 
in an experiment where seven eye colour mutants were 
found, the DNA was given to the fathers of the mutant 
flies although the mutations occurred in the maternal 
X-chromosomes. 

Whisson and Connors find that aniline mustard is 
lethal to a mouse plasma-cell tumour but causes no regres- 
sion in the rat Walker tumour (possibly the difference in 
efficiency depends on the state of aggregation of the cells 
in the two tumours). 

Koller and associates, in cytogenetical investigations of 
neoplastic cells and leukaemogenesis, conclude that in 
neoplastic tissues from primary leukaemias “‘no correlation 
was found between the degree of malignancy, mitotic rate 
and abnormal chromosome constitution”. 

At St. George’s Hospital, a study is being made of cyto- 
genetics and the assessment of marrow dysecrasia: ‘With 
the cardinal exception of chronic granulocytic leukaemia, 
chromosome morphology in the myeloproliferative syn- 
dromes has shown no characteristic or consistent deviation 
from the normal pattern sufficient to merit separate 
categorization. The presence of a supernumerary Č 
chromosome (6-12) has been noted in a variety of marrow 
leukaemias (Hungerford and Nowell, 1962) and in leukae- 
mia associated with mongolism (Warkang et al., 1963): in 
our experience the appearance of this feature bears no 
relation to any current haematological classification. 
Many different examples of chromosome aberration, both 
in number and in morphology, have been described since 
Ford, Jacobs and Lajtha (1958) first reported an abnormal 
pattern in ‘blastcell’ leukaemia. Since not all forms of 
this and allied marrow diseases show morphological 
chromosome change, it is tempting to speculate on an 
association between those that do so; but this would 
imply a capacity to distingmsh between cause and 
effect which we do not yet possess”. 

The most arresting development in biochemistry, that 
dealing with DNA, RNA and m-RNA, has been the 
subject of a number of investigations in cancer; the 
current ideas in this field are very difficult for outsiders 
to grasp properly; for example, Kemp at St. George’s, in 
discussing the effects of actinomycin D (AMD) on human 
chromosomes, says: “AMD is known to bind to the guanine 
moiety of DNA and thereby inhibit DNA-dependent RNA 
synthesis, possibly by interfermg with the pathway 
and function of the DNA-dependent RNA polymerase 
operating in the minor groove of the DNA molecule 
(Reich, 1964). While it is known that AMD binds to 
those regions of the DNA molecule actively engaged in 
RNA synthesis, it is not known whether it also binds to 
the genetically repressed regions of the DNA. If, as has 
been suggested, this repression results from the close 
association of the DNA with other molecules, such as 
histones, it would seem quite possible that the binding of 
AMD to such repressed DNA would be prevented. Further, 
if the sites of binding of AMD to the chromosomal DNA 
could be detected, it would be possible to map the genetic- 
ally active regions along the chromosome and to compare 
these regions in differentiated cells with different functions 
and in malignant cells and their norma! counterparts’. 
Elek et al. at the same centre have studied the nature of 
attachment of antibody molecules to infective particles 
of polyoma virus using electron microscopy and negative 
staining of flagellar fragments; electron micrographs 
indicate that the antibody molecules carry the specific 
sites at the ends of their long axis. The molecule of 
antibody thus becomes attached to a cylindrical antigen 
radially surrounding the antigen like the bristles of a 
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bottle brush. This orientation suggested that the antibody 
is inserted into the surface of a flagellum in a manner that 
is directionally fixed, presumably by surrounding mole- 
cules. This type of coating provides a physical explana- 
tion of the inhibition of the infectivity of viruses in the 
presence of antibody. At present, experiments are in 
progress to study the transformation of hamster kidney 
cells by polyoma virus in a quantitative manner, and in 
particular in relation to the phase of cell division. 

Amoroso and Stein-Werblowsky at the Royal Veterin- 
ary College, London, find: the semen of boars, bulls and to 
some extent humans inhibitory for the growth of trans- 
plantable tumours in the rat and mouse; the active factors 
appear to be the phospholipids in the semen. 

Currie and associates at Aberdeen have studied the 
growth and regression of DMBA-induced mammary 
tumours in rats treated by oral or intravenous administra- 
tion; 80 per cent of the mammary tumours regress when 
the ovarian hormones are removed by ovariectomy (the 
latest techniques were used in this work, tritium-labelled 
thymidine, electron microscopy, enzyme studies and 
neonatal thymectomy). 

Foulds, in a theoretical discussion of genetic action in 
normal and neoplastic development, introduces a new 
terminology—total genome, effective genome and faculta- 
tive genome, and the neoplastic expression of the effective 
genome is via “‘selection, transcription and translation of 
the RNA transcript in the synthesis of a specific protein”. 


Radiotherapeutics and Radiobiology 


Radiation has been shown in many instances to be a 
cause of cancer and leukaemia, in man, although, in general, 
the doses that have been received by the irradiated 
populations were large. The Oxford Survey of childhood 
cancers, under the direction of Alice Stewart, first revealed 
that malignant disease can be produced im utero by doses 
of the order of 10 r., and the latent period for leukaemo- 
genesis under these conditions has now been shown to be 
4-5 years and this is substantially shorter than is required 
for the induction of leukaemia in adults. The possibility 
that radiation may play a part in lung cancer associated 
with smoking has frequently been considered since the 
high incidence of this disease among the early uranium 
miners was believed to be an example of radiation carcino- 
genesis. So far, however, no evidence for such a hypo- 
thesis has been found. MRadiation-emitting particles of 
natural origin are continually inhaled and the lung is the 
organ most heavily exposed to normal environmental 
radiation. The finding in New Zealand that cigarettes 
contained minute quantities of polonium led to the post- 
mortem measurement of polonium in different organs of 
smokers and non-smokers. ‘Though the lungs of the 
former contained three times as much polonium as those in 
non-smokers, there is no evidence that this is a causal 
factor nor that the increase is due to the polonium content 
of the cigarettes. Damage to lungs by smoking may lead 
to impairment of the normal physiological processes 
which keep the lungs clean. In Glasgow the natural 
radiation burden of the lungs of mice is being greatly 
reduced by maintaining the animals in an atmosphere free 
from radon, but this does not appear to have abolished 
the appearance of lung adenoma. A paradoxical find- 
ing is that the induction of lung cancers by high doses 
of radiation only is increased if they are irradiated in 
atmospheres of nitrogen instead of in air. This is the 
exact opposite to cell killing or mutation induction, 
in which anoxia protects against radiation damage. 

The complexities of radiation carcinogenesis are illus- 
trated for thyroid carcinoma, which has been induced with 
radioactive iodine in man and in experimental animals. 
Donniach and his colleagues showed that if the radio- 
nucleotide is given to rats at birth the production of 
thyrotrophic hormone by the pituitary is stimulated 


t 


NATURE .~ >œ 


557 


and that this is involved in the eventual appearance of 
tumours. 

Accurate dosimetry continues to present problems, 
especially in connexion with some of the newer very-high- 
voltage equipment which is now coming into clinical use. 
A considerable amount of research effort is being devoted 
—chiefly by the physics departments of the major teaching 
hospitals—to thess and other technical problems and 
several ingenious new methods have been devised. The 
use of computers for treatment planning is being tried 
out at the Medical Automation Centre of University 
College Hospital, ard plans are being made to have a direct 
telex link between the centre and the hospitals. A great 
deal of clinical reseerch is being devoted to the problems of 
irradiation under High-pressure oxygen. Radiobiological 
considerations indicated many years ago that local 
clearance of large tumours ought to be facilitated by 
irradiation under high pressures of oxygen, but as yet itis 
not clear what the benefits are in praciice. Good com- 
mercial equipment for treatment under hyperbaric oxygen 
has now been installed at several centres and carefully 
controlled clinical trials should show within a few years the 
degree of usefulness of this procedure. 

Much experimental work is being devoted to the search 
for radiosensitizers ; if such substances are to find applica- 
tion in practice, then they must show selective action for 
tumour tissue since the maximum dose that can be given 
is determined by normal tissue tolerance, and if this 
is sensitized to the seme extent as the tumour no advantage 
is gained. The radictherapist is equally concerned with the 
response of the surrounding tissue as with that of the 
tumour; yet, until recently, there has been little quantita- 
tive experimental work in the relationships between dose 
and the fraction of cells killed in normal tissues, and most 
of the information on the radiation response of cells was 
obtained with tumeur cells. This situation is now being 
remedied; Withers has developed a method for measuring 
the dose-response curve for skin cells in mice; workers 
at Guy’s and Westminster Hospital are making quantita- 
tive studies on the effects of radiation on bone growth, 
and Denham is investigating the relationship between 
sensitivity to X-irradiation and metabolism and growth 
cycle for the developing rat retina. The radiosensitivity 
of the mouse ovary has been found to depend critically on 
age, the D, being 290 r. at one day of age, falling to 
16-5 r. at one week and rising again to 54 rads at one 
month (St. Bartholomew’s Hospital). The radiosensitivity 
of erythropoietic stem cells in the mouse was found at the 
Christie Hospital to depend on the level of erythropoietin. 
From. all this work it is very clear that the radiosensitivity 
of normal tissue is very variable and is influenced by many 
factors which are not yet understood. A key parameter in 
determining the fraztionation schedule for radiotherapy 
is the recovery of normal tissue in the intervals between 
irradiations, and Lamerton and his colleagues have shown 
remarkable differences in this respect between different 
organs. Jolles has abserved profound changes in connec- 
tive tissue and believes that circulating factors which 
increase capillary permeability are released on exposure 
to X-rays. Both he and the late Dr. Wilson noted that 
radiation alters the behaviour and turnover rate of the 
mucopolysaccharides in extracellular tissue. The implica- 
tions of such changes for radiotherapy remain to be elucid- 
ated. 

Another line of investigation which emphasizes that 
radiotherapy cannot be understood—-or improved—by 
concentrating on ths tumour cells alone, and that the 
complex interplay with the host has to be taken into 
account, is provided by a comparison of the radiosensitiv- 
ity of cells cultured from different tumours in vitro and 
the response of the sumour in vivo. Thus, cells from a 
fibrosarcoma induced with a plastic film were found to be 
sensitive to X-rays im vitro, while on injection into 
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fibrosarcomata induced in rats it was shown that the 
host environment exerts a predominant influence on 
radiosensitivity (Dawson, Field and Madoc-Jones). An 
observation made at the Chester Beatty Research Insti- 
tute points to the possibility that radiosensitization with 
compounds having radiobiological properties similar to 
desoxybromouridine (BUDR) may be of practical value. 
BUDR is known to be incorporated into the DNA of 
dividing cells and this resulted in such cells being more 
sensitive to X-rays. In a series of leukaemia cells having 
-different radiosensitivities ın tissue culture it was found 
that incorporation of BUDR sensitized the radio-resistant 
cells to a greater extent than the more radiosensitive cell 
lines. ‘The differences in radiosensitivity of these cells 
arise out of differences in their capacity to restore radiation - 
induced lesions, and BUDR appears to sensitize by inter- 
fering with post-irradiation repair processes. BUDR 
exerts its greatest effect on those cells which have the 
greatest repair capacity and in this way may provide 
useful differential radiosensitization. 


Clinicopathology of Cancer 


Tumours arising from human trophoblast are rare, and 
incidentally are examples of a tumour arising in the 
foetus which infiltrates the mother. From Charing Cross 
Hospital comes a report of forty-four patients with 
trophoblastic tumours, thirty-nine of them with overt 
metastatic disease, who were treated with a combination of 
methotrexate and 6-mercaptopurine during a 64-year 
period. Only six patients died, and the remainder are in 
complete remission as shown by clinical, radiological and 
hormonal evidence. Six patients had successful pregnan- 
cies after chemotherapy, and the infants were normal. 
Chemotherapy of trophoblastic tumours is now estab- 
lished as a triumph of modern medicine over what was 
once a fatal disease. 

The University of Glasgow Veterinary School continues 
its researches on lymphosarcoma in domestic animals and 
includes in its study the curious lymphosarcoma-like, 
transmissible venereal tumour of dogs. It will be recalled 
that this was the first tumour (or tumour-like condition— 
there is no real distinction) shown to be transplantable. 
No microbiological agent has been demonstrated as a 
causative factor, transmission depending on the inocula- 
tion of viable tumour cells. The disease is almost extinct 
in England but is common in some parts of the world, 
East Africa and Japan, for example. The tumour is said 
to have only two-thirds of the normal chromosome com- 
plement. An attempt is still being made to isolate a virus 
from it. 

It is apparent that the concentration of patients and 
the specialist knowledge available in the few large insti- 
tutions devoted to the management of cancer is good for 
both specialist and patient. It is a fact, however, that 
‘cancer’ is not recognized as a speciality in the National 
Health Service, though one form of cancer therapy, that 
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is, irradiation, is so regarded. Pooling of material for 
clinical research has the disadvantage that some clinicians 
must sacrifice familiarity with the conditions selected for 
study, but this is offset by the rapidity with which unsus- 
pected data may come to light and the adequate testing 
of new therapeutic measures be carried out. One notes 
with approval the setting up of a Thymic Tumour Panel; 
thymic tumours are rare, and so far only in the United 
States has there been any opportunity of examining a 
large series of cases. The publication of the researches of 
the Testicular Tumour Panel has been conspicuously 
successful. 

The early detection of cancer is still a major topic. 
St. Mark’s Hospital reports that only a little more than 
3 per cent of all rectal cases seen were at an ‘early’ stage of 
development. In a study of early cases no evidence was 
found over the past 40 years that patients are coming 
earlier for treatment. With a mounting campaign for 
the setting up of centres for the early detection of cervical 
carcinoma in well women, reports from a number of centres 
corroborate the established value of the present cytological 
procedure. The final report from Way of the North of 
England Council states that, between 1947 and 1963, 476 
eases of occult cervical carcinoma were discovered and 
treated, some of the patients later having successful 
pregnancies. During this same period 2,094 clinical 
cancers were treated. In 1964 the number of preclinical 
cancers detected by cytology exceeded the numbers 
detected by clinical methods for the first time ever. In 
contrast with this gratifying state of affairs it is fair to 
say that there are still no comparable methods for the 
detection of early visceral malignancy nor for the early 
mammary carcinoma. The value of the prophylactic 
surgery for preclinical cervical carcinoma will only be 
confirmed when the death rate from cervical carcinoma is 
seen to fall. 

At University College Hospital, Ross and Marshall- 
Jones have studied the metabolic disturbances associated 
with carcinoma of the bronchus. These patients with 
bronchial carcinoma developed bilateral adrenal hyper- 
plasia with extremely high levels of blood and urine corti- 
costeroids, not elevated by corticotrophin nor depressed 
by dexamethazone. Two of these showed hyperkalaemic 
acidosis due to corticotrophin production by the tumour. 
Another two exhibited dilutional hyponatraemia due to 
the production of antidiuretic hormone by the tumour, one 
of them having severe myasthenic neuropathy. Urich, 
Dayan and Montgomery summarize their published 
observations on the obscure and uncommon neuromyo- 
pathy, the result of bronchial and other carcinomas. 
Both these reports underline the potentially rich field of 
investigation which lies in the oblique approach to 
tumours by studying their effects or concomitants, 
and again emphasize the advantages to be gained from 
co-operation among specialists. 

P. ALEXANDER 
I. Hrecer 
A. L. LEVENE 


OBITUARIES 


Dr. F. J. Wilkins 


Dr. F. J. WILKINS, a director of Glaxo Group, Ltd., 
was killed in the eariy hours of the morning of October 
27, 1965, at London Airport as the result of the crash of & 
Vanguard aircraft on a flight from Edinburgh to London. 
The original flight, timed to leave Edinburgh at 5.30 p.m. 
on October 26, had been cancelled owing to fluctuating 
fog in London. When another flight became available at 
a very late hour, Fred Wilkins was one of those who 
decided to take it instead of travelling by train or remain- 
ing in Edinburgh overnight. This decision was entirely 


characteristic of him, and 1t was a product of the restless 
energy which led him to achievements denied to many of 
his contemporaries who had seemed likely to surpass him 
when they were younger. 

Wilkins was born in Cardiff in 1905, and he obtained 
all his early education in that city. After obtaining a 
London B.Sc. degree and a Diploma in Industrial Chemis- 
try in 1924, he decided to engage in research at Cardiff 
Technical College, and he spent the next three years on 
investigations relating to nitrosyl sulphuric acid and to the 
catalysed oxidation of ammonia. For this work he was 
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awarded a London M.Sc. degree. He then decided to 
pursue reaction kinetics in greater depth than was possible 
at Cardiff. To this end, and with the help of a research 
grant from the British Non-Ferrous Metals Research 
Association, he joined the Department of Physical Chemis- 
try in the University of Cambridge, where he worked on a 
number of topics under the direction of E. K. Rideal. 
The most important of the subjects he studied were the 
oxidation of copper, and, as an offshoot, the oxidation of 
hydrogen with copper as the catalyst. He showed that the 
oxidation of copper could be considered as the sum of 
four consecutive processes, while the reduction of cuprous 
oxide by hydrogen consisted of six consecutive reactions. 
In all, he published, either as sole or as joint author, some 
six papers and two short notes while he was at Cambridge, 
and he received:a Ph.D. degree in 1927, 

In 1930 he obtained a Department of Scientific and 
Industrial Research senior research award and he moved 
to University College, London, where F. G. Donnan was 
the professor of physical chemistry. There Wilkins worked 
on gaseous adsorption, and he published one paper on 
the effect of intensive drying on the accommodation 
coefficient of liquid and solid surfaces for molecules of their 
own vapours. However, in spite of the fact that his main 
work allowed him plenty of time to indulge his tastes for 
music and the visual arts, Wilkins gradually found himself 
becoming less interested in an academic life, and in 1933 
he joined the nitrates and sulphurie acid group in the 
Billingham Division of Imperial Chemical Industries, Ltd. 

The problems and environment there were much to his 
liking, and he threw himself with great energy into 
improving the efficiency of the plants. After three very 
successful years as a plant manager, he moved first into 
the research department and then into the technical 
department, in the latter of which, during the first two 
years of the war, he was in charge of the start-up and 
proving trials of a number of ammonium nitrate explosive 
factories. ; 

In 1941, C. S. Robinson, who had been managing 
director at Billingham and who had been seconded to the 
Ministry of Supply as director-general of the Royal 
Ordnance Filling Factories, was faced with the task of 
expanding the Royal Ordnance Factory organization in 
order to meet the constantly changing demands of the 
Services, and he managed to extract a number of ‘bright 
boys’, Wilkins among them, from Billingham. Wilkins 


was located at Bridgend, which was the headquarters of 


the western regional filling factories of Bridgend, Glascoed 
and Hereford, and he created and managed a highly 
efficient development team. Among their achievements 
were substantial improvements in the operation of a 
fully mechanized detonator filling plant and of a con- 
tinuous 25-pounder shell filling plant. The risks involved 
in these processes were substantially reduced, and both 
productivity and quality were much improved. 

At the end of the war, Wilkins decided to leave Imperial 
Chemical Industries and stay in Government service, and 
he became, first, director of chemical research and develop- 
ment, and, later, principal director of scientific research 
(defence). However, after some time he found that the 
task of being a head-office administrator was not an 
entirely satisfactory one, and in 1949 he accepted an 
invitation to become a local director of Glaxo Laboratories, 
Ltd., in charge of their northern factories. 

All his work up to that time had been connected with 
well-known. inorganic chemical processes involving the 
game types of reactions as those which he had first studied 
in 1924. The complex organic chemistry of the cortico- 
steroids and the production of antibiotics by fermentation 
were new fields of endeavour to him, and they presented 
him with a major challenge, a situation which always 
brought out his best qualities. But he did not confine his 
interests to purely technical matters, and he became 
intensely interested in labour relations and in the training 
and proper utilization of graduate staff. Because of the 
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new ideas which he introduced and his forceful per- 
sonality, his influence throughout the Glaxo organization 
spread well beyond. the realms of his own bailiwick, and in 
1956 he joined the main board of the company as deputy 
managing director. In 1961, when the Glaxo organization 
was remodelled in the form of a holding company, Glaxo 
Group, Ltd., and of a number of operating subsidiaries, 
he was made chairman and managing director of Glaxo 
Laboratories, Ltd. the largest of the subsidiaries in 
Britain, as well as being made a member of the board of 
the Group. Under his direction, Glaxo Laboratories, Ltd., 
continued to expan: and flourish, in spite of some slowing 
down of innovation in the pharmaceutical industry of 
Britain as a whole. 

Fred Wilkins’s interests were extremely wide, and he 
even found time to zo in for farming on quite a large scale, 
employing always, of course, the most up-to-date methods. 
He travelled widely on the Continent and in North 
America, and he made many friends whom he and his 
wife were fond of entertaining at their home in Burnham 
Beeches. 

Although Wilkins made a very considerable contribution 
to all the organizations in which he worked, his influence 
on Glaxo Laboratories was much the most profound. His 
outlook was partly that of a scientist with a highly 
analytical mind, end partly that of an artist, for he took a 
great delight in music, in ballet and in the art of the 
High Renaissance. He was never at a loss for a new idea, 
and he was always anxious to give the younger members 
of the staff the best possible-chance of proving themselves. 
He was warm-hearted and volatile, and, as he liked saying, 
a true Welshman. For him, technological innovation and 
artistic creativity were the two aspects of human 
endeavour which were most worth while. 

A. H. WILSON 


Prof. Mary Barber 


THe sudden death of Prof. Mary Barber on September 
11, 1965, is an irreparable loss to bacteriology. 

Mary Barber was born in 1911. Her father, Dr. Hugh 
Barber, is a distinguished physician who trained at Guy’s 
Hospital, became a Fellow of the Royal College of Physi- 
cians in 1933 and has practised medicine for many years in 
Derby. She obtained the M.R.C.8., L.R.C.P. qualification 
from the Royal Free Hospital in 1934, and the M.B., B.S. 
(London) in 1936. Between 1934 and 1937 she held the 
posts of house physizian, clinical assistant to out-patients, 
resident pathologist and A. M. Bird Scholar in pathology 
at the Royal Free Hospital. In 1958 she went to the Arch- 
way Group Laboratory in Highgate and in 1940 became 
assistant in the Department of Pathology at the Post- 
graduate Medical School of London. She took the London 
M.D. in pathology in 1940. In 1947 she was appointed 
lecturer in bacteriology at the Postgraduate Medical 
School and in 1948 became reader in bacteriology at St. 
Thomas’s Hospital Medical School. While holding this 
post she spent a few months at the Institut Pasteur in 
Paris during 1950-51. She stayed at St. Thomas’s until 
1957, when she returned to the Postgraduate Medical 
School, this time as reader in clinical bacteriology. In 
1964 the title of Professor of Clinical Bacteriology was 
conferred on her by the University of London. 

Mary Barber will elways be remembered for her work on 
hospital infections, particularly those caused by staphylo- 
cocci: but it should be emphasized that this work in 
which she established her unique reputation was broadly 
based on a sound general knowledge of clinical bacteriology 


‘and pathology. In her early work she was interested in 


listerella, and erysipélothrix infections, in puerperal sepsis 
and in the antibacterial activity of 2-aminophenol and 
some simple derivatives. Later she became increasingly 
absorbed in. the staphylococci and very soon became an 
authority on almost every aspect of the challenge they - 
present. A clinical bacteriologist by training and ex- 
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perience, she had a wide knowledge of the clinical and 
epidemiological effects of staphylococcal infection; when 
penicillin and other antibiotics became available she was 
quick to appreciate the great opportunities and the 
dangers created by their use. She was able to give sound 
advice to clinicians on the proper use of antibiotics, but 
without attempting to usurp the responsibility of the 
physician for the care of patients. She was one of the first 
to point out the dangers of the development of drug- 
resistant strains of staphylococci and other bacteria, and 
saw very clearly that the only rational way to meet this 
threat was to have_a rational policy for the use and, if 
necessary, the restriction of antibiotics and for the control 
of cross-infection. 

But Mary Barber was more than a clinical bacteriologist. 
She was intensely interested in bacteriology or mucro- 
biology for its own sake, as a branch of biology. She was 
always experimenting with different laboratory methods 
for demonstrating the behaviour of staphylococci in 
laboratory media, and particularly for detecting the 
penicillinase-producing strains which have become so 
prevalent in hospitals in almost all parts of the world— 
though she had great faith in the well-tried and simple 
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method of the ditch plate, a fact familiar to all who heard 
her give papers at meetings or read her published works. 
Besıdes her technical skill as a bacteriologist, she had also 
a wide knowledge of microbiology, of microbial chemistry, 
microbial genetics and of the relation of structure to 
function in antibiotics and chemotherapeutic drugs. 
Although in these fields she never claimed expert and 
detailed knowledge, her mastery of the principles, her 
ability to see the wood for the trees, and even at times her 
command of detail were remarkable. The semi-synthetic 
penicillins with their new range of antibacterial activity 
presented an exciting challenge which she was quick to 
take up, since it brought together so many different facets 
of microbiology. 

As a speaker she was always interesting and stimulating, 
often humorous and provocative, never dull. As a person 
she was unique. Essentially friendly, sociable and humane, 
she had no use for pomp or preteniiousness. But she was 
forceful and outspoken in attacking attitudes of mind with 
which she did not agree, and in defending causes in which 
she believed. The world of bacteriology, and indeed the 
bacteriology of the world, has lost far too soon one of its 
most active and stimulating workers. R. Knox 


NEWS and VIEWS 


Metallurgy in the University of Cambridge : 
Prof. R. W. K. Honeycombe 


Pror. R. W. K. HONEYCOMBE, whose election to the 
Goldsmiths’ chair of metallurgy in the University of 
Cambridge was announced recently, was born and 
educated in Australia. He studied metallurgy in the 
University of Melbourne under Prof. J. Neill Greenwood. 
As a research officer in the lubricants and bearings 
section of the C.S.I.R.O. from 1942 to 1947, he worked 
on bearing metals and plastic deformation under Dr. 
F. P. Bowden. His collaboration with Dr. W. Boas 
during this period led to an appreciation of the role of 
the anisotropy in the plastic deformation of non-cubic 
metals when they are thermally cycled. In the Cavendish 
Laboratory from 1948 until 1951, first as I.C.I. Fellow, and 
then as a Royal Society Armourers’ and Braziers’ Fellow, 
Honeycombe’s principal work was concerned with the 
deformation of single crystals. On his appointment as 
senior lecturer in physical metallurgy in the University 
of Sheffield in 1951, he became deeply involved in teaching 
as well as research and played a prominent part in 
developing postgraduate courses. In 1955 he was appointed 
to the chair of physical metallurgy. At Sheffield he has 
conducted researches into the deformation of alloys and 
into tempering, intergranular brittleness and precipitation 
hardening in alloy steels. He holds a substantial Science 
Research Council research grant in support of his work 
on alloy steels. Prof. Honeycombe has received the 
Rosenhain Medal and the Sir George Beilby Medal and 
Premium; he was awarded a D.Sc. by the University of 
Melbourne in 1961 and he has held visiting professorships 
in that University and in Stanford University. He has 
taken an active part in the life of the University of 
Sheffield, has served as Dean of the Faculty of Metallurgy 
and has been a member of the small Senate Committee 
charged with planning future academic developments in 
the University. Prof. Honeycombe succeeds Prof. A. H. 
Cottrell, who has been appointed deputy chief scientific 
adviser, Ministry of Defence (Nature, 208, 19; 1965). 


U.S. National Bureau of Standards: Samuel Wesley 
Stratton Award 


Dr. HARRY ALLEN, deputy director of the Institute for 
Materials Research, and Dr. Deane B. Judd, assistant 


rai 


chief of the Metrology Division, have received the 1965 
Samuel Wesley Stratton Award of the National Bureau 
of Standards, U.S. Department of Commerce. The 
Award is given each year to recognize outstanding scienti- 
fie or engineering achievements by a member of the staff 
of the Bureau. Dr. Allen was cited for “distinguished 
research contributions to infrared and quadrupole 
spectra of molecules and for leadership in advancing high 
resolution analysis of asymmetrical molecular tops”. 
Dr. Allen was chief of the Analytical and Inorganic 
Chemistry Divisions and of the Inorganic Materials 
Division of the Bureau before being appointed to his 
present position in 1965. Dr. Judd’s award was for 
“major basic contributions to the science of color 
measurement and color vision and the development of 
color standard for business, science and industry”. 
Dr. Judd has worked in the National Bureau of Stand- 
ards for 38 years on problems ranging from standards 
for colour measurement to camouflage and colour 
blindness. 


U.S. National Bureau of Standards : Dr. R. C. Casella 


Dr. RUSSELL C. CASELLA has joined the U.S. National 
Bureau of Standards as a theoretical physicist in the 
Solid State Physics Group of the Institute for Materials 
Research. An expert in the theory of solids, he will be 
investigating the problem of penetration depths in the 
superconducting, heavily doped semiconductor, SrTiQ,. 
Dr. Casella has conducted investigations into the sym- 
metry of electronic band structures, optical and super- 
conducting properties of solids, and elementary-particle 
physics at the Watson Research Center of International 
Business Machines. From 1952 until 1958 he was a grad- 
uate student and research associate at the University of 
Illinois. He has also worked at the Air Force Research 
Center at Cambridge, Massachusetts. Dr. Casella was 
born in Framingham, Massachusetts, and received his 
B.S. from the Massachusetts Institute of Technology in 
1951 and his Ph.D. from the University of Illinois in 1956. 
He is a member of the American Physical Society. 


Sir Arthur Keith (1866-1955) 


AMONG this year’s centenaries of note is that of the 
birth, on February 5, of Arthur Keith, of Aberdeen. 
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Having gained his initial education in that city, Keith 
studied medicine in London and Leipzig, eventually 
becoming professor at the Royal College of Surgeors. Asa 
noted research worker in anatomy and embryology, Keith 
was elected a Fellow of the Royal Society in 1913, and 
4 years later he was appointed to the Fullerian chair at 
the Royal Institution. He was well known for his work on 
the development of early man and was an authority on 
fossil man. Keith wrote some attractive books, among 
them being Human Embryology and Morphology (1901), 
Ancient Types of Man, Antiquity of Man and A New Theory 
of Evolution, published in 1948. His presidential address 
to the British Association for the Advancement of Science 
in 1927 was an outstanding revision of the Darwinian 
theory. Despite his wide field of activities, Keith remained 
a staunch Aberdonian at heart, so that it is not surprising 
that he was Rector of Aberdeen from 1930 until 1933. 


New Variable Energy Cyclotron at Harwell 


Tux first stages of commissioning a new variable energy 
cyclotron have been carried out successfully and rapidly 
at the Atomic Energy Research Establishment, 
Harwell. Within 24 h of switching on the machine, the 
beam was accelerated to the full radius. The difficult 
task of extracting the beam for experimental use has yet 
to come and the immediate programme is designed to 
explore the behaviour of the machine and to gain experi- 
ence with it under various operating conditions. 
The cyclotron, with its buildings, research and develop- 
ment, will cost £1,650,000; it is to be initially used 
for studies of radiation damage, radiation chemistry and 
radiochemistry. The accelerator is a 70-in. spiral-ridge 
cyclotron designed to accelerate ions of up to about 
mass 40. The design provides for an internal beam of up 
to 1 m.amp. of 50-MeV protons (ultimately up to 100 
m.amp. externally) and microampere beams of heavy 
ions, with energies in some cases up to 10 MeV per 
nucleon. A beam of 22:7-MeV ions was initially accelerated 
to the full extraction radius while the beam current was 
deliberately restricted to 2 pamp. Energies of as high as 
50 MeV have since been achieved with currents of 20 
m.amp. There are nine positions in which samples may 
be irradiated, one of which is on a probe in the internal 
beam. The external beam may strike a target in the 
cyclotron vault or be deflected by a bending magnet 
to any one of seven positions in three separate target 
rooms adjacent to the vault. The target rooms are shielded, 
from one another and from the main vault so that experi- 
ments can be set up in one while irradiation proceeds in 
another. During operations the machine and targets can 
be observed from the control room through a water- 
filled window or by closed-circuit television. 


Ex Opera et Industria 


THE presidential address to the Institution of Mech- 
anical Engineers at their meeting on October 27, 1965, 
was given by H. N. G. Allen, deputy chairman and joint 
managing director, W. H. Allen, Sons and Co.. Ltd., 
Bedford, and was entitled Ex Opera et Industria, a sribute 
to the Allen family motto, signifying (with implied over- 
tones) ‘by service freely given and by diligent application’. 
This tribute, which constituted the first part of the 
address, was an appreciation of the life-work of two 
eminent engineers, the late W. H. Allen, who took over 
a small jobbing company, Newberry and Co., Cardiff, in 
1865, thus founding the firm of W. H. Allen, and his 
eldest son, the late Sir Richard Allen. This first part is 
essentially historical, covering the years 1865-1955; but 
it sets the stage for what was, perhaps, the more important 
motive of this discourse, the second part, which considers 
“Unity of Purpose: Reflections and Queries”. It is 
argued that in a rapidly changing world it may be ques- 
tioned whether everyone concerned really understands 
what is meant by engineering, both in its own right and 
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also as one vital organ of the complex living system which 
makes up a balanced industrial enterprise, and what kinds 
of engineer and engineering will be required in the future 
in industry. The answer to these and other pertinent 
questions raised by the president would appear to lie 
with the initiative for engineering co-ordination being 
within the province of the Council of Engineering In- 
stitutions, recently granted its Royal Charter. Mr. 
Allen’s plea is for pooling of ideas to get these actions 
moving. Reappraisal of the term ‘engineering’ in depth, 
breadth and context is required, and implicit in this is 
the conception, creation or utilization of an engineering 
product. Next, irvestigation of the different kinds of 
engineering required and of the relationship of engineers 
and engineering technicians is needed along with re-exam- 
ination of educational and training requirements; finally, 
to present a unified front to schools on the meaning of 
engineering, career patterns available, and to consider 
educational and training programmes to this end. “If 
Science is knowledge and Engineering is applied know- 
ledge, surely Wisdcm is knowing how and when to apply 
that knowledge.” The title of this address is one which 
Mr. Allen thinks might well be adopted by all engineers. 
His remarks must have given his audience much to think 
about and will doubtless lead to healthy repercussions 
throughout the professions and industry. The address 
is in the course of publication by the Institution of Mechan- 
ical Engineers. 


Scientific Research in Schools 


THE Report to Ceuncil, 1965, of the Scientific Research 
in Schools Commitzee of the Royal Society has recently 
been published (Pp. 18. London: The Royal Society, 
1965). The scheme, under which a committee of the 
Royal Society gives assistance to teachers of science to 
carry out research, has been in existence for 8 years. 
One hundred and seventeen teachers are now working 
under it, each being advised by a designated expert, 
and their investigations extend into ten major branches 
of science. Over the past year, £5,472 was expended 
in, giving financial assistance to teachers, the strain 
on the Royal Society’s own resources being in part 
relieved through contributions from eleven companies 
and the United Kingdom Atomic Energy Authority. In 
the opinion of the Royal Society, there is scope for further 
extension of the scheme, which is looked on favourably 
by head teachers and deserves to be more widely known. 


South Australian Museum 


The Records of tke South Australian Museum includes 
an obituary and bibliography of the late Dr. H. M. Hale, 
director of the Museum from 1931 until 1960 (15, No. 1; 
1965). Other articləs include a revision of the Australian 
and New Guinea Dzymini, Aboriginal rock poundings on 
Gallery Hill, North-western Australia, and new species of 
Holachila from Victoria and southern New South Wales. 
It is interesting to note that the rock poundings are the 
result of battering tne surface of the rock with a rounded 
stone until the dark-coloured patina is destroyed, leaving 
a white mark as tke shape of the design. The Records 
maintains its high standards of scholarship, illustrations 
and general format. 


Auckland Institute and Museum 


The Records of the Auckland Institute and Museum 
(6, No. 2, October 15, 1965) is, as usual, well illustrated 
and includes three papers by Mr. W. F. Ponder on the 
family Eatoniellidae, a revision of a recent species previ- 
ously known as Notesetia Iredale and the recent and fossil 
species of Estea Iredale, respectively, all from New 
Zealand. The final paper, by A. W. B. Powell, deals with 
molluscan systematics. 
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University Research in Canada 


THE Annual Report on Support of University Research, 
1964-65, of the National Research Council and Medical 
Research Council of Canada gives detailed information on 
the former Council’s programme of support for research 
in science and engineering and of the research awards of 
the Medical Research Council (Pp. vii+271. Ottawa: 
National Research Council and Medical Research Council, 
1965. 50 cents). Direct university support totalled 17:8 
million dollars, compared with 12-85 million dollars in 
1963-64; of this, 1-86 million dollars was on postgraduate 
scholarships, 9-27 million dollars on operating research 
grants to university staff, and 2-1 million dollars on major 
equipment grants; 1-25 million dollars went to the Atomic 
Energy Control Board. Indirect support to universities 
totalled 1:29 million dollars. Lists of recipients of awards, 
scholarships and fellowships are included. Of the 7 million 
dollars expended on the extra-mural programme of the 
Medical Research Council (5-16 million dollars in 1963-64), 
5-18 million dollars was on research grants, 610,109 dollars 
on fellowships, 348,823 dollars on scholarships, and 
532,427 dollars on associateships. Lists of operating 
grants and of major equipment grants are included. 


Eskimo Administration 


Tue Arctic Institute of North America has recently 
published the third in a series of studies designed to cover 


the administrations of all groups of the Eskimo race- 


other than that in Siberia. The first two studies dealt 
with Alaska and Canada, and the third (Arctic Institute 
of North America. Technical Paper No. 16: Eskimo 
Administration : 3; Labrador. By Diamond Jenness. 
Pp. 94. Montreal, Washington, D.C., and New York: 
Arctic Institute of North America, 1965) covers Labrador. 
The history of the Eskimos of the Labrador Atlantic 
coast begins with a, tale of conflict with white settlers from 
the sixteenth century, when European fishermen began 
to appear in numbers in the southern area; this unhappy 
situation lasted until the late eighteenth century when 
two Moravian missionaries negotiated a truce between 
the Eskimos and the settlers to the south. It is possible 
that the history of contact between Europeans and the 
Eskimos began earlier than this, if the recent recognition 
of Viking settlement in Newfoundland can be related to 


the Icelandic saga of a peaceful meeting with “small ugly” 


men with broad faces”, who left the Vikings in peace. In 
any event, after two centuries of struggle, the negotiated 
truce allowed gradual white penetration of southern 
Labrador, and the Eskimos there withdrew and concen- 
trated in Hamilton Inlet area until they were absorbed 
into the white population. In northern Labrador the 
Moravian missionaries created an amicable atmosphere 
through their pressureless but successful evangelistic 
endeavours. Contact with the external world came with 
the Hudson’s Bay Company and Newfoundland fishermen, 
and the history of the Eskimos since the mid-nineteenth 


century has been of increasing assimilation into and- 


emulation of European and Canadian standards of dress, 
economy and customs. The outstanding lesson to be 
learned from this period in Labrador is simply that of 
the unqualified success of the Moravian missions, which, 
through devout yet eminently practical methods, pain- 
lessly achieved for the Eskimos a respected place in 
Newfoundland affairs; further advances will depend on 
the Hskimos of northern Labrador themselves. 


Advances in Oceanography z 


A THIRD volume of Progress in Oceanography, edited 
by Mary Sears, of Woods Hole Oceanographic Institution, 
for the Pergamon Press, commemorates the seventy-fifth 
birthday of Prof. Hans Pettersson in 1963 (Pp. xxiii+ 
407. London and New York: Pergamon Press, 1965. 
105s. net). It contains thirty articles by his former 
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students and colleagues. The majority deal with the sea 
floor and its sediments, to which a wide range of scientific 
techniques have successfully been applied. The remaining 
contributions deal with aspects of geophysics, marine 
chemistry and biology. The present volume departs 
somewhat from the systematic review of outstanding 
problems which was one of the main objects of the series, 
but it achieves the overall purpose of keeping oceano- 
graphers, and others interested in the sea, conversant 
with recent research and advances over a wide field. It 
is an appropriate and timely reminder of Prof. Pettersson’s 
pioneering achievements. The third volume of Oceano- 
graphy and Marine Biology, an annual review edited by 
Harold Barnes for George Allen and Unwin, Ltd., appears 
at the same time (Pp. 421. London: George Allen and 
Unwin, Ltd., 1965. 84s. net), Two-thirds is devoted to 
marine biology, particularly the systematics and dis- 
tribution of chaetognaths, and the endocrine physiology 
of polychaetes and fishes. The remainder consists of 
review papers on waves, the carbon-dioxide system. in the 
sea, exchange of chemical substances between sea and air, 
disposal of waste and pollution of the sea, conditions for 
life on the abyssal sea-floor, the biology of the north-east 
Atlantic herring population, and on the methods of 
determining phosphorus in sea water. Both books tend 
to serve as bound scientific journals containing some 
-description of original work as well as review articles, 
and will probably ‘be most useful in filling gaps between 
the journals and text-books and in emphasizing the unity 
of environmental science. 


Effect of Duration of Curing on Slag—Portland Cement 
Concrete 


THE use in concrete of ground blast-furnace slag mixed 
with Portland cement has in some countries been increasing 
during the past decade, and in view of the incomplete con- 
crete curing procedures commonly adopted on construction 
sites in South Africa, it was decided that the effects of 
such limited curing of Slag~Portland cement concrete 
should be investigated. This has been done and the results 
are embodied in a paper by G. J. R. van der Meulen 
entitled Effect of Duration of Curing on Slag—Portland 
Cement Concrete (National Building Research Institute, 
South African Council for Scientific and Industrial 
Research, Pretoria. CSIR Ref. No. #/BOU 158. Reprinted 
from Construction in Southern Africa, 10, 9; January 
1965). The trend of this work was to compare the com- 
pressive strengths of various slag--Portland cement con- 
cretes with similar Portland cement concretes when they 
were continuously wet-cured until tested and when they 
were allowed to dry out after one day of wet curing. The 
object was to reproduce the effects of the best and the 
worst curing which concrete is likely to undergo in building 
practice. The results are not without a wider significance 
in other countries. From the experiments carried out, it 
was found that the effects of inadequate curing on slag— 
Portland cement concrete are severely adverse. The 
compressive strength of slag—Portland cement concrete is 
more sensitive to the effects of limited curing than that 
of similar Portland cement concrete. “The investigations 
showed that in nearly all cases the strengths of dry cured 
slag—Portland cement concretes at three months were 
not as great as those of similar Portland cement con- 
cretes developed after six days under the same curing 
conditions”. It is concluded that it is therefore important 
to pay special attention to adequate wet-curing of slag— 
Portland cement concrete, particularly if it is used in 
thin sections. The paper includes details of mixes used, 
ages at test, and comparative graphs of compressive 
strengths of wet- and one-day-cured specimens of slag— 
Portland cement and normal Portland cement con- 
eretes, and also contains a short list of references to 
other workers who have been concerned with similar 
problems. 
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The Names of Early Man 


SEVERAL publications during the past year have pro- 
vided some guidance to the nomenclature of the fossil 
Hominidae. Dr. K. P. Oakley’s Frameworks for Dating 
Fossil Man was the first to gather together some of the 
plethora of names that have accumulated around the finds 
of early man and his immediate family. Dr. Michael 
Day’s Guide to Fossil Man indicated in greater detail 
some of the often confusing terminology used in published 
discussions on the physical relationships between these 
finds, some of which, by their fragmentary nature, were 
ucapable of any degree of precise definition. Most 
recently has appeared, The Nomenclature of the Hominidae, 
by Bernard G. Campbell (Royal Anthropological Institute 
of Great Britain and Ireland. Occasional Paper No. 22. 
Pp. v+34. London: The Royal Anthropological Institute 
of Great Britain and Ireland, 1965. 10s.). In this, he 
presents a full list of the nomina proposed for fossil 
hominid finds of Pleistocene age, and a review of these 
which establishes that a number of the existing names 
are invalid on the basis of the revised edition of the 
International Code of Zoological Nomenclature. Some 
idea of the complexity of the problem may be gained from 
the fact that sixty Pleistocene specimens have been made 
the types of new hominid taxa; these correctly melude 
nineteen new genera and fifty-five new species and sub- 
species, with forty-four names which are synonyms, and 
twenty-one invalid names. The result is that almost 
every important fossil find is a distinct named species, 
and clearly this must disguise the varymg degrees of 
relationships that must have existed within the general 
evolution of mankind. The recent finds of fossil man 
from Africa, Europe and Asia combine with the old to 
present a quite remarkable series of specimens falling 
within a broad distribution in time and space, and any 
future finds will improbably create new species, although 
they may extend the known habitat of man in early or 
mid-Pleistocene times; the recent finds at Vértesszollés in 
Hungary are important in this respect. The author may 
have been rash in prophesying the dismissal of the ten 
new hominid taxa created since 1955, but without doubt 
his paper represents an important advance in the control 
of hominid nomenclature. 


Guide to Poisons and Therapeutic Substances 


THe new (eighth) edition of the Poisons and T.S.A. 
Guide incorporates all the relevant changes that have 
come into effect since the publication of the previous 
edition in August 1964 (Poisons and T.S.A. Guide for 
Pharmacists in Retail and Hospital Practice. Pp. 234. 
London: The Pharmaceutical Press, 1965. 10s.). The 
new requirements of the Dangerous Drugs Act, 1965, and 
the Dangerous Drugs (No. 2) Regulations, 1964, so far as 
they affect retail and hospital pharmacists, are explained, 
and the three separate classes of dangerous drugs are now 
clearly indicated in the Extended Poisons List. The Guide 
also includes the many changes in the classification of 
poisons brought about by the Poisons (No. 2) Rules, 1964, 
and the Poisons List Order, 1965, and Poisons Rules, 
1965. Included for the first time is a short summary of 
the Drugs (Prevention of Misuse) Act, 1964, which makes 
unauthorized possession of certain substances, other than 
dangerous drugs, an offence. Such substances are now 
specially marked in the Extended Poisons List. Also new 
is the information on the supply of animal medicines to 
farmers, the information on animal feeding-stuffs con- 
taining poisons and therapeutic substances, and on anti- 
biotics for horticultural purposes and for preserving raw 
fish. The explanatory text of the Guide has been com- 
pletely rearranged, and the conditions for supply of drugs 
over the counter and on/prescription are now clearly 
described in the same section for each of the following: 
Part I and Part II Poisons; First Schedule Poisons; 
Dangerous Drugs; and ‘Therapeutic Substances’. The 
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Guide includes, for reference, the full texts of the schedules 
to the Poisons Rules, and the schedule to the Dangerous 
Drugs Act. The “Extended Poisons and T.S.A. List”, 
thoroughly revised and brought up to date, now includes 
nearly 5,000 entries, with a clear indication of the par- 
ticular restrictions affecting each item. The list includes, 
so far as possible, all affected substances, proprietary and 
non-proprietary, which are likely to be called for in the 
ordinary course of retail and hospital practice. 


Spices g 


THE aromatic, often pungent, vegetable substances 
used to flavour food, grouped under the name ‘spices’, 
have, by one label or another, been household words for 
centuries, but few people are probably aware of what a 
wide range of products is involved or know much about 
their history. Certainly, most know little of the crude 
methods used by natives, for example, in rural Borneo, 
to produce them. A forthright article by Peter Humber 
entitled “The Biggest Thing in Spices since Vasco Da 
Gama,” (Albright Magazine, 12; December 1965. 1 Knights- 
bridge Green, Londen, 8.W.1) lifts the veil from some 
truly amazing circumstances in which some spices are 
prepared and brougkt to market in the Far East, from 
first-hand information gamed during a recent visit to the 
spice division of the irm, Stafford Allen, a member com- 
pany of the Albright and Wilson Group, who have been 
trading in spices for 132 years. He says: “In days 
gone by spices were as highly prized as precious stones. 
Men died violently or made their fortunes in their quest 
for exotic seasonings. Even now spices are used as cur- 
rency in primitive parts of the world and the spice business 
is as exciting as ib ever was”. 

This leads to a discussion of a product known as 
‘Saromex’, originated and marketed by Stafford Allen 
10 years ago, which has already revolutionized the world’s 
spice industry. Mr. Humber regards the production of 
‘Saromex’ as ‘‘. . . the biggest thing that’s happened to 
spice since Vasco da Gama rounded Cape Horn and 
anchored off the coast of Calicut”. ‘Saromex’ is a natural 
spice extract; it contains the whole of the available 
aromatic ingredients, incorporated on to a clean ‘spreader 
base’ such. as salt, dextrose or flour; it contains all that 
is desirable in a particular spice without any of the draw- 
backs, some of which are mentioned in no uncertain terms 
in his article. It is pointed out that ‘Saromex’ is not sold 
direct to the consumer but is sold and used only in large- 
scale food production. Of ‘Saromex’ spices, he says: 
“|... by virtue of their standardized flavour strength and 
quality, manufacturers can be sure that every batch of 
their product will taste exactly the same, whereas with 
natural spices the flavour can vary enormously dépending 
on the conditions în which the spices were grown”. 
Despite some rather terrifying remarks concerning 
‘infestation’ of natural spices, the point is emphasized 
here that normal ground or whole spices (as supplied 
to-day) are perfectly safe for domestic usage. This is a 
very interesting and, in some ways, provocative article 
which, however, still leaves some questions regarding 
natural spices unanswered. It is followed by another 
entitled “Experiments with Spice”, in which what are 
called ‘spice-conscious’ recipes are detailed. As a practical 
gesture, certainly an innovation in an industrial house- 
journal, there is inclzded a generous sample of ‘Saromex’, 
so that the experiments may be carried out successfully . 


Geological Society cf London : Awards 


THE Council of the Geological Society of London has 
made the following awards for 1966: Wollaston Medal, 
to Prof. F. R. Shepard, formerly professor of submarine 
geology, Scripps Institute of Oceanography, University 
of California, for his researches in sedimentology and 
submarine geomorpkology, and the light they throw on 
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the problems of ancient rocks; Murchison Medal, to 
Prof. K. C. Dunham, professor of geology, University of 
Durham, in recognition of his contributions to geology 
and especially the study of ore deposits and their genesis; 
Lyell Medal, to Prof. S. I. Tomkeieff, professor emeritus, 
University of Newcastle upon Tyne, for his contributions 
to mineralogy and petrology and his exposition of the 
works of Russian geologists; Prestwich Medal, to Mr. D. 
Curry, managing director (joint), Currys, Ltd., for his 
work on the English Lower Tertiary rocks and his con- 
tributions to the geology of the English Channel and 
Western Approaches; Wollaston Fund, to Miss E. M. 
Guppy, senior experimental officer, Geological Survey 
and Museum, for contributions to the work of the Geo- 
logical Survey, especially in petrology; Murchison Fund, 
to Prof. J. G. Ramsay, Department of Geology, Imperial 
College of Science and Technology, for his contributions 
to structural geology, particularly in the Scottish High- 
lands, Transvaal and the Alps; a moiety of the Lyell 
Fund, to Dr. M. J. S. Rudwick, lecturer in geology, 
University of Cambridge, for his substantial work in 
developing the field of functional morphology in palae- 
ontology and for his contributions on the history of 
geology; and to Mr. J. R. L. Allen, lecturer in geology, 
University of Reading, for his work in sedimentology. 


Philosophical Society of Washington 


Dr. M. M. Sumarmo, head of the laboratory for cosmic- 
ray physics at the U.S. Naval Research Laboratory, has 
been elected president of the Philosophical Society of 
Washington. Dr. W. J. Youden, of the George Washington 
University, and Dr. E. Montroll, vice-president for 
research at the Institute for Defense Analyses, have been 
elected vice-presidents of the Society. 


Technion Achievement Award 


THE Chicago Chapter of the American Society for 
Technion, Israel Institute of Technology, Inc., has 
announced the establishment of a Technion Achievement 
Award. The award, including an honorarium of 1,000 
dollars, will be given for some successful application of 
technology to an important social problem. Nominations 
for the Award, which will be given this year for an achiéve- 
ment noted in 1965, should reach Dr. Herbert H. Hyman, 
secretary, Technion Achievement Award Committee, 
59 E. Van Buren Street, Chicago, not later than July 1, 
1966. 


Annual Prize for Women Undergraduates 


A PRIZE of £15 is offered by the British Federation of 
University Women, Ltd., for an essay on one of the 
following subjects: (a) expectation and reality on entering 
a University; (b) the responsibilities of teachers and 
students. Competitors should be women students reading 
for a first degree or diploma at any University or College 
of Advanced Technology in England, Scotland or Wales. 
Further information can be obtained from the Secretary, 
British Federation of University Women, Crosby Hall, 
Cheyne Walk, London, 8.W.3, to whom entries should 
also be sent. The closing date for the competition is May 1. 


Esso Chemical Limited 


Esso PETROLEUM Company, Lro., has announced that 
the management: and operation of its present chemical 
business will shortly be transferred to a new company, 
Esso Chemical, Ltd., which will also be responsible for 
the future development of the chemical business of Esso 
in the United Kingdom. The new company will be wholly 
owned by Esso Chemical Company, Ince., of New York, 
which is in turn a wholly owned subsidiary of Standard 
Oil Company (New Jersey). 
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“A Wave Mechanical Approach to the Plasma Interaction 
Problems” 


Pror. V. C. Lro (Department of Aerospace Engineering, 
College of Engineering, University of Michigan, Ann 
Arbor) has notified the Editor of the following corrections 
to “A Wave Mechanical Approach to the Plasma Inter- 
action Problems”, which appeared on p. 883 of the 
November 27, 1965, issue of Nature: “Equations (7a), 
(76), (8) and (9} should read: 


“* 
g" 








dab,  8rêm 
as + 5 [He — ple) pi = C2, (7a) 
2 
as 2 — Cips (76) 
\p|? = (1 — eg/Heos*@)-t (8) 
and 
t-g = | (81n,)-2[2Ecos?0(-V'I —eo/Heos?§ — 1) — 
3 xTe(1— eelte] do (9) 
respectively”. 
University News: Edinburgh 


Tue following lecturers have been appointed: Dr. 
A.J.Crosbie (geography): Dr.J.S. Kelly (pharmacology). 
The status of reader has been conferred on the following : 
Dr. J. H. Bowie (bacteriology); Dr. R. M. Gaze (physio- 
logy); Dr. F. L. Mitchell (clinical chemistry); Dr. 
P. H. Davis (botany) ; Dr. J. H. Knox (physical chem- 
istry) ; Dr. J. B. Sissons (geography). 


London 


Pror. K. G. DENBIGH, at present Courtaulds professor 
of chemical engineering at the Imperial College of Science 
and Technology, has accepted the office of principal of 
Queen, Elizabeth College in succession to Miss M. J. 
Sargeaunt, who will be retiring on September 30. 


Newcastle upon Tyne 


THE following lecturers have been appointed: Dr. 
D. F. Roberts (human genetics); Dr. H. C. Noltimier 
(geophysics); Mr. P. Baldwin and Dr. J. P. Baty (engi- 
neering mathematics); Mr. A. I. B. Moffat (civil engineer- 
ing materials). 


Announcements 


Pror. A. R. J. P. UBBELOHDE has been appointed to 
fil a vacancy in the membership of the Agricultural 
Research Council, which has arisen on the resignation of 
Prof. W. T. Williams. 


Mr. A 8. Foot, head of the Department of Dairy 
Husbandry of the National Institute for Research in 
Dairying, has been appointed deputy director of the 
Institute. 


A THREE-DAY course on “‘Temperature Measurement” 
will be held at the Woolwich Polytechnic during March 
16-18. Further information can be obtuined from P. R. 
Pallister, the Woolwich Polytechnic, Wellington Street, 
London, 8.E.18. 


A. symposium on “Early Crop Production in the British 
Isles will be held in the University College of Wales, 
Aberystwyth, on March 9. Further information can be 
obtained from J. A. Taylor, Department of Geography, 
Llandinam Building, Penglais, Aberystwyth. 


A MEETING of the Welsh Soils Discussion Group on 
“Soil as a Biological Environment” will be held at the 
Welsh Plant Breeding Station, Gogerddan, on February 
16. Further information can be obtained from C. Rude- 
forth, Soil Survey, National Agricultural Advisory 
Service, Trawscoed, Aberystwyth. 
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MONOLAYERS AT LIQUID INTERFACES 


AN informal discussion of the Faraday Society on 
monolayers at liquid interfaces was held at Lough- 
borough College of Technology during September 9-10, 
1965. The meeting was attended by 68 people, among 
whom there was strong representation from European 
research laboratories. There were 27 from industrial 
organizations. 

The chair for the session on September 9 was taken by 
Dr. J. L. Moilliet (imperial Chemical Industries, Dyestuff 
Division). After a brief welcome from Prof. R. F. Phillips 
(Loughborough College of Technology) the opening paper 
was given by Prof. G. M. Bell (Chelsea College of Science 
and Technology) and Dr. 8. Levine (University of Man- 
chester). This was concerned with the surface-free energy 
and the surface pressure of monolayers. The relation 
between the part of the surface Helmholtz-free energy, 
F, due to dissolved components and _ surface-active 
species, and the corresponding part of the surface pressure, 
II, was discussed. When all surface-active substances 
are soluble in the substrate, and F is defined as the change 
in surface-free energy density during a process in which 
they are brought into the surface region from the bulk of 
the substrate, then it was shown that II = — F. This 
is not true if any of the surface-active substances are 
msoluble and an expression for II + F was obtained in 
this case. The form of II obtained in this way was shown 
to be identical with that derived by integration of the 
Gibbs adsorption isotherm (as used by Onsager and 
Samaras and others for air-electrolyte interfaces). The 
authors concluded with a brief mention of the various 
contributions to the spreading pressure of an insoluble 
partially ionized monolayer on an aqueous electrolyte 
substrate. 

The second paper was given by Drs. J. Mingins, J. W. 
Brooks and B. A. Pethica (Unilever Research Laboratory, 
Port Sunlight) and described investigations of ionized 
monolayers. Previous data on the surface pressures of 
insoluble and soluble ionized monolayers at both non- 
polar oil-water and air—water interfaces were critically 
reviewed and compared with recent data obtained at 
Port Sunlight. Discrepancies among the data were 
discussed in terms of solution of the monolayer, poor 
spreading, and impurities in the surface-active agents, 
electrolytes and water. Results on films spread from 
crystals indicated that solvent retention had occurred 
in some of the earlier published work on gaseous mono- 
layers spread at the air~water interface. The cohesive 
pressure due to hydrocarbon chain interaction was shown 
to be negligibly small at non-polar oil—~water interfaces 
over the range of areas per molecule studied (50 A’). 
However, at air-water interfaces the cohesive pressure was 
a complex function of chain-length, area per molecule and 
head group. The validity of previous empirical equations 
describing this term was questioned. 

Dr. E. H. Lucassen-Reynders (Unilever, Vlaardingen) 
presented a thermodynamic approach to the surface 
equation of state. This included consideration of ionizing 
surfactants and non-surface active electrolytes. The 
resulting equations are similar to those for non-ionizing 
surfactants, except that the molar concentration in the 
solution is replaced by the geometric mean of the product 
of the concentrations of the long-chain ions and counter- 
ions. The general equations give the surface tension as a 
function of the mean ionic product in terms of three types 
of parameters. These are, first, the interfacial activity 
coefficients, y;, of the surface mixture of surfactant and 
water; secondly, the saturation adsorption, [@ (the total 
values for long-chain ions and counter-ions); and thirdly, 


a parameter, a, measuring the free adsorption enthalpy 
at infinite dilution. The equations were applied to pub- 
lished surface and interfacial tension measurements on 
adsorbed and spread monolayers of long-chain alkyl- 
sulphates, trimethyl ammonium bromides and carboxyl- 
ates, in the presence of various amounts of non-surface- 
active electrolytes. At oil-water interfaces, the ionized 
surfactants were shown to form ideal surfaces (yf = 1), 
irrespective of the presence of inorganic electrolyte with a 
common ion. At the air-water interfaces especially the 
longer-chain surfactants were shown not to form ideal 
surfaces. In partieular, carboxylate soap solutions 
show regular surface behaviour. The yf values obtained 
from the experimental data suggested that the main 
factor responsible for the non-ideality of a surface was the 
interaction between the hydrophobic chains of the sur- 
factant. 

A further paper on the thermodynamics of interfaces 
was presented by Dr. A. J. Spaull (Brunel College). 
Methods for obtaining thermodynamic parameters for 
adsorption at the sir—water interface were considered. 
it was maintained that the initial linear region of the 
adsorption isotherm is important, but it was suggested 
that use of the slope, «, of the plot of surface pressure as a 
function of concentration, can lead to incorrect values of 
the thermodynamic parameters. Analysis has shown 
that, to first order, tke plot of the ratio of surface pressure 
to concentration as & function of surface pressure can be 
represented by the equation: 


I/cs = (U1 /ez)o(1 — a/RP) 


where a is a two-dimensional second virial coefficient, and 
(Il/cz)o is the extrapolated value of the ratio of surface 
pressure to concentration at zero surface pressure. ‘To 
calculate correct thermodynamic parameters it is (I1/c.), 
rather than « that is required, except when a is zero. 
Experimental methcds for testing this argument were 
indicated. Certain thermodynamic parameters obtained 
for the adsorption of 1-butanol and 1-hexanol were used 
to test a recent theory of Aranow and Witten, who claim 
that adsorption of lmg-chain hydrocarbons is essentially 
an entropic process arising from restricted rotation about 
carbon bonds in aqueous solution. Some difficulties of 
the theory in explaining the evidence of the nuclear 
magnetic resonance spectra of alcohol solutions and the 
solvation of rare gases were discussed. 

Dr. J. B. Matthews (Loughborough College of Tech- 
nology) proposed a new approach to the dynamics of 
adsorption from solution The kinetics of adsorption from 
solution is still a cortroversial subject, owing to the un- 
certainties associated with the experimental data and the 
model for the adsorption process. A number of theories 
for the kinetics of adsorption have culminated in the 
Ward-Tordai theory, which now receives general accept- 
ance, either in its original form or as modified by others. 
The model proposed by Ward and Tordai assumes the 
existence of a sub-surface from which solute molecules 
are adsorbed instantaneously and irreversibly to the 
surface, if there are available sites for them. The kinetics 
of adsorption are assumed to be controlled by the diffusion 
of solute molecules so the sub-surface from the bulk of 
the solution. Dr. Matthews stated that this model 
ignores the dynamic character of adsorption and transi- 
tions between the possible states of adsorbed molecules. 
The mathematical treatment of this model leads to kinetic 
results which are more consistent with experimental data 
than the Ward and Tordai theory. 
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The chairman for the second day was Prof. D. D. Eley 
(University of Nottingham). In opening the session 
Prof. Eley paid tribute to Dr. J. J. Kipling, who was a 
member of the organizing committee of the discussion 
and whose untimely death occurred at a conference in 
Moscow earlier in the year, 


The first paper was given by Prof. A. Scheludko 


(Institute of Physical Chemistry, Sofia, Bulgaria), who . 


reported work carried out with Dr. D. Tissen on the 
damping of ripples on water by soluble surfactants and 
insoluble monolayers. A novel apparatus has been devel- 
oped. for this problem, consisting of a cylindrical vessel 
in which standing waves are generated by a vertical 
sinusoidal vibration. The amplitude of ripples smaller 
than 30u could be determined optically with an accuracy 
of 1 per cent and the damping measured by changing the 
energy supplied to the vessel. Results were presented for 
the damping coefficient as a function of concentration 
(or area) for caproic, capric, myristic, palmitic and propyl- 
dodecyl acetic acids and for cetyl alcohol on water. With 
all except the first, a sharp maximum was found at inter- 
mediate surface densities and damping coefficients at the 
maximum exceeded (for a factor of 2-3) the value pre- 
dicted by the hydrodynamic theory of Levich for damping 
by a condensed monolayer. 

The next paper, by Drs. J. M. Corkill, J. F. Goodman, 
S. P. Harrold and J. R. Tate (Procter and Gamble, New- 
castle upon Tyne), was concerned with mixed monolayers 


of both soluble and insoluble salts of the type alkyltri- 


methylammonium-alkyl-sulphate at the air-solution inter- 
face. Insoluble monolayers were examined using a 
Langmuir trough. It was demonstrated that although 
second-order effects are present due to the substrate or 
the particular molecular species involved, maximum 
interaction invariably occurs at a 1:1 ratio of long-chain 
cation to anion. The composition of the surface layers 
of the soluble members was measured by radio-tracer 
techniques. When the long-chain cation and anion had 
the same chain-length an equimolar surface composition 
was obtained. However, if the ions had different chain- 
lengths, the longer chain ion was preferentially adsorbed 
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giving an asymmetric surface layer, the asymmetry being 
enhanced by the addition of inorganic electrolytes. It 
was concluded that adsorption is promoted principally 
by the elimination of alkyl chain—water interface, but this 
is modified by the electrical interaction between the 
positive and negative head groups, which is a maximum 
when the surface composition is equimolar. 

A paper by Dr. J. J. Kipling and Dr. C. A. J. Langman 
(University of Hull) dealt with the surface tension of two 
component liquid mixtures and the adsorption from these 
mixtures at the iquid-vapour and liquid—solid interfaces. 
The surface tensions of a number of binary liquid mixtures 
of molecules of similar sizes were measured and the results 
were shown to fit quite well an equation based on a regular 
solution model, relating surface tension to composition. 
The adsorption from the mixtures at low-energy solid 
surfaces was studied and the surface excess of the more 
strongly adsorbed molecule compared with the corre- 
sponding surface excess at the liquid~vapour interface. 
In all cases presented, these two excesses were similar in 
magnitude. . 

Another paper on the surface tensions of binary liquid 
mixtures, by Dr. R. Aveyard (University of Cambridge), 
concluded the conference. The surface tensions of a range 
of two-component mixtures of n-alkanes have been meas- 
ured. The applicability of various equations to the 
experimental data was tested and it was found that a 
theory, devised by Prigogine and Maréchal for athermal 
polymer solutions, was the most satisfactory of those 
considered. Using this theory, the surface tensions of all 
the mixtures investigated could be predicted to within 
1:0 per cent with the.use of physically realistic and self- 
consistent parameters. Further, the applicability of this 
theory to-the surface tensions of methanol-n-decanol and 
methanol—glycerol mixtures was tested. The agreement 
between, experiment and theory was poor for the former 
system, but reasonable for the latter. A possible explana- 
tion for these differences, and its bearing on the agreement 
obtained for the n-alkane systems, was discussed. 

D. A. HAYDON 
‘M. J. JAYCOCE. 


- PHYSICS IN MEDICINE 


ECHNOLOGY, rather than science, was the main 
theme of the first International Conference on Medical 
Physics, held at Harrogate during September 8-10, but 
several topics of a more fundamental kind were also 
illuminated in a programme of more than 100 papers. A 
majority of the contributions dealt with the clinical and 
biological applications of ionizing radiations, reflecting a 
continuing preoccupation with the problems which brought 
physicists into the hospital service in significant numbers 
some 30 years ago. 
Though the radiotherapist’s armamentarium has not 
changed substantially in recent years, two areas of research 
at present give promise of greater accuracy in the measure- 


ment and control of radiation dosage for clinical purposes. - 


The first problem here is to find a device of small size 
(preferably in the millimetre range) with a sensitive 
response independent of radiation energy. Lithium 
fluoride dosemeters, based on the thermoluminescent 
effect, satisfy these requirements reasonably well. Large- 
scale practical applications are, however, restrained by 
inadequate understanding of the basic processes involved. 
The preparation of lithium fluoride powder and. its treat- 
ment before and after irradiation are still largely determ- 
ined by empirical knowledge, which necessitates caution 
in the interpretation of experimental findings. 
Thermoluminescent dosemeters have been used for the 
estimation of surface dosage in radiotherapy, but not so 
far for internal measurements. F. W. Spiers (General 
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Infirmary, Leeds) described methods for the study of 
radiation dose in specimens of dry bone, using fine-grain 
lithium fluoride powder which is introduced into the 
narrow cavities of trabecular bone and removed for assay 
after irradiation. Work of this kind is useful in assessing 
clinical, occupational and environmental hazards from 
radioactive materials. B. E. Bjarngard (Controls for 
Radiation, Inc., Cambridge, Massachusetts) reported 
that some of the difficulties associated with the prepara- 
tion and handling of thermoluminescent powders may be 
avoided by incorporating the lithium fluoride phosphor in 
polytetrafluorethylene, which can then be fashioned into 
rods, disks or foils for various applications. The combina- 
tion has an effective atomic number close to that of tissue, 
and its response is independent of radiation energy over 
a fairly wide range. 

Interesting epplications arè now being found for solid 
state devices as radiation detectors. P. R. Parker (Insti- 
tute of Cancer Research, Sutton, Surrey) suggested that 
many of the desirable properties of the gas-filled ionization 
chamber may be reproduced, with the advantage of very 
small bulk, by p-n surface barrier detectors. Used as 
pulse counters, these devices will measure dose-rates of 
about 10 urad/h, approximately equal to the natural 
background radiation in Britain. The radiation-induced 
potential-across the p-n junction is found to be a logarith- 
mic function of dose-rate and the short-circuit current is 
approximately a linear function of dose-rate. Silicon 
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surface barrier detectors offer high sensitivity in small 
size and may be useful in estimating radiation dosage 
(from internally administered isotopes) inside the body. 
The field effect transistor, having high input impedance 
and high transconductance, may replace an electrometer 
valve in the input stage of a current amplifier used, for 
example, in association with an ionization chamber. J. 
Keller (Central Laboratory for Radiological Protection, 
Warsaw) described an amplifier, using a single transistor, 
with a gain of 5 x 105 and excellent temperature 
atability. 

A second problem of immediate interest in radiotherapy 
concerns the use of electronic computers to tackle the 
tedious calculations involved in treatment planning and 
dosage control. The great output delivered by machines 
such as the linear accelerator makes rapid arithmetic 
essential, and the complexities of radium dosage are not 
always adequately recognized in the rules or methods based 
on manual calculation. Papers presented at the Harrogate 
Conference showed a relatively unsophisticated approach 
to these problems and left the impression that a much 
larger effort is needed (from mathematicians as well as 
from physicists) if the computer is to make a realistic 
contribution to the technique of radiotherapy. 

Diagnostic and physiological investigations using radio- 
active tracers are now commonplace, though still capable 
of extension in a number of climeal specialities. Interest- 
ing technical problems are met with in the design and 
operation of whole-body monitors. In measuring the 
natural radioactive content of the body (for example, 
potassium-40 as an index of lean body mass) elaborate 
electronic equipment and a well-shielded room will be 
necessary, at a cost which may approach £30,000. When 
it 1s desired to investigate, over a period of months, the 
retention of a particular isotope in the body, a simpler 
installation can be built for £2,000—-£5,000. 

Though knowledge of the whole-body content of an 
isotopic tracer is important, a detailed picture of the distri- 
bution in a particular organ or region may be significant 
(for example, in thyroid disease or in the localization 
of a tumour). The scintillation scanner and the scintilla- 
tion camera (which uses the principle of the pinhole 
camera) are well known in this connexion. Another 
basically simple device, likely to have useful applications 
in clinical science, is the spark chamber. The design 
described by B. R. Pullan (St. George’s Hospital, London) 
has two parallel plates, one of lead and one of aluminium 
mesh, in an enclosure filled with argon and aleohol vapour. 
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When an appropriate potential difference is maintained 
between the plates, & spark will occur wherever ions are 
produced in the gas. A chamber of this kind (used in 
conjunction with a suitable collimator) should be useful in 
thyroid studies with radioactive iodine as a tracer. 

Among the other sopics discussed were (a) the use of 
analogue computers and mathematical models in the 
study of renal function, urinary excretion and control of 
ventilation, (6) objective measurement of X-ray image 
quality, (c) electron spin resonance in living tissue. A 
series of eight survey papers, illuminating areas of com- 
mon interest among physicists, biologists and clinicians, 
included an interesting account by 8. Rowlands (St. 
Mary’s Hospital Medical School, London) of basic studies 
on blood flow. The apparent viscosity of blood depends 
on its composition and on the shear rate applied in the 
experimental equipment. These properties are shared by 
other biological materials and non-Newtonian fluids. 
Blood has a unique property, discovered by measure- 
ment of flow rates through tubes of less than 0:5 mm 
diameter. Here it is found that the narrower the tube the 
smaller the apparent viscosity. It seems likely that 
hydrodynamic forces drive the red cells from regions near 
the wall (where the shear rate is high) mto the central 
stream, where the shear rate is lower. In very narrow 
tubes, of diameter comparable with the diameter of a red 
cell, further complications occur and the deformability 
of the cell has an important influence on flow phenomena. 

In the realm of medicine there is abundant opportunity 
for work of social and economic value, amply testing the 
physicist’s experimental skill and mathematical insight. 
In several countries (including Britain) this opportunity 
is not being sufficiently exploited at the present time. 
Many hospital physicists are dispersed in small depart- 
ments, mainly occupied with work related to the practice 
of radiotherapy, and not adequately equipped (with staff, 
material resources ani scientific contacts) for work of more 
basic importance. 

During the next decade, it seems likely that the large 
and well-justified expenditure from public funds in support 
of scientific research in universities and government 
laboratories will come under closer scrutiny and its con- 
tinued growth may even berestrained. If, in these circum- 
stances, some of the less costly fields of endeavour receive 
increased attention, the collaboration of physics and 
medicine might be cultivated with advantage to the world 
of science and to the whole community. 

J. M. A. LENIHAN 
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URING the past decade or so, several measurements 
have been made of the flux of the cosmic-ray particles 

in the wide range of energy from 10° to 107° eV. These 
were based at the lower energy end on the flux of nuclei 
observed at different geomagnetic latitudes and at 
energies greater than 10 eV on the results of extensive 
air shower experiments. The data in the intermediate 
energy range were not so reliable. The pioneer experiments 
of Lal! and Kaplon and Ritson’, which have played a 
useful part in giving an estimate of the primary flux in 
the energy region 1012-10! eV, made use of detectors of 

* Now at Northwestern University, Evanston, Illinois, U.S.A. 


alternate sheets of 3 mm brass and 100 um G5 emulsions 
mounted on 1-3 mm glass. In such a detector the distinc- 
tion between electramagnetic cascades initiated by elec- 
trons or y-rays entering from outside and those resulting 
from interactions of nuclear active particles in the detector 
itself could be quite embiguous. Further, energy estimates 
were rather unreliable and the results were based on a 
small number of events. Values of the flux, at 4 x 10% 
and 2 x 10% eV, due to Barrett et al.*, were obtained from 
underground measurements on yu-mesons, and therefore 
depend on the assumed model of high-energy interactions. 
This article presents our results on the primary flux, both 
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of protons and heavier nuclei, in the energy range 2:6 x 
1072-2-6 x 1044 eV, and makes a comparison with other 
results over the entire range 10° and 107° eV. At the lowest 
energies, the charge composition of the primaries is well 
known‘ and in our work some direct evidence on heavy 
nuclei also may be obtained. Extensive air shower 
experiments measure the flux of all nuclei above a given 
total energy and there is no direct evidence that the charge 
composition of the primaries is the same as at 107° eV. 
We have, therefore, chosen to present a spectrum of all 
nuclei above a given total kinetic energy as distinct from 
kinetic energy per nucleon. The difference between the 
kinetic energy, #, and the total energy, T, is insignificant 
except at the very lowest energies considered where the 
former is a more informative quantity. 

In our experiment, we used a tungsten-emulsion assem- 
bly of area 0'7 m?, eight radiation lengths thick. This was 
flown for 28 h at an effective atmospheric depth of 22 g 
cm-* (ref. 5). The assembly provided an efficient detector 
of electromagnetic cascades. As already described®, the 
distinction between cascades initiated by electrons or 
y-rays entering from outside and those from nuclear 
active particles interacting in the detector was good. 
Further, the cascade energy could be quickly and accurately 
obtained from photometric measurements of the density 
of electron tracks near the cascade axis. A total of 527 
nuclear events, satisfying certain geometrical selection 
criteria and having a total cascade energy (XEy) of more 
than 370 GeV, were recorded. Of these, 46 events origin- 
ated in emulsion and the remainder originated in the 
tungsten sheets. 

It is necessary to estimate the charge composition of 
the primary particles initiating interactions in tungsten. 
We assume that the interaction lengths and fragmenta- 
tion parameters of multiply charged nuclei are the same 
as at low energies’, and that the interaction length of 
nucleons in graphite is 73 gcm-*. We take the attenua- 
tion length of nucleons in air to be 125 g cem and their 
interaction length in the detector to be the geometric 
value, 14-5 em. (Note: The value of 14-5 em (or 176 g em-*) 
for the interaction length in the detector was obtained on 
the assumption that the interaction cross-sections of 
protons with different nuclei at these energies are the 
same as those observed at 24-30 GeV; an A?/*® dependence 
was assumed wherever extrapolation was required. This 
value was checked experimentally using the depth of 
origin of events within the detector and was found to 
agree within 15 per cent.) The charge composition was 
then estimated in two ways: (a) From the observed charge 
composition of the forty-six emulsion events (thirty-four 
due to protons, three due to neutral particles, presumably 
neutrons, six due to «-particles and three due to heavy 
nuclei). (b) By assuming that at high energies the charge 
composition at the top of the atmosphere is the same as 
at low energies. 

These two estimates are in good agreement and we 
find that the latter method also reliably predicts the 
charge composition of the observed events in the ICEF 
Collaboration®. There is thus no evidence that the charge 
composition is different from that observed at 10% eV 
and we assume that the relative proportions of protons, 
a-particles and heavier nuclei are also fairly independent 
of energy in the range 10!°-104 eV. We estimate that, 
of the observed tungsten events, 66 per cent are due to 
primary protons, together with nucleons from the inter- 
actions of these protons in the atmosphere, 13 per cent 
are nucleons from the fragmentation of nuclei with 
Z > 2, 15 per cent are due to «-particles and 6 per cent 
are due to heavier nuclei. 

We find that the rate of production of cascades of total 
energy greater than 370 GeV by protons at the top of the 
atmosphere is (1-2 + 0-3) x 10-8 per sterad sec per gram 
of the detector (predominantly tungsten). We cannot 
exclude a systematic error in the energy determination 
of up to 15 per cent. This leads to the 25 per cent error 
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quoted here, compared with which the statistical error is 
negligible. The integral energy spectrum of nuclear cas- 
cadesë can be represented by a power law of the form 
(ZEy) 41005 in the range 370 < LEy < 3 x 10* GeV. 

To transform the cascade energy to primary energy we 
assumed that E = 7iHy; this corresponds to Kr = 0-43 
and Ky = Kx/3. Dobrotin and Slavatinsky’, working at 
300-GeV primary energy, obtained a mean inelasticity 
Ex = 0-35 + 0-05, and the foregoing figure was derived 
from their result allowing for the fact that the primary 
spectrum is a power law and that events are detected by 
their cascade energy. ‘To obtain the flux of primary 
protons we have multiplied the production rate by the 
interaction length for protons in the detector (see ‘Note’ 
above), 176 + 26 g cm-?. We thus obtain in the range 
2-6 x 10" to 2:6 x 1034 eV the expression 

n(> E) = (1:6 + 0:5) x 104% H-1-44, where E is in eV 

The charge composition being taken to be that observed 
at lower energies, the flux of all nuclei at the top of the 
atmosphere above the same total energy is double this 
flux. About half these multiply charged primaries are 
a-particles and half are heavier nuclei. Thus, in Figs. | 
and 2, our results for the flux of all nuclei are represented 
by: 

N( >E) = (3-2 + 1-0) x 10 H-*-4 


Fig. 1 is the spectrum of the number, N, of all nuclei 
above a given kinetic energy, Æ, in a conventional plot. 
The scale is so small that it is difficult to both present errors 
and to read values from it. We therefore give Fig. 2 in 
which the same data are plotted in the form log (NEY 
against log E; in Fig. 2 a horizontal line corresponds to a 
spectrum of negative index y = 2-0. 

In Figs. 1 and 2, the curves marked (1) represent the 
results of many workers as reviewed by Waddington‘; 
we assume that the charge composition of the primaries 
does not change in this energy region and that the spectrum 
of total energy between 1-3 and 100 GeV is a power law 
of index y = 1-50 with a cut off below 1-3 GeV/nucleon. 
Lal! and Kaplon and Ritson? measured the proton flux, 
and their results have been scaled by the factor of 2-0 to 
allow for other nuclei. Baradzei et al. used ionization 
chambers and observed the energy radiated as y-rays in 
the interactions of nuclear active particles with carbon 
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Fig 1. Integral energy spectrum of all nucle: incident on the atmosphere. 

The data are collected from (1) geomagnetic measurements as reviewed 

by Waddington, 1960, (2) Lal, 1953, (8) Kaplon and Ritson, 1952, (4) 

Baradzei et al., 1962, (6) present experiment, (6) Zatsepin et al., 1963, 
(7) Clark et al., 1968, (8) Linsley, 1963 
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Fig 2 The same data used in Fig. 1 are plotted in the form lcg (NE)? 
against log Æ. A horizontal line in such a plot would correspond with a 
spectrum of negative index A = 2-0 
at an atmospheric depth of 200 g em. The flux obtained 
by them refers to all nucleons; in order to obtain the 
flux of all nuclei we have increased it by a factor of 1-5 
(this figure is the product of 0-75—ratio of protons to all 

nucleons—and 2-0—ratio of all nuclei to protons). 

Finally, above 10** eV, we give the results of Zatsepin 
et al.®, Clark et al.t° and Linsley*; these results are as 
given by their authors. The difference between the fluxes 
reported by Zatsepin et al. and Clark et al. at 6 x 10% eV 
may be partially due to the different factors used by the 
two groups in converting number of particles into primary 
energy (1:7 and 2-0 GeV per particle respectively). 

The present results, and those of Baradzei et al., con- 
firm that the flux values given by Lal and by Kaplon and 
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Ritson are overessimates. It now seems clear that the 
energy spectrum cannot be represented by a smgle power 
law over the energy range 10-10% eV. Between 10! 
and 6 x 10% eV it is consistent with a power law of 
negative index y = 1:60 + 0-02 and the flux of all 
nuclei is: 


N(> E) = (39134) x 101 x #-1-40 


where # is in eV. (Preliminary results on the flux of all 
nuclei measured sbove the atmosphere in the satellite 
Proton I indicate a much lower flux (between 10% and 108 
eV) than those quoted in this article. The results, com- 
municated by Prof. Grigorov at the London Conference of 
the International Union of Pure and Applied Physics, 
September 1965, are a factor of about 7 lower than the 
results given here. It is as yet uncertain whether the differ- 
ence arises from ths observed flux or the measurement of 
primary energy.) Above 10% eV the spectrum is significant- 
ly steeper and, at tae very highest energies recorded, there 
is disagreement as to the absolute value of the flux. 
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GENESIS OF RAPAKIVI 
By PETER R. DAWES 


Department of Geology, University of Exeter, Devon 


REVIEW of the work on the Pre-Cambrian basement 
of South Greenland has recently been published?. 
Investigations in the Tasiussak area (Fig. 1), carried out 
under the auspices of the Greenland Geological Survey, 
have revealed a rapakivi granite massif displaying clear 
and distinctive features. Excellent exposures on the 
glaciated southern Greenland coast allow deductions on 
rapakivi genesis to be made, and these are set out below. 
There is a general consensus of opinion at the present 
time that rapakivi granites crystallized from magma at 
high crustal levels? and it is widely accepted that one of the 
peculiar textural characters of rapakivis (the occurzence of 
big mantled felspars) is a direct result of the crystallization 
of magma. It is this conclusion which is challenged here. 
The Tasiussak massif is a rapakivi in which basic rocks 
were emplaced during the genesis of the granite, and 
it is by means of these basic rocks that two stages in 
rapakivi development can be demonstrated, with the 
typical texture a product of post-magmatic metasomatism. 
Rapakivi, a term derived fromthe Finnish ‘rapautuvakiv’’ 
(‘disintegrating rock’), was adopted by Sederholm for a 
particular set of Pre-Cambrian granites in Finland which, 
while displaying their vulnerability to weathering pro- 
cesses, were also linked by petrological cheracteristics. 
These characteristics include post-tectonic intrusion and a 
porphyritic texture formed ofovoid crystals of potash felspar 
each mantled by a shell of oligoclase. The latter feature 
has become known as ‘rapakivi texture’. Many rapakivi 
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Fig. 1. Location of the Tasiussak area in South Greenland 
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granites, however, do not display prominent mantling of 
potash felspar crystals, and there is a transition from 
rapakivi granites in which the majority of the potash 
felspar megacrysts are mantled (for example, most of the 
Finnish rapakivis), to those in which only a few felspar 
individuals have an oligoclase shell (for example, the 
Swedish rapakivis). Terzaghi‘ restricts the use of the term 
rapakivi to granites characterized by mantled felspars, 
while von Eckermann’ and Savolahti? do not regard this 
to be an essential feature and point to the importance of 
two generations of quartz, potash felspar and plagioclase. 

Tbe Tasiussak rapakivi covers an area of about 120 
km. It post-dates the formation of the Ketilidian granu- 
lite facies gneiss and granites and the early Sanerutian 
granite with its associated aplites and pegmatites’. It 
has sharp, discordant contacts to the country rocks and is 
ethmolithic. The rock is a biotite~hornblende granite with 
felspars which vary from mesostasis size up to megacrysts 
17 cm long. The megacrysts vary in shape from ovoid to 
cuhedral, and they commonly display a mantling of 
oligoclase-albite. Concentric rings of oligoclase-albite 
are occasionally present in both ovoid and well-shaped 
megacrysts. In places the abundance of megacrysts is 
so high that the crystals have coalesced to form a con- 
tinuous network with the groundmass of the granite 
occupying interstitial spaces. Such a fabric approaches 
the equilibrium texture of Volle. The microcline of the 
megacrysts is perthitic, the string and patch perthite of 
Andersen® being the most common form. An earlier 
generation of potash felspar occurs in the groundmass, but 
this is in smaller grains and is non-perthitic. Early forming 
albite occurs in the groundmass and quartz forms at least 
two generations, first in the groundmass and later genetic- 
ally connected with myrmekite in association with the 
microcline megacrysts. 

The granite lacks an overall foliation or lineation, but it 
has widespread occurrences of oligomict and polymict 
inclusion-breccias composed of the principal rock types 
of the country rocks. These are quartz-felspathic gneiss, 
pelitic gneisses and schists, pyriclasites, pegmatites, 
quartzites (including psephites) and earlier granites. 
Local basin-shaped layering occurs. The breccias are 
indicative of strong movement since in the polymict 
types inclusions of different compositions have been aligned 
and drawn out. The inclusions, commonly elongated or 
spindle-shaped, are aligned with their long axes parallel 
in the form interpreted by Balk? as showing that they were 
“rotated by the magma current until they reached the 
position. of kinematic equilibrium”. Rotation of enclaves 
in the oligomict breccias is further indication of magmatic 
conditions. The local basin-shaped layering indicates 
settling under gravity of mafic minerals in peaceful 
conditions. Similar layering has been described by Harry 
aF Emeleus™! in other granite massifs in South Green- 
land. 

From the structure it is concluded that the granite came 
into existence by an intrusion of magma into older Keti- 
lidian gneisses and granites producing the typical sharp, 
discordant contacts to the country rocks. During this 
mobile stage the inclusion-breccias were formed when 
little crystallization had taken place and this was followed 
by quiet conditions permitting mafic layering and finally 
the main crystallization of the granite. 

A. dolerite-gabbro-norite suite of rocks was intruded as 
dykes and small bodies into the granite after the formation 
of the inclusion-breccias and the initial mobility. These 
were net-veined by acid material before their complete 
consolidation, and they also underwent later granitization. 
A critical fact is that these basic rocks pre-date the forma- 
tion of the felspar megacrysts of the pranite—a felspathiza- 
tion which resulted in the contacts between the basic rocks 
and the granite and the basic rocks and the net-veins being 
locally obscured. Felspar megacrysts are present in the 
basic rocks either singly or in clouds in a situation which 
excludes all possibility of magmatic formation either by 
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direct crystallization from a magma or by diffusion of 
alkalis from the magma, since the crystallization of the 
granite was complete before the basic rocks were intruded. 

‘Rapakivi texture’ has from the early days of granite 
research drawn the attention of many workers, and 
Sederholm»!?, Holmquist'%, Vogt, Harker, Wahl", 
Popoff", Hackman", von Eckermann’, Terzaghi‘, and 
recently Gates!®, Savolahti**, Stewart’, Tuttle and 
Bowen?! and Marmo” have all concluded that the 
texture is directly bound up with the crystallization of 
magma, Experiments by Tuttle and Bowen* have con- 
firmed the earlier work of Gates!® on the crystallization of 
‘rapakivi magma’, and they conclude that, since the 
rapakivi granites are richer in potash than the average 
granite, their composition lies in the alkali felspar field, 
and thus alkali felspar crystallizes before plagioclase. 
This sequence of felspar crystallization has been grasped 
as the significant feature in the genesis of rapakivi granites, 
and ideas from it have been adopted to explain the texture. 
Typical of these is the comment of Savolahti®: “As a 
consequence of the inverse crystallization of the rapakivi 
magma, the rapakivi structure and texture and the 
formation of the potash feldspar ovoids enveloped in a 
plagioclase shell are self-evident’. While the possibility 
of mantling resulting from magmatic crystallization is not 
disputed, it is evident from the Tasiussak rapakivi, which 
is strikingly similar to the celebrated rapakivis of Fenno- 
scandia, that this is a post-magmatic phenomenon. How 
do the theories of Stewart®°, Tuttle and Bowen", or 
Savolahti’ explain the potash felspar—plagioclase relation- 
ship in a non-magmatic environment ? 

‘Rapakivi texture’ occurs in both the felspars of the 
granite and in the basic rocks and inclusions in the granite. 
In all these milieu the relationship of the potash felspar 
to the plagioclase is identical. The albite-oligoclase of the 
mantles and of the concentric rings in the megacrysts is in 
optical continuity with the plagioclase of the perthite, 
and there is evidence to indicate that the plagioclase of 
the mantles has locally replaced the microcline. It is 
considered that the formation of the plagioclase of the 
perthite and that of the ‘rapakivi texture’ has taken place 
by the same process; that is, exsolution during an overal) 
post-magmatic potash metasomatism (see Eskola**). 

It has been demonstrated by Tuttle and Bowen?! that 
the alkali felspars form a complete solid solution series 
above 660° C and at lower temperatures homogeneous 
synthetic felspars unmix to give perthite. Spencer** 
has shown that up to 30 per cent of soda can be accom- 
modated into solid solution within the potash felspar 
at a temperature of 700° C, and it is also known from the 
work of Tuttle and Bowen" that the unmixing and mixing 
of alkali felspar are readily reversible and dependent on 
water vapour and composition of the felspar. It is postu- 
lated that due to the fluctuating temperature in the late 
stages of the rapakivi genesis during potash metasomatism 
a number of exsolutions occurred which produced the 
perthite and the ‘rapakivi texture’. The concentric rings 
of plagioclase represent retarded exsolutions, and the 
mantles the final exsolution to attain equilibrium. 

Many theories have been advanced to account for the 
rounded shape of the felspar megacrysts of rapakivi, 
including impurity of the felspar’, liquation, resorption”, 
corrosion#4, and viscosity of the magma**. Savolahti? 
relies on four processes: slowness of diffusion, the slow 
and balanced crystallization, corrosion and automorphic 
processes. ‘The megacrysts of the Tasiussak rapakivi 
have grown in the solid state, and the theories of magmatic 
origin are thus untenable. The observation of Sederholm!* 
that only those crystals which are ovoid display ‘rapakivi 
texture’ is not universal, and in the Tasiussak rapakivi 
mantling occurs in both euhedral and non-euhedral 
megacrysts. The relationship between mantling and shape 
is thus not genetic. The presence of concentric rings of 
plagioclase in some megacrysts indicates that the two 
extremes of crystal shape persisted throughout growth. 
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It seems that the shape of the megacrysts was controlled 
by the immediate environment, and in places there has 
been coalescence to form a network. Buerger®® discusses 
the problem of crystal form, and draws inferences from 
the crystallization of metals, suggesting that crystals 
without faces are quite normal under certain conditions. 
The presence of crystal faces in effect depends on the 
surface energy of the growing crystal and that of the 
milieu, and if a crystal develops in a medium the surface 
tension of which is equal to its own it is impossible for 
crystal faces to develop. Similar explanations have been 
used by Harker and Parker?! for the polygonal shape of 
crystals. In the Tasiussak rapakivi, there is a range in 
megacryst shape from rounded to polygonal and euhedral, 
and it is suggested that conditions of equal surface 
tension. between the environment and the growing crystal 
enable ovoidal crystals to form. This condition is realized 
in cases where felspar growth has been profuse and the 
fabric approaches the equilibrium texture of Voll. 

The development of the Tasiussak granite can thus be 
divided into two stages: the magmatic stage giving rise 
to its form with discordant and sharp contacis, inclusion- 
breccias and mafic layering; and the non-magmatic stage 
producing the observed granite texture. The distinction 
between the magmatic and non-magmatic effects is clear 
and recognizable. The striking similarities between the 
Tasiussak rapakivi and the other rapakivis of the world, 
in particular the celebrated Fennoscandian and North 
American examples, suggest that this mode of origin 
operated generally but the stages have not been recog- 
nized because of the absence of comparable basic rocks. 
Basic rocks occur in association with other rapakivis 
of the world, but their relation to the granize is not the 
same as in the Tasiussak area. Sederholm*’ recognized 
basie intrusions both before the youngest and after the 
oldest rapakivi granite in some of the Finnish massifs, 
and Savolahti® has demonstrated from the Ahvenisto 
massif that a suite of olivine diabases was emplaced after 
the formation of the biotite rapakivi but before the 
intrusion of the hornblende rapakivi; but the formation 
of the first was complete before the basic rock intrusion. 
In contrast, the basic rocks of the Tasiussak granite were 
emplaced during rapakivi genesis. 
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The final comment might be reserved for Spencer®*, who 
states: “The occurrence of potash—soda porphyroblasts in 
xenoliths and similar metamorphosed rocks, under condi- 
tions which preclude an origin by direct crystallization 
from a magma, raises the question as to how far it is 
justifiable to regard holocrystalline rocks, even of typical 
granitic appearance, as products of direct magmatic 
crystallization”. The Tasiussak rapakivi with the occur- 
rence of basic rocks enables the magmatic effects to be 
distinguished from the later non-magmatic. The Fenno- 
scandian and North American rapakivis without similar 
basic rocks, but with felspar megacrysts in xenoliths and 
the country rocks, have hitherto been regarded as products 
of direct crystallization from a magma. 

Thanks are due to K. Ellitsgaard-Rasmussen, director 
of the Greenland Geological Survey, for permission to 
publish this work. and to Dr. K. Coe, University of 
Exeter, for advice. 
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ODOUR AND MOLECULAR VIBRATION 
By R. H. WRIGHT 


British Columbia Research Council, Vancouver 


MOLECULE is an assembly of mass points and 

elastic forces, and when energy is put into it, it 
vibrates in various more or less complicated ways. The 
complex oscillations can, however, be analysed into a 
finite number of vibratory motions which are mutually 
independent (in the absence of substantial anharmonici- 
ties) and which constitute the ‘normal modes’ of the 
molecule. Each has a specific period and frequency 
which can be deduced from its spectra—at least in simple 
cases. 

Until now, all attempts to show that vibrations are 
osmically specific have used either the observed spectro- 
scopic frequencies or the more refined normal modes 
deduced from them, and these attempts have been quite 


unsuccessful. Table 1, for example, shows the normal 
Table 1. NORMAL MODES 
100-500 cm- 
OHN 0.H;-NO, O,H;-CHO 

462 420 450 
401 397 437 
381 255 402 
172 237 
162 176 226 

139 130 


modes for three substances with nearly the same almond- 
like odour, and quite evidently there is no substantial 
correlation. 

This may be because the vibrational hypothesis of 
odour causation is wrong, or it may be because something 
important has been overlooked. That something appears 
to be the possibiity that two normal modes can be 
excited in the sama molecule at the same time. Thus, if 
a molecule has, for example, normal modes at 150, 200 
and 400 cm~, each of these modes can be activated by 
collision at room temperature. Each of the modes can 
be populated. Bus—and this is the factor that has been 
overlooked until now-——more molecules will be populated 
simultaneously in the 150 and 200 cm-! modes than in 
the 400 cm-! mode. Furthermore, when two normal 
modes are excited in the same molecule, the result must 
be a new frequency which is the difference between the 
frequencies of the two normal modes. 

In terms of osmics, what is concerned here is the 
frequency of the vibrations that are actually occurring, 
that is, the populazed energy-levels, and so the difference 
frequencies as well as the normal mode frequencies must 
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be taken into account—the basic requirement being that 
they must be populated ab ordinary temperatures. 

Benzonitrile is a substance with bond-defined molecules 
and known normal-mode frequencies—and it has a dis- 
tinctive bitter-almond smell. Its possible ‘populated 
frequencies’ between 100 and 600 cm-t are shown in 
Table 2. If the vibrational hypothesis is correct, some, 
but not necessarily all, of these numbers must hold the 
key. To identify the osmically active frequencies, we 
collate them with similar values for nitrobenzene and 
benzaldehyde, which have rather similar odours. 

The frequencies that are common to all three fall near 
175, 225 and 400 cm- and the agreement is within about 
l per cent, which is quite close. There are, however, 
many additional frequencies which conform to no pattern. 
Let us call them ‘osmically inactive’. The first thing to 
note is that in benzonitrile, for example, if the 462 cm~ 
frequency is called osmically inactive, all the difference 
terms that depend on it can be eliminated without 
destroying the pattern; and the same is true for the 
other ‘inactive’ modes. 


Table 2, NORMAL MODES AND POPULATED COMBINATIONS 


100-500 em~ 
O,H;-CN OHNO, C,H;-CHO 

450 

462 420 437 

401 397 402 

381 281 (420-139) 320 ae tabs 

300 HORE 258 (897-189) 807 (4387-130 

290 (462-172) 255 272 (402-130) 

289 (401-162) 244 (420-176) 237 


229 (401-172) 


221 (807-176) 
219 EEH 


228 


209 (881-172 
172 176 176 Ser 
162 139 165 (402-237 
116 (265-189) 130 
107 (287-180) 
Table 3 
Mode Assignment Osmic quality 
O.H,-CN 
462 Ring deformation, in-plane Inactive 
40 8 re out-of-plane Active 
381 i, i in piang Inactive 
1 1 > out-of-plane Active 
162 Side-chain, flexing Inactive 
CHNO: 
420 Side-chain, out-of-plane bending Inactive ? 
397 Ring deformation, out-of-plane ctive 
255 ==, i in-plane Inactive 
176 CO, of out-of-plane Active 
189 Side-chain, torsion Inactive 
C,H,-CHO 
450 Ring deformation, out-of-plane Inactive ? 
437 y ” epee Inactive 
402 s 5 out-of-plane Active 
237 sy i in-plane Inactive 
228 53 ” out-of-plane Active 
180 Side-chain, torsion Inactive 


Table 3 shows the assignments that various authorities 
have made to the ‘active’ and ‘inactive’ normal modes, 
and an interesting regularity is immediately apparent. 
All the osmically active frequencies are out-of-plane 
deformations of the benzene ring which is the main part 
of the molecule. Almost all the inactive modes are either 
in-plane ring deformations or localized oscillations of the 
side-chain.’ This does not apply to the 450 em-4 mode of 
benzaldehyde, and it is not quite clear how far it is true 
for the 420 cm- mode of nitrobenzene, so that their 
inactivity is open to some question. This does not 
destroy the basic pattern and, in fact, the odours of 
nitrobenzene and of benzaldehyde are not exactly 
identical. 

There is nothing intrinsically improbable in this 
apparent association of osmic activity with out-of-plane 
oscillations of these molecules. Benzene rings with these 
side-chains might be expected to lie flat when adsorbed 
on the receptor surface, and from this it is, perhaps, 
possible to deduce three criteria of osmically active 
vibrations: (1) they must have low frequency; (2) they 
must involve all or most of the molecule; (3) they must 
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have substantial components perpendicular to the 
receptor surface. 

Information theory suggests that the whole gamut of 
smells is derived from about twenty-five primary odours. 
If the almond odour is due basically to these three 
frequencies it is a three-primary odour. We can tenta- 
tively estimate the band-widths by dividing the 100- 
500 cm-! region logarithmically into this number of 
non-overlapping intervals, in which case the frequency- 
specification of the almond odour is the simultaneous 
presence of osmically active vibrations falling roughly in 
the ranges 170-182, 218-232 and 380-405 cm~. Other 
odours would presumably correlate with other combina- 
tions of frequencies, but this is still to be demonstrated. 

The odours of acetophenone and of phenyl isothio- 
cyanate include an almond ‘note’, together with other 
‘notes’ sufficient to modify, but not wholly disguise, the 
almond character. Table 4 shows their populated 
vibrational levels in the 100-500 cm~ range. When the 
in-plane and the localized oscillations are taken out, using 
vibrational assignments from the literature, Table 5 
shows the result. 


Table 4. NORMAL MODES AND POPULATED COMBINATIONS 


100-500 cm=- 
C.H;-NCS C,.H,;-COCH, 

491, 464 

437 406 

396 366 

366 301 HETE 

=57 (487-180) aye 406-163 

216 (396-180) 203 (380-163) 

180 181 (406-225 

175 (855-180) 

151 EEF 141 (866-225) 

110 (855-245 

Table 5. Ovuv-OF-PLANE FREQUENOLES 
OE. NCS O,H;-COOCH, 
LeBas' Delorme? 

491 464 464 
437 406 406 
396 301 ees 366 
311 TETTA 243 (406-163) 301 (484-163) 
257 300 180) 225 243 (406-163) 
216 (896-180) 181 (406-225) 203 (366-163) 
180 163 168 


The three almond-pattern frequencies are clearly present 
in phenyl isothiocyanate together with enough others to 
account for the other notes in its odour. With aceto- 
phenone the authorities differ with regard to certain of 
the assignments of in-plane and out-of-plane motions. 
The olfactory evidence, for what it is worth, seems to 
favour the LeBas assignments. 


Table 6. OU%t-OF-PLANE FREQUENCIES 


CHE 0,H;0l CHBr O,.H sl CHCH CHOH: CHOCH, 
496 467 457 447 485 404 414 
407 392 404 394 405 246 * 390 
240 187 277 * 277 * 217 158 209 
187 * 195 224 * 24 * 188 205 * 
180 1? 181 


* Difference frequency. 


Table 6 shows the populated, whole-molecule, out-of- 
plane modes of seven substances the odours of which 
were presumed not to have a bitter-almond note. The 
three almond frequencies are, however, prominent m 
bromo- and iodo-benzene. A number of professional 
perfumers were asked, therefore, for expert opinions on 
toluene and on chloro-, bromo- and iodo-benzene with 
particular reference to any ‘nitrobenzene-like’ note. 
They were unanimous that toluene does not have it, but 
were divided as to the halo-benzenes. Some, but not all, 
recognized a coarse ‘chemical-almond’ or ‘nitrobenzene- 
like’ note in all three, and especially in iodobenzene. 
There are not enough frequencies outside the almond 
pattern to explain why this note should be so heavily 
overlaid, unless the halo-benzenes lie at an angle to the 
receptor surface, so that some of their in-plane oscillations 
(not shown in Table 6) might contribute to the pattern. 

Orientation to the receptor probably explains the lack 
of pronounced odour (apart from trigeminal stimulation) 
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in phenol and aniline, for these compounds would probably 
be chemi-sorbed through their reactive substituent groups. 
Attachment at a point should allow for less vibrational 
interaction than attachment over an area. 

This has been an attempt to find a precise answer to a 
very precise series of questions which may be summarized 
thus: (1) What property is common to C,H,-CN, C,H,- 
NO, and C,H,-CHO in addition to their rather similar 
odours? (2) Is this property found also in C,H,-COCH,, 
C,H,-NCS and C,H,-I, the odours of which seem to have 
something in common with the first three? (3) Is this 
property absent from C,H,-CH,, C,H,-OCH, and C,H,- 
NH,, the odours of which are quite different from thoge 
of the first three? 

In trying to answer these questions, the postulates of 
the vibrational theory of odour have been spelled out 
more precisely than ever before, and this can be expected 
to assist materially in stimulating further tests of the 
theory. 


If difference frequencies do not appear in the spectra, - 


it is not because they have no real existence, but because 


P 
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there is not sufficient anharmonicity to couple the two 
modes. Without such coupling, radiative transitions are 
not likely to imvolve both modes simultaneously. 
Deformations thas accompany collisional excitation make 
multiple excitation both possible and probable, though 
subject to limitations from the energy available to excite 
them. The simultaneous excitation of two normal modes 
necessarily results in a complex oscillation with a new 
(difference) frequency. The fact that ic may be osmically 
active without teing spectroscopically active suggests 
that olfactory stimulation does not depend on dipole- 
dipole coupling. A near-synchronous ‘throbbing’ of the 
odorous molecule and the receptor site might, however, 
permit unusually close approach and allow greater-than- 
normal electronis (Van der Waals) interactions to 
establish themselves. 

I thank the Canada Department of Agriculture for a 
grant; and Drs. A. Demerdache, P. N. Daykin, C. Reid 
and R. E. Burgess for advice. 


1 LeBas, J. M., J. Chim. Phys., 69, 1072 (1962). 
2 Delorme, P., J. Chum. Phys., 61, 1439 (1964). 


MOLECULAR DISTRIBUTIONS OF NORMAL FATTY ACIDS AND PARAFFINS 
IN SOME LOWER CRETACEOUS SEDIMENTS 


By KEITH A. KVENVOLDEN pie 9 
Field Research Laboratory, Socony Mobil Oil Company, Callas, Texas 


ATURATED, straight-chain fatty acids (hereafter 
called normal fatty acids) and normal paraffin hydro- 
carbons are common. organic constituents of Mowry and 
Thermopolis shales from the Powder River Basin of 
Wyoming. This article directs attention to a variety of 
molecular distributions of normal fatty acids and norma! 
paraffin hydrocarbons observed in a few samples from the 
shales. The observations provide new evidence for possible 
relationships between acids and paraffins in sedimentary 
rocks. 

Mowry Shale and Thermopolis Shale are two major shale 
units in the Lower Cretaceous section of the Powder River 
Basin. Mowry Shale is dark grey, generally siliceous, and 
is characterized by the presence of abundant fish scales 
and thin beds of bentonite. On weathering, Mowry Shale 
becomes medium-light grey and brittle. The formation 
ranges in thickness in the basin from 150 to almost 500 ft. 
Mowry Shale can be usually recognized in the field as a 
prominent, pine-covered hogback. Thermopolis Shale 
is soft and greyish black. At the surface, this unit forms 
grass-covered valleys between sandstone ridges. Exposures 
are generally poor. The thickness of the Thermopolis 
Shale varies from 125 to 250 ft. A sandstone is often 
present between Mowry Shale and underlying Thermopolis 
Shale. 

Four samples of shale will be considered. Two samples 
of Mowry Shale were obtained from outcrops near Upton 
and Douglas. Two samples of Thermopolis Shale came 
from outcrops near Casper and Kaycee. Fig. 1 shows 
sample locations. Possible effects of surface weathering 
were kept to a minimum by collecting the samples from 
pits dug back from the exposed surface. Upton and 
Oasper samples came from road cuts, and Douglas and 
Kaycee samples came from good, natural exposures. 

The presence of acids and parafiins in sedimentary rocks 
has been noted by previous investigators. Normal fatty 
acids in rocks have been reported by Coopert, Abelson and 
Parker?, and Cooper and Bray®. Normal paraffins in rocks 
have been described by Bray and Evans‘. Lawlor and 
Robinson! described both normal fatty acids and normal 
paraffins in a sample of oil shale from the Green River 
Formation. These investigators have shown that in 


sedimentary rocks even-carbon-numbered normal fatty 
acids dominate odd-carbon-numbered normal fatty acids 
while normal paraffins usually show a preference for odd- 
carbon-numbered molecules or nearly equal distributions 
of odd- and even-carbon-numbered molecules. This 
report shows not only acid and paraffin distributions 
similar to distributions noted previously in sedimentary 
rocks, but also distributions of normal fatty acids with 
almost equal abandances of even- and odd-carbon- 
numbered molecules. 

Normal fatty acids as well as normal paraffin hydro- 
carbons containing from about 12 to about 34 carbon 
atoms per molecule were found in Mowry and Thermopolis 
shales. Distributions of acids and paraffins from four 
samples are shown in Fig. 2 where the percentage of each 
acid (solid line) based on total acids recovered and the 
percentage of each paraffin (dotted line) based on total 
paraffins recovered is plotted against the appropriate 
carbon number. Carbon numbers for acids are shown at 
the top of the illustrations, and carbon numbers for 
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Fig. 1. Location map showing four localities 
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paraffins are shown at the bottom. Carbon numbers for 
an acid and a paraffin on the same vertical line are dif- 
ferent by one: the acid carbon number is always one 
larger than the paraffin carbon number. 

Relative molecular distributions of acids and paraffins 
can be characterized by distribution indices. A measure 
of relative distributions of normal paraffins was defined by 
Bray and Evanst as the mean of two ratios which are 
determined by dividing the sum of concentrations of 
odd-carbon-numbered normal paraffins by the sum of 
even-carbon-numbered normal paraffins over given carbon- 
number ranges. This measure of the relative abundance of 
odd- and even-carbon-numbered normal paraffins was 
called a carbon preference index (CPI)*. The relative 
distribution. of normal fatty acids can also be described 
by a carbon preference index which is defined here as the 
mean. of two ratios which are determined by dividing the 
sum of concentrations of even-carbon-numbered normal 
fatty acids by the sum of odd-carbon-numbered normal 
fatty acids over given carbon-number ranges. To dis- 
tinguish between distributions of paraffins and acids, 
CPI; will represent the carbon preference index for 
normal paraffins, and CPI, will represent the carbon 
preference index for normal fatty acids. Fig. 3 shows 
formulae for calculating CPIp and CPI,4. A CPIp greater 
than one indicates that odd-carbon-nurnbered paraffins 
are more abundant than even-carbon-numbered paraffins. 
On the other hand, a CPI, greater than one indicates 
that even-carbon-numbered acids are more abundant than 
odd-carbon-numbered acids: CPIp and CPI, values equal 
to one indica at paraffins or acids have equal 
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abundances of even- and odd-carbon-numbered molecules. 
Limits used in computing CPIp and CPI are arbitrary. 
In this study fractionation of both paraffin and acid 
molecules containing less than about 16 carbon atoms is 
severe due to the analytical method used. Therefore, the 
lower limit for computation of CPIp is C,, and of CPI. is 
Cı; Upper limits for computation are C,, for paraffins - 
and C, for acids. Concentrations of molecules having 
more carbon atoms are low and approach the limits of 
detection of the analytical method. 








= 2 odd-carbon paraffins from. Cre to Cay 
CPIp=1/ 2( £ even-carbon paraffins from Cy, to Czo 
2 odd-carbon paraffins from C,, to sı ) 
2 even-earbon paraffins from Cs to Cis 
= Z even-carbon acids from ©;, to Cas 
CPI4 =12 (3 odd-carbon acids from Gys to Cg; t 
= even-carbon acids from Cy, to Crs) 
& odd-carbon acids from O, to Cy; 


Fig. 3. Formulae for calculating the carbon preference index for 
normal paraffin hydrocarbons and for normal fatty acids 





Fig. 2 (upper left) shows the distributions of acids and 
paraffins recovered from a sample of Mowry Shale from 
near Upton. CPI, is 2-49 and,CPIp is 1-63. Acids show 
an even-carbon preference, and paraffins show an odd- 
carbon preference. Another type of distribution of acids 
and paraffins from Mowry Shale is shown in Fig. 2 (lower 
left) for a sample from south of Douglas. Both CPl4 and 
CPIp are near 1-00 (1:05 and 1-10). Little preference for 
either even-carbon-numbered acids or odd-carbon-num- 
bered paraffins is observed. A sample of Thermopolis 
Shale from south-west of Casper, shown in Fig. 2 (upper 
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Ing 2. Relative molecular distributions of normal fatty acids and normal paraffin hydrocarbons in four Lower Cretaceous sediments. ~~, Acids; 
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Fig. 4. Gas chromatograms of methyl esters of normal fatty acids and 

normal paraffin hydrocarbons in a sample of Thermopolis Shale from near 

Casper, Wyoming. F and M Model 500 gas chromatograph, 24 in. by 

G 25 in. column packed with 0-5 per cent silicone grease (DO-11) on 60-80 

mesh glass beads; temperature pro mmed from 75° C to 300° O at 5-6° 
mun 


right), contains acids equally distributed between mole- 
cules having even and odd numbers of carbon atoms 
(CPI, is 1:05). Paraffins, however, have a definite pre- 
ference for odd-carbon-numbered molecules (CPI p is 1-31). 
Acids shown in Fig. 2 (lower right) from Thermopolis 
Shale near Kaycee show a distinct even-carbon preference 
(CPI is 1:32), and at the same time paraffins show a 
definite odd-carbon preference (CPIp is 1-43). For any 
given sample the general trends of the molecular weight 
distributions are remarkably similar. 

The analytical procedure used to isolate normal fatty 
acids and normal paraffin hydrocarbons is @ modification 
of one used by Cooper‘ for isolation of fatty acids. Acids 
and paraffins were obtained from dried, crushed sediments 
by extraction with a solution of potassium hydroxide in 
methanol. Free acids, salts of acids, and acids combined 
as esters were probably recovered by this method. Some of 
the acids may have been derived from complex polymeric 
materials commonly called ‘kerogen’. Acids 
and paraffins were extracted from the 
saponification mixture after acidification. 
Acids were converted to methyl esters. 
Normal fatty acid methyl esters and normal 
paraffins were separated from other lipid 
material by urea adduction. Acids were 
separated from paraffins by silica-gel chroma- 
tography. Identification of normal fatty 
acids as methyl esters and noy a.ffin 
hydrocarbons was based ¢ 
procedure, infra-red ang 
and gas chromatog; 
centrations of pgg 
calculated frg 
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Infra-red spectrometry established the presence of 
methyl esters of fatty acids and normal paraffins in frac- 
tions obtained from silica-gel chromatography. Fig. 5 
shows infra-red spectra of fractions from the Mowry 
Shale sample coLected near Upton and. the Thermopolis 
Shale sample collected near Casper. These spectra are 
compared with spectra obtained from standard solutions, 
one containing a mixture of methyl esters of normal fatty 
acids and the other containing a mixture of normal paraf- 
fin hydrocarbons. Spectra of ester fractions from the 
shales are very similar to the spectrum of the solution 
containing a known mixture of methyl esters of normal 
fatty acids as seen at the top of Fig. 5. At the lower part 
of Fig. 5 spectra of paraffin fractions from the shales 
compare favourably with the spectrum obtained from the 
known mixture of normal paraffins. Spectra of methyl 
ester and paraffin fractions show strong absorption bands 
in the 3-4-3-5p region, indicating the presence of methyl 
and methylene groups, and a band at 13-9u, indicating 
methylene chains with four or more carbon atoms. Spectra 
of methy] ester fractions have an ester carbonyl adsorption 
band at 5-75u ard a triplet pattern with adsorptions at 
about 8-0, 8-3 and 8-5 which are characteristic of methyl 
esters of long-chain fatty acids’. 

Each mass spectral analysis of chromatographic frac- 
tions containing methyl esters of normal fatty acids as 
determined by ges chromatography and infra-red spectro- 
metry showed a base peak at m/e 74. This peak is the 
base peak for methyl esters of higher normal fatty acids’. 
Parent peaks wera present at m/e values equal to those of 
methyl esters of normal fatty acids (... 326, 340, 354, 
368, 382... ). Mass spectral and gas chromatographic 
data for methyl esters of normal fatty acids in the Mowry 
Shale sample from near Upton and the Thermopolis Shale 
sample from near Casper are shown in Fig. 6. Parent-peak 
heights from mass spectra are compared with peak heights 
from gas chromasograms. Peaks at Cis and Cz, are en- 
hanced because of the presence of internal standards. 
Comparison of mass spectral and gas chromatographic 
data for methyl esters of normal fatty acids in these 
samples shows a parallelism between ester distributions 
given by parent-mass peaks and gas chromatographic 
peak heights. Mass spectral data confirm the presence 


and distribution cf normal fatty acid esters as established 
by gas chromatography. 


Methyl Esters of Normal Fatty Acids 
Cigs Cig: Sqr C17» Cig» Cto: C22» C2qs C26 


Methyl Ester Fraction 
Mowry Shole, Upton, Wyoming 


Methyl Ester Froction 
Thermopolis Shale, Casper, Wyoming 


Normal Poratfin Hydrocarbons 
Cos Cio Cip Ciz Cize Cig Sige Sige Siz? 
Cia Cog: Cogs Sag 


Poraffin Fraction 





| 


576 | 


MOWRY SHALE 
UPTON, WYOMING 














120 aw 
120} PE AT fT 
2 EzE AAT 
So TTNA 
F a | 
5a ol eT T NN 
E È ao j 
= ~ 40) ; t | Gos Chromatographic ' 
a a 2 T. i L yi Peak Heights N] 
1 HO À FLA f z | H Í i 
on bea CEPI 
22 oof | 1 tT TT TG SANNE 
ae | EEA 
>a 7 Mass S à 
4 : pectral 
Ca eoj Parent Peaks $ A i 
aE ot WEET 
-ET 
oA A eer 
TRAAY air 
iF 7 3 
| HERRAR 


a] 
@ 
N 


Q 22 24 26 28 30 32 
CARSON NUMBER 


INTERNAL STANDARDS AT Cig AND Cog 


. Fig. 6 Comparison of mass eel and gas chromatographic analyses of methyl esters 


of normal fatty acids in Mowry and Thermopolis Shales 


a One vegu < af this investigation i 1s the observation that 


distributions of POrmal fatty acids as well as normal 
_ paraffin hydrocarbons san be ding,ent in similar lithologies 
of the same geological unit. For example, one Mowry 
` sample has a CPl, of 2-49 while the other has a CPI, of 
1:05. Respective CPIps are 1-63 and 1:10. Thermopolis 


‘samples also have contrasting CPI, values of 1-32 and 


4-05. Distributions of paraffins in the Thermopolis 
samples differ little with CPI ps of 1-43 and 1-31. Different 
CPli4s and CPIps in the same rock units suggest that 
factors controlling the distributions of acids and paraffins 
are not necessarily reflected in the gross lithology. Original 
distributions of acids and paraffins may have been dif- 
ferent at various places in tıme intervals represented by a 
given lithology, or environments for chemical changes 
may have been more favourable or less favourable at 
various localities. All four samples experienced about the 
same pressures and temperatures for approximately the 
same time, because these samples are from outcrops of 
about the same geological age on the rim of the Powder 
River Basin; therefore, differences in acid and paraffin 
distributions were not necessarily controlled by pressure, 
temperature, or time. 

Graphs illustrating distributions of acids and paraffins 
in a given sample (Fig. 2) were constructed so that acid 
carbon numbers are one greater than paraffin carbo 
numbers along carbon number axes. Parallelig 
distributions of acids and paréffins in three ofall 
strongly suggests that a given parafiy 
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likely £8 bo attacked. Furthermore, the 
rate of o¥idation of any oxidation product 
would probably exceed the rate of oxida- 
tion of the paraffin. 

Distributions of normal fatty acids and 
normal paraffins in these Lower Cretaceous 
sediments contrast greatly with distribu- 
tions of acids and paraffins in @ modern 
sediment. Fig. 7 shows normal fatty 
acids and normal paraffins in a moderm 
sediment from San Nicolas Basin off the 
coast of southern California. CPI) is 
7:06 and OPIp is 4:85. Large CPIs andl 
CPIp values can be expeeted in most 
modern sediments because of the ubiguity’ 
of even-carbon-numbered normal fatty acids 
and odd-carbon-numbered normal paraffins 
m biological systems. Not only are carboni 
preference index values for acids and para-- 
ffins much larger in the modern sediment 
than in the ancient sediments, but also 
general trends of the molecular weight 
distributions. of acids and paraffins in the: 
modern sediment are mot similar as they 
32 are in the ancient sediments. If, in the? 

modern sediment, nowmal paraffins were 

derived directly from nommal fatty acids, 

the relative percentage of C,,-paraffin: 

especially and also Çs amd C,,-paraffins: 

should have been. larger. At the same: 

time the relative percemtimges of C,,-, 
(s2- and C,,-acids should have been: larger to provide for 
paraffins at Cz» C3, and Cas. These observations suggesti 
that acids and paraffins in the modbm. sediment are noti 
related, at least not in the same way as are acids and! 
paraffins in the ancient sediments. 

If in Thermopolis or Mowry time original distributions. 
of normal fatty acids and normal paraffins were somewhat 
similar to distributions found at. present im a modern. 
sediment, observed acid—paraffin distributions, especially - 
for molecules larger than C» in. the Lower Cretaceous 
rocks can generally be explained. by schemes involving 
originally deposited fatty acids and. normal paraffins as 
starting materials. In a scheme proposed by Cooper! 
step-by-step decarboxylation of fatty acids occurs forming 
alkyl radical intermediates which: react. to give normal! 
paraffins with one less carbon atown and fatty acids with 
one less carbon atom than the parent acids. Newly 
generated fatty acids react in the same manner as original! 
acids. Operation of this scheme on originally deposited! 
fatty acids, under conditions favouring formation of more 
fatty acids than paraffins, reduces earbon preference index 
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es for both. fatty: “acide and Au As a con- 
ence of Cooper's scheme absolute concentrations of 
fatty acids should decrease while normal paraffins formed 
from acids should accumulate with initially deposited 
normal paraffins. Detailed mechanisms of chemical 
- -yeactions which may take place in sediments to account 
for various acid~paraffin distributions are not known. 
-Free radical as well as other kinds of reactions should be 
considered. Normal paraffins from other sources such as 
kerogen are possible, but parallelism of distributions of 
normal fatty acids and normal paraffins in the Lower 
= Cretaceous sediments seems to indicate that a major 
— source of normal paraffins could be normal fatty acids. 
The total concentrations of acids and paraffins in the 
examined samples (Table 1) suggest that im initially 
deposited sediments sufficient normal fatty acids can be 
present to provide normal paraffins which can modify the 
tribution of originally deposited normal paraffin 
rocarbons. 

























le. a CONCENTRATIONS oF NORMAL FATTY ACIPS AND NORMAL PARAFFIN 
ee" Hyproc ARBONS RECOVERED FROM SEDIMENTS 


Normal fatty Normal paraffin 
acids hydrocarbons 
(aval ke) (url kg) 
ern sediment, San Nicolas Basin 132-9 BS 
WEY. Shale, Upton, Wyoming 9-9 §-2 
e, Douglas, Wyoming O72 148 
rmopolis Shale, Casper, Wyoming 22-0 6% 
ermopolis Shale, Kayeee, Wyoming 27-4 2-7 


The various molecular distributions of fatty acids and 
aal paraffins in the Lower Cretaceous sediments (Fig. 2) 
be interpreted in light of the proposed scheme for 
ning parafiins from fatty acids. Fatty acids in the 
mopolis sample from near Casper and the Mowry 
aple from near Douglas have degraded to such an 
xtent that they have lost most of the even-carbon pre- 
e they may have had initially. Paraffins in the 
as sample have lost most of the odd-carbon pre- 
they may have had originally, but paraffins at the 
locality still have a distinct odd-carbon preference. 
he Casper locality initial sediments may have had an 
sually high concentration of odd-carbon-numbered 
ned paraffins relative to even-carborn-numbered normal 
ty acids. Paraffins generated from acids have been 
unable to swamp-out the odd-carbon preference at the 
Casper locality. The slight preference for Cer, Coo, Ca: and 
Oy, normal paraffins in the Douglas sample is probably a 
reflexion of initially deposited norma) paraffins. Fatty 
- acids from the Upton and Kaycee samples appear to be 
-< less degraded than fatty acids from the Douglas anc Casper 
| samples. ‘The reason for this may be due to higher initia. 
- GPT, values for acids in the sediments from Upton and 
-Kaycee localities or due to more favourable environments 
-. fer degradation in the sediments from Casper and Douglas 
< localities. 
<o Various distributions of acids and paraffins in sediments 
-may reflect different degrees of maturation in the paraffin- 
forming process of petroleum generation. Normal paraf- 
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fins in petroleum weiuailly be have almost equal abun . 
odd- and even-carbon-numbered molecules’. Ir 
petroleum generation scheme final normal paraffins there : 
fore, must have a CPI p near 1-0. In this investigation 6 
CPIp near 5-0 was determined for normal paraffins in a 
modern sediment. Normal paraffins of the ancient sedi- 
ments had CPIp values ranging from 1-63 to 1-10. The 
final CPIp value approaches values found for paraffin 
distributions in erade oils of the Lower Cretaceous section. 
of the Powder River Basin. At the same time, a reductio: 
of CPI 4 values is observed going from the modern sedime 
with a CPI, near 7:0 to the ancient sediments whe 
values ranged from 2:49 to 1-05. Although no report is 
known of normal fatty acids in crude oils of the Lower 
Cretaceous, small concentrations of normal fatty acid 
(from C, to Ce) have been found in a California petroleum 
These normal fatty acids have only a slight predomi | 
of even-carbon-numbered molecules over odd-car 
bered molecules. The paraffin-forming process of. 
eum generation, therefore, probably involves mat 
in which distributions of normal paraffins approac. 
abundances of odd- and even-carbon-numbered mo 
as a result of degradations of normal fatty acids 
produce distributions of fatty acids with nearly 
abundances of even- and odd-carbon-numbered mo 

Molecular distributions of normal fatty acids 
normal paraffin hydrocarbons in these Lower Cre 
sediments suggest shat many of the normal parafi 
found in these sediments could have come abor 

transformations of normal fatty acids involving 
carbon and oxygen atoms. Specific reactions fo 
acid transformations in sediments are not known 
likely that different degrees of degradation, sugges 
the samples, of normal fatty acids to lower-carbon-n 
normal paraffins and normal fatty acids reflect d 
initial acid~parafin distributions and different 
chemical environments for degradation. Acid~ 
distributions in seCiments may reflect degrees of 3 
tion in the paraffin-forming process of petri 
generation. 
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somes occurs by a tight but irregular folding of the inter- 
phase fibres into compact metaphase ‘packages’. At least 
two corollaries are implicit in this hypothesis: (1) meta- 
phase and anaphase chromatids are not expected to con- 
tain pairs of half-chromatids; (2) gross coiling, as observed 
in large chromosomes by light microscopy, is regarded as 
quaternary structure which is absent in small chromo- 
somes and which, when it occurs, is superimposed on a 
fundamental, folded fibre structure. This article reports 
recent comparative observations made with larger 
chromosomes prepared from human cells by the same 
techniques previously used to investigate the honeybee 
chromosomes; these observations, for the most part, 


eonfirm the expectations of the folded-fibre model and 


support its applicability to chromosomes in general. 
Two sources were used to obtain human chromosomes: 
(1) 3-day cultures of peripheral leucocytes in which the 


= blood cells were donated by laboratory personnel and 


incubated according to the techniques of Moorhead et al. 
(including an important modification by Dr. H. D. Moon‘, 
which requires only three drops of blood from a finger 
tip); (2) a commercial line of human liver cells (Micro- 
biological Associates, Albany, California), which were sub- 
cultured according to the Chang technique’ and incubated 
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A Aa A metaphase chromatid pair isolated from human liver culture 
ce Note the apparent quaternary coiling which is superimposed on a 
basic, folded-fibre structure. The broken ends of three fibres protrude 

from the stump of the fractured arm (x ¢. 16,470) 
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~~ 3. A satellite-like configuration isolated from a KAPVA leucocyte 
ture. In the connecting strand, three lengths of fibre lie side by side 
(one of which has broken) (x c. 6,990) 


for 2 days before further treatment. Both blood and 
liver cells were prepared for the electron microscope in 
the same way: first, abundant metaphases were obtained 
by incubating the cells with colchicine for 12-18 h; the 
cells were then lysed in hypotonic medium (usually dis- 
tilled water), floated on the clean surface of a trough 
filled with distilled water, and picked up directly on 
‘Formvar’-coated grids; after the grids had been de- 
hydrated through an ordinary series of ethanol dilutions, 
they were passed from absolute alcohol into amyl acetate 
and finally dried by the critical point method of Ander- 
son*. Fixation and staining, as well as sectioning, were 
omitted in most instances. Electron micrographs were 
made as a through-focus series with an RCA EMU-3G after 
careful normalization of the lenses. 

Grids prepared in this way usually contain one to three 
separate groups of metaphase chromosomes, in addition to 
varying numbers of interphase nuclei. No one group of 
chromosomes includes the complete karyotype, and often 
the same group contains some chromosomes which are 
well preserved, others which are less well preserved, and 
still others which lie across one another or tangled together 
in ways that make them unsuitable for investigation. 
Although the same effects are found in light microscope 
preparations, the much greater abundance of material 
there makes it possible to select complete, well-spread 
plates for karyotype examinations. Unfortunately, the 
relative soaroity of material with present electron micro- 

i s thus far made karyotype analysis 
eless, the fine structure of individual 
ply accessible by present methods. 

at the familiar morphology of 
s preserved by the tech- 
phology (like that of 
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. 4 Centromere regions and arms of two separated chromatids 
isolated from human liver culture cells. Note that the centromere fibres 
appear to be continuous with the chromatin fibres of the arms and 
resemble them in appearance. Some apparent quaternary coiling is 
also visible in the arms (xe. 17,690) 


indicates that these vary around 230 A at interphase and 
have a somewhat greater dimension (possibly exeeeding 
300 A) at metaphase. The fibres have never been observed 
to form orderly rope-like complexes by winding together 
in pairs. Furthermore, human chromatids, like those of 


‘honeybees, lack any visible, paired half-chromatid 


structure. 
On the other hand, the larger human chromosomes 


_ differ notably from honeybee chromosomes in showing 


clear evidence of quaternary coiling. This is especially 
conspicuous in Fig. 1, where the uncoiled portions of the 
chromatid arms (near the centromere) show a folded-fibre 


structure and diameters in the order of 0-3u, whereas the 


coiled regions have apparent diameters exceeding 0-6y 


_ and are very electron dense (an effect which is expected 


because of their greater thickness). Fig. 2 interprets this 
structure for a single chromatid, which is considered to 
have condensed first by an irregular folding of one or 
several 230 A fibres, and thereafter by gross left- or right- 
handed coiling of the rod-form produced in the first phase. 
In the intact chromosome the intricacy of three- 
dimensional folding usually makes it impossible to trace 
a given fibre for more than a short distance; nevertheless, 
significant clues regarding the arrangement of fibres 
within each chromatid have been found. For example, 
Fig. 3 illustrates a satellite-like configuration (either a 
natural satollite? or an accidentally-stretched chromatid 
arm), in which two separate, light-resolvable segments of 
the chromatid are connected by a narrow neck of unfolded 
fibres. The connecting strand, which would be invisible 
with the light microscope, appears to contain three parallel 
fibres (one of which has broken) and its continuous length 
is more than 4u. In Fig. 1, three broken fibre ends can also 
be discerned protruding from the stem of the single 
broken chromatid arm. In Fig. 4 the diameter of each 
chromatid at its centromere actually falls below the limit 
of light resolution, and in this instance also the chromo- 
some arms are seen to be connected by approximately 
three fibres. It is clear in Figs. 1 and 4, at least, that the 
centromere regions of human chromosomes are composed 
of fibres morphologically identical with the fibres of the 
arms, and that these centromere fibros are continuous 
with the arm fibres. Since some of the special properties 
of the centromere as observed in light microscopy (for 
example, reluctance to stain) may be accounted for 
merely by the difficulty in resolving the chromatid body 
at this point, there may be no real difference between 


centromere fibres and ‘true’ chromatin fibres. 
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On the othorhand, it has not yet been determined how 
the centromere is organized to hold together the chroma- 
tids at metaphase and then to release them at anaphase. 
Originally it wes suggested that, in a folded-fibre chromo- 


some, the contral, unreplicated portion of each chromosome 


might serve to hold together the previously replicated 
arms?; such a mechanism would not be inconsistent with 
the appearance of the centromere in chromosomes such 
as that illustrated in Fig. 1. However, most chromosomes 


resemble that siown in Fig. 5, where it is apparent that 


at least part of the centromere region has already been 
duplicated befere the chromatids separate. In this 
bivalent the chromatids are held together at two points, 


and in the censromere proper, multiple lengths of fibre © 


(about fifteen) pass from one chromatid to the other. 
Although it is aot difficult to devise patterns of folding 
which ean account for such chromatid pairs without violat- 
ing the restrictions of a folded-fibre model, this question 
of centromere streeture requires further investigation. 

With respect to the number of separate fibres that are 
present in any given chromatid, there are also several 
possibilities open. As indicated in Figs. 1, 3 and 4, the 
narrowest chromatid regions observed so far still contain 
about three lengths of fibre lying side by side; neverthe- 
less, all these lengths of fibre might actually be continuous 
with one another aè the ends of the chromosome or else- 
where. Several possible patterns of folding for a very 
long, single fibre are illustrated in Fig. 6. In chromatid A 
the fibre is foleed transversely along its entire length, 
in chromatid B is is folded longitudinally, and in chromatid 
C there is a eomplex combination of transverse and 
longitudinal folding. For most of the regions in chromatid 
C, stretching weuld seem to reveal three lengths of fibre 
lying side by stile; a break in any one of these fibre 
lengths would very likely appear in the light microscope 
as a ‘half-chromatid’ break; yet this chromatid really 
contains only a single continuous fibre. 

Some insight rezarding the problem of chromatid 
‘strandedness’ can be obtained by comparing the estimated 
total length of 230 A fibre in a specific chromatid with 
the theoretical lengta of DNA present in the same chroma- 
tid. For examp'e, in Fig. 1, one chromatid has a length 
of 4-9u, a diameter of 0-64, and on a volume basis could 
contain approximately 3,330u of fibre (assuming the 
volumes of cylinders). From its dimensions this chromo- 
some is likely tə represent one of the 6-X-12 group, in 
which case the measurements of Rudkin et al.* would 
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ig. 5. A metaphase chromatid pair isolated from human liver culture 


Fig 
cells. In the centremere region, pe oo lengths of fibre pass from one 


chromatid to the other (x e. 14,270) 
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indicate that each chromatid contains 2-45 per cent of 
the diploid DNA content. Calculated from a total diploid 
DNA content equivalent to 180 cm of Watson—Crick 
molecule’, this chromatid would then contain 4:4 cm of 
DNA, and the ratio of DNA length to fibre length would 
be about 13:1. Similar calculations for one of the tiny 
chromatids of the 21-22 group (having approximately the 
volume of a lu sphere) have yielded a ratio in the order of 
9:1. The fact that these chromatids contain some ten 
times as great a length of Watson—Crick DNA molecule 
as of 230 A fibre makes it less likely (though not impos- 
sible) that the apparent three-strandedness of the 
chromatids in Figs. 1, 3 and 4 represents a simple poly- 
* tenie organization. Even if the side-by-side lengths of 
fibre were polytenic replicates, it would still be necessary 
to postulate either: (1) that each 230 A fibre contains 
about ten DNA molecules lying side by side; or (2) that 
each fibre contains one DNA molecule which is coiled in 
a 10: 1 secondary helix (as postulated in the folded-fibre 
model). In any event, the presence of only three strands 
fits better with the model illustrated in Fig. 6C than 
with a scheme for four-ply polyteny (though a fourth 
strand could easily be overlooked). 

While it is true that the electron micrographs alone do 
not permit firm conclusions about chromatid strandedness, 
a somewhat clearer picture emerges if the fine structure 
is considered in relation to various recent experimental 
analyses. For example, autoradiography of human cancer 
tissue (HeLa) after exposure to tritiated thymidine has 
shown that replication of entire human chromosomes is 
semi-conservative’, just as replication of individual DNA 
molecules is semi-conservative. A consequence of this 
fact is that each chromatid must possess two DNA- 
` containing units which extend the length of the chromatid 
and which retain their structural integrity from one 
mitosis to the next. However, no such duplex units are 
visible in electron micrographs (for example, Figs. 1, 3, 4 
and 5), either at the level of 230 A fibres or at higher 
dimensions. This discovery supports Taylor's inter- 
pretation that the two units are the two polynucleotide 
chains of one or many (linked) DNA molecules, which in 
all probability form the cores of the 230 A fibres?. If it 
is really true that duplex structural units larger than the 
230 A fibres do not exist within the chromatid, then it is 
difficult to understand how the side-by-side fibres could 
be polytenic replicates, or even separate fibres, while the 
chromatid as a whole continues to show semi-conservative 
replication. The only model that seems able to account 
for all these relationships simultaneously is that based on 
a single, long folded fibre. 
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Recently, Solari?’ has confirmed the existence of single, 
long DNA molecules in higher organisms. In an electron 
microscope investigation of surface-spread sea-urchin 
sperm, he found that the DNA of these o i occurs 
in the form of chromatin fibrils at least 50-93u long. It 
would seem that the great length of these DNA strands 
must rule out general models of chromosome structure 
which postulate many short DNA segments in each 
chromatid (for example, Taylor’s ‘ladder’ model"), and it 
makes unlikely those models which view the chromosome as 
a rope-like structure composed of parallel polytenic strands. 

Evidence concerning the dimensions of interphase 
chromatids has been obtained by Neary et al.”, using 
the chromosomes of Tradescantia (which are also known 
to replicate semi-conservatively*). Contrary to the results 
of earlier workers, these investigators found that. chroma- 
tid breaks and exchanges are produced in efficient yield 
by low-energy, monochromatic X-rays, the photoelectrons 
of which have integrated path lengths of about 500 A. 
Although their data can be interpreted on the basis of 
several models, one suggestion is that “the interphase 
chromatid diameter is less than half the range of (0-05u) 
.... This would correspond rather closely to the dimen- 
sion of a single 230 A fibre, and would tend to support a 
folded-fibre model of chromosome structure. 

Still another recent experimental investigation, which 
seems to provide striking support for a folded-fibre model, 
has been reported with synchronously dividing cells of the 
smut fungus, Ustilago’. The frequency of mitotic cross- 
ing-over in these cells can be increased by irradiation 
with ultra-violet light, and in synchronized cells this 
effect can be investigated at different times during the 
cycle of DNA synthesis. Holliday has found that, 
depending on the time of irradiation, crossing-over is 
induced between different genetic markers; of even 
greater significance, it appears that genes near the ends 
of the chromosome arms are affected earlier than genes 
positioned nearer the centromeres. These results strongly 
suggest that in Ustilago a telomere-to-centromere pattern 
of chromosome replication occurs, as postulated in the 
folded-fibre model’. 

An apparently sequential telomere-to-centromere pat- 
tern of DNA synthesis has also been detected in several 
types of plant and animal chromosome by autoradio- 
graphy (see discussion in ref. 2). However, many other 
types of chromosome show patterns of incorporation 
which are complex and apparently irregular. That such 
irregular metaphase patterns do not necessarily imply an 
irregular interphase replication is illustrated in Fig. 6. 
The dark length of fibre in Fig. 6C shows a possible 
pattern of sequential incorporation as it would appear in 
a relatively extended folded-fibre chromatid. By con- 
trast, Fig. 6D shows the same chromatid after it has gone 
through a process of quaternary coiling; though the 
sequence of incorporation is the same, the autoradiograph 
pattern would be entirely altered, possibly giving no hint 
of sequence at all. If a monomolecular cunnecting strand 
should occur (as in Fig. 6C), the presence of labelled 
thymidine in that part of the chromatid might easily 
go undetected by some autoradiograph techniques, 
and the appearance would then be of two separate 
loci synthesizing DNA simultaneously. Such patterns 
have been reported, but a much more sensitive technique 
of ‘replicate autoradiography’, recently introduced by 
Stubblefield", has revealed that chromatid loci of high 
specific activity are often connected by intermediate 
areas of lower specific activity. 

The apparent folded-fibre organization of human 
chromosomes reported in this article, together with recent 
experimental investigations cited from other laboratories, 
would seem to extend the usefulness of the folded-fibre 
model well beyond the genetic material of honeybee 
embryos, where it was originally inferred. Although 
major problems, such as the organization of the centro- 
mere and the mechanism of replication in very long DNA 
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molecules, still remain to be clarıfied, essentially these 
same problems exist for any valid theory of chromosome 
structure. That DNA molecules many hundreds of 
microns long do replicate sequentially has been shown in 
micro-organisms by Cairns; only further research can 
reveal'the mechanism of this replication, which very prob- 
ably occurs in the chromosomes of higher organisms as well. 
It is interesting to estimate that, if the folded-fibre model 
is correct, the average rate of DNA replication in cultured 
human leucocytes is about 274 per mm per replication 
site (based on diploid nuclei containing 180 em of DNA, 
46 chromosomes, two replication sites per chromosome, 
and a minimum DNA synthesis period of 12 h!*), Although 
this result is only approximate, it is in good correspondence 
with Cairns’s estimate of 20-30 per min for the single 
replication fork of EH. coli". 
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OF THE UROBILINS 


By Dr. A. H. JACKSON and K. M. SMITH 
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Pror. C. H. GRAY and Dr. D. C. NICHOLSON 
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Ta urobilins are dipyrrylmethene compounds joined 
at the two «-pyrroly] positions by way of methylene 
bridges to either pyrrolenone or pyrrolidone rings’. An 
optically inactive urobilin, usually designated 2-urobilin 
or urobilin [Xa, is formed by the dehydrogenation of 
mesobilirubinogen, the octahydrogenated product formed 
from bilirubin on reduction with sodium amalgam’. 
Urobilin [Xa was synthesized by Siedel* and shown to 
have the structure (I) although subsequently the bislactam 
structure (II)! has been accepted as more probable*. An 
inactive urobilin believed to be identical with urobilin [X« 
has been isolated from faeces’. 


MP PMM 
bas! 


(IT) 
M=CH,; E=C,H,; P=CH,CH,COOH 


Stercobilin is readily isolated from normal faeces, in 
which it occurs as stercobilinogen®. The latter is a dihydro- 
genated colourless precursor formed by the bacterial 
reduction of bilirubin or bilirubin glucuronide in the 
intestines. Stercobilin is strongly laevorotatory', resists 
racemization even in concentrated hot alkali®, and elemen- 
tary analysis’ suggests that its molecule contains four 
hydrogen atoms more than that of urobilin [X«. The 
products of degradation of stercobilin? suggest that it has 
the structure (ILI) which represents a compound also 
obtained by the extensive catalytic reduction of bilirubin’. 

A. third pigment, d-urobilin, may be isolated from the 
faeces of subjects receiving broad-spectrum antibiotics’. 


This compound, wh-ch has an even greater optical activity 
than stercobilin, is dextrorotatory and contains two 
hydrogen atoms less per molecule than urobilin Xa. The 
site of the resulting extra unsaturation in d-urobilin has 
not been unequivocally located, but is probably present 
In a vinyl group attached to one end ring!. d-Urobilin is 
readily racemized in alkali! presumably with production 
of a laevorotatory enantiomorph, although the latter has 
never been isolated. 
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The chromogen cbtained by the tetrahydrogenation of 
d-urobilin affords, on oxidation, a further urobilin, appar- 
ently isomeric with urobilin [Xa: this product has been 
called d-urobilin IX« because, while it resembles urobilin 
JX « in containing only one readily reducible double bond, 
it has a d-rotation similar in magnitude to that of 
d-urobilin}. 

The possibility that mass spectrometry might throw 
light on the structure of these compounds led us to under- 
take their systematic investigation. The detailed struc- 
tures of the various fragments are still being investigated 
and will be the subject of a separate report; the prelim- 
inary assessments af the molecular weights of the parent 
compounds may wel demand revision of the present ideas 
of the structures of the urobilins. 

Mass spectrometric studies were made in the A.B.I. 
‘MS 9 mass spectrometer equipped with direct inlet and 
operating at temperatures up to 250°. Stercobilin hydro- 
chloride was isolated from normal faeces by the method of 
Watson’ and after successive recrystallization from chloro- 
form had [M] En, —24-8°x 10° s 93-0x 10° at 496 mu. 
d-Urobilin hydrochloride, [M] E", + 27-6° x 10% s 93-0 x 
10° at 499 mp, was obtained and purified similarly but 
with preliminary separation from a little violet pigment 
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by extraction of the latter from aqueous solution into ether. 
Faecal urobilin IXg« e 60-8 x 10° at 496 mp in CHCl, was 
obtained from the chloroform mother liquors of the 
d-urobilin preparations, by concentration and precipitation 
into petroleum spirit. The hydrochloride in chloroform 
was without optical activity and gave a characteristic 
violet colour on treatment with warm acidic dioxane’. 
Urobilin [Xa was obtained also by the reduction and 
oxidation of bilirubin again being isolated as the hydro- 
chloride with recrystallization from chloroform—acetone 
mixture. The product before the final crystallization had 
e 61-9 x 10? in chloroform. 

The results of mass spectrometry show that bilirubin 
(Weddel Pharmaceuticals Ltd., € 66-0 x 10° at 450 my in 
chloroform) consists mainly of a single species of molecular 
weight 584 in accordance with the accepted structure; this 
was accompanied by trace amounts of some products of 
higher hydrogenation, possibly dihydrobilirubin or meso- 
bilirubin. Results with the natural and synthetic urobilins 
are of particular interest. These, although hitherto 
regarded as pure compounds having analyses compatible 
with accepted structures, proved by mass spectrometry to 
be mixtures. 

A specimen of d-urobilin isolated by Moscowitz, but of 
unspecified optical properties, was almost wholly of 
molecular weight 588 with a small amount of a component 
of weight 590 (ref. 15). The 588 component is in accord- 
ance with the presence of two reducible double bonds per 
molecule compared with one in urobilin I[Xa, as found 
earlier?. The d-urobilin isolated by us for mass spectro- 
metry also had the compound of molecular weight 588 
as the major component, but accompanied by a consider- 
able quantity of pigment of molecular weight 590. The 
latter, considering the high optical rotation and molecular 
extinction of the d-urobilin, may be considered a d-rotatory 
urobilin, possibly identical with d-urobilin Xa. 

Faecal urobilin [X« unexpectedly contained only a minor 
fraction of molecular weight 590 corresponding to its 
accepted structure (II); the major component was of 
mass 588, possibly identical with d-urobilin. On the other 
hand, the urobilin [X« prepared in vitro from bilirubin was 
mainly of molecular weight 590 in accordance with 
structure (II), accompanied by small amounts of a com- 
ponent of molecular weight 588. Both faecal urobilin IX« 
and that obtained from bilirubin contained a component 
of molecular weight 592. The im vitro product contained 
about 20 per cent of this, but the component may well have 
constituted about 50 per cent of the faecal urobilin IX. 
The presence of this in the natural pigment is of particular 
interest; it represents a dihydro-urobilin IX« never 
before isolated or detected and intermediate between the 
structure formerly accepted for urobilin IX« (II) and 
stercobilin (ITT). 

Stercobilin contained very little of a component of 
molecular weight 594 as required by the structure III. Jt 
consisted instead of two components, one of which was 
stable and of molecular weight 592. It is not at all certain 
that the 592 component is identical in stercobilin and 
urobilin IX«. An intermediate of this molecular weight 
between structures (IT) and (IIT) would probably be readily 
oxidized to a violin. Urobilin [X« is oxidized in this way 
by ferric chloride, but stercobilin is quite unaffected. 
Hither the 592 component in stercobilin differs from that 
in urobilin [Xe or is stabilized by some peculiarity of 
molecular association. The second component of ster- 
cobiuin was heat labile with a molecular weight 596, in- 
compatible with any structure yet postulated for a uro- 
biin. Stercobilin resembles d-urobilin and eryptopyrrole- 
methene in having a molecular absorption extinction of 
about 90-0 x 10°. The component of molecular weight 596 
must, therefore, be a dipyrrylmethene and must be a 
derivative of III containing two extra hydrogen atoms in 
one end ring. Such a compound might have a B-methyl- 
G’-ethyl-hydroxypyrrolidine end ring or, less likely, a 
terminal open-chain aldchydoamino residue. 
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The ratio of the two components in stercobilin is not 
known with certainty but is compatible with their presence 
in a binary complex. The formation of this, if involving 
one end ring in a way precluding the extra hydrogenation 
referred to above, would account for the absence of a 
component of molecular weight 598. Any such complex 
must, however, be unstable under the conditions of mass 
spectrometry since the spectra show no component of 
molecular weight 1180. A binary composition for ster- 
cobilin might have been suspected from earlier unpub- 
lished studies in which X-ray analysis proved impossible 
because of crystal twinning. Similar indications result 
from studies" of the optical activity of the urobilins which 
arises from asymmetric carbon atoms in the end rings and 
from the non-coplanarity of the two middle rings**. Co- 
ordination of d-urobilin and d-urobilin IX« with zine 
decreases optical activity, as would be expected from 
planarization of the molecule; the changes in optical 
rotation of stercobilin were complex?®, as were the accom- 
panying spectral changes, and suggest that an intermediate 
complex was formed or that the free pigment was not a 
single entity. 

Consistent with our results for urobilin [X« (ref. 11) is its 
recent optical ‘resolution’ by fractional crystallization into 
dextro- and laevo-rotatory forms. Such a separation 
would be unlikely if the two components were simple 
enantiomorphs. The demonstration that the optically 
inactive urobilin [X« contains a component similar to or 
identical with d-urobilin would suggest that the com- 
ponent of molecular weight 592 might have a laevorota- 
tion equal and opposite to that of d-urobilin. Similarly 
the component of stercobilin with molecular weight 596 
might be racemic, d-rotatory, or have a low l-rotation of 
sufficient magnitude to reduce the molecular rotation from 
— 31-0° x 10°, numerically equal to that of d-urobilin, to the 
— 25-0° x 108 characteristic for stercobilin. 

These results will undoubtedly lead to some revision of 
our ideas of the interrelationships of the three urobilins 
which may be isolated from faeces under various cireum- 
stances. It seems likely that the three components now 
identified are indeed formed in the gut, but that these 
might consist of d-urobilin molecular weight 588, an 
l-rotatory compound molecular weight 592 and a racemic, 
d-rotatory or weakly f-rotatory compound of molecular 
weight 596. Under some circumstances d-urobilin will 
predominate; it may otherwise become associated with an 
equimolecular amount of the 592 compound and the 
isolated material will consist of urobilin IX«. Under other 
conditions 592 and 596 compounds will be available and 
the material isolated will consist of the laevorotatory 
stercobilin. This would undoubtedly account for the 
unpredictable proportions of urobilin IXg«, d-urobilin and 
stercobilin excreted independently of diet or disease’. If 
some of the molecular species are labile and only stable 
when associated with a second species it may also explain 
how the yields of these compounds are so poor during 
isolation from faeces. 

We thank Prof. C. Djerassi and his colleagues (Stanford) 
for help with the initial determination of some of these 
spectra. This work follows on from a joint study of the mass 
spectrometric behaviour of mono-", di-, tri- and tetra-15 
pyrroles carried out at both Liverpool and Stanford 
Universities. We thank Prof. G. W. Kenner for his 
interest in this work. 

Note added in proof. Since completion of this work a 
sample of .racemic stercobilin obtained by Watson’s 
method! has become available to us, and Prof. Plieninger 
has kindly provided a sample of a racemic, synthetic 
tetrahydro-2-urobilin. These on mass spectrometry also 
show the characteristic peaks at m/e 592 and 596 described 
for natural stercobilin and also a less intense peak at m/e 
594. The possibility cannot, therefore, be entirely excluded 
that natural stercobilin.is indeed wholly of molecular 
weight 594 as required by structure III and that the 
molecules of mass 592 and 596 appearing on mass spectro- 
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metry are artefacts arising as a consequence of a novel 
disproportiénation which may be sterically controlled. 


* Gray, O. H., and Nicholson, D. O., J. Chem. Soe., 627, 3085 (1958). 


* Gray, O. H., Bue Pigments n Health and Disease, 29 (American Lectures ın 
Living Chemistry. Charles C. Thomas, U.S.A., 1961). 


*Siedel, W., and Meier, E., Z. Physiol. Chem., 242, 101 (1936). 


* Jackson, A H., Kenner, G, W., and Nicholson, D. C. (unpublished observa- 
tions of nuclear magnetic resonance spectra), 


* Watson, C.J , J. Biol, Chem., 105, 469 (1934). 
* Cole, W. J., Gray, C. H., and Nicholson, D., O., J. Chem. Soc., 4085 (1963). 
* Fischer, H., and Halbach, K., Z. Physiol. Chem., 288, 59 (1935). 


NATURE 


583 


2 Watson, C. J.. Kay, I.T., and Weimer, M., J. Buol. Chem., 288, 1122 (1963). 
* Lowry, H., Ziegler, N. R., and Watson, C. J., Bull. Univ. Minnesota Hosp. 
and Med. Found., Ko. 7 (1962). 
+e Golo, x J., Gray, ©. H., and Nicholson, D. C., J. Chem. See. (in prepara- 
on). 


11 Gray, C. H., and Nicholson, D. O., Nature, 181, 483 (1958). 

13 Watson, C. J., Weimer, M., Kreuger, W., Lightner, D. O. L., and Moscowitz, 
A., Fed. Proc., 24, No. 2, Part 1, Abstract 520 (1965). 

13 Watson, C. J., J. Lab. Clin. Med., 54, 1 (1959). 

14 Budzikiewicz, H., Djerassi, C., Jackson, A. H., Kenner, G. W., Newman, 
D. J., and Wilson, J. M., J. Chem. Soe , 1949 (1964). 

it Jackson, A. H., Kenner, G. W., Budzikiewicz, H., Djerassi, O., and Wilson, 
J. M., Tetrahedron Gin the press). 


HUMAN GASTRIN: ISOLATION, STRUCTURE AND SYNTHESIS 


Isolation of Two Gastrins from Human Antral 
Mucosa 


REGORY and Tracy! have described the isolation 
from hog antral mucosa of two heptadecapeptide 
amides which are believed to represent the antral hormone 
gastrin ; they were named gastrins I and II. There followed 
in this journal a report of the elucidation of their struc- 
tures? and their total synthesis? together with an account 
of the physiological properties of a series of synthetic 
peptides structurally related to gastrin I‘. It was shown 
that all the physiological actions displayed in appropriate 
experimental conditions by the gastrins (on gastrie acid 
and pepsin secretion, pancreatic volume-flow and enzyme 
secretion, and gastro-intestinal tone and motilty) were 
possessed by the C-terminal tetrapeptide amide, but that 
these activities were largely abolished by removal from 
this structure of the amide group masking the C-terminal 
residue. These observations were confirmed and extended 
by a subsequent study of the physiological actions of a 
series of synthetic analogues of the tetrapeptide’. 

In the ensuing accounts a description is given of the 
isolation from human antral mucosa of two heptadecapep- 
tide amides (H. I and H. TI). Structural and synthetic 
studies show that these differ from peptides obtained from 
hog mucosa only in that the methionine residue ın position 
5 is replaced by leucine; H. TI is the tyrosine sulphate 
ester of H. I. 

Antra were collected from Liverpool hospitals im- 
mediately after removal from patients undergoing partial 
gastrectomy. The mucosa was removed in strips, boiled 
for 5 min in water, and the cooked strips and liquor stored 
in @ dry-ice container until material from approximately 
twenty antra had been accumulated. After thawing, strips 
and liquor were homogenized and boiled for 20 min in 
51. of water. The extract was clarified by centrifugation 
and filtration and the gastrin recovered from it by adsorp- 
tion on DEAE floc and elution with 0-1 N sodium hydroxide 
as previously described for hog gastrin’; after neutraliza- 
tion to pH 7 with dilute sulphuric acid the extract was 
freeze-dried. A similar procedure was followed in Los 
Angeles and the powder sent by air to Liverpool. 

The subsequent procedure of isolation was as previously 
described for hog gastrin! except that the isopropanol 
extraction (from 100 ml.) was performed three times and 
the final aqueous residue was freeze-dried to a small 
volume (15 mil.) before precipitation at pH 4. The 
‘Sephadex’ column was of smaller size (8 cm x 50 cm) 
and smaller samples were collected (2-5 ml. every 15 min). 
The aminoethylcellulose column was smaller (1 cm x 10 
cm) and was packed with Whatman powder type AF 41; 
samples of 1:3 ml. were collected every 15 min and a 
gradient of 0-05-0:5 M ammonium bicarbonate solution 
was established by feeding the column through a magnetic- 
ally stirred mixing vessel of volume 180 ml. 

Fig. 1 shows a typical run; H. I emerges first, followed 
by H. II. The appropriate samples were pooled and freeze- 
dried until free from ammonium bicarbonate. Because 





Fraction No. 


Fig. 1. Isolation of human gastrins CH. I and H., IT) from an extract of 
antral mucosa by gradient elution on aminoethyleellulose in ammonium 
bicarbonate buffer 


of the excellent separation and symmetrical form of the 
peaks, and the small amounts of material present, no 
attempts were made to re-run each fraction, or to weigh 
the products; the yields were calculated later from the 
data obtained during quantitative amino-acid analysis. 
Small aliquots were reserved for physiological studies. 
The highest yields obtained were from a batch of 23 
antra all collectec in Liverpool; this gave 1:35 mg of 
H. I and 0:79 mg of H. II. This predominance of H. I over 
H. II (the sulphated form) contrasts with a ratio of about 
3 : 4 found in the hog gastrins?. 

Physiological studies. F. I. and H. II showed in appar- 
ently identical forra and degree the range of physiological 
actions already described for the hog gastrins'; a further 
account of these will be presented elsewhere. In view of 
the previous investigations already mentioned, this was 
to be expected, since their structures are almost identical 
with those of the hog gastrins, differing in respect of only 
one residue which is situated in what has been shown to 
be the ‘non-essential’ portion of the molecule, 

R. A. GREGORY 
Hinpa J. TRaoy 
Physiological Laboratory, 
University of Liverpool. 
MORTON I. GROSSMAN 
Veterans Administration Centre, 
Los Argeles. 
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Structures of Human Gastrins | and Il 


In the preceding communication, Gregory, Tracy and 
Grossman! described the isolation of two gastrins 
(H. I and H. IT) from human antral mucosa. Small samples 
of both hormones were generously made available to us 
by Prof. Gregory, and we now present evidence from 
degradative investigations supporting the assignment of 
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structures I and IT to the human gastrins H. I and H. Il 
respectively. These structures differ from those of the 
porcine hormones? G. I (III) and G. IT (IV) only in the 
replacement of the methionine residues at position 5 by 
leucine residues. Synthetic evidence confirming the 
suggested amino-acid sequence of the human hormone 
H. I is described in the following section’. 


R 


-l 
l Glu.Gly.Pro.Try. Leu.Glu.Glu.Glu.Glu.GhLAla.Tyr.Gly.Try.Met.Asp.Phe.NE a 
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Ill, R= H; IV, R=80,H 


At the outset of this work only very small quantities of 
the hormones had been isolated, and the approximate 
amino-acid compositions were necessarily determined on 
samples of only 0-02-0-03 umole (0:04-0:06 mg) using a 
Beckman amino-acid analyser 120B fitted with a high- 
sensitivity optical system. Typical analyses of acidic 
hydrolysates of H. I and H. II are recorded in the first 
two columns of Table 1, and these may be compared with 
the known composition of porcine gastrin shown in the 
last column. ‘These results immediately confirmed the 
close chemical relationship of the human and porcine 
hormones already suspected from their identical physio- 
logical and chromatographic properties. However the 
human hormones each contained one residue less of 
methionine and one residue more of leucine than did the 
porcine hormones. The analytical results for glutamic 
acid were ambiguous, and initially no decision could be 
reached between the presence of five or six residues in 
each gastrin. Ibt has since been realized that the dis- 
crepancies between the results in columns 1 and 2 of 
Table 1 and the strictly stoichiometric theoretical ratios 
were a consequence, not of the presence of impurities 
carried through the isolation procedure, but of the presence 
of traces of contaminants in the ammonium bicarbonate 
used in the preparation of buffer solutions. No method 
was found for the preparation of ammonium bicarbonate 
(even from gaseous ammonia and carbon dioxide) which 
did not eventually yield traces (e. 0:0001 per cent) of 
individual amino-acids after hydrolysis. Even these 
minute amounts were significant because the quantities 
of gastrin isolated were very small (less than 0-1 mg in 
the early experiments) and the volumes of buffer solution 
involved in the chromatographic procedures were rela- 
tively large. The amino-acid analysis of H. II, approxi- 
mately corrected for this contamination, is shown in the 
third column of Table 1, and it strongly supports the 
presence of six glutamic acid residues, as in the porcine 
hormones. This result has since been confirmed both by 
enzymatic degradation (wfra) and by concurrent investi- 
gations of syntheses. 


Table 1. AMINO-ACID ANALYSIS OF HUMAN GASTRIN 


H.I H. II H, I G.I 
corrected 

Aspartic acid 1:05 101 1-01 1 
Glutamic acid 5°46 4-92 5°83 6 
Proline 1°08 0:79 0 97 1 
Glycine 2062 1°97 2 04 2 
Alanime 106 1-06 1-11 i 
Methionine 0°76 0 76 093 2 
Leucine 0 95 0-88 1:02 0 

osine 0-92 0°86 0°91 1 
Phenylalanine 0 88 0 85 0 94 1 
Tryptophan* ~? ~2 2 


* By ultra-violet spectroscopy. 


That the relationship between the human hormones H. I 
and H. II was the same as that between G. I and G. TI (that 
is, H. II was the sulphated analogue of H. I) was suggested 
by their relative electrophoretic mobilities. Confirmation 
was provided by alkaline hydrolysis of H. II, which yielded 
tyrosine-O-sulphate in place of the tyrosine from H. I. 
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From the amino-acid compositions of the human 
gastrins, we adopted as a working hypothesis for investi- 
gations of syntheses two possible structures for each 
hormone. These were the structures which we had 
previously established for the porcine hormones (that is, 
III and IV)?, m which one or other of the two methionine 
residues had been replaced by leucine. No experimental 
information was available favouring substitution at 
position 5 over position 15, although intuitively it was 
felt that the former was more likely since, in the poreine 
series, the structure of this part of the molecule has been 
shown not to be critical for biological activity*. While 
this synthetic work was in progress, however, a larger 
sample of human gastrm (c. 0-6 mg of H. I) became avail- 
able, and was used in a single degradative experiment 
designed to locate the leucine residue. 

In parallel experiments, approximately equal samples 
of G. I and H. I were digested by papain at pH 7-5 during 
26 h at 37° (enzyme : substrate ratio 1:9), The resulting 
mixtures of peptides were separated by paper electro- 
phoresis at pH 6-5. Development of end strips by the 
Ehrlich and ninhydrin reagents revealed fourteen distinct 
bands in the digest of H. I and thirteen in the digest of G. I. 
Apart from a single band at the origin in the electrophoresis 
pattern of H. I (which proved to be derived from a con- 
taminant) the two patterns were quite similar, although 
differences in the relative intensities of corresponding bands 
were evident. The most prominent bands were eluted, 
corresponding eluates in the H. I and G. I series were com- 
pared and checked for purity by thin-layer chromato- 
graphy, and analysed quantitatively for amuno-acid 
content. The presence of tryptophan in peptides was 
inferred either from the ultra-violet spectrum or from a 
positive Ehrlich reaction. The following peptides were 
especially significant. 

A strong, ninhydrin-positive band near the origin from 
the digests of both H. I and G. I corresponded approxi- 
mately in composition to the expected mixture of neutral 
peptides derived principally from the C-terminus of the 
gastrin molecule. The H. I peptides, like those from G. I, 
contained methionine but no leucine. A strong, ninhydrm- 
negative, mono-acidic band from the H. I digest was 
pure by thin-layer chromatography and analysis, and had 
the composition (Glu,Gly,Pro,Try,Leu). It was clearly 
derived from the N-terminus (residues 1-5). The corre- 
ponding band from the G. I digest, although less pure, con- 
tained the expected fragment of composition (Glu,Gly,- 
Pro,Try,Met). A weak adjacent band in the H. I digest 
was not obtained pure, but had the approximate com- 
position (Glu,Gly,Pro,Try) and contained a component 
which corresponded on thin-layer chromatography with a 


synthetic sample of the N-terminal tetrapeptide tu. 
Gly.Pro.Try. The foregoing results located the leucine 
residue at position 5, and this was further confirmed by 
the isolation of a pure, ninhydrin-negative di-acidic 
peptide of composition (Glu,Gly,Pro,Try,Leu,Glu) (that is, 
residues 1-6). Two strongly acidic ninhydrin-positive 
peptides from H. I had the compositions Glu,,Ala,Tyr, 
Gly and Glu,, Ala, Tyr, Gly, which established the presence 
of five residues of glutamic acid in the central part of the 
molecule and hence a total of six residues, as in the porcine 
hormones. No evidence was obtained for any difference 
between the human and porcine gastrins apart from the 
leucine-methionine interchange at position 5. 

Although the foregoing results do not prove the structure 
of human gastrin I in detail, they provide very strong sup- 
port for the suggested single-residue interchange relation- 
ship with porcine gastrin. Interchange of methionine and 
leucine residues has been, encountered previously in cyto- 
chromes from different species’. It is interesting to note 
that sheep gastrin, which is also under investigation in 
these laboratories, appears to contain a valine residue at 
position 5 as well as replacement of other amino-acids. 
Methionine, leucine, and valine are all related to one 
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another by single-base exchanges in their respective 
triplet nucleotide codons‘, and the differences at position 
5 in the gastrins of the three species may therefore be a 
consequence of single mutations during the differentiation 
of the species. 
P. H. BENTLEY 
G. W. KENNER 
R. C. SHEPPARD 
Robert Robmson Laboratories, 
University of Liverpool. 
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Synthesis of Human Gastrin | 


ANALYTICAL work! showed that human gastrin I 
contains one residue each of leucine and methionine, 
whereas porcine gastrin I contains two residues of methion- 
ine (at positions 5 and 15) but no leucine*. A plausible 
hypothesis was that leucine occupies either position 5 or 
15, more hkely 5 because 15 1s part of the ‘essential’ C- 
terminal tetrapeptide sequence’, and the rest of the mole- 
cule is identical with that of porcine gastrin I. However, 
because only minute quantities of the human hormone 
were available, there was initially ambiguity whether it 
contained five residues of glutamic acid or six, like 
poreine gastrin. Investigations of syntheses, concurrent 
with further degradative studies, were therefore directed 
towards three targets, namely: (i) the leucine-5; (ii) the 
leucine-5 des-glutamic-6; (iii) the leucine-15 derivatives 
of porcine gastrin I. This communication deals with the 
first two syntheses; the third will be described elsewhere. 

For syntheses of the leucine-5 gastrins we required the 
N-terminal pentapeptide (Fig. 1, Ime 5). Benzyloxy- 
carbonyl-tryptophan was condensed with leucine methyl 
ester by means of dicyclohexyl carbod:-imide, yielding the 
protected (4-5) dipeptide (Fig. 1, line 1). After hydro- 
genolysis this was elongated by a procedure (Fig. 1, lines 
2-5) exactly analogous to one used in synthesis of porcine 
gastrin‘. This was merely the most convenient method 
with the materials available, and other routes are being 
explored. 


1 2 3 4 5 & 7 8 
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Our first synthesis of porcine gastrin I‘ involved coup- 
ling the N-termiral pentapeptide with a central (6-13) 
octapeptide polyester by the azide method and then 
finally adding the C-terminal (14-17) tetrapeptide amide. 
Some difficulties were encountered in the first coupling, 
because reaction between the (1—5) azide and the penta-t- 
butyl monomethyl ester of the (6-13) octapeptide was 
sterically hindered and side reactions became important. 
In the meantime, the scheme has been improved by 
reversal of the order in which the three main components 
are joined, that is, a (6-17) dodecapeptide amide is con- 
structed and then finally the (1-5) pentapeptide is added. 
The main advantage of this procedure is that all the 
protective t-butyl groups can be stripped from the dode- 
capeptide amide before the final azide coupling, which is 
no longer stericall7 hindered. Moreover, the (6-17) dode- 


- ecapeptide amide (Fig. 1, line 6) could also be used directly 


in convenient syntheses of derivatives of porcine gastrin I 
differing near the N-terminus, for example the leucine-5 
derivative, our target (1). 

Preparation of the (6-17) dodecapeptide amide was 
accomplished by a few modifications of the previous 
scheme’, The (6-13) octapeptide polyester was provided 
with an N-terminal t-butyloxy-carbonyl group by con- 
densation of «-2,4.5-trichlorophenyl y-i-butyl t-butyloxy- 
carbonylglutamate with the tetra-t-butyl monomethyl 
ester of the (7-13) heptapeptide (Fig. 1, line 2). Selective 
saponification of the methyl ester, in the manner already 
described‘, gave an acid (Fig. 1, line 4), which was coupled, 
by way of its mixed anhydride, with diphenyl phosphoric 
acid, with the (14-17) tetrapeptide amide. Treatment 
with 98 per cent trifluoroacetic acid for 1 h at 20° removed 
all the protecting groups and the resultant (6-17) dode- 
capeptide amide was purified by successive chromato- 
graphy on ‘Sephadex G25’ (in 0-4 per cent ammonium 
brearbonate) and aminoethyleellulose (gradient elution 
with 0-4-20 per cent ammonium bicarbonate). The 
homogeneity of this compound was checked by electro- 
phoresis, thin-layer chromatography, and amino-acid 
analysis after hydrolysis with leucine-aminopeptidase. 
The lower homolozue, the (7-17) undecapeptide amide, 
was prepared in thb same way from the tri-t-butyl mono- 
methyl ester of the (8-13) hexapeptide. 

The triethylammonium salt of the (6-17) dodecapeptide 
amide was coupled in dimethylformamude at 0° C with two 
equivalents of the (1-5) pentapeptide azide (Fig. 1, line 
6), prepared from the methyl] ester by treatment with 
hydrazine and then aqueous diazotization’. After 18 ha 
second equal portion of the azide was added and the mixture 
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was left at 0° C for 3 days. The product was purified by 
chromatography on aminoethylcellulose. On rechromato- 
graphy it was eluted as a single peak like natural human 
gastrin I, and was indistinguishable by electrophoresis. 
On the other hand, the lower homologue prepared in. the 
same way from the (7-17) undecapeptide amide had 
clearly different electrophoretic mobility (#%,f 0-65 instead 
of 0:70). The ambiguity concerning the content of glutamic 
acid was thus removed. 

The heptadecapeptide amide (Fig. 1, line 7) was fully 
active in stimulating gastric secretion, and its identity 
with human gastrin I was confirmed by parallel degrada- 
tions of the natural and synthetic hormones by papain, 
folowing the methods used in the structural analysis’. 
The peptides from the six most prominent electrophoretic 
bands were examined by thin-layer chromatography 
(three systems in each case); the chromatographic patterns 
were identical in the location of both major and minor 
components and their relative proportions. We regard 
this fingerprinting process as providing definite proof 
of the structure of human gastrin I. Experiments on the 
synthesis of human gastrin IT are being undertaken. 
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Throughout this work the t-forms of amino-acids were 
used, and at each stage the peptides gave satisfactory 
amino-acid analyses (Beckman 120B). We thank Imperial 
Chemical Industries Pharmaceuticals Division for the 
gift of the analyser and for other generous support. 
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ORIGIN OF URINARY METHYLATED PURINES 


By Dr. LEWIS R. MANDEL, Pror. P. R. SRINIVASAN and Pror. ERNEST BOREK 


The School of Pharmacy, Columbia University, and the Department of Biochemistry, College of Physicians and Surgeons, Columbia 
University, New York, N.Y. 


LTHOUGH the occurrence of 7-methylguanine in 
normal human urine was reported nearly 70 years 
agor? and subsequently, a variety of other methylated 
purines have been found as excretory products‘, their 
metabolic origin has remained obscure until recently. The 
meticulous investigations of Dunn et al.‘~* established the 
presence of methylated purines and pyrimidines in transfer 
RNA. as well as in DNA. The demonstration that all the 
methyl groups in methylated purines and pyrimidines in 
RNA (ref. 7) stem from the methyl group of methionine 
offered a possible new approach to the quantitative in- 
vestigation of these excretion products. If after the 
administration of (methyl-“C)-methionine the methylated 
purines of the urine become specifically labelled, this 
would offer a greater ease of identification and quantitation. 
In this article we report that the methyl groups of the 
urinary purines stem from methionine. We also present 
the results of an investigation of the excretion of methyl- 
ated purines in normal animals compared with animals 
bearing tumours originating from a thymic lymphoma or 
from a mouse mammary carcinoma. During the course of 
these investigations a previously unidentified excretion 
product—desecribed as compound S by Weissmann et al.3 
—was tentatively characterized as 1-methyladenine. 
Twenty-four male Wistar—Furth rats weighing 180-235 g 
were divided into two groups. One group served as the 
control and the other received subcutaneous implants of 
transplantable thymic lymphoma, strain W52. The 
animals were fed powdered Lablox rat food and water 
containing 10 per cent glucose and 1 per cent sodium 
chloride ad lib. Fifteen days later, 17 uc. of (methyl-“C)- 
methionine (0:3 ml.; specific radioactivity 13-4 uc./ 
umole) were injected intraperitoneally into each of the 
twenty-four rats. The animals were housed in metabolism 
cages and the urine samples were collected over chloro- 
form. The urinary output for the first 13-5 h of the normal 
and the leukaemic rats was pooled separately, and the 
output for the next 10-5 h was also collected and pooled 
as before. The preparation of the urinary purine concen- 
trate and the identification of the purines were carried out 
essentially by the methods -outlned by Weissmann 
et al, 


The urines were acidified to pH 2, diluted with an equal 
volume of water, refrigerated overnight and then filtered. 
The filtrate was then passed slowly through a column 
containing 100-200 ml. of “Dowex 50 H? (20-50 mesh, 
8 per cent cross-linked). The column was then washed 
with 21. of water and the purine bases were eluted with 
1 1. of M ammonium hydroxide. The ammoniacal elute 
was concentrated to about 30 ml. and the pH adjusted 
to 2. Then 7 ml. of 1 M silver nitrate was added and the 
mixture was stored in the dark for a day at room tempera- 
ture and for two more days at 5° to complete the precipi- 
tation of silver purine salts. The precipitate thus obtained 
was collected by centrifugation and was washed three 
times with 10 ml. portions of water. The silver purmate 
was decomposed by stirring in a boiling-water bath for 5 
min with 100 ml. of 0-05 N hydrochloric acid. The precipi- 
tated silver chloride was removed by filtration and the 
filter was washed once with 50 ml. of hot 0-05 N hydro- 
chloric acid. The filtrate and the washings were combined, 
concentrated to about 10 ml. and allowed to stand over- 
night at 5° to permit separation of additional insoluble 
material. 

Aliquots of the purine concentrate were subjected to 
column chromatography on 25 mil. columns of “Dowex 
50 HE (8 per cent cross-linked; 200-400 mesh) according 
to the methods of Weissmann et al.3. The contents of the 
tubes contained within well-defined peaks were pooled, 
concentrated and subjected to two-dimensional chromato- 
graphy in the solvent systems described by Weissmann 
et al.*, the ultra-violet absorbing spots with corresponding 
blanks were eluted with 0-05 N hydrochloric acid and their 
spectra determined. An equal portion of each solution 
was then transferred to a stainless-steel planchet, dried 
and counted for determination of radioactivity. 

For the investigation on normal mice and on mice 
bearing mammary carcinoma, 10 pe. of (methyl-C)- 
methionine (0-2 ml.; specific radioactivity 23 pc./pmole) 
were introduced intraperitoneally into each of ten normal 
C-57 mice and into ten mice which carried mammary 
carcinoma 755. The mice were then placed in meta- 
bolism cages and urine was collected for 24 h over 
toluene. The urines were pooled separately and processed 
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experiments a windowless gas-flow counter with a high 

_.. counting efficiency was used for determining total radio- 

- activity in urine and purine concentrates and an end- 

-window counter was used to measure total and specific 
radioactivities of purines. 

The results obtained with normal rats and with rats 

with thymic lymphoma are summarized in Tables 1 and 2. 

-~ The purine concentrate of the tumour-bearing rats has 
= Approximately twice as much radioactivity as that of 

normal rats. An analysis of the various purines present 
in this fraction shows that the content of radioactivity in 
_ major bases such as adenine and guanine is practically 
Y negligible and that most of the activity is located in the 
methylated purines. Moreover, the specific radioactivity 

of urinary 7-methylguanine is approximately 2-5 times 
< higher than that of 1-methyladenine and l-methylhypo- 
xanthine in both the normal and tumour-bearing animals 
in the first 13-5 h after administration of the (methyl- 
“C)-methionine. This is probably due to the greater 
turnover or depurination of 7-methylguanine as com- 
pared with other methylated purines. This view is 
supported by the finding that the specifie activity of 
7-methylguanine rapidly decreases after the first 13-5 h 
and falls to one-third of the initial value during the next 
0:5 h (Table 2). 

“he higher levels of radioactivity in the urinary purine 
action of tumour-bearing animals may be a reflexion of a 
neralized inerease in the excretion of the methylated 
purines studied or of any one of them. 

-Examination of the results (Tables 3 and 4) obtained 
ith normal mice and mice bearing mammary carcinoma 
imour reveals a pattern similar to that from leukaemia 
imour-bearing rats. The purine concentrate from the 
1e of mice with mammary carcinoma had almost twice 
radioactivity of normal controls. As before, the major 
bases contained negligible radioactivity. The specific 




































| Table 1. RADIOACTIVITY IN URINES AND PURINE CONCENTRATES OF NORMAL 
AND TUMOUR-BRARING RATS 














Sample Urine volume Total ¢.p.m. Total ¢c.p.m. in 
5 in urine purine concentrate 
_. Rats with tumours 
ist ie bh 310 mi, 2-0 x 16’ 0-7 x 10° 
Next 10 5h 230 mi, 35 x H 15 x 105 
Controls 
ist 135 h 580 mil. L5 x 19 p8 x 10° 
Next 10°56 h 225 mi. 16 x 108 8-1 x 10t 
oor Table 2, -Speorrro Raptoactivrry OF URINARY. PURINES OF NORMAL 
ey an AND TUMOUR-BEARING RATS 
ele Controls Tumour-bearing rats? 
tae Ist Next ist Next 
Compound 185 h 10°5 h 186 h 05h 
ane (pm; iep]  (e.p.m./  {e.p.am./ 
ee umole) umole) umole) mole) 
Adenine 0 0 0 0 
ooo Guamne 1,600 i} 0 Q 
ooo. Nanthine 420 250 100 0 
JA ypoxanthine 180 220 250 180 
Compound V 500 0 450 0 
Compound S (1-methyl- 
adenine) 6,000 8,000 6,500 4,400 
i-methylhypoxanthine 6,200 6,000 5,800 5,300 
oss. F-tethylguanine * 16,000 5,000 14,000 4,100 
2 8 OH-7-methylguanine t _ -~ — _ 
oo. W*-dimethylguanine t -+ + + + 
T-methylguanine § + + + + 


* 7-methylguanine occasionally gives rise to two spota on the 2-dimen- 
onal paper chromatogram. Both spots have similar ultra-violet spectra 
vd specific radioactivity. 
‘hydroxy-7-methylguanine is not present in rat urine, 
methylgnanine is present in rat urine. It can be isolated as a highly 
t- purine. However, it is present in trace amounts and it is there- 
‘to obtain an accurate specific radioactivity. 
aanine:is present in rat arine: However, it is present in trace 
migrates very closely or together with 7-methyiguanine. 
s difficult to isolate it and determine the specific radio- 









Total ¢.p.m. 
in urine 
95 x 10° 


id x 107 


Control mice 
Mice with mammary 
carcinoma 


250 mil. 
230 mal. 
















Table 4. SPECIFIC AND TOTAL RADIOACTIVITIES OF URINARY PURI 
NORMAL MICE aND OF MICE CARRYING MAMMARY CARCINOMA. 


Control Mammary carcinoma 
Compound Total Specific Total  Specifie 
examined activity activity activity activity 
cpm.) (cpm./smole) (e.pam.) (e.p.m./pmoley 
Adenine — mmm 80 140 
Guanine 50 180 160 380 : 
Xanthine 130 170 100 es | Sa 
Hypoxanthine 200 190 160 gü 
7-methylguanine 4,080 7,570 7,240 8,070. 
1-methyl- 
hypoxanthine 320 3,890 320 2,900 
Compound 8 x 
(1-methyladenine) 320 4,370 390 3,040 
Table 5. CoMPaRisoy oF URINARY COMPOUND S wiru SYNTHETIC 1- 
METHYLADENINE fae SS 
Properties 1-methyladenine Compound § 0°: 
(synthetic) : ee 
4 max, pH 1:0 259 ZEGE eg 
4 max, pH 13 272 ri i re 
O.D. ratios at pH 1-0 Rees 
250/260 0-80 ogo: 
280/260 0-24 (25°: 
245/259 0-66 OOS. 
_ 290/260 02 co 
Ry values (descending) ae 
n-Butanol : H,0 : HCOOH ne 
(77:11:12) 0-20 0-16. 


n-Butanol : H,O : NE, 


(86:14: 5% vapour phase) 0-25 6-29 
Tsopropanol : H,0: XH ‘ 
(70:30: 5% vaporr phase) 0-53 


hypoxanthine and I-methyladenine. Moreover, th 
radioactivity present in the 7-methylguanine. fre 
urine of tumour-bearing animals is approxima 
times that obtained in the case of the normal mic 
total radioactivity in the other two methylate 
that is, l-methyladenine and 1-methylhypoxanth 
similar in both normal and tumour-bearing mic 
considerably lower than that of 7-methylguanine, 
the increased radioactivity seen in the purine cone¢ 
of mice with tumours can be attributed to a two-fo 
increase in the excretion of 7-methylguanine. = 
Several other ultra-violet absorbing excretion products 
(designated as compounds S, V, W, and Z) were foun 
human urine speczmens by Weissmann et al’. Wi 
been able to identify tentatively one of these prod 
compound S--as 1l-methyladenine* on the basis o : 
following criteria: (1) The specific radioactivity of comi 
pound S isolated fom rat and mouse urine is comparable 
with that of 1l-methylhypoxanthine (Tables 2 and = 4), 
(2) The absorption spectra of compound § and 1-methyl- 
adenine are identical (Table 5). (3) The Rp values in three 
chromatographic solvent systems are similar (Table 5). 
(4) Preliminary isosope dilution experiments using chemic- 
ally synthesized 1-methyladenine" also suggest that 
compound § is prchably identical with 1-methyladenine, 





DNA of the mammalian species contains only 6- 
methyleytosine as the minor methylated base”, On the 
other hand, a variety of methylated purines and pyrimi- 
dines are found in transfer RNA. Degradation of transfer- 
RNA would resul» in the release of all of these minor _ 
methylated bases. It is surprising to find 1-methyladenine, — 
1-methylhypoxantaine, and 7-methylguanine as the 
dominant methylated bases in the urine of norm 
tumour-bearing arimals, because these three met. 
purines are presert in very small ameunts in ° 
RNA. This apparent paradox may be a reflexion of thè 
absence of enzymes for the degradation of these bases: 

Some of the osher methylated purines such as 6- 
hydroxy-2-methylamino purine and 2-dimethylamino-6- 
hydroxypurine might be metabolized to the corresponding 
major bases by enzymatic hydrolysis with the concomitant 
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production of mono- or di-methylamines. This may be 
responsible for their extremely low levels in normal urine. 
It is noteworthy, in this connexion, that the tRNA of 
liver contains only l-methyladenine in contrast to 
Escherichia coli tRNA in which only 6-methyladenine is 
present*, 

The specific activity of 1-methyladenine is comparable 
with that of l-methylhypoxanthine. This could be due 
to deamination of l-methyladenine either at the nucleo- 
tide or at the polynucleotide level. Since both hypoxan- 
thine and 1-methylhypoxanthine are present in tRNA 
(ref. 11) the interesting possibility of the formation of 
hypoxanthine and 1l-methylhypoxanthine at the poly- 
nucleotide level suggests itself (a model for the enzymatic 
alteration at the polynucleotide-level exists in the methyla- 
tion of tRNA). If such an enzyme for specific deamination 
of adenine to hypoxanthine should exist, the introduction 
of degeneracy in the coding properties of ‘RNA might be 
achieved by it. 

The elevated excretion of the methylated purines from 
the tumour-bearing animals is highly significant in view 
of the relatively small size of those tumours in comparison 
to the whole animal. The metabolism which yields the 
methylated excretory products must be very much higher 
in the tumour tissue to produce the elevated levels in the 
total metabolic output. 
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Elevated excretion of 7-methylguanine and of 8- 
hydroxy-7-methylguanine has been found by conventional 
methods of analysis in the urine of human subjects with 
leukaemia by Weissmann et al.* and Park et al.'*. It 
would be interesting to investigate whether the pattern 
of excretion of methylated purines is similar in other 
malignancies. 

We thank Dr. Jacob Furth, Dr. Akira Kunii and Dr. 
Eric Hirschberg for supplying tumorogenic material and 
for instruction in their implantation, and Miss Corry 
Bettenhausen for assistance in some of these experiments. 
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Institutes of Health, U.S. Public Health Service, and from 
the National Science Foundation. 
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CHORIOALLANTOIC MEMBRANE LESIONS PRODUCED BY INOCULATION 
OF ADULT FOWL SMALL LYMPHOCYTES 


By Dr. M. J. SIMONS and Dr. R. FOWLER 


Surgical Research Department, Royal Children’s Hospital Research Foundation, Parkville, N.2, Victoria, Australia 


HE lesions which develop on the chorioallantoic 

membrane (CAM) following the inoculation of adult 
fowl leucocytes represent the reaction of immunologically 
competent cells to histocompatibility antigens present 
in the membrane!, Using whole leucocyte preparations, 
Szenberg and Warner found that only with the large 
lymphocyte was there a significant correlation with the 
number of lesions formed*?. They concluded that it was 
this morphological type which was responsible for the 
production of lesions on the CAM. 

Although it was widely held for many years that the 
small lymphocyte was an end cell, incapable of further 
reactivity*, in recent years evidence has arisen for the 
potential reactivity of some of these cells, and particularly 
for their important role in immune reactions‘. Therefore 
it was decided to re-investigate the CAM phenomenon 
with the view of establishing whether or not the small 
lymphocyte could produce the lesions. 

In order to obtain pure samples of small lymphocytes, 
the following procedure was adopted. Adult fowl blood 
was obtained by cardiac puncture, heparinized and 
centrifuged at 500 r.p.m. for 4 min to sediment the red 
cells. 1-0 ml. of the uppermost layer of the supernatant 
was passed through a column of glass wool and glass beads, 
following the method developed by Rabinowitz’. The 
first ten drops of the effluent were collected and a white- 
cell count was performed using a haemocytometer cham- 
ber. To ensure that the only cells present in the effluent 
were small lymphocytes, drops of the cell suspension were 
placed on glass slides, drawn along the slide by a fine 
capillary rod, air dried and stained with Leishman stain 
for 10 min. Cells with dark-staining nuclei and minimal 
cytoplasm were identified as small lymphocytes. Only 
aliquots containing 100 per cent pure cell suspensions were 
used. Such aliquots were inoculated on to the dropped 
membranes of 12-day-old embryos. The inoculated 
eggs were incubated at 38° C and the membranes collected 
at 4-5 days. 


Initial experiments demonstrated that these small 
lymphocyte inocula could produce the characteristic 
nodular lesions, as shown in Fig. 1. 

In subsequent experiments dilutions of cell suspensions 
were prepared to contain as few as 500 cells/0-1 ml. A 
summary of the results from seven experiments is given 
in Table 1. 

A typical distribution, as observed in experiment (7), 
is shown in Fig. 2. 

Inocula containing larger numbers of cells often resulted 
in the appearance of clumped, multi-nodular lesions and 
this preeluded accurate counting. The smaller inocula also 
produced clumped reactions despite efforts to prevent 





Fig. 1 










| Table 1. 

ns No. of Mean celi-focus Lowest cell- 
Experiment’: Fowl No, eggs ratio focus ratio 

meat) 462 35 4,400/1 800/1 

42) 462 32 3,260/1 1,000/1 

(3) 462 34 4,600/1 600/1 

{4) 468 33 1,140/1 90/1 

(5) 468 30 950/1 30/1 

(6) 465 31 4,200/1 800/1 

(7) 465 55 2,860/1 250/1 


their appearance by rolling the eggs at the time of inocula- 
tion and frequent turning of the eggs during incubation, 
Even with these smaller numbers of cells considerable 
variation occurred within each experiment in the number 
of foci produced by the same dilutions, and between each 
experiment in the mean and lowest cell-focus ratios. 
There are at least four possible sources of these variations. 
The first concerns the genetic relation between the 
donor fowl and the recipient embryo. A correlation 
between CAM tests and the homograft response in inbred 
* fowls has been established‘, and evidence presented for 
the proposal that three major antigens are responsible for 
-< histo-incompatibility’. From this it follows that the 
= number of fowl cells potentially capable of initiating 
_ CAM lesions will vary directly with the degree of genetic 
-= disparity between donor and recipient. Also, since only 
-& small number of antigens are responsible for the CAM 
reaction the variation in cell-focus ratios resulting from the 
= use of genetically different fowls will be correspondingly 
= great. Our results are consistent with these predictions 
in that, using three non-inbred fowls as donors, it was 
-found that the ratios obtained using the second fowl 
differed greatly from those from the other two (see Table 1). 
_ The second possible source of variation lies in the 
sampling of the potentially reactive fowl small lymphocytes. 
-Unless there is a non-random distribution of these cells 
_ throughout the peripheral blood of the fowl, then sampling 
is probably not a major source of variation. 
. The third possibility arises from the technique of leuco- 
-cyte separation. If this method involves more than 
-mere physical filtration and some characteristic of the 
potentially reactive small lymphocytes results in their 
preferential passage through the column, then some 
< variation might be expected in the number of foci which 
-appear in response to a given number of cells. Possible 
cell characteristics which have been investigated in this 
system by Rabinowitz are motility, phagocytic activity 
and adherence’. Furthermore, if these cells have been 
~. exposed to some selective pressure resulting in the 
development of a sub-population of morphologically 
Indistinguishable small lymphocytes which are highly 
competent for CAM reactivity, then the effect of their 
<- preferential passage through the column may result in 
oo an even more pronounced cell-focus variation. Alterna- 
r tively, the facilitated filtration of some small lymphocyte 
-=o Sub-group, independent of its immunological competence, 
may result in more suitable conditions for CAM reactivity. 
The final possibility comprises a group of factors which 
are peculiar to this biological system. Those related to 
the embryonic membrane are the varying presence and 
prominence of the histocompatibility antigens, and the 
local conditions necessary for potentially competent cells 
to initiate a reaction. In addition, it is known that all 
cells do not stay on the membrane, a variable number 
migrating to form typical nodules in the spleen and less 
frequently in other sites*. The cells that remain may have 
to be in a particular phase of their generative cycle before 
their capacity to initiate nodule formation is realized. 


No. of foci 
6. 


& 
4. 9 e 
























ai . oe ee 2o + o 

i 000 @e88600 Oooo e000 ee0o 
eee e080 eee otoo 28006060686 
8,000 4,000 2,000 1,000 500 


No, of cells 
Fig. 2 


NATURE 











589 


The effect of any of the factors in this group would result 
in an under-estimation of the number of competent cel 
in any given inocula—that is, in a spuriously high cel 
focus ratio. F 
In view of the numerous sources of variation and th 
likely effect, it is reasonable to attach greater importa 
to the lower cell-focus ratio for any immunological int 
pretation. This ratio was as low as 30: 1 in one exper 
ment (‘Table 1), a value which approximates to the lowe 
limit of 40:1 quoted by Szenberg and Warner’, for the 
large lymphocyte. In this connexion it is conceivable 
that cell suspensions comprised only of large lymphocytes, 
which have a higher metabolic rate than small lympho- 
cytes and are probably their progenitors, would also be- 
able to produce CAM lesions. f 
The CAM phenomenon has been proposed as an experi- 
mental model which is suitable for testing the clonal 
selection theory of immunity®?*. Jf each focus does 
represent the response of a single lymphocyte, and this 
claim has not yet been established with certainty, then 
the present results appear to be at variance with the ratios 
predicted on the basis of this theory. Clonal selection. 
theory postulates a random distribution of patterns of 
specific reactivity among lymphoid cells permitting each- 
to react only to the corresponding antigenic determinants. 
The immunological patterns are thought to arise by 
somatic mutation, and the magnitude of the ratio of cells. 
carrying a genetically predetermined pattern to the tota 
number of cells ix a given population has been suggested. 
to be, in the abseace of selective pressures, of the order of 
one in 10,000 (ref. 10). For the observed low order of 
reactivity to be due to selection of donor fowl cell clones. 
for reaction against allogeneic antigens present in th 
embryonic membrane, it would be necessary to postulate 
that such clones had been exposed to identical antigenic 
determinants dur:ng the course of the normal immuno- 
logical development of the fowl. Although there is no 
direct experimental evidence on this point, the known 
specificity of antigens renders this requirement highly 
improbable. a 
However, even if some mechanism does exist whicl 
favours the development within the apparently unifor 
population of a sub-group of small lymphocytes, and if all 
the sources of varmtion operate so as to favour a low eell- 
focus ratio, then $ is still only just conceivable that one 
reactive cell might occur every 30 or so cells. So numerous 
are the sources of variation and so great would be their 
resultant effect that it does not seem possible to establish 
whether the CAM phenomenon can be accounted for by an» 
unmodified clonal selection theory. eae 
A modification, which to us seems more consistent with 
the results obtained in the present experiments, is that 
a small lymphocyte or other lymphoid cell can be induced 
to proliferate in response to one or any of several closely 
related antigenic cenfigurations—the extent of its respon- 
siveness being genotypically determined, and the realiza- 
tion of its responsiveness being influenced by factors 
associated with the lymphocyte and the membrane cell 
and their interaction. It is doubtful whether investiga- 
tions of the CAM phenomenon alone will enable this 
proposal to be unequivocally established. 
We thank Miss M. Fitzgerald for technical assistance. 
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MECHANISM OF A HISTOCHEMICAL REACTION DIFFERENTIATING BETWEEN 
ADRENALINE- AND NORADRENALINE-STORING CELLS IN THE ELECTRON 
MICROSCOPE 


By Pror. R. E. COUPLAND and Dr. D. HOPWOOD 
Department of Anatomy, Queen’s College, Dundee, University of St. Andrews 


OME months ago we published details of a method of 
fixation and staining recently developed in this 
laboratory!, which makes possible the differentiation 
between adrenaline- and noradrenaline-storing cells in 
the light and electron microscope. Using this method, 
the separate identities of the adrenaline- and noradrenaline- 
storing chromaffin cells, which had been suggested on the 
grounds of the iodate-staining reaction’, were established 
in the adrenals of the adult frog, mouse, rat, cat and domes- 
tic fowl. In the rabbit, the majority of adrenal chromaffin 
cells are adrenaline-storing, while in the extra-adrenal 
para-aortic chromaffin bodies they are noradrenaline- 
storing. 

More recently work has now established the mechanism 
of the reaction. Aqueous solutions of noradrenaline react 
with glutaraldehyde with the production of a dense 
precipitate. The kinetics and product of the reaction have 
been examined by ultra-violet and visible light and by 
infra-red spectroscopy and paper chromatography using 


payors solvent systems; melting-point determinations 


ee 


4 


ave been carried out and recrystallization attempted. 
All findings are in favour of the product being a polymer 
of glutaraldehyde and noradrenaline combined in a 
molecular ratio of 1: 1. 

If glutaraldehyde-fixed frozen sections of rat, cat, mouse 
and fowl adrenal glands are immersed in aqueous osmium 
tetroxide (1-2 per cent), 3 per cent potassium dichromate, 
or saturated potassium iodate, the same islands of cells 
give a colour reaction which is respectively black, yellow 
or brown. Furthermore, when the chromatograms of the 
reaction products of the noradrenaline—glutaraldehyde are 
sprayed, or when the precipitate is dried on filter paper 
with these oxidizing agents, similar colours are observed. 
We have been unable to demonstrate a similar reaction 
between adrenaline and glutaraldehyde by the foregoing 
methods. 

No reactive islands are observed when frozen sections 
of glutaraldehyde-fixed adrenals of reserpinized Sprague- 
Dawley rats (5 mg/kg intravenously 24 h previously) are 
i in aqueous osmium tetroxide, dichromate or 
iodate solution. A reaction confined to specific islands is, 
however, observed in glutaraldehyde-fixed adrenals ob- 
tained from animals starved overnight and killed 2—4 h 
after an injection of insulin (10 1.v./100 g, subcutaneously). 
Under these conditions, the reserpine depletes both 
adrenaline- and noradrenaline-storing cells, while a 
depletion of the adrenaline-strong cells alone can be ob- 
served under the light microscope after treatment with 
insulin. These findings, together with the chemical evi- 
dence, establish the identity of the reactive material as a 
glutaraldehyde—noradrenaline complex. 

In order to assess the importance of glutaraldehyde in 
this reaction as it relates to electron microscopy, adrenal 
glands have been fixed in (a) Caulfield’s buffered (pH 7-4) 
osmium tetroxide-sucrose mixture, (b) 4 per cent glutar- 
aldehyde, buffered to pH 7-4 with 0-1 M cacodylate, (c) 
4 per cent buffered glutaraldehyde followed by post- 
fixation in either 1 per cent buffered (pH 7-4) osmium 
tetroxide or 3 per cent potassium dichromate. Tissue 
blocks were afterwards dehydrated in ethanol, cleared in 
1 : 2 epoxypropane and embedded in ‘Araldite’. In view of 
the recent communication from Benedeczky, Puppi, 
Tigyi and Lissák*, only the findings relating to the domestic 


fowl adrenal will be considered, though similar results 
have been obtained with rat adrenal glands. 

Buffered osmium-tetroxide fixation. In well-fixed and 
adequately processed normal fowl adrenal glands all 
chromaffin cells contain large numbers of electron-dense 
chromaffin granules which exhibit a peripheral limiting 
membrane (Fig. 1). Many have a target form with 
an intensely electron-dense centre and a periphery of a 
more diffuse granular nature. 

Glutaraldehyde fixation only. Two distinet types of 
chromaffin cells may be identified (Fig. 2) in unstained 
sections and after staining with potassium permanganate 
or after brief staining with Reynold’s lead citrate (20 
min). Electron-dense granules, usually of homogeneous 
nature, represent the noradrenaline-storing elements, 
while the adrenaline-storing cells contain granules which 
have a washed-out appearance and show internal granu- 
larity. Peripheral limiting membranes of the granules 
are not visible. 

Glutaraldehyde fixation followed by post-fixation in 
osmium tetroxide or potassium dichromate. ‘Two distinct 
types of granule are again visible in unstained sections and 
in sections stained with permanganate or briefly with lead 
citrate (Fig. 3). One type is intensely electron-dense and 
homogeneous, the other has a washed-out appearance and 
shows internal granularity. The former is found in the 
cells giving a positive colour reaction for the noradrenaline- 
glutaraldehyde complex, the latter in others presumed to 
store adrenaline. In tissues post-fixed in osmium tetroxide, 
both types of granules show a peripheral limiting mem- 
brane, while in those post-fixed in potassium dichromate 
typical peripheral membranes are not seen. 





Fig. 1. Chromaffin cells of domestic fowl adrenal fixed only in buffered 
osmium tetroxide. All cells contain strongly electron-dense chromaffin 
granules 
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Sinee the previously mentioned findings indicate that 
glutaraldehyde is the essential reactive chemical in this 
method of differentiating adrenaline- and noradrenaline- 
storing cells, it was of interest to determine the fate of 
adrenaline, which is apparently unaffected by glutar- 
aldehyde. 

Various tests on mixtures of adrenaline and glutar- 
aldehyde revealed that, for about 1 h after mixing, the 
secondary amine was still oxidizable with iodine and indeed 
that the method of Euler and Hamberg* could be applied 
to determine the quantity present. Glutaraldehyde had 
no effect on this colorimetric method. This method was, 
therefore, used to determine whether the adrenaline 
remained in situ or diffused out of the tissues during the 
course of fixation. Pieces of adrenal gland about 1-2 mm* 
in volume were fixed 4 h in ice-cold cacodylate-buffered 
4 per cent glutaraldehyde. During the fixation period the 
stoppered specimen jar was occasionally inverted to ensure 
adequate contact of fixative and tissue. Tissues were then 
dehydrated in the normal way in ethanol. Fixative and 
alcohols were assayed for adrenaline and noradrenaline 
and the results compared with those obtained by assaying 
homogenates (in 0-01 N hydrochloric or 0-4 per cent 
perchloric acid) of pieces of the same gland. Catechol- 
amines present in homogenates were adsorbed on an 
alumina column’, and eluted with 0-2 M acetic acid prior 
to colorimetric assay. The results, corrected for column 
yield (80 per cent), are shown in Table 1, and indicate 
that the majority of the adrenaline is lost during glutar- 
aldehyde fixation and dehydration. This fact, together 
with the production of the glutaraldehyde—noradrenaline 
polymer, accounts for the differential staining reaction. 


Table 1. CATRCHOLAMINE CONTENT OF 4-6-MONTH-OLD COCK ADRENALS 
Homogenate Fixative + alcohols 
CA pwe/e adrenal CA pgjg adrenal Loss A 
A N A N 
4,310 3,180 4,100 0 95 
4,800 2,300 4,700 0 98 


CA = catecholamines, A = adrenaline, N = noradrenaline. 


It is worth noting that the staining reaction of the 
glutaraldehyde-fixed noradrenaline-storing cells can be 
obtained many months after tissue fixation, provided the 
cells are stored in water, saline or glutaraldehyde. Hence, 





Fig. 2. Chromaffin cells of domestic fowl adrenal fixed only in buffered 

glutaraldehyde. Chromaffin granules of noradrenaline-storing (N) 

cells are strongly electron dense, while those of adrenaline-storing (A) 
cells show only moderate electron density 
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Fig. 3. Domestic Sow! adrenal gland fixed initially in buffered glutar- 
aldehyde and afterwards in osmium tetroxide showing noradrenaline- 
storing (X) cells with very strongly electron-dense granules, adrenaline- 
storing (A) cells with moderate electron-dense granules and cortical (C) 


a delayed chromium, osmium or iodate reaction may be ~ 


performed on frozen sections of this material. If the 
tissues are embedded in paraffin prior to treating with 
oxidizing agent, the reaction is reduced considerably and 
is of little histological value so far as the light microscope 
is concerned; block impregnation of glutaraldehyde- 
fixed adrenal with osmium tetroxide or potassium dichro- 
mate prior to embedding in paraffin does, however, result 
in a good demonstration of the noradrenaline islands, 
and this technique, or the use of frozen sections, is the 
method of choices for light microscopy. 

The glutaraldshyde method for distinguishing between 
noradrenaline- and adrenaline-storing cells has recently 
been criticized by Benedeczky et al.*, who claim, quite 
rightly, that adrenaline is more readily oxidized than 
noradrenaline ; this fact has been generally accepted since 
1949, when Euler and Hamberg introduced their colori- 
metric method fer assay of the two amines. Unfortunately 
Benedeczky et el." took no account of the fact that all 
tissues used by us had been fixed initially in glutaraldehyde, 
which for reasoms given here is the most essential part 
of the technique. Cells showing morphological character- 
istics of “the light cell” illustrated by Benedeezky et al. 
may be observed frequently in adrenals fixed only in 
buffered osmium tetroxide, including glands obtained from 
animals such as the guinea-pig or rabbit which contain 
little or no noredrenaline. They are, however, artefacts 
due to bad fixation and havea specific zonal distribution 
in the tissue bleck. Although with care and experience 
the fixation artefacts associated with buffered osmium- 
tetroxide fixation of chromaffin tissue can be considerably 
reduced, more uniformly well-preserved chromaffin cells 
are Obtained by initial fixation in glutaraldehyde followed 
by osmium tetroxide, which also has the advantage of 
allowing one to differentiate between the adrenaline- 
and noradrenalme-storing elements. Adrenaline- and 
noradrenaline-storing elements cannot be differentiated 
with certainty in tissues of the rat, mouse, cat, cock or 
frog fixed only m osmium tetroxide. 

‘ Coupland, R. E., Pyper, A. 8., and Hopwood, D., Nature, 201, 1240 (1964). 
* Hillarp, N.-A., and Mékfelt, B., Acta Physiol. Scand., 30, 55 (1953). 

` Benedeczky, I., Puppi, A., Tigyi, A., and Lissák, K., Nature, 204, 591 (1904). 
' Euler, U. S. v., and Hamberg, U., Science, 110, 561 (1949). 

` Weil-Malherbe, H., and Bone, A. D., Biochem. J., 51, 311 (1952). 











February 5, 1966 vo.. 202 


VARIOUS CELL TYPES IN THE ADRENAL MEDULLA 


By |. BENEDECZKY*, A. PUPPI, A. TIGYI and Pror. K. LISSAK 


Institute of Physiology, Medical University, Pécs, Hungary, and Postgraduate Medical School, 
Department of Pathology, Budapest, Hungary 


TOST electron-microscope and histochemical investi- 

. gations of the nature of the adrenal medulla have 
been concerned with the reliable identification of adren- 
aline-producing and noradrenaline-producing cells. In 
1950, and later in 1954, Euler! stated that “these two 
hormones (adrenaline and noradrenaline) are produced in 
different conditions and it could hardly be imagined that 
both were synthesized in one and the same cell”. This 
theory was experimentally proved for the first time by 
Bänder? and Eränkö’, who succeeded in demonstrating 
the existence of the assumed types of cells by histo- 
chemical methods. But with light-microscopy and histo- 
chemical methods it was not possible to obtain a satis- 
factory answer to the question of a possibly different 
sub-microscopic representation of adrenaline- and nor- 
adrenaline-containing granules in these two types of cells. 
The problem was attacked in a number of different ways 
by several workers. Hagen and Barrnett* isolated, by 
means of differential centrifugation, a fraction containing 
‘large granule’-noradrenaline, and one containing ‘small 
ranule’-adrenaline from a homogenized granule suspen- 
on. of the adrenal medulla. Yates et al.° soon afterwards 
- showed, by electron-microscopie and phase-contrast- 
mics oscopic methods, that granules of two orders of 
whitude exist in different cells in the adrenal medulla 
golden hamster. Similar observations were made in 
ass snake. These workers also demonstrated, by 
-of differential centrifugation and electron-micro- 
‘xamination, the existence of large (2000-3500 A) 
‘enaline-containing secretory granules, and smaller 
500 A) adrenaline- -containing secretory granules in 
mogenized adrenal medulla of the dog. However, 
o types of cells described in the snake could not be 
fied in ultra-thin sections taken from dog and rat. 
ssa different E to the oe was nged 

























electron microscope, they found ad denb nor- 
adrenaline granules of the polymorphic type in the 

medullary cells of the snake. In the central part of the 

L adrenal medulla they found typical circular, membrane- 
limited adrenaline granules. They also mention that a 
reliable electron-microscopic demonstration of secretory 
granules is possible only after prefixation with glutar- 
aldehyde, and that the size of noradrenaline granules is 
larger than that of the adrenaline granules. 

The application of glutaraldehyde prefixation resulted 
in new possibilities, not only in electron microscope 
preparation techniques, but also in the electron-histo- 
chemical exploration of the adrenal medulla. The 
possibility of identifying the adrenaline and noradrenaline 
granules using the electron microscope was described by 
Coupland! and Wood? about the same time. According to 
Coupland’, the noradrenaline-containing granules have a 

_ high internal density in the osmiophylic noradrenaline- 
storing cells, while the less electron-dense adrenaline 
granules are typical in the less osmiophylic, adrenaline- 
storing cells. Wood eż al.®, on the other hand, emphasize 
that, when prefixed with glutaraldehyde, the noradren- 
aline granules in the adrenal medulla of the golden 
hamster are highly electron-absorbent after oxidation 


* Present address: Postgraduate Medical School, Department of Pathology, 
Budapest, Hungary. 


with dichromate at pH 4:1, while if dichromate oxidation 
occurs at pH 6-5, both types of granule become highly 
electron-absorbent. 

Coupland’s findings were commented on by Benedeczky 
et al., and they state that the “‘osmiophylic, noradren- 
aline-storing cells” (“dark cells” in Benedeezky’s nomen- 
clature) can also be identified using formalin prefixation 
in several animals (frog, grass snake, dog, rat). Benedeezky 
et al. see a relationship between the high internal density 
of the cells and the secretory granules in the cells, and 
the ‘physiological and ontogenetic’ state of the cell. In 
their recent investigations, Coupland et al.“ have made a 
detailed analysis of the mechanism and circumstance of 
the noradrenaline-glutaraldehyde reaction. They suggest. 
a number of proofs showing that this chemical reaction 
is specific for noradrenaline, and is thus suitable for a 
sub-microscopic identification of noradrenaline-containing 
granules, because the substances of adrenaline-containing 
granules react much less intensely to glutaraldehyde. In 
Coupland’s opinion, the less electron-dense nature of 
adrenaline granules is due to the fact that the adrenaline 
content of the granule is dissolved in the course of fixation 
with glutaraldehyde and subsequent aleoholic dehydra- 
tion. This circumstance makes it possible to preserve the 
glutaraldehyde—noradrenaline complex on the electron- 
microscopic level. Recent photographs"? have also been 
taken of the adrenal medulla of the domestic fowl, but it 
is reported that in the adrenal medulla of the rat, treated 
with reserpine, it was not possible to identify reactive 
isolated spots. Thus, the question arises as to whether 
or not the electron-histochemical method used by Coup- 
land et al. is suitable for reliable identification of 
adrenaline and noradrenaline-containing granules not 
only in a given species but in the ehromaffin cells of any 
animal, and whether the attempts of other research 
workers to explain the sub-microscopie appearance of the 
two types of hormone-producing cells with other methods 
and interpretations are tenable. 

Naturally, it would only be possible to answer this 
question satisfactorily with a large amount of experi- 
mental data. Coupland’s method and results seem very 
convincing, but some circumstances deserve consideration. 
It is primarily the evaluation of the results obtained with 
the ultracentrifuge that presents a problem in connexion 
with Coupland’s recent findings. 
experiments seem to support the conclusion that the 
‘large granules’, that is, those having a larger diameter 
and a higher sedimentation rate, contain noradrenaline. 
After differential-centrifugation of the homogenized 
adrenal medulla of the domestic fowl we found that 76 per 
cent of the fraction of large granules (showing a sedi- 
mentation rate of 3,000g/30 min after the nucleus fraction 
had been removed) contained noradrenaline. On the 
other hand, 48 per cent of pellets which settled at a rate 
of 24,000g/min proved to be adrenaline. Entirely similar 
results were obtained when the homogenized | adrenal 
medulla of the dog was tested!?, No conclusions on granule 
dimensions can be drawn from Coupland’s illustrations 
because, owing to the dissolution of adrenaline, the contours 
of the granules are dimmed. Thus it cannot be decided 
whether the ‘dense noradrenaline’ granules show any 
difference in dimension compared with the adrenaline 
granules. The problem of how to reconcile the foregoing 
facts with Coupland’s recent results remains, therefore, 
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unsettled, since he has made available no data on the size 
of adrenaline and noradrenaline granules. 

Coupland’s results would, in our opinion, be more con- 
vincing if he gave data to show whether he has found 
any parallel between the number of noradrenaline-con- 
taining cells and the noradrenaline content measured in 
the adrenal medulla of the domestic fowl. It is well 
known that the adrenal medulla of the hen has a relatively 
high noradrenaline content. According to references in 
the literature, and our own observations'*, the nor- 
adrenaline/adrenaline ratio is about 2: 1 (5,170 ug/g nor- 
adrenaline and 2,609 ug/g adrenaline). Accordingly, we 
found that the number of cells with small granules (those 
which, in our opinion, contain adrenaline) was rather low 
in the adrenal medulla of the domestic fowl after prefixa- 
tion with formalin. But when prefixation with glutar- 
aldehyde was applied we were unable to find any 
predominance of ‘dense granule’ cells (which, in Coup- 
land’s opinion, contain noradrenaline). Although Coup- 
land et al.’ give no numerical data on the ratio of 
adrenaline and noradrenaline cells, in Fig. 3 of their 
paper it is clear that there are six adrenaline-containing 
cells for every three noradrenaline-containing cells. But on 
the basis of our biochemical investigations a ratio of |: | 
might have been expected. Despite contradictory data 
and conclusions, it would seem that there is a possibility 
of reconciling the views of the two ‘schools’, if the fol- 
lowing observations are taken as a basis. In one of our 
recent publications? we described the finding of cells 
containing ‘small’ and ‘large’ granules in the adrenal 
medulla of the grass snake after prefixation with formalin. 
The light transmission of the granules of adjacent cells 
(on the same photographic plate) was then measured, 
using a microphotometric apparatus. The results are 
given in Fig. 1. It can be seen from Fig. 1 that the light 
transmission of the small granules (500-1500 A diameter), 
which, in our opinion, contain adrenaline, is much lower 
than that of the noradrenaline-containing large granules 
(2000-3500 A diameter). Accordingly, the small adren- 
aline granules in Fig. 2 appear in a much less dense 
form than the noradrenaline granules of larger diameter, 
which are highly electron-absorbent. This fact is also 
clearly shown in the photographs by Wassermann and 
Tramezzani’, who applied glutaraldehyde-prefixation. It 
would seem, therefore, that the noradrenaline granules, 
whether they are prefixed with formalin or glutaraldehyde, 


Transmission of granules (arbitrary units) 





Granules with diameters Granules with diameters 


from 500 to 2000 A from 2000 to 3500 A 

Fig. 1. Light transmission of the ‘small’ (left column) and of the ‘large’ 

(right column) catecholamine granules in the adrenal medulla of the 

grass snake, It can be seen that the light transmission of the small 

granules (those which, in our opinion, contain adrenaline) is much lower 
than that of the noradrenaline-containing large granules 
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Fig. 2. Chromaffm cells of the grass snake adrenal, fixed in buffered 
formalin and afterwards in osmium tetroxide. The secretory granules of 


the noradrenaline cells (NAc) are larger and more electron-dense than 
in the adrenaline cells (4c) (=x 10,000) 
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Grass snake adrenal gland fixed initially in buffered glutaralde- 
hyde and afterwards in osmium tetroxide showing noradrenaline cells 


Fig. 3. 


(X Ac) with ‘large (2000-3500 A diameter) and very strongly electron- 
dense granules, and adrenaline (Ac) cells with moderately electron-dense 
and ‘small’ granules (500-1500 A diameter) (x 10,000) 


can be distinguished from adrenaline granules by their 
larger dimensions and higher internal density. But this 
electron-histochemical characteristic is not conclusively 
present in every species. It was not possible, for example, 
to identify the previously mentioned types of granules in 
the adrenal medulla of the rat with either formalin or 
glutaraldehyde prefixation. But both methods of pre- 
fixation of the adrenal medulla of the grass snake resulted 
in the appearance of typical ‘small-granule’ and less 
electron-dense cells, and, on the other hand, ‘large- 
granule’, highly electron-dense, noradrenaline-containing 
cells (Fig. 3). 

Thus at present there exist some contradictions con- 
cerning the types of cells in the adrenal medulla, as 
different workers have used different techniques and 
investigated different animals, which makes the evaluation 
of results difficult. It is to be hoped that in the near 
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_A POSSIBLE FUNCTION FOR THE AXIAL ORGAN OF ECHINOIDS 
By Pror. N. MILLOTT 


Department of Invertebrate Zoology, Marine Biological Laboratory, Woods Hole, Massachusetts; and Department of Zoology, Bedford 
College, University of London 


) S any student of echinoderms is aware, the axial organ 
is & most puzzling structure. No function has yet 
been clearly shown for it. Though ideas have not been 
z lacking, there has been much pre-occupation with over- 
implified analogies with organs of very different charac- 

; Situation arises partly because the living 
been insufficiently observed and little experi- 
lysis has been attempted. Inferences as to its 
a have often been. made from studies of its struc- 






















ey ok thee organ is ae et difficult to interpr et. 
t investigations on echinoids have emphasized 
dinal features of the organ. First, it is permeated 
aborate contractile structure®. Secondly, it is a 
oint of confluence of perivisceral coelom, ‘haemal’ 
nd. water vascular system!. Thirdly, some 
can survive its removal, at least for several 


oat investigation of the axial organs of Arbacia 
“and Strongylocentrotus drébachiensis, in addi- 
dicating a likely function, has clarified some 
anatomical features. Thus, the numerous 
he periphery, which give the organ its spongy 
are not entirely ‘haemal’ as previously supposed, 
wo kinds. One type communicates directly 
perivisceral coelom by the canals already de- 
, These spaces constitute a system that is dis- 
m the ‘haemal’ spaces which surround them. 
| emal -spaces can be distinguished by their dense 
: content of cells, together with pigment and debris, some 
of which | appears to be derived from disintegrating amoebo- 
_eytes. The other spaces are lined by a characteristic 
shallow epithelium and, with the notable exceptions to be 
- described, often appear relatively empty. The distinction 
„is not absolute, for the walls which separate the two kinds 
-of cavity disappear in places so that the contents of the 
““‘haemal’ spaces may enter the complementary spaces 
. (Fig. 2). In the case of Arbacia, the peripheral ‘haemal’ 
spaces were traced into continuity with the central con- 
tractile. vessel, through irregular, ill-defined channels 
permeating the strands of cells that traverse the central 
lumen of the organ to reach the vessel (Fig. 6). It is 
: therefore evident that fluid from the contractile vessel 
might come into intimate relation with fluid from the peri- 
.. visceral coelom at the periphery of the axial organ, since 
the two kinds of cavity are separated, at most, by the 
. attenuated epithelium just mentioned. 
_ Although the importance of the existence of canals by 
“which the axial organ communicates with the perivisceral 
_ coelom has been emphasized', nothing tangible is known 
_of their function. Amoebocytes and what appears to be 
ie secretion | are found in them, but it is not clear in which 
g ic no i-they are passing. Initially, therefore, their 





openings were examined to see whether inward or outward 
currents could be detected. 

Ciliary currents. Finely powdered carmine, sprayed from 
a fine pipette on to an excised axial organ of Arbacia 
examined in sea water, was quickly swept off by the 
powerful surface ciliation. The external openings of the 
peripheral canals were readily identified, but no inward 
or outward currents were detected, even when particles 
were sprayed directly into the openings. A powerful 
swirl of particles was sometimes seen on the outside 
surface. 

Most significantly, however, an internal circulation was 
seen to occur in the clear peripheral cavities of the organ. 
This becomes evident when the axial organ is viewed by 
transmitted light because some of the cavities contain red 
amoebocytes which are swirled around in a minute whirl- 
pool. The amoebocytes may aggregate so that a more or 
less compact ball or cyst is produced. When excised and 
examined alive, a cyst appears to consist of an envelope of 
red and colourless amoebocytes enclosing similar cells 
which are disintegrating (Fig. 1). 

The rotating cysts, or circulating streams of amoebo- 
cytes, do not occur in the ‘haemal’ spaces but in localized 


swellings of the complementary system of peripheral = 
spaces which communicate directly with the perivisceral — _ 


coelom. Such dilated spaces may be termed follicles. 
Usually no more than two could be detected in a normal 
axial organ. The internal currents which produce the 
stream or rotation appear to be localized, for when cysts 
are displaced by gentle pressure into adjoining regions of 
the canalicular system, their rotation ceases and is resumed 
when they are restored to their original locus. Again, 
follic'es may be temporarily isolated by gently pinching 
them off with fine forceps, but the internal currents con- 
tinue. When follicles are excised, however, their currents 
cease immediately. 

It is remarkable that such appearances have not been 
described before, and so it was suspected that they might 
be artefacts due to immersion of the excised axial organ 
in sea water. This is not so, for they appear in excised 
organs examined in coelomic fluid taken from the same 
animal. 

How the currents within the follicles are produeed is 
unknown. Although they show every sign of being pro- 
duced by internal ciliation, no such ciliation has yet been 
found in fixed material. In one case a small clot of 
coelomocytes that had formed in the coelomic fluid outside 
one of the follicles began to rotate in the same direction 
and with the same speed as the stream of amoebeocytes 
within. It is difficult to envisage how this could occur 
except by the transmission of motion through one of the 
superficial openings, and this may be correlated with the 
rotary currents detected on the outside of the organ. 


Although not impossible, it appears unlikely.” that the 


« Benedeczky, I., Pupp, A. and. Tigyi, Ai; Acta Biol, Hung. „15,271 (1965). 
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Fig. 1. A living, unstained cyst, excised, while still rotating, from a canoe of the axia organ of Strorngylocentrotus. The dark bodies are red 
amoebocytes 


Fig. 2. A follicle and its contained cyst in the axial organ of Strongylocentrotus, 73 h after part of the perivisceral coelomic fluid had been replaced 

‘by coelomic fluid from Asterias forbesi. Note the concentric layers of coagulum enclosing coelomocytes and the low flat cells forming the wall of 

‘the follicle which has broken down in places, Cells from the wall, together with those from the s trrounding haemal space, are invading the 
follicle. Fixed with Susa in sea water and stained: Mallory. Scale: 13. 


Fig. 3. A follicle and cyst from Arbacia 3 days after introducing sperm of the same species into the perivisceral coelom. Note the centre of the 
cyst, formed of what appears to be compacted sperm heads, surrounded by phagocytes. Fixec and stained as in Fig. 2. Scale: 8u 


Fig. 4. Transverse section of the axial organ of Arbacia, 24 h after injecting a culture of Uronema with bacteria into the perivisceral coelom. 

Note the follicle that has distended into thin-walled bladders (b), containing amoebocytes and extending freely into the perivisceral coelom (p.c.). 

The bladders appear to have formed successively, No on Si ae Oinki lumen is evident in this region. Fixed and stained as in 
fig. 2. Scale: 140u 


Fig. 5. A follicle from the same axial organ as that shown in Fig. 3, showing the presence of sperm, some of which (on the right) are free, so 
that their tails are visible. One sperm cell (s) has been ingested by a phagocyte. Fixed and stained as in Fig. 2. Scale: 9u 


Fig. 6. Portion of the axial organ of Arbacia, showing a channel within the shaft of cells (2), connecting the contractile vessel (on the right) with 
‘the peripheral ‘haemal’ spaces (on the left). The channel is filled with deeply staining amoebocytes. O, marks an opening into the perivisceral 
coelom. Fixed and stained asin Fig. 2. Scale: 20. 


Fig. 7. One of the canals leading from the perivisceral coelom into a follicle of the axial organ of the same urchin as that used in Fig.3. The dark 
conical heads of sperm cells, which mostly appear free, can be seen within the canal. Fixed and stained as in Fig. 2. Scale: 8 























motion is due to the effects of external ciliation spreading 
into the follicle, because internal currents were often seen 
below regions where no corresponding external currents 
could be detected. 

Follicular activity appears to be phasic, for follicles 
were observed in both normal and experimental animals 
that showed no signs of such activity and contained static 
cysts. Moreover, the rotation of cysts has been seen to 
start and stop, lasting for some 30 min. 

Experiments with markers. Knowing the phagocytic 
properties of echinoid amoebocytes, it was suspected that 
such an elaborate mechanism might be more than merely 
a means of disposing of effete amoebocytes. Accordingly, 
cysts were examined following the introduction of identi- 
fiable foreign matter into the perivisceral coelom. Initial 
crude experiments, in which suspensions of indian ink in 
sea water were injected, revealed nothing in so far as none 
of the substance appeared in the axial organ. Some was 
ingested by amoebocytes, but most remained in clots 
within the perivisceral coelom. 

When foreign cells were injected these suspicions were 
-onfirmed. Thus when a portion of the coelomic fluid of 
Strongylocentrotus was replaced by an equivalent quantity 
of coelomic fluid freshly withdrawn from Asterias forbesi, 
examination of stained sections of an organ fixed 73 h 
later showed the presence in the axial organ of numerous 
cysts. They consisted of coelomocytes wrapped in coagu- 
lum, which appeared to be in concentric or spirally wound 
layers (Fig. 2), presumably as a result of the continued 
rotation. Such cysts were found in the central lumen 
of the organ, but more especially in the peripheral follicles. 
Comparison with a smear of starfish coelomic fluid, stained 
in the same way, indicated that many of the cells in the 
eysts were starfish coelomocytes. 

Bearing in mind the difficulty of distinguishing such cells 
with certainty from some types of the urchin’s own 
eoelomocytes, especially after enclosure within a cyst and 
subsequent fixation, the experiments were repeated 
using readily identifiable cells. For this purpose, sperm 
freshly discharged from Arbacia was suspended thickly 
in sea water and a little was mixed with about 2 ml. of 
coelomic fluid freshly withdrawn from the same individual 
or from another of the same species. The mixture was 
quickly injected into the perivisceral coelom of the 
individual from which the coelomic fluid had been taken. 

Sections of the axial organ fixed 3 days later showed 
clearly the presence of sperm in the follicles (Fig. 5) and 
_in the canals opening to the surface (Fig. 7). Some of the 
perm appeared to be free; more was enclosed in aggre- 
gated amoebocytes which formed cyst-like masses within 
the follicles (Fig. 3), but most of it appeared in large clots 
adhering to the outside of the organ. 

Such elaborate phagocytosis is frequently accompanied 
by grosser changes in the axial organ, such as distension 
of the central and peripheral cavities and stone canal. 
In Arbacia, the effect of sperm was so marked that the 
dilated peripheral spaces protruded from the surface as 
large thin-walled bladders. Even more striking were the 
changes induced by injecting into the  perivisceral 
coelom 0-05-2-0 ml. of a culture of the cihate Uronema 
with bacteria. Six to 48 h after injection, the axial organ, 
normally somewhat elongated, had swollen to become 
almost spherical, its central cavity being enormously 
dilated, while the peripheral cavities and stone canal 
had expanded into a crop of large thin-walled bladders 
(Fig. 4). Both bladders and central cavity showed vigor- 
ous circulatory streaming of amoebocytes. These cells 
sometimes aggregated in the perivisceral coelom in the 
vicinity of the organ, producing a conspicuous red cloud 
and in some instances a very obvious quantity of red 
pigment was deposited in the body cavity, presumably 
following their dissolution. Similar, but less extensive, 
changes followed the injection of bacterial culture alone. 

The effect of clotting the perivisceral coelomic fluid. The 
indications of clotting and cell dissolution are suggestive, 
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knowing the marked tendency of echinoid coelomic fluid 
to respond in this way, following injury, when exposed, 
or in the presence of foreign bodies‘. The effect of clotting 
the coelomic fluid on the axial organ of Arbacia was 
therefore examined. About 2 ml. of perivisceral coelomic 
fluid were withdrawn into a sterilized hypodermic syringe, 
in which it clotted rapidly. To assist breakdown of coelo- 
mocytes in the clot, the syringe was shaken and in some 
cases air was briefly bubbled through it. The fluid, 
together with the clot, was quickly re-introduced into the 
perivisceral coelom of the same urchin. The effect became 
clear in 4-10 h. In ‘mild’ cases the organ was greatly 
swollen or bore a crop of large or small blisters. In others 
the whole syndrome appeared, the central cavity of the 
organ being greatly swollen, the follicles dilated and the 
blisters expanded into thin-walled bladders. An impressive 
streaming of amoebocytes was evident in all these cavities. 

The specific importance of clotting was shown by repeat- 
ing the foregoing procedure using a sterilized syringe 
which had been rinsed with a 10 per cent solution of di- 
sodium ethylenediaminetetraacetate in sea water. This 
inhibited clotting, and the effects on the axial organ of 
re-introducing coelomic fluid so treated were drastically 
reduced. 

The significance of the reaction. It is clear that the 
axial organ can take up directly, or ingested in phago- 
cytes, organisms or cells that contaminate the perivisceral 
fluid and deal with them in an elaborate, well-defined 
way. The ultimate fate of the cysts and ‘foreign’ cells has 
yet to be determined. Similarly, the way in which such 
extraneous matter enters the organ is unknown, but the 
presence of the injected cells, both free and ingested in 
phagocytes, in the canals leading into the organ from the 
perivisceral coelom, is suggestive. N evertheless it will 
be remembered that inward ciliary currents have not yet 
been detected in these canals. Perhaps the rhythmic 
pulsations of the contractile vessel are significant in this 
connexion. Thus the pulsing of ‘haemal’ fluid through the 
vessel could exert changing pressures in the periphery of 
the axial organ and so be indireetly responsible for moving 
perivisceral fluid in and out of the openings on the surface 
and the associated system of canals. 

Discharge of this decontaminating function is accom- 
panied by equally well-defined overt changes in the axial 
organ and similar changes are induced by the presence of a 
clot of the animal’s own coelomocytes in its perivisceral 
fluid. The circumstances are not disparate, in the sense 
that both are associated with injury. Thus wounds are 
rapidly invaded by amoebocytes and sealed by a clot 
formed by the change or breakdown of these cells. At 
such times invading organisms may enter the tissues or 
coelomic fluid and their presence in the latter may induce 
further clotting. The reactions of the axial organ could 
therefore be part of a defensive injury response in which the 
organ is ‘alerted’ or its activity is triggered by ‘injury 
substances’ released into the coelomic fluid by the break- 
down of amoebocytes; but this has yet to be shown. 

In conclusion, two points should be emphasized. The 
possible reactions of other organs to the experimental 
conditions described have not been studied, though 
cursory examination failed to reveal anything so obvious as 
those of the axial organ. No claim is made that this may 
be the sole function of the organ. 

I thank Dr. G. Holz for cultures of Uronema and 
bacteria, Dr. R. Boolootian and Mr. Z. Podhorodecki for 
help with photography, and Drs. Boolootian and Farman- 
farmaian for advice. I also thank Dr. W. D. Russell- 
Hunter for providing facilities for the work, which was 
supported by a grant from the National Science Founda- 
tion, G.B.-3447, made to the Department of Invertebrate 
Zoology of the Marine Biological Laboratory. 
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FOUR SIBLING SPECIES INCLUDED IN Simulium damnosum THEOBALD 
(DIPTERA : SIMULIIDAE) FROM UGANDA 


By Dr. R. W. DUNBAR* 


Department of Zoology, University of Durham, South Road, Durham 


i | aes black fly Simulium damnosum was described in 

1903 by F. V. Theobald from material he collected 
in the Nile provinces of Uganda'. The name he chose, 
damnosum, reflects an opinion of the fly’s voracious biting 
habits. In 1923, in Sierra Leone, on the other side of 
Africa, D. B. Blacklock identified S. damnosum as a vector 
of the filarial worm Onchocerca volvulus which produces in 
man the disease onchocerciasis, or ‘river blindness’?. 
As the seriousness and widespread occurrence of this 
disease became apparent it was realized that this black 
fly was the most important vector of onchocerciasis. The 
habits of this fly have since been extensively studied 
in the hope of eliminating it and controlling the disease. 
From these investigations one point stands out, the 
extreme variability of its habits*. For example, in some 
areas the fly bites man at low altitudes but not at higher 
altitudes; in different regions the reverse situation seems 
to be true. On the Nile River larvae may be found at the 
brink of a waterfall or in quiet backwaters where the 
only movement is wave motion’. Because of this varia- 
bility several field workers have begun to suspect that 
more than one species is involved'. Yet morphological 
variations between specimens from widely distributed 
localities are so slight that most taxonomists have con- 
sidered S. damnosum to be a single species. One possible 
way of resolving whether or not S. damnosum is one or 
more species is to use the technique which has been suc- 
cessful in solving similar Holarctic black fly problems, the 
examination of the larval salivary gland giant polytene 
chromosomes'~’. In these insects they are large and 
often very clear (Fig. 2). This article describes how such 
a cytotaxonomic survey of larvae from Uganda, identified 
as S. damnosum, disclosed the presence of four distinct 
cytological categories. 


Uh 





In an ideal species, one which has only one giant 
chromosome banding pattern, all the individuals will 
share this pattern. The most frequent alterations to this 
standard pattern are two-break rearrangements in which 
the interstitial segment becomes inverted. Such inverted 
segments are called ‘inversions’. Within a species these 
inverted and original sequences can be expected in 
homologous chromosome pairs in any of three ways: both 
chromosomes having either (1) the standard sequence 
or (2) the inverted sequence (the two alternate “homo- 
zygous’ arrangements), or (3) one chromosome being 
standard and the other inverted (the ‘heterozygous’ 
arrangement). The finding of this last category, the 
heterozygote, establishes that an inversion is part of the 
chromosomal polymorphism of a species, that is, it is 
an intraspecific (‘foating’) inversion’. Species have 
usually a few to many floating inversions. 

When the bandirg patterns of closely related species 
are examined there are almost always, in black flies, 
one or two inverted sections which appear to be like the 
two alternate homezygous arrangements already men- 
tioned. However, the intermediate heterozygous arrange- 
ment is never found. The best interpretation for this is 
that there are two non-interbreeding populations, that 
is, two species. These interspecific (‘fixed’) inversions are 
the main evidence fer the establishment of the cytological 
categories which are characteristic of different species*, 
Secondary evidence for these categories comes from the 
floating inversions in that two species rarely share a 
floating inversion, although this is theoretically possible. 
In practical terms a floating inversion can be assigned to 
one specific category. Cytotaxonomic identification of a 
species is not depemdent on variable (or in black flies, 
almost invariable !} morphological characters, but is 
dependent on the observation of the chromo- 
somal banding pattern which undergoes 
virtually no phylogenetic change except by 
a clearly defined, discrete steps, such as 
inversions. Precise cytological categories, 
3 therefore, are provided by the presence or 
A absence of inversions. 

There are also micromorphological charac- 
ters im the chromosomes which are very 


ti 


d» ; useful in the identification of a species, a 


chromesome or even a chromosome arm. 
Most of these are prominent features within 
i the banding pattern and have been given 
Z descriptive names (Figs. 1 and 2). Although 
: their expression may vary, the real value 
: of these characters is in their relative posi- 
3 tions within the banding pattern where they 
4 serve as ready markers. Other micromorpho- 
” logical characters® include the chromosome 
numbe=, the degree of pairing of homolo- 
7% gous chromosomes, the expanded regions 
associated with centromeres and the degree 
of fusion, if any, of the centromeres. 


Sebwe A Sebwe 8 Wile Kagera trei The material used in this investigation 
Fig. 1. Idiograms of the chromosomes of four sibling species included in S, damnosum. came from three localities: (1) Sebwe River, 
The inversions and chromosomal features are plotted according to their percentage Toro (Ruwenzori); (2) Nile River, Kagela 


tion in the total complement length (percentage TCL). Brackets indicate inversions. 


mere ( Descripti 
bubble’ (refs. 7 and 14, ‘bulge’); R, ‘ring of Balbiani’ (refs. 8 and 14); P, ‘para-Balbiani' 
(ref. 6); Er, ‘expanded region’ associated with centromere (ref. 8) 


Falls, 14 miles downstream from Jinja; 
(3) Ka agala River, near Kikagati, Kyansore 
Island, Ankole (Table 1). The larvae were 


* Present address: Division of Natural Sciences, Uni- 
versity of Saskatchewan, Regina, Canada. 
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Fig. 2. Broken lines 


Giant chromosomes of ‘Sebwe B' (No. 1693.63). 
show the outlines of the nucleolar masses 


fixed in Carnoy’s fixative, stained in leucobasic fuchsin, and 
the slides made permanent by the dry ice method***. A 
modified Leitz ‘Ortholux-Orthomat’ microscope—camera 
combination was used for analysis and photo-micrography. 
A photographic map was made of the chromosomes of a 
specimen (No. 1693.63) from the Sebwe River (henceforth 
referred to as ‘Sebwe B’). All the slides were compared 
with this map. The four siblings were provisionally 
named after the rivers from which they came. They are 
identified as ‘Sebwe A’, ‘Sebwe B’, ‘Nile’ and ‘Kagera’. 
The details of this analysis are summarized in the idio- 
grams (Fig. 1) which depict graphically the features of the 
cytological categories to be described. The inversions 
and the micromorphological characters have been located 
by plotting their percentage positions within the total 
complement length. 

The close relationship of these four siblings is shown 
by the basic similarities of their chromosomes. All four 
have three pairs of tightly paired chromosomes, and arm- 
length ratios about the centromeres of 1; 1-1, 1: 1-5 and 
1:1-7. They share the same basic banding pattern 
except for the few interspecific inversions. They have the 


Table 1. COLLECTIONS OF S. damnosum COMPLEX AND THE NUMBER OF 


SLIDES OF EACH SIBLING ANALYSED 


Location: Sebwe River Nile River Kagera River Total 
Date: 31/1/63 10/3/63 28/3/64 8/4/65 10/3/63 11/4/64 
Sibling 
Sebwe A 11 25 36 
Sebwe B 8 23 31 
Xile 27 20 47 
Kagera 4 44 48 
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same relative positions for the main nucleolus and the 
micromorphological characters of the second and third 
chromosomes. In these siblings only the first chromo- 
some has an expanded region associated with the centro- 
mere. The centromeres of the other two chromosomes are 
indistinguishable from a large band. 

Sebwe A was chosen, because of its phylogenetically 
central position, as the basis for comparisons (Fig. 3). Its 
banding pattern, therefore, is the standard against which 
the others are compared. This is almost a chromosomally 
monomorphic species since only a single heterozygous 
inversion configuration was found. It is in the second 
chromosome (No. IL), short arm (S) and was the first 
inversion in any sibling found in that arm; it is inversion 
ILS-1. Another feature of this sibling is that the centro- 
meres are tightly fused, but no chromocentre is formed. 
The centromeres also appear ‘glassy’ rather than dark as 
in the other siblings. 

Sebwe B differs from Sebwe A by a single interspecific 
inversion in the third chromosome, IITL-1. This appears 
to be a monomorphic species since no floating inversions 
were found. Sebwe B has a second nucleolar organizer 
in the third chromosome distal to IIIZ-1, the only sibling 
with this feature. 

Nile differs from Sebwe A by a single interspecific 
inversion in the first chromosome, IL-1. This is a rela- 
tively polymorphic species with four floating inversions 
in the first chromosome, three of which are common, 
and one in the second chromosome, IS-2, LS-3, LS-4, 
IL-2 and IL-2. 

Kagera differs from Sebwe A by two interspeeific inver- 
sions in the first chromosome, LS-1 and IL-3. The only 
two floating inversions, IL-4 and IL-5, were always 
found heterozygously, together and only in males. 
Therefore this sibling has a distinct X chromosome with 
IS-1 and IL-3, and a distinct Y chromosome with IS-1, 
IL-3-4 and IL-5. It is the only sibling in which the 
X and Y chromosomes can be distinguished. The ex- 
panded region is slightly larger than in the other three 
siblings and has a distinct band marking the centromere. 

Interspecific inversions not only define eytologica} 
categories, but they also show phylogenetic relationships’. 
If the interspecific differences between Sebwe A and the 
other three are plotted as in Fig. 3, then to find the 
difference between any peripheral pair it is only necessary 
to ‘add’ the inversions along the lines. Thus, for example, 
the difference between Sebwe B and Kagera is three inter- 
specific inversions, LS-1, LL-3 and ITIL-1. This is precisely 
what is found. Unfortunately without further informa- 
tion it is impossible to determine phylogenetic direction’. 

Sebwe A and Sebwe B, because they are sympatric, 
are clearly a pair of species, and Sebwe B, because of its 
position in the phylogenetic scheme, is a species distinct 
from the others. However, there is a lack of evidence 
to eliminate entirely all possible arguments that certain 
of the remaining three siblings represent isolated popula- 
tions of the same species’. The distance between the 
Sebwe and Kagera Rivers is less than 100 miles, and there 
is a little more than 100 miles between the Sebwe and Nile 
Rivers. With probable breeding sites for any of these 
siblings in the intervening areas, and considering the 
flight range of these insects, it is practically impossible 
that such large cytological differences could represent 
geographic variants of the same, but widespread, species 
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around Lake Victoria. These doubts could be dispelled 
by the examination of intermediate populations and the 
establishment of ranges for each sibling. 

It is a reasonable conclusion, therefore, that these four 
siblings, Sebwe A, Sebwe B, Nile and Kagera, represent 
four distinct but closely related species. The sibling 
identified here as Nile may be S. damnoswm since the 
type locality is the ‘Jinja fly belt’ at the mouth of the 
Nile. It also raises the possibility that some of Ender- 
lein’s names for species in this group may be valid? *, 

Complete chromosome maps for these four species will 
be published at a later date. It is also hoped that for this 
future report it will be possible to examine materials of the 
S. damnosum complex from other parts of Africa. 

I thank A. W. R. McCrae and M. A. Prentice of the 
Ministry of Health, Vector Control Division, Kampala, 
Uganda, for contributing all the larvae examined. This 
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AND MEMORY 


By Pror. ALLAN L, JACOBSON, CLIFFORD FRIED and SHELDON D. HOROWITZ 
Department of Psychology, University of California, Lcs Angeles 


i. Transfer of Learning by Injection of Ribonucleic 
Acid 


EVERAL recent investigations of planarians have con- 
tributed suggestive evidence regarding the biochemical 
basis of memory. McConnell! and John? found 
that cannibal worms which had ingested classically 
conditioned worms later performed better than did 
cannibals which had ingested untrained worms. Corning 
and John? obtained evidence that ribonuclease may ‘wipe 
out’ conditioning in regenerating planarians. Two 
preliminary reports’ have indicated that injection of 
ribonucleic acid (RNA) extracted from trained planarians 
may enhance responding in untrained planarians. 

Two related factors have delayed full acceptance of 
these findings: the controversy concerning the validity 
of classical conditioning in planarians, and the absence 
of pseudo-conditioning controls in several of the afore- 
mentioned investigations (for discussion of these problems, 
see ref. 5). The experiment described here was carried 
out in an attempt to resolve these questions, at least in 
part, by showing that (a) classical conditioning effects 
can .be easily distinguished from pseudo-conditioning 
effects in planarians, and (b) enhanced responding is 
produced by injection of RNA from classically condi- 
tioned, but not from pseudo-conditioned or non-condi- 
tioned planarians. 

675 planarians (Dugesia dorotocephala) of about 1 cm 
length were used, which had been obtained from West 
Coast Biological Supply Co., Los Angeles. They were main- 
tained and trained in spring water and were not fed during 
the course of the experiment (the composition of the water, 
as provided by the laboratory of Sparkletts Drinking 
Water Corp., was 30 mg/l. calcium, 15 mg/l. sodium, 
72 mg/l. chlorine, 12-14 mg/l. bicarbonate, 25 mg/1. 
silica, and 0:1 mg/l. fluorine). The planarians were handled 
with a sable brush. The room light was diffused and was 
on only during the day. 

The planarians were trained in a rectangular plastic 
trough measuring 14-5 cm x 5-5 em x 5-5 om and filled 
with spring water to a depth of 1:5 cm. Aluminium 
plates which covered the two long walls of the trough 
served as electrodes. A potential of 10 V peak 60-c/s a.c. 
was connected to the electrodes by a clock device. Current 
flow through the volume of water was 2-5 m.amp peak. 
The conditioned stimulus (CS) was provided by a 75-W 
bulb in a 25-cm reflector suspended 22 em above the 
trough. A piece of paper covered the reflector and 


diffused the light. The illumination at the trough 
measured 13 ft.-cendles with the CS-light off and 400 
ft.-candles with the CS-light on. All stimulus and interval 
durations were controlled by Hunter clocks. 

Three groups of 200 planarians each were used in the 
first stage of the experiment. One group (non-conditioned, 
hereafter referred to as group NC) was simply permitted 
to rest in their home containers. A second group (classic- 
ally conditioned, or CC) was given training consisting of 
paired presentations of light and shock. Before these 
training trials were undertaken, group CC was given 
fifty 3-sec presentations of light alone in two sets of 
twenty-five trials separated by a 10-min interval. The 
interval between light presentations within a set was 
20 sec. Then, follawing another 10-min interval, training 
was instituted. A training trial consisted of a 3-sec 
presentation of light, during the last second of which the 
shock was also applied. The inter-trial interval was 20 
sec. On the first cay of training, group CC received two 
sets of twenty-five conditioning trials, with 10-min 
intervals between adjacent sets, in addition to tho fifty 
light-alone trials. On the next day, group CC received 
three further sets of training trials. 

The third group (pseudo-conditioned, or PC) was 
trained ın the same fashion as was group CC, except that 
for group PC light and shock were presented in a fixed 
interspersed sequerce, rather than being paired. Whereas 
group CC received one light-shock pairing every 20 sec, 
group PC received a stimulus, either light or shock, 
every 10 sec. Ths total number of lights and shocks 
received by group PC in a given trial set was equated to 
that for group CC, and shock was never given to group 
PC more than twice m succession. At the beginning of 
each day’s sessions, all worms were adapted to the 
trough for 10 min before training was commenced. 

On each presentation of light, each worm in groups 
PC and CC was szored according to whether or not it 
responded during the first 2 sec. A response was defined 
as a discernible lorgitudinal contraction of the body, this 
being the unconditioned response to shock. Other changes 
in locomotion, inchiding stopping, or lifting, wagging, or 
turning the head, were not counted as responses. On 
eight separate occasions, two observers made independent 
judgments on a set of twenty-five trials. Agreement 
ranged from 23 out of 25 to 25 out of 25; overall, the two 
judges agreed on 192 out of 200 trials. 

Twenty conditioned and twenty pseudo-conditioned 
worms (randomly selected) were scored individually for 
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the fifty light trials and 125 subsequent training trials. 
The performance levels of these animals are presented in 
Fig. 1. The differentiation between the two groups in 
their responsiveness to light is apparent and is further 
indicated by the ranges of scores for the last two training 
sets: on set 4, the range for CC was 10-17, that for PC 0-5; 
on. set 5, the range for CC was 13-17, that for PC 0-6. 

An additional five sets of trials wore given to groups 
CC and PC, three sets on the day preceding extraction 
(described below) and a final two sets on the day of extrac- 
tion. During the last trial set, four worms from each of 
the groups were scored individually. The four CC worms 
scored 14, 15, 16, 17; the four PC worms scored 1, 2, 3, 3. 

After the completion of training, RNA was extracted 
from each of the three groups of planarians by a phenol- 
extraction technique (for details of the procedure, see 
ref. 6). The 200 worms of a given group were pooled 
together for an extraction. The RNA from each group 
was dissolved in 700 ul. of isotonic saline. The amount 
of RNA was determined from the optical density at 
260 mu (s? = 7,450 in 0-2 M sodium chloride). One 
extract was used for the determination. The yield was 
approximately 3-4 mg/1-0 g of tissue. During the extrac- 
tions, the experimenters did not know the identity of any 
group. 

Four hours after extraction, the RNA from each of the 
groups (NC, PC and CC) was injected into twenty-five 
untrained planarians. Fourteen hours before injection 
began, each of these 75 recipient worms had been given. 100 
light-adaptation trials, in two sets of fifty trials separated 
by a 10-min interval. The inter-stumulus interval within a 
set was 20 sec. The injections were performed under a 
binocular dissecting microscope in the following manner: 
a metal cap was filled with paraffin, and a depression 
approximately the size of a planarian was cut into the 
paraffin. The metal cap was placed in a Petri dish and 
the latter was placed in a container of dry ice. A planarian 
was placed in the depression. Within 1 min the low 
temperature resulted in the planarian becoming quiescent. 
When this was so, 20 ul. of the appropriate solution was 
injected into the body cavity by way of the pharynx. 
A 100-ul. No. 710 Hamilton syringe with a 1-3 cm 30- 
gauge needle was used, and a finely drawn-out capillary 
tube was glued to the needle. The capillary tube was 
replaced as necessary during the injections. Like the 
extractions, the injections were conducted in ‘blind’ 
fashion; that is, the research worker carrying out the 
injections did not know to which group the planarian 
which he was treating belonged. 

Twenty-four hours after the injections had been 
completed, the 75 injected worms were tested individually. 
Each worm received twenty-five presentations of light 
alone, spaced 20 sec apart, and responses occurring during 
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Distribution of scores (responses per 25 trials) for injected 
planarians 


the first 2 sec of the light were recorded. No shock was 
ever given during testing. Again, all testing was conducted 
‘blind’. 

Fig. 2 presents the number of responses made by each 
worm in, the test series. The mean for planarians injected 
with RNA from group CC was 8-2, that for the ‘PC- 
injected’ group was 1-8, and that for the NC-injected group 
was 1-6. By a Mann-Whitney U test’, the group injected 
with RNA from classically conditioned worms was superior 
in performance to either of the other injected groups 
(P < 0-001). As Fig. 2 shows, the ranges of the two 
control groups, on one hand, and of the experimental 
group, on the other, did not overlap. 

Several conclusions can be drawn from this experiment: 
First, classical conditioning in planarians 1s a distinct and 
valid phenomenon, and pseudo-conditioning effects, at 
least under the present conditions, are negligible. This 
finding corroborates that of Baxter and Kimmel*, but in 
the present experiment the differences between groups were 
much more pronounced. Secondly, injection of the RNA 
preparation from group CC was sufficient to induce respon- 
siveness to the light which could not be accounted for 
on the basis of nutrition, handling, or stimulation received 
by the donor group. Rather, the critical feature for both 
the conditioning effect and the RNA transfer effect was 
apparently the contiguity between the stimuli (light and 
shock). Since such contiguity is generally considered to 
be the defining characteristic of ‘true’ conditioning, the 
present data would seem to suggest that a specific learned 
response was transferred by way of the injection of the 
RNA preparation. This conclusion is strengthened by the 
fact that no shock was used during testing, and thus no 
new learning could have occurred. 

We have conducted two supplementary experiments 
designed to ascertain whether RNA was m fact the effec- 
tive transfer agent: (1) RNA extracted from CC and PC 
groups by the phenol method as previously described was 
further purified by ‘Sephadex’ chromatography (G-50 
coarse beaded form; 1 mM magnesium acetate 5 mM 
tris-acetate, pHi 7-2) and methylated albumin chromato- 
graphy (step-by-step elution with 2-0 M sodium chloride, 
0:05 sodium phosphate, pH 6-7). A significant difference 
in the levels of response was found between the two groups 
injected with these purified preparations (mean of experi- 
mentals, 7-8; mean of controls, 2-9; P < 0-001). (2) 
RNA from CC animals was degraded by treatment with 
0-3 N sodium hydroxide (16 h at 37° ©). Recipients 
(group 2) of this degraded RNA performed at about the 
same level as did recipients (group 3) of RNA from PC 
animals, and both were significantly lower in performance 
than, recipients (group 1) of RNA from CC animals (mean 
of group 1, 8-4; mean of group 2, 4-7; mean of group 3, 
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5:7; group | versus group 3: P < 0-01; group 1 versus 
group 2: P < 0-001). 

This work was supported by University of California 
research grant 2068. We thank Dr. Robert Ramaley for 
his assistance in the chemical procedures, and Dr. Roman 
Kenk for identifying the species of planarian. 
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If. The Influence of Prior Extinction on the 
Ribonucleic Acid Transfer Effect 


A NUMBER of experiments, meluding the preceding 
article, appear to implicate RNA m memory functions. 
Lhe most prevalent approaches attempt either to correlate 
RNA changes with a learning experience}, or to transfer 
behavioural tendencies from one organism to another by 
injection of RNA?. These experiments and the relevant 
theory generally concern the acquisition (learning) of 
new behaviour patterns. Any adequate biochemical 
concepts of memory must also, however, account for the 
dimmution or loss of learned behaviours which typically 
occurs in experimental extinction Proponents of the 
RNA hypothesis might adopt either of two positions 
on this point: (A) experimental extinction acts to modify 
(either directly or indirectly) the RNA which was (hypo- 
thetically) modified during acquisition ; or (B) experimental 
extinction results m behavioural decrements by some 
mechanism which does not mvolve changes in RNA. 
The latter position implies that any modifications in 
RNA produced during acquisition persist during and 
after extinction. 

The present experiment attempts to assess these two 
hypotheses. As m the mvestigation described in the 
preceding article, one group of planarians was classically 
conditioned and a second group was pseudo-conditioned. 
A third group was classically conditioned and then 
experimentally ‘extinguished’ by repeatedly presenting 
the conditioned stimulus (CS) alone. RNA extracted 
from each of these three groups was injected into naive 
planarians. Hypothesis A would predict that the group 
receiving RNA from ‘extinguished’ worms should be 
comparable in performance to the group receiving RNA 
from pseudo-conditioned worms; hypothesis B would 
predict that the group receiving RNA from ‘extinguished’ 
worms should be comparable with the group receiving 
RNA from classically conditioned worms. 

Initially, 400 worms received classical conditioning 
trials with paired light and shock,.and 200 worms received 
pseudo-conditioning trials with unpaired light and shock. 
The procedures followed those described in the preceding 
article: fifty exposures to light alone were followed by 
250 training trials in sets of 25 trials. Four ammals 
randomly selected from each group were observed indi- 
vidually during the last 25 trials: those from the CC 
group scored 11, 13, 13, 13; those from the PC group 
scored 0, 1, 3, 4. 

The classically conditioned group was then divided into 
two equal groups. One of these groups (CCE) was given 
200 presentations of light alone at 20-sec intervals, and a 
second session of 50 light-alone trials after a l-h break. 
The other conditioned group (CC) and the pseudo-cond1- 
tioned group (PC) were equated to group CCE in terms of 
handling and apparatus exposure—that is, these groups 
were placed ın the apparatus but were not given presenta- 
tions of ight. Four animals selected at random from each 
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of the three groups were then tested for 25 trials: CC 
animals scored 10, 11, 13, 18; PC animals scored 1, 2, 5, 5; 
and CCE animals scored 1, 2, 2, 5. 

RNA was then extracted (in blind fashion) from groups 
CC, PC and CCE by the phenol method as previously 
described and was further purified by ‘Sephadex’ chroma- 
tography (G-50 coarse beaded form; 1 mM magnesium 
acetate, 5 mM tris-acetate, pH 7:2). The RNA extracted 
from each of the three groups was injected into 25 naive 
planarians which had previously been given 100 presenta- 
tions of light alone. Each animal recerved 25 yl. of the 
RNA. preparation. Injections were performed in blind 
fashion. Twenty-four hours later, each injected animal 
was given 25 presentations of hght alone and was scored 
for number of responses (contractions). This testing was 
‘blind’, and animals from the three groups were taken in & 
randomly interspersed order. 

Fig 1 presents the number of responses made by each 
worm on the test series The mean for planarians in- 
jected with RNA from group CC was 6-9, that for worms 
injected with RNA from group CCE was 7-2, and that for 
worms injected with RNA from group PC was 3-0. The 
medians were, respectively, 7, 7, and 3. By a Mann- 
Whitney U test*, the group injected with RNA from PC 
worms differed markedly from each of the other two in- 
jected groups (P < 0-001). The latter two groups clearly 
did, not differ. 

Thus, the effects on naive recipients of RNA from 
extinguished planarians were indistinguishable from the 
effects produced by RNA from conditioned planarians. 
One possible interpretation of these data is that spon- 
taneous recovery might account for the level of response 
of the group injected with RNA from group CCE. Some 
subsidiary data force us to reject this possibility: five 
worms from group OCE were put aside following condition- 
ing and subsequent extinction and were then given 25 
test trials at the time that testing of the injected animals 
was conducted. The scores obtained were: 0, 1, 1, 1, 2. 
Clearly there was no spontaneous recovery of the condi- 
tioned response. In addition to substantiating our earlier 
findings, these results, then, suggest that experimental 
‘extinction’, while abolishing the conditioned response in 
planarians, did not affect the RNA of the conditioned 
animals. 

This work was supported by University of Calforna 
research grant 2068. We thank Dr. Robert Ramaley 
for his assistance in the chemical procedures. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Transient Lunar Events: Possible Causes 


IN a recent communication?, E. J. Flamm and R. E. 
Lingenfelter discussed the nature of luminescence and of 
lunar bright spots. They found that of nineteen reported 
bright spots in the region of Aristarchus, most occurred 
during years when the sunspot numbers were low, and 
they stated: “Clearly the 19 events are negatively cor- 
related with solar activity’. The Moon possesses only a 
negligible magnetic field and the particle flux at the Moon 
is, as pointed out by Flamm and Lingenfelter, too small 
by orders of magnitude to excite fluorescence, no matter 
whether flares, the solar wind, or cosmic-ray flux is 
invoked. A ‘negative’ correlation with sunspot number, 
if interpreted as a negative (or inverse) correlation with 
solar activity generally, implies a connexion with mag- 
netic phenomena just as surely as a positive or direct 
correlation and would be just as hard to explain. 

I analysed the same events with respect to monthly 
sunspot number, and also the distribution of sunspot 
numbers from 1749 to 1964 in the groups 0-30, etc., which 
were selected by Flamm and Lingenfelter for their survey. 
In addition, reports of a total of 103 events occurring in 
a number of areas of the Moon between 1749 and 1963 
were collected by Mrs. Jayley Burley and me? and have 
also been grouped by sunspot number (see Table 1). The 
run of the three sets of statistics was quite similar, and 
my conclusion is that, contrary to Flamm and Lingen- 
felter’s finding, no correlation of lunar events with sunspot 
numbers exists, and that the excess of lunar events during 
periods of low sunspot numbers is found because sunspot 
numbers are generally low. In the present survey, 
monthly means were used rather than yearly means. 

Monthly sunspot relative numbers were available? for 
all months from January 1749 to June 1964. A few 
events for dates (even one naked-eye observation of 1587) 
earlier than this were included in Mrs. Burley’s and my 
compilation, but could not be used here because monthly 
sunspot numbers were not available before 1749. Simi- 
larly, five reports within the past year have been omitted 
because sunspot reports for this period have not yet 
reached our library. The period 1749-1964 includes 2,586 
months, and random fluctuations can be expected to be 
smoothed out. 

When the data in the last two columns of Table 1 are 
plotted on a histogram, the tops of the columns run very 
smoothly. The curves for the other two smaller sets of 
data are not so smooth, as would be expected, but the 
trend is the same and the deviations from the same mean 
curve are consistent with the error law, so that no special 
selection effect or correlation seems to be present. The 
data for Aristarchus do not appear to be different in 
kind from those for other locations such as Alphonsus, 


Table 1. RECORDS OF LUNAR EVENTS ACCORDING TO MONTHLY SUNSPOT 
RELATIVE NUMBERS 
(Aristarchus (All available, All months 
Monthly mean EJ.F and .B and Jan, 1749- 
Sunspot No R.E L.) BMM.) June 1964 
No. of No. of o of 
events %, events % months % 
0 to 800 13 59 1 37 35 9 1,064 411 
30+ to 60-0 4 18°2 26 25 2 691 26:7 
60+ to 900 a! 456 20 19 4 423 16-4 
59-4 to 1200 1 45 8 7-8 220 8:5 
120+ to 160-0 3 13°6 3 29 109 4-2 
150+ to 180 0 0 0 5 48 52 20 
180+ to 210-0 0 0 2 19 21 <1 
210+ to 240-0 0 0 1 <i 5 <i 
240+ to 270 0 0 0 l <1 1 <1 
Total 22 999 103 100 9 2,586 100-0 


Plato, Mare Crisium and other lunar features for which 
records of events recur repeatedly m the literature. There 
thus does not seem any reason for singling out the Aristar- 
chus events and I have not done so here. 

The statistics of Table 1 would seem to represent a 
random distribution of events superposed on an asym- 
metric distribution of sunspot numbers, indicating that no 
correlation exists and that we need to look further for a 
cause. There are indications that internal lunar causes 
have been‘ and still may be significant and that lanar 
events may be initiated by tidal cracking (near perigee— 
the corresponding time on Earth is high tide) or at periods 
of maximal crustal relaxation (near apogee, which cor- 


‘responds to low tide on the Earth) with consequent 


release of hot or cold gases'-’. 
' BARBARA M. MIDDLEHURST 


Lunar and Planetary Laboratory, 
University of Arizona, 
Tucson, Arizona. 
1Flamm, E. J., and Lingenfelter, R. E., Nature, 205, 1301 (1965). 
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PHYSICS 


Entropy and Gravitation 


THE application of the second law of thermodynamics 
to bodies interacting through gravitational forces has 
been the subject of much controversy and discussion 
(see, for example, Kurth’s Mechanics of Stellar Systems*). 
A purely phenomenological discussion of such a problem 
is unlikely to provide an answer to this problem and it 
is therefore important to consider it from the point of 
view of statistical physics. 

The remarkable series of papers by Chandrasekhar on 
the ‘‘Statisties of the Gravitational Field arising from a 
Random Distribution of Stars’’*s* has shown that the 
main conclusions of the classical theory of Brownian 
motion, including the approach to equilibrium, may be 
applied to gravitational interaction. However, as noticed 
by Chandrasekhar? , there remained a difficulty due to 
the slow decay of the force autocorrelation function with 
time, which leads to a long-distance divergence in the 
Fokker—Planck type of equation. For plasmas this 
divergence can easily be eliminated by taking into 
account screening, but for gravitation the question 
remains unsolved. 

In order to discuss in greater depth the physical implica- 
tions of this divergence, let us start with the general 
evolution equation for the velocity distribution function 
e, of a classical N-body system (see Prigogine, Non- 
Equilibrium Statistical Mechanics*®). This equation may 
bo written: 


Apo 

at 

Té has two important features: (a) the collision operator 
G(+) has a ‘non-Markoffian’ character due to the finite 
duration of the collision; (b) the memory of the initial 
correlations appears through the destruction fragment 


= j dtG(t) polt — t) + F (t) (1) 
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F(t). When both effects are neglected we recover, in the 
limit of weak coupling or small concentration, the usual 
Boltzmann (or Fokker—Planck) equation. Boltzmann’s 
theorem then follows directly. 2 

It is essential, however, to notice that the H-theorem 
follows not from the general equation (1) but from its 
Boltzmann’s ‘approximation’. 

Let us call $(z) the Laplace transform of the collision 
operator G{t). The non-Markoffian equation (1) can also 


be written: 
Po = p (iF) po + FO (2) 
while its A approximation is: 
20s = 4(0) po (3) 


The difficulty with gravitational interaction is that 
v(z) has now for z-> 0 a logarithmic singularity which 
can no more be eliminated through a summation of 
classes of events as in the electromagnetic plasma case 
(see Balescu, ref. 4). 

The study of gravitational plasmas has therefore to 
start with equations of type (2) and not with their Boltz- 
mannian approximation (3). For rather similar reasons 
the destruction fragment F(t) can no more be neglected 
in (2) (see Prigogine and Résibois, ref. 5). 

Detailed results will be reported soon by G. Severne 
and myself in Physica. The main conclusion is that the 
evolution of the system now involves e succession of in- 
complete collisions: because of their long duration a new 
collision begins before the preceding one is achieved. 
The result is not only a randomization of kinetic energy 
but also a transformation of gravitational energy into 
thermal energy. A Boltzmann type H quantity can be 
defined, of course, but its time derivative (even in & coarse- 
grained sense) has no well-defined sign. It seems, there- 
fore, that the existence of a large number of interacting 
degrees of freedom is not a sufficient condition for the 
existence of entropy; conditions on the forces are also 
necessary (such that (z) for z — 0 is finite). Of course, 
the canonical distribution is still a time independent 
solution. of the kinetic equation (2), but the system has 
no mechanism to reach it if it is not imposed at the initial 
time. Phenomenological thermodynamics seems to be 
applicable only to short range (or electromagnetic) forces 
for a given state of gravitational bodies. If, on the other 
hand, gravitation is included, there seems to be no way 
to order the states of a galactic system (or a fortiori of the 
universe) according to the value of the entropy. 

Most of this work was performed while I was staying 
at the Research Laboratories, General Motors Corporation, 
Warren, Michigan. I thank Dr. R. Herman for many 
stimulating discussions. 

I. PRIGOGINE * 
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Holography and its Crystallographic 
Equivalent 


RECENT advances in holography! have made apparent 
certain formal relationships between optical image syn- 
thesis, on one hand, and the heavy atom technique in 
X-ray crystallography, on the other. Bragg? has already 
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qualitatively indicated this analogy. An exact corre- 
spondence between the two processes has become clear 
only since the following two developments: (i) Fourier 
transform holography for extended sources’; (ii) the Rama- 
chandran and Raman‘ a-synthesis to deconvolute the 
Patterson function when the structure is partially known. 

In the case of hclography, we perform an interference 
experiment between the known and unknown extended 
objects Tp(č) and T(E), where these symbols define the 
complex amplitude transmission of the electric field vector 
distribution on illumination by a wave of unit amplitude. 
Thus the complex amplitude distribution at point x on 
the hologram will be A(a) = tp(x) + to(x)e27ie z, where 
tp(x) and tolx) are the spatial Fourier transforms of T'p(&) 
and T a(&) and a is the separation of Z'p(E) and Z'9q(&), that 
is: 


x(a) = f D(Eje2miz $ dE 


where the integral is taken over the surface of the source. 
The intensity H(z) recorded on the hologram at point 2 
will then be: 


H(x) = A(a).A*(ax) 
= |tel) fF + |te(x)|? + tp(x).to*(x)e-27a.e 
+ tp*(x).to(x)o?ria.z 


It was shown by Stroke et al. that a Fourier transformation 
would permit the reconstruction of the unknown object, 
Te({é), provided that the hologram were illuminated by 
the same object Tp(E) and that the Fourier transform of 
the product tp(@)ip*(x) be a delta function. Further, if 
it is desired to remove the two centrosymmetrically related 
images, it is necessary that tp(a)ip(~) is not a delta 
function. It follows that the reconstructed object will be 
formed by the transform of: 


tp(a)|tp(%)|? + tr(a)|te(x)|? + tr(x).tp(x) te*(x) o-27ia s 
+ tp(x).tp*(x) tg(a) e27ia.® (1) 


In the case of a partially known crystallographic struc- 
ture we observe the interference effect between the known 
and unknown parts of the structure. The complex 
amplitude Fy of the resultant wave will then be: 


Fy = Fp + Fo 


where Fp is the structure factor of the known part and 
Fo that of the unknown part, at the same reciprocal lattice 
point. Thus the ictensities recorded will be: 


Pyl yt = Fpl p* + Fol'o® + FpFgo* + Fret fe 


The Ramachandran and Raman «-synthesis reconstructs 
the crystal structure by taking the Fourier transform of 
Fp| F g|?, that is: 


Fp|Fp|* + Frl ial? + Fp’ Ff o* + |p|? Fg (2) 


which is identical in form to (1). If we consider the non- 
centrosymmetric case we require the condition that 
FpFp +FpFp*. That is, we must have a non-centric 
configuration in th2 part of the structure that is known. 
A. measure of this ean be given by the Fourier transform 
of Fp* (ref. 5). The need for this condition arises from 
the superposition of the enantiomorphic structures in the 
crystallographic case. In contrast these two images are 
separated in holography due to the physical separation of 
Tp and Tg in the recording of the hologram. In the 
centro-symmetric erystal structure the two overlapping 
images coincide. 

A second-order improvement on the «-synthesis is 
| Ful? 
Fp* replaces 
Fp.|F u|? as coefficients. While this is easy to achieve in 
crystallography it may present greater difficulties in 
optics. 





produced by the §8-synthesis*‘ in which 
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ENGINEERING 


Hysteresis in the Flow through an Orifice 


In a recent investigation into the behaviour of square- 
edge circular orifices a well-defined hysteresis in the flow 
was measured. This was obtained with air for a number 
of orifices of different diameters but of the same length/ 
diameter ratio, equal to one-half. The experimental 
measurements were made under carefully controlled con- 
ditions and could be reproduced at different times. 

It ıs curious that this phenomenon had not been 
encountered earlier in the long history of investigation of 
the flow of compressible fluids. 
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Fig.i, G, Mass fow number, Cy, coefficient of discharge, Gin, theoretical 
mass flow number based on isentropic flow 


The precise nature of the hysteresis is at present under 
detailed investigation, but it is thought that it 1s essen- 
tially a manifestation of the Coanda effect. It 1s seen 
from Fig. 1 that the orifices are choked when, presumably, 
attachment of the jet is fully secured. The measured mass 
flows are also the highest among a number of different 
orifices (thirty-eight in all) with length/diameter ratios 
ranging from 0:05 to 2-0. 

B. E.-L. DECKKER 


Department of Mechanical Engineering, 
University of Saskatchewan. 
Saskatoon. 
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Greenstones from the Central Valley of the 
Mid-Atlantic Ridge 


In a preliminary report! of a recent study of the mor- 
phology of the Mid-Atlantic Ridge about 22° N. latitude, 
attention was directed to the dredging of a suite of 
greenstones from the western face of the central valley. 
Although similar rocks have been recently reported from 
the Carlsberg Ridge? in the Indian Ocean, rocks of this 
type have not been previously recorded from the Mid- 
Atlantic Ridge. Preliminary petrographic examination 
and chemical analysis of the Mid-Atlantic Ridge green- 
stones justify the present interim report. 

The collection from the upper slope (Dredge 2, 2,670- 
2,050 m) consists, as noted!, of fragments of greenstone, 
basalt, and partly metamorphosed basaltic tuff. The 
fragments exhibit a thin manganiferous coating, usually on 
all sides. This observation and the angularity of the frag- 
ments suggest that they were collected from a slowly 
accumulating talus slope. The collection from the base 
of the slope (Dredge 3, 4,000-3,200 m) consists of green- 
stones, and rare fragments of diabase. The greenstone 
fragments exhibit only very thin and spotty mangant- 
ferous coatings, rarely on more than two faces. The 
distribution of these coatings, and the fresh uneroded 
aspect of the uncoated faces, indicate that these rocks 
had been only recently exposed. The preservation, 
unbroken, of thin platey fragments in Dredge 2 we take 
to indicate that the fresh surfaces of the Dredge 3 frag- 
ments are unlikely to have been produced by fracturing 
within the dredge. 

The greenstones consist of actinolite, epidote, chlorite 
and plagioclase in various proportions. The latter is 
mainly albite although some specimens contain relics of 
more calcic plagioclase. Dredge 2 contains greenstones 
which are essentially free of epidote whereas in those in 
Dredge 3 epidote is abundant. Although searched for 
specifically, zeolites and pumpellyite have not been noted 
in the 13 greenstones which have so far been examined in 
detail. 

Most of the greenstones are not deformed. In some of 
the specimens shear planes occur but they are widely 
spaced and give no well-defined fabric Because of this 
lack of intense penetrative deformation, the pre-meta- 
morphism textures are preserved. These show that some 
of the greenstone fragments were derived from submarine 
basaltic flows and others from basaltic tuffs. 

One of the greenstones analysed has unusually high 
sodium content (Table 1, No. 1). This specimen is textur- 


Table 1. OHEMICAL ANALYSES* OF TWO GREENSTONES AND A REPRESEN- 
TATIVE BASALT 


(1) (2) (3) 
Greenstone Greenstone Fresh basalt 
Dredge 3 Dredge 2 Dredge 2 

SiO; 50 84 49-71 49 10 
AlgOs 15 25 15 32 15 27 
Fe.03 289 2 05 2 54 
FeO 4-55 7-81 8:386 

FeS, t 0-19 not sought not sought 
MnO 016 0-16 0 20 
MgO 9 32 8-92 8:09 
Cad 6°44 7°32 10°61 
Na,0 4 48 2°93 2 86 
K0 0 05 0 05 0 25 
H,Ot 3°26 3 53 0 56 
H,0- 074 0 93 0 25 
TiO, 1 38 1-51 173 
P,0; 0-10 0-17 016 
99-65 99-91 99-98 


(1) Epidote—actinolite—chlorite—albite. 
(2) Quartz—chlorite—actinohte—albite. 
(3) Rare plagioclase (An) and olivine (Fos) phenocrysts. 


* Content as percentage of air-dry ground sample. Analysis by standard 
wet methods for silicate rocks. Analyst Eugene Jarosewich. 


+ Calculated assuming all sulphur in pyrite, the only sulphide visible in 
polished sections. 
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ally characterized by albite veins, dispersed pyrite and 
rare relict labradorite. These features suggest that the 
‘spulitic’ composition 1s a result of hydrothermal albitiza- 
tion during metamorphism. Except with regard to their 
water content, many of the greenstones (for example, 
Table 1, No. 2) were evidently derived isochemically from 
basalts. 

The greenstones are associated with basalts in Dredge 2 
and with rare fragments of diabase in Dredge 3. Table 1 
(No. 3) gives an analysis of a fresh basalt from Dredge 2. 
This basalt consists of microlites of plagioclase and olivine 
in @ glassy matrix containing rare phenocrysts of plagio- 
clase and olivine. Detailed petrographic and chemical 
data on these basalts and diabases will be included in the 
final report on the greenstones. 

The occurrence of greenstones raises several questions 
about the nature of the Mid-Atlantic Ridge. These rocks 
are not hornfelses and cannot be mterpreted as the result 
of contact metamorphism. The mineral assemblages are in 
the greenschist metamorphic facies, which is often taken 
to indicate temperatures of 300°-500°C and water pressures 
between 3 and 8 kbar (ref. 3). Even in the deep sea, such 
pressures, along with sustained periods of heating, would 
require that the original basalts and tuffs were buried 
under a considerable thickness of subsequent flows or 
sediments. Because there are very few experimental data 
available on the actual stability ranges of greenschist 
assemblages, precise estimates of minimum and maximum 
depths of burial cannot yet be made. Recovery of the 
rocks by dredging shows no overburden. now to be present; 
its elimination in recent times by other than tectonic 
processes presents great difficulties. The burial postulated 
appears to require a halt in, or a temporary reversal of, 
the upward movement of material underneath a rift zone, 
as suggested by Hess*. The subsequent raising of buried 
material to the sea floor, and its exposure there, seems to 
us perfectly consistent with the suggested tectonic 
patterns. 

Matthews et al.? have attributed origin of chlorite-rich 
metamorphosed basalts and gabbros recovered from the 
Carlsberg Ridge to hydrothermal processes resulting from 
cross-faulting. Such a suggestion is not admissible as 
explanation of the fresh greenstone occurrences on the 
Mid-Atlantic Ridge; no cross-faulting 1s reflected m the 
bottom topography within almost 30 min north or south 
of their location. 

If greenstones similar to those from 22° N. prove to be 
quantitatively important constituents of parts of the Mid- 
Atlantic Ridge, interpretations of seismic, magnetic and 
gravity data from the Ridge cannot be based on models 
which assume the presence only of fresh basaltic rocks, 
serpentine and unserpentinized ultramafics in a simple 
layer-cake sequence. The probability that greenstones are 
of general importance in the structure of the Ridge is 
increased by our finding of greenstone fragments in the 
coarse fraction of sediments from the western flank 
(P.C. 22, South Pond)!: in the specimens examined, chlorite 
is often associated with phillipsite. Careful examination of 
all undescribed materials from the Mid-Atlantic Ridge is 
important in assessing the true abundance of greenstones. 
Because of the fine-grained nature of the rocks from 22° N., 
only petrographic inspection of thin sections or of grains, 
combined with X-ray diffractometry, has allowed precise 
identifications. 

Additional petrographic examinations and chemical 
analyses are now in process, and an extended report of 
the study will be published elsewhere. We thank Peter L. 
Sachs and the scientific party and crew of R.V. Chain for 
their part in the dredging, and Eugene Jarosewich for 
making the chemical analyses. Various aspects of this 
work were supported by the U.S. Atomic Energy Com- 
mission (contract AT(30-1)-2174), by the U.S. National 
Science Foundation (grants GP921 and GP1599) and by 
the U.S. Office of Naval Research (contract Nonr-2196(00)), 
at the Woods Hole Oceanographic Institution, and by 
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Isotopic Ages of Minerals from the Pre- 
Cambrian Complex of the Malverns 


Tue Malvern Hils, Worcestershire, form one of many 
Pre-Cambrian inliers of the Welsh Borderland'; rocks 
of Pre-Cambrian age are divided into Malvernian ‘schists 
and gneisses’ and the overlying Warren House volcanic 
group. The analyses reported in the following communica- 
tion are from minerals occurring within the supposed 
metamorphic rocks and do not include any from the 
volcanic group, no suitable material having been obtained 
from the latter. The ‘schists and gneisses’ were identified 
as Malvernian more than a century ago*, but the origin 
of their structures remained a puzzle, and it was a matter 
of some controversy as to whether the rocks were igneous 
or metamorphic?)4, However, most of the rocks seen by 
us are igneous, asually hydrothermally altered and 
sheared, but still retaining igneous textures and occasion- 
ally igneous mineralogy. Such schistose rocks as have 
been observed are either in shear zones or in fault blocks, 
and true gneisses, in the usual sense of high-grade, banded, 
metamorphic rocks, are absent. The commonest rocks 
are of intermediate igneous type, classifiable as mafic 
diorite or tonalite. Amphibolites of various kinds, usually 
with igneous textures, are another common rock type.. 
Ultramafic rocks are usually rich in tremolite or actinolite, 
with biotite or chlorite. Granitic rocks are rare, but 
syenitic veins and pegmatites frequently occur. The usual 
mineral assemblages are those of the greenschist or 
epidote-amphibolite metamorphic facies. It is generally 
agreed that the alteration of the igneous rocks of the 
Malvernian occurred in the Pre-Cambrian, as no equi- 
valent hydrothermal or metamorphic activity has affected 
the Cambrian or later strata. 

The Pre-Cambrian of the Malverns occurs along a 
major north-south structural line, regarded as of Late- 
Carboniferous age® *, but which must have been initiated 
earlier. To the east is Trias, and Cambrian and Silurian 
lie to the west. The eastern junction is most probably a 
fault®, as is much of the western boundary. Groom! 
believed that the entire western boundary was faulted, 
but recent exposures support Holl’s* view that both the 
Cambrian and the Lower Silurian (Upper Llandovery)’-?9 
rest unconformably on the Malvernian. There is also 
discordance between the Cambrian and the Silurian. The 
conclusion that tha Upper Llandovery rests unconform- 
ably on the Malvernian, based on the exposure ın the 
Gullet Quarry, and at the Sycamore Tree exposure, has 
been disputed", but having seen the field evidence at the 
Gullet we strongly support the interpretation of uncon- 
formity as stated by Reading and Poole’. There were, 
therefore, three distinct phases of vertical movement, one 
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Pre-Cambrian, one Post-Cambrian and Pre-Upper Llan- 
doverian, and one Late Carboniferous. A further event in 
the area is the intrusion of a set of basic sills and stocks 
into the Cambrian, but not into the Silurian or later 
stratat?13, Whether or not any representatives of these 
cut the exposed Pre-Cambrian does not appear to be 
known, but no Pre-Cambrian Malvernian rock in our 
possession conforms to the descriptions available of the 
Post-Cambrian intrusions, nor were any unsheared intru- 
sions seen in the Pre-Cambrian in the field. 

Our results suggest that it would be of interest to 
identify the precise stratigraphic position of the Cambrian 
of the area, in particular that which rests on the Mal- 
vernian., An Olenellus fauna, indicating a Lower Cambrian 
age, is known from the Welsh borderland!, but the 
Malvern Cambrian has never yielded Lower Cambrian 
tribolites. It is thought, however, to be Lower Cambrian 
in its lithological similarity to the proved Lower Cambrian 
of Comley, Shropshire, its position below the Middle 
Cambrian, and a fauna of horny brachiopods and Hyo- 
lithus**, As it is the supposed Lower Cambrian which is 
known. to rest on the Malvernian, there would appear to 
be a good case for further palaeontological investigation 
into these rocks, in the light of the age data reported and 
their possible significance for the geological time scale. 

The investigation of mineral ages in the Malverns is 
restricted by the choice of material; perfectly fresh 
minerals are all but absent (Table 1). The whole rocks so 
far available to us have such low rubidium-strontium 
ratios that it was not thought worthwhile to analyse 
them at this stage of the investigation. Analyses were 
made for potassium—argon ratio at Oxford by D. Rex, 
for potassium—argon ratio at Edmonton by R. St. J. 
Lambert (under the instruction of H. Baadsgaard) and for 
rubidium—strontium. ratio at Oxford by R. St. J. Lambert. 
Standard techniques were used throughout; the decay 
constants used are given at the foot of the tables. The 
potassium—argon ratios, Table 2, and the rubidium- 
strontium ratios, Table 3, show a concentration of apparent 
ages at or closely approaching 600 m.y., with a tail of 
lower ages. Agreement between laboratories, and between 
potassium—argon ratios on two biotites, one hornblende 
and one muscovite and rubidium-strontium ratios on one 
biotite, all at 590 + 20, suggests that some definite event 


Table 1. SPEOIMEN LOCALITIES AND DESCRIPTIONS 


21088 Grid Ref. 770441. Lower Toll Gate. Mafic hornblende~biotite 
syenite (pegmatitic). Hornblende very palo green prisms up to 1 em, 
containing about 20 per cent calcite; biotite, 1 cm, fresh but de- 
formed, with angular kinks in cleavage flakes, minor marginal 
chloritization; plagioclase almost ey sericitized and epidot- 
ized; microcline fresh; accessory apatite, sphene and hematite, 


21039 (As 21088). Ultramafic rock consisting of 80 per cent biotite, pale 
brown and deformed as in 21038; 65 per cent amp nibole) about half 
pale green hornblende (‘actinolite’) and about half colourless 

mol nite, Accessory primary colourless chlorite, oxide and 
a Cl 


21045 Grid Ref. 771496. Clock tower, North Hill Quarry. Hornblende 
diorite’ medium-grained hornblende (50 per cent of rock) mostly 
fresh, set in turbid Fae strongly epidotized. Hornblende 
locally altered to epidote plus chlorite. 


20633 Grid Ref. 768477. East face of Brewery Quarry, Upper Wyche. 
Amphibolite, medium-grained, rich ın fresh green hornblende, with 
minor turbid plagioclase. Epidote on joint planes; cut by thin 
feldspar-quartz veins, 


20634 ar Ririh Muscovi 


0633-type rock, Muscovi 
feldspay and quartz matrix. 


uartz—potassium—feldspar vein cutting 
(up to 2 mm) set in a turbid potassium- 


Table 2, PoOTASSIUM-—ARGON DATA 


“Ar cc./g 
S,T.P, vAr 
Sample Mineral Analysis K radio- radio- Ago 
No. No. (%) genic genic (m.y.) 

x10“) (%) 
21088 Biotite 338 Oxf. 799 2:171 98 580 + 20 
558 Edm 7-96 2:158 99 580 + 20 
596 Edm. (7-96) 2°224 97 595 + 20 
21088 Hornblende 358 Oxf. 0°84 0:185 86 485 +16 
21039 Biotite 59 Edm 5:58 1:8606 98 610 + 20 
21045 Hornblende 661 Oxf. 0 46 108 93 §10+15 
20633 Hornblende 6545 Oxf. 1-09 0-292 94 570 +20 
20684 Muscovite 787 Oxf. 8-16 2°307 99 600 + 20 


Decay constants: gn 472-10-10 yr 
s= Q-584-10-* yr K/K =00119 atom per cent. 
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Table 3. RUBIDIUM-STRONTIUM DATA 


Sample “Srat 
No. Mineral Rb (p.p.m.) Sr (p.p.m ) to-day Age* 
210388  Biotite 865 +16 6140-2 4019540-0884 645425 
21039  Biotite 47025 26-5+05 1:1604 + 0 0083 590 + 20 


Decay constant 4=1:- 47. 10-4 yr+ 
* Age calculated assuming *’Sr/**Sr (initial) = 0-712. 


must have occurred in the history of the Malverns at that 
time or slightly earlier. The discordant results are per- 
plexing; no obvious explanation is known for the differ- 
ence between the rubidium-strontium and potassium- 
argon age of biotite 21038, unless the very subsidiary 
chloritization (about 5 per cent) of this biotite has occurred 
late and affected only the rubidium—strontium daughter- 
parent ratio. The discrepancy between 21038 biotite and 
hornblende may have a petrographic explanation; the 
hornblende is sieved with calcite, apparently replacive 
and associated with late veins of calcite. The other low 
age, 510 m.y. on 21045 hornblende, is also from a mineral 
which has suffered alteration, the hornblende being partly 
replaced by epidote and chlorite. 

The concentration of results near 600 m.y. and the 
agreement of one rubidium—strontium and the potassium— 
argon results (the rubidium-strontium ages are not 
sensitive to choice of reasonable initial *’Sr/**Sr ratio in 
mafic igneous minerals with these high rubidium—stron- 
tium ratios) suggest that the last major isotopic event 
in the Malvernian occurred 590 + 20 m.y. ago, and was 
associated with the Pre-Cambrian uplift of these rocks. 
Whether it is a true rock-forming age cannot definitely 
be stated (590 m.y. is only a minimum for the true age 
of these rocks), but even if not, it still remains likely that 
the event recorded is Pre-Cambrian. It is therefore of 
possible importance in defining the age of the base of 
the Cambrian, which is only poorly known”. 

The meaning of the lower apparent ages of from 545 
to 485 m.y. is less clear. The lowering of the 600 m.y. 
ages could have been accomplished during the period of 
Ordovician igneous activity or during the Pre-Upper 
Llandoverian earth movements, or during the Late Car- 
boniferous movements. The results so far seem to indicate 
that either of the first two possibilities is more likely 
than the last. 

This work forms part of the age and isotope investiga- 
tions being carried out in the University of Oxford; 
we thank 8S. Moorbath, H. G. Reading and N. J. Snelling 
for discussions. 


R. Sr. J. LAMBERT 
D. ©. Rex 


Department of Geology and Mineralogy, 
University of Oxford. 
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Structure and Evolution of the Volcanic 
Cauldrons, Ring Complexes and Associated 
Granites of the Georgetown Inlier, Queens- 

land 
THe Georgetown Inher in North Queensland covers an 
area of about 37,000 square miles and lies on the western 
flank of the Palaeozoic Tasman Geosynclinal Zone 
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(Fig. 1). It consists largely of Pre-Cam- 
brian metamorphic and granitic rocks, 
and a suite of Upper Palaeozoic acid 
igneous rocks. The Upper Palaeozoic acid 
igneous rocks, which occupy an area of 
about 10,000 square miles, include exten- 
sive acid voleanics and associated, granitic 
intrusions, and form a well-defined petro- 
graphic province. The volcanic rocks 
consist predominantly of rhyodacite? 
welded tuff? with subordinate rhyolite, 
trachyandesite, andesite and basalt, be- 
longing to the cale-alkaline rock series. 
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Anatectic magas 


CARBONIFEROUS 
- PERMIAN 


Frectronated Sima MEJTE 
PERMIAN 
THIRD VOLCANIC EPISODE 
Cale- alkaline basalt to 
rhyodacite wetted tuff 
MIDDLE CARBONIFEROUS 
— LOWER PERMIAN 
INTRUSIVE EPISODE 
24t, Aah solemeliite Elizabeth Creek Gramte 
Grey ddamellite Esmeralda Gramte 
SECOND VOLCANIC EPISODE 
EA Mainly rhyodacile welded tuff 


Herbert River 
Granite 


FIRST VOLCANIC EPISODE 
Cale- alkaline basalt to 
rayodacite welded tuff 


UPPER DEVONIAN 


The intrusive rocks are mainly adamellite? 
with subordinate granite and grano: 
diorite. 

About 1,000 cubic miles of rhyodacite 
welded tuff has been preserved in eleven 
cauldron subsidence areas ranging from 
8 to 75 miles long. Six ring complexes 
occur in association with the cauldrons; 
five contain. both voleanic and intrusive 
rocks, and the sixth is entirely intrusive. 
The position of the volcanic cauldrons 
and the ring complexes appears to have 
been controlled by pre-existing fractures 
in the Pre-Cambrian basement. Stocks 
of medium-grained adamellite which in- 
truded the volcanics in the cauldrons and 
ring complexes crystallized under a hood 
of welded tuff sheets only 500—2,000 ft. 
thick. 

In the cauldrons the initial event was 
the eruption of viscous acid magma from 
vents aligned along the peripheral faults, 
accompanied in some cauldrons by lacus- 
trine sedimentation nearby. As the 
fluidity of the magma increased, vesicular 
rhyodacite flows and air-fall tuff and 
breccia, were erupted. Interbedded with 
and overlying these units are thin welded 
tuff sheets in sinple cooling units? generally 
less than 100 ft. thick. The final volcanic event was the 
eruption of fluidized rhyodacite magma from the peri- 
pheral fissures and ring fractures to form voluminous 
welded tuff sheets in compound cooling units? up to 1,500 
ft. thick, which filled the cauldrons. Finally, high-level 
granite stocks were emplaced by underground cauldron 
subsidence in the base of the downfaulted volcanics. 

The sequence of events in the ring complexes is similar 
to that in the cauldrons, and may be grouped into three 
phases. However, whereas the magma for the volcanic 
events in the cauldrons was derived from the main, deep- 
seated magma chamber, the magma for the volcanic 
phases (1 and 2) in the ring complexes was derived mainly 
from magma, differentiated in a high-level magma chamber 
formed by underground cauldron subsidence and isolated 
above the main magma chamber. About the time phase 
3 began, the high-level chamber was flushed by magma 
rising from the main magma chamber, creating a hiatus 
in the chemical evolution of the complex, and later ring 
dykes and. stocks were derived from this magma. 

The structural phases in the ring complexes were: 
(1) Early voleanic phase, with eruption of acid volcanics 
from small central vents. (2) Caldera phase, with erup- 
tion of andesitic to rhyolitic air-fall pyroclastics and 
moderately large ash flows from ring dykes filled with 
fluidized acid magma. (3) Underground cauldron sub- 
sidence phase, with the intrusion of ring dykes and stocks. 

The formation of acid magma for the comagmatic 
granites and pyroclastic flows is believed to be an integral 
phase of geosynclinal development. During the orogenic 
phase of development of the Palaeozoic geosyncline 
adjacent to the Pre-Cambrian inlier, acid magma was 
fractionated from basic rocks in the lower crust under the 
inlier. The determination of a mantle-strontium ratio 
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Fig. 1. Major structural and ae elements of the Upper Palaeozoic Acid Igneous 


ovince, North Queensland 


(Sr/*Sr = 0-701. W. Compston, personal communica- 
tion) for a rhycdacite welded tuff corroborates this 
hypothesis. According to radiometric age data, the acid 
magma accumulated for about 50 million years, but 
remained in situ until the start of the post-orogenic phase, 
when it was intruded over a period of 30 million years or 
less. The production of acid magma domed the crust, 
placing it in a state of tension. Magma rose along pre- 
existing major faults and, on reaching the surface, caused a 
drop of pressure in the magma chamber. This allowed 
the accumulation of a volatile-rich phase which was 
erupted to the surface as pyroclastic flows. Where the 
magma was most depleted, subsidence of crustal blocks 
initiated cauldron subsidence. This was followed by 
crustal instability and the magma rose by high-level 
major block stopmg. At various stages the volatile-rich 
part was erupted to produce further pyroclastic flows 
at the surface. Finally, the magma intruded the pyro- 
clastic flow sheets and crystallized as an adamelilite. 

A contemporaneous granite crops out along the north- 
eastern margin af the Georgetown Inlier and within 
the adjacent Palaeozoic geosyncline, the magma for which 
is thought to have formed by anatexis at the base of the 
Palaeozoic geosyncline, in the manner outlined by Tuttle 
and Bowen‘ and Walton’. 


C. D. BRANCH 


Bureau of Mineral Resources, 
Canberra, Australia. 


1 Branch, C. D., Bull. Vole., 25, 47 (1968). 

* Hatch, F. H., Wells, A. K., and Wells, M. K., Petrology of the Igneous Rocks 
(Mfurby, London, 1949). 

3 Smith, B. L., Prof. Pas. U.S. Geol. Surv., 364-F, 148 (1960). 

t Tuttle, O. F., and Bowen, N. L., Mem. Geol. Soc. Amer., 74 (1958). 

5 Walton, M., Science, E81, 8401 (1960). 
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CRYSTALLOGRAPHY 


Thermal Expansion of Rubidium Dihydrogen 
Phosphate 


A PROGRAMME of investigation into the temperature 
variation. of the lattice parameters of tetragonal crystals, 
isomorphous with potassium dihydrogen phosphate, in the 
high-temperature region, has been undertaken in this 
laboratory. Results on potassium dihydrogen phosphate}, 
ammonium dihydrogen phosphate? and potassium dihydro- 
gen arsenate? have already been published. This com- 
munication presents the results of the precision determ- 
ination of the unit cell dimensions of rubidium dihydrogen 
phosphate at different temperatures between 29° C and 
78° C and also the principal coefficients of its thermal 
expansion obtained from these data. 

Crystals of rubidium dihydrogen phosphate were 
prepared by slow evaporation of an aqueous solution of 
rubidium carbonate neutralized with an aqueous solution 
of hypophosphoric acid. X-ray powder pictures were 
taken with a high-temperature, back-reflexion camera‘ 
using copper K, radiation. Six unambiguously indexed 
Kaa, doublets, with their sine? § values greater than 
0-866, were employed in calculating the values of the a 
and ¢ parameters, using the conventional least-squares 
technique. An error analysis made for a film taken at 
35° C, by the method given by Jette and Foote5, gave the 
standard errors in the values of a and c as 0:013 per cent 
and 0:019 per cent, respectively. Standard errors in the 
values of the parameters at other temperatures were 
assumed to be of the same order. 

Table 1 gives the values of the two parameters at 
different temperatures, and the following expressions 
were obtained for their temperature dependence by the 
usual statistical methods. 


a, = T-6054 + 21-11 x 10-5 (-20) 

Ce = 71-2989 + 37-95 x 10-5 (t-20) 
Here a; and c; are the values of the two parameters in 
Angstroms at ¢° C. Slight extrapolation of the present 
data gives the values of the parameters at 20° C as 
a=7-6054 A and c=7-2989 A and these are found to be 
in good agreement with the values reported by Magyar*. 


Table 1. VALUES OF THE LATTICON PARAMETERS OF RUBIDIUM DIHYDROGEN 
PHOSPHATE AT DIFFERENT TEMPERATURES 


ec a (A) c (A) 

29 Q 76078+00009 7 3026+0-0014 
35 0 7 6080 7:3040 

50 0 7-6114 7 3109 

01-5 7:6150 7 3139 

740 7 6168 7:3196 

780 76174 7-3209 


Within the accuracy of the measurements, both the 
parameters show a linear increase with temperature. 
The principal coefficients of thermal expansion, defined by 
the relation a=1/L,,(dL/dt).(L=a or c), come out as 
da = 27-75 x 10-8/°C and a =52-0 x 10-9/°C. It is interest- 
ing to note that, like potassium dihydrogen phosphate 
and potassium dihydrogen arsenate, the coefficient of 
expansion of rubidium dihydrogen phosphate along the 
tetragonal axis is greater than that m any direction in a 
perpendicular plane. This feature is being discussed. 
separately in terms of the structures of these crystals. 

One of us (A. A. K.) thanks C.S.I.R. (India) for the 
award of a research fellowship. 

V. T. DESHPANDE 
A. A. KHAN 
Department of Physics, College of Science, 
Osmania University, 
Hyderabad, India. 


1 Sirdeshmukh, D. B., thesis (Osmania University, 1963). 

2? Deshpande, V. T., and Khan, A. A., Acta Cryst ,18, 936 (1963) 

? Deshpande, V T., and Khan, A. A., Acta Crysi. (in the press) 

t Deshpande, V, T., and Mudhoiker, V. M., dcia Cryst., 13, 488 (1960). 
t Jette, E. R., and Foote, F., J. Chem. Phys., 3, 605 (1935). 

- Magyar, Hermann, Anzeiger and Osterr, Akad. Waissen., 85, 166 (1948). 
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Contact Angles of Mercury on Low-energy 
Solids 


Tzs recent theory of Fowkes'-* concerning the attrac- 
tive forces at interfaces leads to the following relationship 
between cosine of contact angle (0) and liquid surface 
tension (yz): 


cos 8 = —1 + 2/758 C5) (1) 


where yst, yL% are the dispersion force contributions to 
the solid surface tension and liquid surface tension re- 
spectively. 

A plot of cos 9 against +/yz,%/y. for the data of Zisman® ” 
for four low-energy surfaces gives good agreement with 
equation (1). The range of surface tensions investigated 
was, however, not great. The only liquid investigated with 
a surface tension greater than water (yg = 72 dynes/em) 
was mercury (yz = 485 dynes/cm), for which values were 
published only for the following surfaces: polytetra- 
fluoroethylene, 150° (ref. 8); octadecylamine monolayer 
on platinum, 146° (ref. 9); perfluorodecanoic acid mono- 
layer on platinum, 152° (ref. 10). 

Fowkes® quotes a value for paraffin wax cos 9 = —0°9 
(9 = 154°). These pomts do not fall on Fowkes’s plot of 


cos 0 against +/y1“/y.. Fowkes® comments: “It is possible 
that some wax spread on mercury resulting in a decrease 
of surface tension and therefore too high a contact angle”. 

Few measurements of contact angle of mercury on low- 
energy solids seem to have been made, and those made by 
Zisman consisted only of the mean of three measurements 
with no record of the scatter. The measurements in this 
communication are put forward in an attempt to increase 
the available facts. 

Fowkes’s theory might be expected to be particularly 
accurate for mercury on low-energy solids and the results 
should provide a sensitive confirmation of the validity of 
his theory. 

Measurements have been made, therefore, of the contact 
angle of mercury on polytetrafluoroethylene, paraffin wax, 
and polyethylene. 

Clean mereury was prepared according to the recom- 
mendation of Nicholas et al.. It was distilled, washed 
successively with dilute nitric acid and caustic soda 
solution, distilled again and then shaken, successively. 
with 50 per cent nitric acid, distilled water, acetone, ether 
and filter paper before being applied as small drops to the 
test surface by a clean hypodermic syringe with a poly- 
tetrafluoroethylene base. Measurements were made as 
rapidly as possible—usually within 1 min of application. 

Paraffin and polyethylene surfaces-were prepared by 
the methods of Fox and Zisman, freshly cut surfaces 
being melted against cleaned glass slides, which were 
removed immediately before use. Clean, flat surfaces of 
polytetrafluoroethylene were prepared by fine polishing 
on successive grades of powdered emery, final traces of 
abrasive being removed by lens tissues. Contact angle 
measurements were made using a horizontal microscope 
technique as described elsewhere. The surfaces were 
mounted on the rotating stage when in a vertical plane 
and the advancing and receding angles obtained by rotat- 
ing the stage until movement just ceased. A goniometer 
eyepiece was used to measure angles. 

Results are given in Table 1. They include the 95 per 
cent confidence limits and the standard deviation on 
cos 8. 

It will be noted that the values for polytetrafluoroethy- 
lene (151-7° advancing, 150-2° receding) are very close to 
the value of 152° reported by Fox and Zisman’. The values 
for paraffin wax, on the other hand (141-1° advancing, 
140-9° receding), do not agree with the 154° reported by 
Fowkes'. 
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Table 1. CONTAOT ANGLES OF MEROURY ON LOW-ENERGY SURFACES 


Advancing angie 


95% 
confidence 
limit 


Paraffin wax 
Polyethylene ; 
Polytetrafluoroethylene 


It must be admitted that mercury in laboratory air 
does not retain the surface tension value of 485 dynes/cm 
assumed by Fox and Zisman®. Nicholas et al.“ found 
400-380 dynes/em to be typical. 

However, using the foregoing contact angle data one 
can substitute in equation (1), using Fowkes’s values’ for 
ys? and yz , to find the surface tension value for mercury 
which would satisfy that equation. 

Using my mean values for contact angles, the results 
are as follows: 


1,073 dynes/em 
641 dynes/em 
1,071 dynes/cm 


Polyethylene YL 
Paraffin wax YL 
Polytetrafluoroethylene yz 


The discrepancy from Fowkes’s theory cannot there- 
fore be explained by contamination of the mercury since 
it is necessary to postulate an increase of surface tension 
rather than a decrease to comply with his‘equation. 

V. R. Gray 

Timber Research and Development Association, 

High Wycombe, Buckinghamshire. 
1 Fowkes, F, M., J. Phys. Chem., 66, 882 (1962). 
* Fowkes, F. M., J. Phys. Chem., 67, 2538 (1963). 
* Fowkes, F. M., in Adheston (Amer. Soc. Test. Materials, Spec. Tech, Pub. 
No. 360, 1964). 
* Fowkes, F, M., Adv. Chem., 48, 99 (1964). 
£ Fowkes, F. M., Indust. Eng. Chem., 58, (12) 40 (1964). 
° Zisman, W, A., Indust. Eng. Ohem., 55, (10) 19 (1963). 
7 Zisman, W. A., in Adhesion and Cohesion, edit. by Weiss, P., 176 (Blsevier, 
Amsterdam, 1962). 
£ Fox, H. W., and Zisman, W. å., J. Coll. Sci., 5, 415 (1950). 
? Shafrin, E. G., and Zisman, W. å., J. Coll. Sei., 7, 166 (1952). 
2° Schulman, F., and Zisman, W. A., J. Coll. Set., 7, 465 (1952), 
u Nicholas, M. E., Joyner, P. A., Tessen, B. M., and Olson, M. D., J. Phys. 
Chem., 185, 1373 (1981). 
“= Fox, H. W., and Zisman, W. A., J. Coll. Sci., ?, 428 (1962). 
13 Gray, V. R., Forest Prod. J., 12, 452 (1961). 


Primary Process in the Photolysis of Alkyl 
lodides 


RECENTLY, Kasper and Pimental! have detected stimu- 
lated emission from the transition I(5p*.P4).) —> I(5p°P za) 
+ hy (1315p) resulting from the flash photodissociation 
of methyl and trifluoromethyl iodides. This provided the 
first direct observation of electronically excited iodine 
atoms produced from the photolysis of alkyl iodides. A 
spectral analysis of methyl iodide by Porret and Goodeve? 
had previously indicated that I(5?P,,,) should be pre- 
dominantly produced on the photolysis of this compound. 
Furthermore, these authors pointed out the close similarity 
between the spectra of the lower aliphatic iodides. The 
work deseribed in this communication, which utilized 
kinetic spectroscopy in the vacuum ultra-violet region of 
the spectrum, confirms the work of Kasper and Pimental 
and extends the observations to ethyl, propyl and butyl 
iodides. Preliminary observations on 
the photolysis of hydrogen iodide are 
also reported here. 

We have previously observed both 
excited (5P) and ground state 
(5°Ps;2) iodine atoms in absorption 
resulting from' the flash photolysis 
of molecular iodine in the presence of 
excess argon®. This technique has also 
been used to monitor the large concen- 
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tration of excited. stoms that accompanied the population 
inversion on the photolysis of CFI, and the relatively long 
life-time of the excited atoms in this system allowed de- 
activation by various added gases to be investigated’. 

The spectrum of CF,f (Pcr,1< 5mm) does not interfere 
with the strong atomic transitions at 1783 and 1799 A 
most convenient for plate photometry. The molecular 
spectra of the other unsubstituted alkyl iodides investi- 
gated, on the other hand, obscured the region below 2000 A 
and, for this reason, conditions were sought which allowed 
the detection of tha weaker transition of the excited atom 
at 2062 A. The use of high concentrations of CF;I 
(Pox > 5 mm; Par = 50 mm; E = 1,024 Joules) 
revealed not only the transition at this wave-length but 
even wesker transitions at 1876 and 1844 A (Fig. 1). 
Table 1 lists those transitions that have now been observed 
in absorption for stomic iodine. 


Table 1 

Ata) Transition 

1783 637 Pyi,) t 5p(F Pasa) 
1799 (CPi) ~ 4 
130 63(* Psy) «~ Sp Ps 9) 
1&44 6s(4P. a s) to ti a) 
1676 8a(t Para) < bp(* P79) 
2062 G8 Paa) «~ Dp Paua) 


The transition at 2062 A could ‘be detected on photo- 


lysing ethyl, propyl and butyl iodides but in the case of 


methyl iodide this is overlain by a strong band in the 
molecular spectrum’. It was found possible by carefully 
reducing the concentration of CH,I (Posy = 0-025 mm; 
Par = 50 mm; E = 1,024 J) to observe the sharp atomic 
lines at 1799 and 1783 A at short delay (13-8 usec) through 
the relatively diffuse molecular spectrum and that the 
intensities of these transitions indicated a population 
inversion. The photolysis of methyl iodide has been studied 
by time-resolved mass-spectrometry®, and the rapid 
production of molecular iodine has been accounted for in 
terms of the proposed reaction: 


I(58°Py.) + CHI — I, + CH, AH = —5-2 kcal 


We consider the analogous reaction with CF,I, where ` 
molecular iodine is only observed at long delay, to make a 
negligible contribution to the decay of the excited iodine 
atoms‘. A strong spectrum of the methyl radical was also 
observed during tke first 100 psec after the flash (Pom, = 
0-5 mm; Par = 50mm; E = 1,024 J) previously observed 
in. this system by Herzberg’. 

The decay of I1(5*P,;,) resulting from the photolysis of 
ethyl iodide could be studied by monitoring the transition 
at 2062 A by plate photometry using a Joyce—Loebel 
double-beam microdensitometer (Mark III). The decay 
roughly exhibits first-order kinetics with respect to both 
excited atoms and the/concentration of ethyl iodide 
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i | i | 4 
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~ 2062 A = 


Observed transitions of I(5*F,;.) resulting from the flash photolysis 
CFI. (Port = 15 mm; Par = 024 J) 
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itself (Fig. 2). Deactivation by argon is insignificant®-‘, 
By comparison with previous experiments on CF,I, we 
estimate that about 40-50 per cent of ethyl iodide is 
photolysed in each case. This allows us to estimate a 
second-order decay constant for the removal of I(5*P,;.) 
by Etl from the two slopes in Fig. 2. This yields a value 
for the .rate constant given by k = 22 + 0-4 x 108 1. 
m- sec-1. The only data on spin-orbit relaxation of excited 
iodine atoms with which we can compare this result is 
the decay constant for propane (k = 3-5 x 107 L m- 
sec-1) (ref. 4). The decay of 1(5?P,,.) in this system could 
also, however, be due to deactivation or réaction with the 
products of the photolysis of ethyl iodide! or a chemical 
reaction with Etl itself, analogous to that already dis- 
cussed here for methyl iodide. More detailed work would 
be necessary to resolve this point. HI was not detected in 
these experiments and we are therefore unable to support 
the mechanism hitherto suggested’ in which this molecule 
is @ primary product of photolysis. 


Logioll(5*Pis)] (arbitrary units) 
° m 
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Fig. 2. Decay of electronically excited iodine atoms (57P4;,). 
log:o(1(5*P1;.)] (arbitrary units) versus time (usec). O, PEU = 0-5 mm; 
Par = 100mm; E = 1,024 J. @, PEtI= 1mm; Paér= 100 mm; E = 
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The 2062 A transition was observed at short delay on 
the photolysis of both propyl iodine (Ppry = 0°5 mm; 
Par = 50mm; E = 1,024 J) and n-butyl iodide (Ppur = 
2-0 mm; Par = 50 mm; E = 1,024 J). No attempt was 
made to monitor the decay of the excited atoms as the 
spectral intensity was weak, that in butyl iodide being 
weakest. Our observations on the compounds considered 
are consistent with the general primary process: 


RI + hbv—> R + I(5* P43) 
where R = CF, CH}, C,H,, C,H, and n-C,H, 


The growth and decay of the relatively low concentra- 
tion of I(5*P,;.) that we have observed in the photolysis 
of HI and DI indicate that the iodine atoms are produced 
predominantly in the ground state on photolysis. Our 
experiments further indicate that the yield of excited 
atoms compared with ground state atoms, resulting from 
the reaction: 


H -++ HI — H, + I(5°P 3) 2) 


is low. The emission from the excited 10odine atoms pro- 
duced from the foregoing reaction has been observed in 
flow-discharge experiments by Polanyi et al.?. 

We thank Prof. R. G. W. Norrish for his encouragement 
throughout the course of this work and for laboratory 
facilities. One of us (R. J. D.) thanks the Department of 
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Scientific and Industrial Research for a maintenance grant 

during the tenure of which this work was carried out. 
R. J. DONOVAN 
D. HUSAIN 

Department of Physical Chemistry, 
University of Cambridge. 
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BIOPHYSICS 


Some Flow Properties of Whole Blood 


THE purpose of this communication is to outline some 
observations that have been made on the flow of whole 
blood when the material has been contained between 
parallel plates in relative rotation. The top plate was 
7-5 em diameter, while the bottom plate was of the 
‘reservoir’ type to obviate the possibility of the material 
drying out at the periphery of the (narrow) gap. 

The main results obtained were: 

(1) If an oscillatory motion was superimposed on steady 
shearing the maximum torque on the top plate during the 
combined motion was scarcely more than the torque in 
steady shearing alone; the minimum was considerably 
less. The average torque was much less in the combined 
motion and it is possible that the average rate at which 
work was absorbed was less in the combined motion than 
in the steady shearing alone. (A later analysis has shown 
an increase in these two cases.) 

(2) The response of the material to oscillatory motion 
was non-linear below about 20 c/s in these experiments. 
For a shear rate of the form: 


8 = 3 COS wet (1) 
The stress was of the form: 
tp = = Asn-1 cos([2n < I]t = Pon-1) (2) 
nmol 


it comprised a fundamental and odd harmonics. The 
phase angles o.n-; may be due to elasticity or time-depend- 
ency of the viscosity or yield criterion?. 

(3) A finite lag occurred after the commencement of 
steady shearing before the main build up of stress, suggest- 
ing that geometric hindrance of suspended particles 1s 
important. 

(4) After cessation of steady shearing a finite time was 
required for the torque to decay to its terminal value, 
which may be due, to elasticity or re-orientation of the 
particles. 

(5) In steady forward motion the torque built up to a 
maximum and then decayed. If the motion was reversed, 
the torque built up much more slowly and to a higher 
value than in the forward direction. 


f Oscillatory 


motion 
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Fig. 1. Steady shearing with subsequent superposition of oscillatory 

motion. Steady shearnng, 18°45 sec"! (periphery), oscillatory strain 

amplitude 47 (periphery). sa 0-792 c/s gap, 0 001 in. (2 x 10-* 
n. 
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Fig. 2. Steady shearing with subsequent superposition of oscillatory 

motion. Steady shearing, 12-3 sec (periphery), oscillatory strain 

amplitude 22-8 (periphery), regency 2-5 c/s gap, 0°0015 in. (2 x 10-* 
n. 


(6) In oscillatory motion alone the torque amplitude 
would usually decay in time while maintaining a constant 
strain amplitude. 

I have observed all these phenomena in the flow of 
clay-water systems. Separate complete reports on the 
clay and blood experiments will be published elsewhere. 

Finally it is mentioned that the equation due to 
Casson? which has been applied to blood flow is unsuitable 
for non-steady flow and would certainly not describe the 
foregoing phenomena, neither would the well-known power- 
law which is likewise unsuitable for non-steady flow. 


J. HAERIS 
Department of Mechanical Engineering, 
Queen’s College, Dundee. 
* Casson, No a mectay of Disperse Systems, edit. by Mill, C. C., 84 (Pergamon 
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Dental Caries and Enamel Structure 


A GENERALLY accepted feature of the histology of 

und sections of carious lesions in human dental 
enamel is the so called ‘dark zone’. This zone, which lies 
at the border of the lesion, between the main body and 
the translucent zone or normal enamel, shows positive 
birefringence when the section is placed in quinoline and 
viewed by polarized light. It has been demonstrated that 
the positive birefringence in this zone is related to the 
presence of small inter-crystallite spaces which are in- 
accessible to media of large molecular size and contain 
air or vapour which is of low refractive index. This results 
in positive form birefringence which reverses the negative 
intrinsic birefringence of the enamel structure’. 

During examination of multiple sections of carious 
lesions it has been found that this positively birefringent 
zone is not always present along the advancing front of 
the lesion. This zone is usually present in the outer 
third of the enamel in peripheral sections of advanced 
lesions but sections cut close to the centre of such lesions 
frequently show absence of this positive zone, particularly 
in the inner two-thirds of the enamel. However, in some 
lesions involving only the outer third of the enamel the 
positive zone is missing along the deepest part of the 
advancing front. The positive zone is also more marked 
on the cervical aspect of a lesion than along its occlusal 
border and lesions involving the cervical enamel are usually 
found to have a well-marked positive zone surrounding 
the lesion. 

Contour maps, based on isotropic lines in media of 
differing refractive indices, serve to provide information 
about the approximate distribution of spaces throughout 
the lesion?. The relationship of the contours in such maps, 
from a survey of thirty sections of carious lesions, suggests 
that the speed of advance and severity of attack relative 
to the structural front involved determine whether the 
positive zone is broad, narrow or absent. From experiments 
with artificial caries in vitro it seems that the positive 
zone is more likely to form under slow than rapid attack. 
As noted, it is in the central and deepest parts of the lesion, 
where attack may be expected to be most rapid, that the 
positive zone is frequently absent. 
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Fig. 1. a, Ground sectioa of human permanent enamel showing a carious 
lesion, mounted in quineline and viewed by polarized light with quartz 
sensitive tint. The advancing front of the lesion (A) shows little evidence 
of the positively birefringent ‘dark zone’. The body of the lesion (B) 
and the surrounding enamel (C) show varying degrees of negative bire- 
fringence. 6, Contour map, relating to the section in a, based on isotropic 
lines seen in air and wa-ery media of refractive indices 1:33, 1-41, and 
1-47. The approximate percentage of spaces corresponding to the 
contours is, respectively. 1, 5, 10 and 25 per cent, as indicated. The 
contours are well spaced-out towards the advancing front, unlike the 
variable pattern found when the positive zone is clearly marked 


In one group of lesions, mostly in first permanent molars, 
the positive zone was noticeably absent (Fig. la) and in 
maps of such lesions the contours showing space distribu- 
tion, and thus approximate de of demineralization, 
were well spread out throughout the lesion (Fig. 16). 
This is in contrast te the situation more commonly found 
where the spacing of the contours varies in direct relation 
to the width of the positive zone. It was found in these 
lesions that much of the enamel structure appeared to be 
defective, showing æ marked positive birefringence when 
viewed in air by polarized light. These appearances could 
not be attributed wholly to variations in prism orienta- 
tion. It is possible that the well-spaced contours may 
indicate a slow diffasion of the carious attack into the 
enamel, but the absence of the positive zone in quinoline 
suggests that the attack may have moved rapidly throu 
the defective strueture. Such circumstances could 
account for the deep penetrating lesion which suddenly 
cavitates without warning. 

The first permanent molar in which this type of lesion 
was found undergoes formation both before and after 
birth. The deciduous dentition formed under similar 
circumstances is, therefore, of considerable interest. 
Such reports as exist in the literature concerning caries of 
the deciduous dentition make no observations which sug- 
gest that it is in any way different to that found in the 
permanent dentition. It is mostly the early approximal 
lesion that has been the subject of investigation. However, 
in an examination of gross caries in 67 teeth of children 
under the age of four, a group increasingly affected with the 
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4—50- —-+ 
Fig. 2. Ground section of a deciduous molar from a child of 24 years. 
The section is mounted in quinoline and viewed by polarized light with 
quartz sensitive tint. The enamel surface shows irregular pitting and there 
are prismless ‘banded’ areas which are negatively birefringent (A) in 
the enamel, interspersed with areas of positively birefringent prismatic 
structure (B); the enamel-dentine junction is shown at (C) 
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Sef bes tae soci ate eat 
ravages of dental caries, several forms of defect in the 
enamel structure have been noted: (1) Marked positive 
birefringence of the inner two-thirds of enamel, similar 
to that seen in the permanent enamel, was present in 
some of the teeth. Where this occurred the area involved 
was positively birefringent not only in air but also in 
water, indicating in all probability 5 per cent or more 
spaces in the structure. (2) A total lack of prism structure 
in parts of the enamel, with or without a hypoplastic 
enamel surface, was present in many of the teeth examined. 
The regions involved showed an appearance akin to 
fibrous banding which was highly negatively birefringent 
with areas of positively birefringent enamel interspersed 
throughout the structure (Figs. 2 and 3). 

These appearances could be found in all the deciduous 
teeth examined: (a) in the prenatal enamel alone; (b) in 
the postnatal and particularly the outer enamel; (c) in both 
prenatal and postnatal enamel. 

It would seem that the rapid spread of dental caries 
may be related to defects which are present in the enamel 
structure and which facilitate progress of the lesion. 

In an attempt to determine whether a common factor 
exists, such as drug therapy or nutritional deficiency in 
pregnancy and infancy, which might account for the 
structural defects in the enamel, the mothers of the 
affected children and their medical practitioners are being 
approached for the relevant history. 

H. 5. M. CRABB 
K. V. MORTIMER 
Dental School, 
University of Leeds. 


* Poole, D., F. G., Mortimer, K. V., Darling, A. I., and Ollis, W. D., Nature, 
189, 998 (1961). 
* Darling, A. I., Brit. Dent. J., 105, 119 (1958). 
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Investigations of the Kinetics of Red Cell 
Pyruvate Kinase in Normal Individuals and 
in a Patient with Pyruvate Kinase Deficiency 


Suvce the first report by Tanaka et al. of non-spherocytic 
haemolytic anaemia due to pyruvate kinase (PK) defici- 
ency, about twenty further cases have been reported. In 
patients with this type of haemolytic anaemia, determ- 
inations of PK give decreased, but not totally absent, 
enzyme activities. The remaining activity amounts to 
5-20 per cent of the normal. Waller? first posed the 
question as to whether there was any real lack of enzyme 
or whether the disease was due to a structurally changed 
enzyme protein with decreased affinity to the substrate. 
He reported two cases where the Michaelis constant of the 
PK towards phosphoenolpyruvate (PEP) was significantly 
higher in erythrocytes of patients than in normal human 
beings. 

In order to verify this hypothesis, we investigated the 
kineties of the red cell PK of normal individuals and 
compared our results with those from a patient with PK 
deficiency, and his closest relatives. 

Erythrocytes of the patient (an 8-year-old boy), of two 
heterozygous family members, and of healthy controls 
were washed several times with isotonic sodium chloride 
solution and haemolysed by distilled water. The haemo- 
lysate was partially purified by separating from haemo- 
globin, using DEAE and ‘Sephadex G-100 chromato- 
graphy. The Michaelis constants for PEP and ADP as 
well as the pH-optima were determined in the native 
haemolysate and in the haemoglobin-free eluate. Further- 
more, the specificity of the enzyme was tested against 
coenzyme-analogues, using an equimolar concentration of 
inosine diphosphate (IDP), cytidine diphosphate (CDP) 
and guanidine diphosphate (GDP) instead of adenosine 
diphosphate (ADP). 

The Michaelis constants for PEP and ADP before and 
after the purification are given in Table 1. These values 
as well as the determinations of coenzyme specificity of 
heterozygous carriers did not show any significant differ- 
ence from the normals (Table 2). 


Table 1. MICHAELIS CONSTANTS FOR PEP AND ADP BEFORE AND AFTER 
PARTIAL PURIFICATION BY ‘SEPHADEX G-—100° 
Km PEP x 10“ Km ADP x 10“ 
PK Native Native 
LU./g Hb haemo- Purified haemo- Purified 

lysate eluate lysate eluate 
pu 75 75 75 6-5 75 75 
Controls $4525 1-9 14 3-7 4-6 31 
Patient 0-9 0:9 11 4-0 3-2 
Father 3-6 0-6 16 2-5 50 
Mother * 1:0 1:2 15 3-7 3-2 30 
Brother J. P. 3-1 06 20 4:8 6:1 6'3 
Brother M. * 1-2 1-0 17 4-0 27 6-5 


* Probably heterozygotes. 


Table 2. COENZYME SPECIFITY OF THE RED CELL PYRUVATE KINASE 


Percentual activities with coenzyme-analogues compared with those with ADP 
Native haemol, sate Purified eluate 


ADP GDP CDP ADP GDP IDP CDP 
% % b % % % % % 
Normal 100 65 47 <5 100 42 36 <5 
Father 100 51 43 <5 
Mother 100 59 56 <5 100 48 35 <5 
Brother J. P. 100 56 45 <5 100 38 28 <5 
Brother M. 100 60 54 <5 100 51 37 <5 


Most striking, however, was the fact that, after partial 
purification, the affinity towards PEP was lower in the 
eluate than in the native haemolysate—this was observ- 
able from the higher Michaelis constant, both in patient's 
and in normal erythrocytes, 

This paradoxical behaviour was elucidated by the 
fact that the optimal pH after purification was 6-7 instead 
of 7-2—the pH at which all determinations had originally 
been performed. Repeated determinations of PK at this 
optimal pH in purified eluate resulted in Michaelis 
constants similar to those in total haemolysate. The 
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ormals and of a patient with PK defici- 

smolytic anaemia. It seems, therefore, most 
kely ‘that this disease is caused by an abnormal 
zyme. protein, but rather by a defect in the gene control- 
} g the synthesis of PK in red cells. 
U. WIESMANN 
pe O. Torz 
ee Department of Paediatrics, 

University of Berne. 


aia, K. R., Valentine, W. N., and Miwa, 8., Blood, 19, 267 (1962). 
ee a D., and Löhr, G. W., Ninth Congr. Intern. Soc, Hematol., Mexico 


Binding of Aromatic Compounds to Bovine 
Serum Albumin 


HE binding of non-ionic aromatic compounds to bovine 
rum albumin (BSA) has been approached in terms of the 
librium between the bound and crystalline states. 
inding is quantitated in terms of the number of 
les of an aromatic compound solubilized per 
ule BSA, in aqueous solution in equilibrium with the 
mpound in its crystalline state. The measurement of 
is number, K, may be visualized as tantamount to the 
rmination of the solubility of the compound in a 
mensional solution on the surface of the protein 
sule. This approach is derived from the interpreta- 
f adsorption phenomena as thermodynamically 
gous to solution phenomena’, 
reral mechanisms have been suggested for the binding 
n-polar compounds to BSA and similar proteins. 
han one type of interaction may be involved con- 
ly for the binding of a given compound; Benhold?® 
ked two types, or degrees, of binding: (a) complete 
of bound compound with the protein; (6) loose 
on, to interpret the solubilization of non-water- 
le physiological agents by BSA. Binding to BSA may 
incipally a function of interactions between a polar, 
tional group of the bound molecule and some group 
the BSA‘. Other investigators prefer to interpret the 
ubilization of non-ionic compounds by BSA in terms of 
‘drophobie bonding, principally*. In the light of this 
ultiplicity of speculations regarding the mechanism of 
ding non-ionic compounds to BSA, the values of K, as 
fined here, were determined for a number of aromatic 
mpounds. Possibly, the correlation of these values 
th the structural characteristics and physical properties 
f the compounds would yield some information on the 
nechanism or mechanisms of their binding to BSA. 
_ The compounds investigated, their melting points and 
ipectral characteristics are listed in Table 1. The prepara- 
ion of p-phenylacetanilide® and pp -bis(N,N-dimethyl- 
aminophenyl)methane’ was effected in this laboratory; 
the other compounds were obtained from the Eastman 
Kodak Co., and recrystallized as necessary. The number of 
ee molecules of each compound solubilized, that is, bound, 
> per molecule of BSA, K, at 25° C and pH 7-5 (phosphate 


Table 1. PROPERTIES OF COMPOUNDS 










Compound sr a Amax (ma) e x 10-* 
See ay , Sencar ata 52-54 271 1-9 
PEE AS hthalene 82-83 276 0-54 
ae Biphenyl 69-71 248 1-3 
2-Aminofluorene 129-130 278 1-5 
=Phenylacetanilide 177-178 268 25 
Acetyl-2-aminofluorene 203-205 276 2-5 
rene 116-118 260 1-8 
nanthrene 101-102 293 1-4 
obipheny! $0-91 260 2-1 
ylacetophenone 122-123 283 2-4 
CN, A e 
/Dmetha 94-95 252 1-6 
v; N-Dimethylamino)- 
nor 178-179 B75 3:3 
218. «B52 il 
180- © R8 tS 
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empeund 


p-Aminobipheny! 

Naphthalene 

Biphenyl! 
2-Aminofiuorene 
p-Phenylacetanilide 


i 
re + à + k + +o e 
bent . 
o> an 

i 


N -Acety!-2-aminofiuorene - ET 
Fluorene SO 
Phenanthrene rae 
p-Bromobiphenyi — 26 ~ Ah 
p-Phenylacetophenone ~ O32 i OQ 
pp -bie( N,N-Dimethylamino- Oe 
phenyl methane 033 TED ; 
p.p -bis(N .N-Dimethylsmino)- ae 
benzophenone = 058 wn Dre 
Anthracene — 83 Mee | 
2-Nitrofluorene 0-85 _ 63 


buffer, 0-1 M in totel phosphate) was determined in the nO 
manner previously reported’. The values of K, as log K, ae 
are given in Table 2. This table also includes the solubili- 
ties of the compounds in the absence of BSA under the ee 
same conditions, « in moles per 1, as log x. See 
Data in Table 2 suggest that the solubilization corre- Si 
lates with solubility ; the calculated correlation. coefficient o = € 
for log K and log vis +0-96. A plotoflog K as a function = = = 
of log # is shown im Fig. 1. The regression line dre 
according to the method of least squares represent 
equation: 


















log K = 0:53 log æ + 25 


The simplest model for binding involves adsorpti 
the bound molecule on the surface of the BSAS- 
surface of the bound molecule (assuming it is plan: 
thus exposed to the solvent. In solution, both surfa 
of the planar molecule are exposed to solvent, that 
water. There are, taerefore, twice as many interactions 
between the molecule and water in the dissolved stat 
in the bound state. Thus, the contributions of tl 
interactions to the energy of the molecule will be twice as 
great in the dissolved state as in the bound state. Si 
the solubility measurement compares the energy 0 
dissolved state, Es, with that of the crystalline s 
and K is a measure of the energy of the bound : 
E», compared with the erystalline state, E; and Ep st 
be Taod (if the a of the ere isa compe ! 











ig, ~ d ae ~ 3 
The experimental velue of this derivative, obtained 
differentiation of equation (1), is 0-53. a 
In the light of this relationship, it is of interest to note 
the results obtained in the earliest measurement of- the 
solubilization, the increased apparent solubility, of slightly Ea 
soluble compounds by serum proteins. The solubilization 
of anaesthetics in serum, compared with isotonic saline; 
reported by Moore aad Roaf* shows this same pattern of 
increasing solubilization, s in concentration units, with 


+ I 


> 
Log K 





~~ 7 — 6 -~ — 4 -3 
Log x 


Regression line of binding, as log K, on solubility, as log æ, for 
non-ionic aromatic compounds 


Fig. 1. 
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increasing water solubility of the anaesthetics. For these 
rather primitive data, a correlation coefficient of c.+ 0-9 
may be calculated ; d log s/d log x (corresponding to d log K/ 
d log x) is, as with the data reported in this communica- 
tion, c. 0-5. This correlation, however, appears to have 
escaped the notice of the pioneer investigators. 

The invocation of interactions such as dipole-dipole 
attraction, hydrogen bonding or compound formation 
between the bound molecule and serum albumin is, there- 
fore, not necessary to the quantitative treatment of the 
binding behaviour of non-ionic molecules. The success of 
this simple interpretation is consistent with the visualiza- 
tion of binding as a consequence of hydrophobic bonding’. 


+* 
National Cancer Institute, oh By he BERD 
Bethesda, Maryland. 


* Present address: Department of Chemistry, California Institute of 
Technology, Pasadena, California, U.S.A. 
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* Everett, D. H., Trans. Faraday Soc., 46, 942 (1950). 
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* Nemethy, G., and Scheraga, H. A., J. Phys. Chem., 66, 1773 (1962). 

* Kauzmann, W., Adv. Protein Chem., 14, 1 (1959). 
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* Pinnow, J., Ber., 27, 3166 (1894). 

* Laurence, D. J. R., Biochem. J., 51, 168 (1952). 
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Tryptic Digestion of Tropomyosin A, 
Tropomyosin B and Myosin 


Two types of tropomyosins co-exist in lamellibranch 
adductors and in cephalopod muscle’: TM, and TMs, 
TM, being the protein referred to as invertebrate tropo- 
myosin, or water-insoluble tropomyosin, by Bailey, and 
TMs, the water-soluble variety. 

A prolonged action of trypsin on TM, from Pinna 
nobilis has been examined’; besides dialysable products 
there remained a non-dialysable fragment which was 
precipitated by the addition of 3 per cent trichloroacetic 
acid (TCA). This fragment still contained a high pro- 
portion of arginine and lysine; its chemical and physical 
properties have been investigated’. When isolated under 
neutral conditions it proved to be highly resistant to 
further tryptic action. The rate and extent of the proteo- 
lysis were followed by different methods and the results 
indicated that trypsin splits approximately half the 
potentially susceptible bonds present in the whole mole- 
cule. Tryptic action on TM, from other invertebrate 
species has now been investigated and it has been found 
to give a similar trypsin-resistant fragment which will be 
referred to as ‘tryptic fragment’. TM 4 was prepared from 
Pecten maximus adductor muscle by the ethanol method'. 
When hydrolysed with trypsin for 24 h under similar 
conditions to those used for Pinna nobilis TM, (ref. 2), 
much diffusible material was obtained, leaving a non- 
dialysable fragment which precipitated after the addition 
of 3 per cent TCA. This fragment was isolated and purified 
by the same procedure as described for Pinna TM 4. Tho 
rate and extent of the digestion of Pecten TM, with 
trypsin for 24 h at pH 8-2 and 25° C was followed by 
determining total nitrogen and a-amino nitrogen in the 
TCA-soluble fraction obtained after the addition of equal 
volumes of 3 per cent TCA to a portion of the digest, and 
by following the alkali uptake in the autotitrator. Table 1 
shows the similarity of the effect of trypsin on Pecten TM 4 
and on Pinna TM 4, in rate and extent of the reaction. In 
both, about 50 per cent of the total nitrogen is TCA- 
soluble at the end of the reaction and the TCA-insoluble 
material still contains arginine’. In this case, as in the 
tryptic digestion of Pinna nobilis TMa, changes in the 
enzyme-substrate ratio do not significantly affect the 
extent of the digestion (Table 1). The kinetics of the 
proteolysis was followed by alkali uptake in an auto- 
titrator and found to be similar to that observed in the 
tryptic digestion of Pinna TM, (ref. 4). 
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Table 1. ACTION OF TRYPSIN ON TMy FROM Pinna AND Pecten 


Enzyme- Ninthe Bonds Bonds 
Protein substrate Conditions TCA sol. split/mole split/mole 
cone. ratio pH gior: y as A of aaay- (auto- 
(mg/ml,) (by wt.) (°C) total N drin titrator) 
Pinna 4°3 16:100 82 25 59-4 144 (17 h) — 
Pecten 4-6 6:100 82 25 63-4 147(18h) — 
Pecten 5-9 0-9:100 82 25 63:0 — -— 
Pecten 1-9 1:100 8&2 30 — -= 48 i h 30 
Pinna 3-4 1:100 85 30 oo -— 52 (2 h 30 


The diffusible peptides produced by the digestion, when 
subjected to ionophoresis at pH 6:5, gave a pattern very 
similar to that obtained with the diffusate of the tryptic 
digest of Pinna TM. This is not surprising since the 
properties of Pecten maximus TM, are in all respects very 
similar to Pinna nobilis TM, (ref. 5). TM.4 was also 
prepared from the South American molluse Aulacomya 
magellanica; although it does not show such great 


similarity of properties with Pinna TM, as Pecten TMa 9 


it also leaves a trypsin-resistant fragment*. It appears, 
therefore, that the presence of a resistant tryptic fragment 
may be a general property of all tropomyosins A. 

On the other hand, Pecten maximus TM g (prepared by 
the method of Bailey and Riiegg® and kindly supplied by 
Dr. J. C. Riiegg) does not leave a fragment after digestion 
with trypsin for 2 h. No precipitate was obtained when 
the digest mixture was treated with either 3 per cent 
TCA or 0-1 N sodium acetate, pH 5-4 (conditions used 
for the precipitation of the TM, tryptic fragment). After 
paper electrophoresis (0-06 M veronal buffer, pH 8-4) of 
the products of the digestion, staining with bromophenol 
blue did not show the characteristic blue band of the 
TM, fragment. Furthermore, the peptide maps of these 
two proteins are very different (Fig. 1). Rabbit tropo- 
myosin, which is thought to be similar to TM» (refs. 5, 6), 
is also completely digested by trypsin (personal communi- 
cation from the late K. Bailey). 

So far, no TM, has been found in vertebrate musele, 
but mollusean muscle contains quite large amounts. The 





b 


Fig. 1. Fingerprints of tryptic digests obtained by running a portion by 
descending chromatography in n-butanol-acetic acid—water (4: 1:5, by 
vol.) for 17 h and electrophoresis under toluene in pyridine-acetate pH 6-5 
for 1 h at a voltage gradient of 40 V/em. Digestions were carried out for 
tio 1 : 100 (by wt.) 


h at 30° C, pH 8&2, enzyme-substrate ra 


2 Š 
intensities of the ninhydrin colour, W, O, @. (a) Pecten TM 4; (b 
Pecten TM g 












































| | n a free form, If 
ne would expect to obtain a ‘tryptic fragment’ similar 
wat obtained from TMa, after tryptic hydrolysis of 
Osin: Experiments designed to test such a hypothesis 
vere performed and it was found that although some 
A-insoluble material was obtained after digestion for 
24h, its solubility properties in ammonium sulphate were 
quite different from the TM, ‘tryptic fragment’. No 
material was precipitated at ammonium sulphate satura- 
ion exceeding 50 per cent (TMa ‘tryptic fragment’ 
precipitates between 38-50 per cent saturation), suggesting 
hat it is composed of smaller peptides. 

The fact that the ‘tryptic fragment’ has been found in 
TM, of three different species but not in TMg suggests 
. structural characteristic which differentiates these two 
molecules. Whether this chemical characteristic is related 
its functional properties remains to be seen. 





Cc. P. pe Minster * 


Division Biologia Molecular, 
ituto Nacional de Microbiologia, 
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jistribution of Chlorophylls in Chioroplast 
Fragments 


3: molcoilar arrangement of the lipid-protein layers 
oroplasts, chloroplast grana, and smaller sub-units, 
known but is vital to understanding the photo- 
sical and photochemical events that oceur there. 
ecently, Boardman and Anderson! fragmented spinach 
roplasts with digitonin and showed a changing ratio 
hlorophyll a to chlorophyll 6 in fractions separated by 
ential high-speed centrifugation. A fraction sedi- 
ng between 50,000 and 144,000g had an a/b ratio of 6 
was interpreted to represent pigment system 1, the 
ig wave-length system of photosynthesis. Fractions 
dimenting at 10,000g or less had an a/b ratio of 2 and 
were interpreted to represent pigment system 2, the 
short wave-length system. 
_ Murakami et al.2 have also extracted spinach chloro- 
plasts with digitonin and found a progressively increasing 
ehlorophyll a/b ratio from 2:15 in whole chloroplasts to 
12-0 in the supernatant after centrifugation at 105,000g. 
Their investigations showed reduced Hill activity and 
triphosphopyridine nucleotide reduction in the high-speed 
— fractions suggesting that light-dependent reaction 2 was 
lost as particle size decreased. This was interpreted to 
mean that there was loss of an essential component(s), 
_ which, they point out, is supported by the concomitantly 
` increasing chlorophyll ajb ratio, thus signifying loss of 
lorophyll b. 
We have mechanically fragmented spinach chloroplasts 
sonication in an aqueous suspension rather than by 
ig digitonin; fragment suspensions were then frac- 
ted by differential centrifugation. The experimental 
wms and centrifugation times have been published 
$-5, The fractions (CF) are designated by sub- 
indicating the centrifugal force range used to 
on: Fc yr example, CF, 29 18 
10 and 20,0009. 

















_ Chlorophy. 
and compute a 
: and Anderson teed ‘Vern ! 
used by Murakami e al. : 





































ferences in absolute values between our results 4 
and theirs? may be due to the method of calcula 
perhaps to inherent differences in the spinach. The 
ajb ratio occurred in CF,e-145, which correspo 
Boardman and Anderson’s 50,000-144,000g fractio: 
ajb ratio of 3 in the sower-speed pellet, CF 1-29 conte 
large fragments, corresponds fairly well to Boardman ant 

Anderson’s 1,000-10,000g fraction. The 145,000g supe ee 
natant (CF ray apt) Shows a decreased a/b ratio relative to 
the CF,,-14, fraction, which also agrees with the studies sor o 
the Australian investigators, ee A 








Table 1, CHLOROPHYLL CONTENT OF FRACTIONS ISOLATED FROM Srwaon so i 
CHLOROPLASTS TERRES 

Fraction Ctiorophyli Absorbancy LUE 
Chioroplast (mg) ratiot ajb 
suspension 60-5 * 2°56 

CE ri 

CE yay 3o 4 2-H 

CF io- 5ü 164 9. 7 

CF se-20 28 

CP rias 23 3-02 

CF x43 pte 1-5 2-82 


* Average chlorophyll yield from 800 to 1,000 g wet weight of 
spinach leaves. 
+ Ratio of 663 mye/645 ma. 


Preliminary investigations on small chloroplast } 
sedimenting at 173.000g from CFy45 gp, also she 
differential distribution of chlorophyll content. 
small fragments, referred to as polyquantasom 
photoactive*:*. 
Although the significance of these results is no 
Boardman and Ancerson’s assignment of their 
144,000g fraction to system 1 and of the re 
fractions to system 2 cannot be accepted unequive 
The fraction sedimenting at 1,000-10,000g (system 
probably composed of particles greater than 150! 
diameter with an average molecular weight great 
1 x 108 (refs. 5, 8). The fraction’ sedimenting a 
144,000g is probably composed of particles 600-7 
diameter with an average molecular weight of | 
(refs. 5, 8). The sizes of all these particles are imm 
comparison with quantasomes® or polyquantasom 
the fractions are unquestionably composed of a ¢ 
able number of suzh sub-units. It is apparent 
additional study of small-particle fractions is esse 
establish firmly that the chlorophyll of spinach e 
plasts is associated with two different particles repr : 
ing the two pigment systems. E 
Nevertheless, regardless of the fragmentation metho i 
the changing chlorophyll ratios when correlated with he 
size of particles in the centrifuged fractions suggest that 
natural fault lines exist in the chloroplast lamellar struc- _ 
ture along which rupture is most likely to occur when the =o 
organelle is subjected to chemical or physical stress. 
This investigation has been supported by funds from ae 
IIT Research Institute, project £1012. eee 
J. A. Grosse” Tes 
A. M. SHeyNeR 
M. J. BECKER 
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Chicago, Llinois. 12 Gene WES 
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The possibility that musele might be able to synthesize 
-glycogen from pyruvate and lactate had to be considered 
_ when it was observed that the glycogen content of musele, 
_. obtained from patients suffering from liver glycogen 
< storage disease due to glucose-6-phosphatase (G-6-Pase) 
_ deficiency, was moderately but significantly greater than 
- normal (Table 1). 
~~ In such patients glycogen is structurally normal and 
_ there is no enzymatic hindrance to the breakdown and 
removal of muscle glycogen. The observation was all 
. more unexpected because the blood sugar of these 
ts is low; on the other hand, the blood level of 
and lactate is always high”! (Table 1). It seemed 
ble, therefore, that under these circumstances these 
vo compounds might become a source of muscle glycogen. 
The supposition was supported when it was observed 
wat. considerably more radioactivity from labelled 
yruvate was incorporated into the patients’ muscle 
ycogen than into normal muscle glycogen (Table 2). 
.dditional evidence came from the assay of FDPase 
ity (Table 3) using the method described by McGil- 
-Bome activity was detected in normal muscle 
t was much greater in the muscle obtained from the 
nts, thus confirming the potential ability of muscle 
form new glycogen from 3-carbon precursors. 
-comparison, the results of analyses of muscle 
ained from 2 patients suffering from a primary muscle 
cogen storage disease, due to phosphorylase deficiency”, 
neluded in the tables. These patients do not have 
ted plasma lactate and pyruvate levels and although 
muscles contain more than the normal amount of 
gen, they behave like normal muscle with respect 
yeogen synthesis from pyruvate. 
ese investigations confirm the presence of FDPase 
human striated muscle. Krebs and Woodford® con- 
that its role in muscle is limited to the conversion of 
aut 10sphorylated precursors, particularly «-glycerophos- 
phate, because an energy barrier exists for the direct 
Se Table 1 


































Muscle 
glycogen Blood 
Subject (ng/g lactate 
l Condition Age Sax wet weight) (mg/100 mil.) 
ii-i- Fase deficient 3 M 14 38 
4-6-Pase deficient 4 F 18 42 
G-6-Pase deficient 19 M 24 58 
G-6-Pase deficient 6 M 21 26 
Phosphorylase deficient, 15 M 52 8 
Phosphorylase deficient 38 M 45 9 
Normal (4 subjects) 3-12 M and F 1-6 7-12 
Normal (24 subjects) 26-58 M and F 2-1 5-12 


Table 2. INCORPORATION OF RADIOACTIVITY FROM “C-LABELLED PYRUVATE 
OR BICARBONATE INTO MUSCLE GLYCOGEN 


C.p.m./100 mg glycogen (range) 


Subjects No. From pyruvate From bicarbonate 
G-§-Pase deficient 4 2,800-6,400 800-1,460 
coz ‘Phosphorylase deficient 2 700, 1,450 0, 26 
ole. Normal adult 6 820~1,600 0-84 


_ oo About 100 mg muscle were incubated in Krebs-Ringer bicarbonate buffer 
Containing 40 mM pyruvate. Either 0-5 xe. Z-O pyruvate or 0-5 ue. 
- Na HYCO, were added to the flasks. 






Table 3 
FDPase activity * 
Subjects No. (range) 
G-6-Pase deficient 4 9-36 
Phosphorylase deficient 2 0,5 
Normal adult 4 2-6 


FDPase activity determined by McGilvery’s method (ref. 9). ‘ 
* Expressed as moles phosphate produced per g fresh tissue in 20 min. 





However, the fact that not- 
only pyruvate but also significant amounts of labelled” 
bicarbonate (Table 2) can be incorporated into muscle 
glycogen under certain conditions suggests that they are 


available for the assay??. 


probably also present in normal muscle. These vestigial 
pathways in muscle may become more active under the 
influence of high pyruvate and lactate concentrations and 
play a part in the metabolic homeostasis of the body. 
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Conversion of Alcohol to Ethy! Esters of 
Fatty Acids by the Lactating Goat 


FRESHLY secreted milk contains a lipogeniec principle | 
that will incorporate fatty acids into the ester lipids of | 
the milk’. While investigating this principle with the 
aid of palmitic-1-“C acid and thin-layer chromatographie = 
analysis of the resulting labelled lipids, we noted i 
prominent spot on autoradiograms between the solve 
front and the position of the triglycerides (Fig. 1). The 
position of this unknown substance was very close (fol- 
lowing) to that of the cholesterol esters. It occurred to 
us that this spot might result from ethyl palmitate-1-C, 
since the labelled compound was dissolved in ethanol 
(usually 250 ul.) to facilitate dispersion in the milk. 
Further investigation confirmed this contention. The 
radioactive unknown substance exhibited Rp values ` 
similar to authentic ethyl palmitate with three different 
thin-layer chromatographic solvent systems. When the 
area of a plate containing the unknown was extracted 
and this extract injected on to an appropriate gas 
chromatographic column, 45 per cent of the activity 
measured in the unknown spot was trapped during the 
time ethyl palmitate would have emerged from the | 
column. Since this recovery value results, in part, from 
losses in the syringe, in the column, by detector leaks, 
ete., the major activity is concluded to have moved ‘in 
correspondence with ethyl palmitate. 

Similarly, conversion of stearic acid to its ethyl ester” 
was observed when it was dispersed with ethanol in the ~ 
milk system, and both stearate and palmitate showed two = 
closely moving spots when the ethyl esters were separated ` 
on thin-layer plates by a 60:40, hexane—-benzene _ 
solvent system (data not shown). The capacity of the — 
lipogenic milk system to convert stearate to oleate has 
been reported’. a 

These findings regarding ethyl ester formation led us: 
to consider in vivo alcohol metabolism and the problem = 
of alcoholism. Two experiments were performed on each. - 
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of two lactating goats. In the first experiment 150 ml. 
of 30 per cent (v/v) ethanol in water was orally adminis- 
tered to the goats. Closure of the oesophageal groove was 
promoted by spraying the throat with 1 per cent copper 
sulphate, thus directing the alcohol to the abomasum 
and by-passing the rumen. Milk samples were recovered 
from the milk by extraction with 2: 1 (v/v) chloroform- 
methanol. The lipid fractions eluted from silicic acid 
columns? ahead of the triglycerides, those containing the 
ethyl esters of fatty acids, cholesterol esters and hydro- 
carbons, were analysed by thin-layer and gas chromato- 
graphy. Both goats showed evidence of ethyl esters in 
the milk lipids (Figs. 2 and 3 are representative). The 
maximum level of ethyl esters was reached in the 3-6 h 
period and approximated 0-01 per cent of the lipids in 
the case of one goat and about 0-001 per cent for the 
other. Milk collected the day following the experiment 
showed no evidence of ethyl esters. The characteristic 
pattern of fatty acid ethyl ester composition (Fig. 3), the 
component identities of which were confirmed on both 
polar (DEGS) and non-polar (‘Apiezon-L’) column 
coatings, closely resembles that of C,,- and C,,-fatty acids 
of milk fat. Although no short-chain fatty acid com- 
ponents were detected, we presume that ethyl esters were 
formed in the mammary gland. In the case of the goat 
showing the highest levels of ethyl esters in the milk, 
blood samples (25 ml.) taken at the same times as milkings 
(0, 1/2, 3, 6 and 24 h) showed no evidence of ethyl esters. 

Somewhat anomalously the second type of experiment, 
in which 12 ml. of 20 per cent (v/v) ethanol in water was 
infused into the mammary gland by way of the teat 
canal, revealed no formation of ethyl ester by either goat 
in milk drawn at intervals over 24 h. From the odour of 
the milk drawn 30 min after infusion, rapid oxidation to 
acetaldehyde (and then to acetate) might account for the 
negative findings. 

The foregoing results suggest that lactating human 
beings who consume alcohol might secrete traces of ethyl 
esters with their milk. Although we could not contrive 
that situation experimentally, we did analyse adipose 
tissue removed from eight adult human patients, several 
of whom admitted to moderate alcohol consumption. 





Fig. 1. Thin-layer chromatographic separation (autoradiogram) of 
neutral lipids from freshly secreted goat = incubated for 90 min with 
pare acid-1-"C (added in ethanol) . Position of solvent front; 2, 

ethyl palmitate; 3, triglycerides; ety ce rides; 5, ition of origin. 
Solvent system 90:10: 1 (v/v) Te Bi ether-ethy] e ether—acetic acid 
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Fig. 2. Thin-layer chromatographic separation of goat milk lipida 
nito AAE in pectin 0 G8), 1/2 (C), 3 (D) and 6 (2) h after oral adminis- 
tration of a ‘cocktail’ (150 ml. of 30 per cent, v/v, ethanol in batons to 
the goat. A and F, Authentic ethyl oleate. Elongated spots (milk | pid 


samples) are from cholesterol esters. Solvent system 60 : 40 (v/v) 
hexane—benzene 
t 
tC-16 -18 





0 10 20 30 
Time (min) 


Fig. 3. Gas chromatogram of ethyl esters in goat milk oe e e 8h wae 


Fig. 2) after oral administration of alcohol to the anima 
sponding to ethyl palmitate, stearate, oleate and Aaronin are designated 
Cis, Cia: Cas’ and Cya = respectively 


The tissue samples {primarily abdominal) were removed 
at the time of surgery and the lipids recovered and 
analysed by techniques described, preceding. Ethyl 
esters could not be detected in any of these samples. 
These negative results notwithstanding, a tissue by tissue 
analysis, especially of chronie aleoholics, might be 
rewarding. 

In consequence of our present findings, previous activity 
data on cholesterol esters may be partly in error when we 
used ethanol to disperse label’, but should be free of such 
error in experiments in which ethanol was not used‘, 

We thank J. Reed Babcock, surgeon, Center County 
Hospital, Bellefonte. Pennsylvania, for the adipose tissue 
samples, and Robert J. Flipse, of our Department, for 
advice on autoradiegraphy. This work was supported 
in part by grants #3632 and AM0677—01 from the U.S. 
National Institutes of Health. 
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yall established that pblorrhizin aadi its Cayenne 





x affect hexose transfer in a number of tissues. 
ni ly Forsling and Widdas! showed that phenolph- 
a “tha in caused competitive inhibition of facilitated glucose 
_ transfer in human erythrocytes. In view of its purgative 
`- aetion, it was of interest to test whether phenolphthalein 
< also affected intestinal transfer mechanisms. At the same 
: time: the opportunity was taken to test another poly- 
_ phenolic compound phenol red (phenolsulphonphthalein), 
=== a molecule of similar structure which is known to be 
transferred by the renal tubule. The formulae of these 
Ss 7 pods. are shown in Fig. 1. 
= Experiments were carried out with sacs of everted 
S small intestine of the rat, as used by Barry, Matthews 
and Smyth’, and the middle fifth of the combined jejunum 
id ileum was used in all cases. Glucose (28 mM) or 
methionine (15 mM) was initially present in the mucosal 
the transfer of these substances was investigated 
esence and absence of the polyphenols. The 
shown in Table 1, 
irmation of Parsons, Smyth and Taylor’, 
1° (5 x 10- M) strongly inhibited glucose 
and at 5 x 10-4 M nearly abolished glucose 
r. As was found by Jervis, Johnson, Sheff and 
+ phloretin (5 x 10 M) caused little inhibition, 
ave now found that at 5 x 10 M it markedly 
glucose transfer. Phenolphthalein (5 x 10-5 M) 
ost. as great an effect as equimolar phlorrhizin 
se transfer, while phenol red even in a concentra- 
~4 M had little effect. 
abstance inhibiting transfer of glucose from the 
fluid may produce its effect either on glucose 
on metabolism. These two activities can be 
d by using glucose in the serosal fluid, as the 
can then be metabolized without going through 
mechanism. The effect of the inhibitor can be 
either by measuring fluid transfer (which 
n glucose metabolism) or by disappearance of 
om the system. When glucose was present 































PHLORRHIZIN 


= OH 
c — CH CH3 


PHLORETIN 


PHENOLPHTHALEN PHENOLSULPHONPHTHALEIN 


Ai y 
5 x 104 M Phiorrhizin 
5 x 10 M Phioretin 
& x 10 M Phioretin 
5 x 10+ M Phenolphthailein 
1 x 10 M Phenol red 


Values given are the means + S.E. The figures in PE date s indicate tk 
number of experimenta performed, 


initially in the serosal fluid, phenolphthalein (5 x 10 M) oe 
did not affect glucose disappearance, and had only very 
slight, if any, effect on fluid transfer. Hence its action 
must be to prevent glucose from entering the cell from the 
mucosal side. Phloretin, however, reduced fluid transfer - 
from 2:3 ml. to 0-4 ml., and this suggests that glucose. fared 
metabolism was being impaired. cane 
The effect of phenolphthalein is less specific than that ee 
of phlorrhizin as it inhibited methionine transfer in. a. 
concentration of 5 x 10-5 M, while a much greater con- = 
centration of phlorrhizin was required to cause a similar — 
inhibition. Phenol red was also ineffective on methionine 
transfer in the concentrations tested, Phloretin (5 
10-* M) had more effect on methionine transfer th 
phlorrhizin in the same concentration, and this could 
because its greater lipid solubility permitted easier e 
into the cell with more effect on metabolism. 
The difference between phenol red and phenolphth 
is of great interest on account of the similarity im- 
structure. A possible explanation is the difference 
pK values. At a pH of 7-4 phenolphthalein will be mainly 
in the undissociated form, while phenol red will be largely E 
dissociated, and the undissociated form may be the EEEn 
tive inhibitor of the entry process. 
We thank the Medical Research Council and Je o 
Wyeth and Brothers for financial assistance. 
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Comparative Study of the Urease in the 
Rumen Wall and Rumen Content 


In the course of the ruminohepatic nitrogen eyelet? or go 
by supplementation in feeding*, a considerable amount of = 
urea can enter the rumen. The ureolytic activity of the 
rumen content was investigated and found to be due to. 
some species of ruminal micro-organisms. Attempts to 
obtain enzyme preparations free from bacteria fora more 
accurate study, however, were unsuccessful’, Further — ~ 
investigations revealed that the urease activity of the 
ruminal mucosa appeared to be too high to be simply 
explained by surface contamination by rumen contents’, __ 
This communication deals with a study of partially 
purified urease preparations obtained from ruminal 
bacteria, as compared with partially purified enzyme. 
prepared from the rumen mucous membrane, atid 4 
origin of the latter enzyme is also discussed. 

Preparation of cell-free extracts. Washed suspension 
ruminal bacteria were prepared from the rumen conte 
of freshly slaughtered cattle’. The bacterial cells: w. 
broken up using an M.S.E. ultrasonic disintegratot 
15min, Cell-free extracts were obtained. by centr ‘ifug 
at 75,000g for 30 min. The mucous membra 
rumen of freshly slaughtered cattle wa 
in a stream of cold waters 
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and finally centrifuged at 75,000g for 30 min to remove the 
cell fragments. 

Preparation of acetone powders. Each cell-free extract 
was poured, with gentle stirring, into ten volumes of 
acetone chilled to — 20° C. The precipitates were centri- 
fuged down, washed twice by stirring with five parts of 
cold acetone and re-centrifuging. The washed sedi- 
ments were suspended again in cold acetone and dried by 
suction on a Buchner funnel. The acetone powders could 
be stored in a desiccator at 4° C for several weeks without 
appreciable loss of activity. All the foregoing operations 
were conducted at about 4° ©. 

Preparation of enzyme containing solutions. The enzyme 
solutions of the acetone powders were prepared by extract- 
ing the corresponding powder in buffer by gentle stirring 
for 15 min. In the case of enzyme activity or Km determ- 
inations 0-2 M tris-HCl buffer (pH 8-5) was used. For pH- 
optimum estimations, 0-1 M tris-sodium monohydrogen 
phosphate~HCl buffers were taken. The amount of 
acetone powder to be extracted was chosen so as to give 
not less than 0-0015 Sumner units (S.u.)/ml. extract. 

Measurement of enzyme actiwity. Urease activity was 
measured by incubating the correspondmg enzyme solu- 
tion with excess of substrate (0-04 M urea) in the outer 
chamber of a Conway unit. The final volume of the 
reaction mixture was I or 2 ml. in most experiments. The 
incubation period was 15 min at 20° C. The reaction was 
stopped by the addition of 1 ml. of saturated potassium 
carbonate. The ammonia produced was determined 
according to Conway’. Each determination was carried 
out in duplicate or triplicate against a blank. The urease 
activity measured in the acetone powders varied con- 
siderably according to the material used. Acetone pow- 
ders from the ruminal mucosa contained about 0-0002 
s.u./mg. The powders from the ruminal bacteria con- 
tained more activity, about 0-0005 s.vu./me. 

Effect of pH. In Fig. 1 the reaction velocity is shown 
as a function of pH. Maximal velocity for both ruminal 
preparations is found at pH 8-5. The enzyme activity 
falls sharply on both sides of the maximum. Both curves 
are similar in shape. For comparison, soya bean urease 
was also examined. This preparation gave an optimum 
between pH 7-5 and 8-0. Here, the pH curve showed a 
more gradual fall on both sides (Fig. 1). 

Effect of substrate concentration. The effect of urea con- 
centration on the reaction velocity for each of the ruminal 
preparations is shown in Fig. 2. The Michaelis constants 
(Km) calculated according to Lineweaver and Burk were 
found to be 1:5x 10> mol for both preparations. No 
difference could be detected between corresponding 
activities from purified ruminal bacteria and ruminal 
mucosa preparations. The Km of the soya bean urease 
preparation was 1:57 x 10 mol. 


F (arbitrary units) 





5 6 7 8 9 10 
pH 
Fig. 1. The effect of pH on urease activity. The incubation medium 
{1 ml.) contained 0-1 mM fris, O 1 mM sodium monohydrogen phosphate, 
hydrochloric acid added to give a pH as indicated, 0 04 mM Q mi. 
enzyme solution. Incubation period: 15 min at 25° C. @, Enzyme 
preparation from ruminal mucous membrane; ©, enzyme preparation 
from washed bacterial suspension; [, enzyme preparation from soya 
ean powder 
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—we Ke (tot x 1079) 


Fig. 2. The effect of sabstrate concentration on the reaction velocity. 

‘The incubation medium (2 ml.) contained 0-4 mM ¢ris-HCl buffer pHi 8-5, 

i ml. enzyme solution, and urea as indicated (c). See legend to Fig. 1 for 
additional explanations 


These findings support the assumption that the urease 
activity of the ruminal mucosa originates from the rumen 
content. In order to confirm this assumption, experi- 
ments were conducted in which the mucous membranes 
were thoroughly washed with a detergent using a sponge. 
After this treatmert the activity was found to drop to 
about 40 per cent. The rest of the activity could be 
detected in the wash solution. These results are in agree- 
ment with related experiments on the gastric mucosa of 
monogastric animals®®, in which it was shown that, in 
monogastric animals, urease activity is due to bacteria in 
the mucous membrane. 
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Metabolism of Dimethyl Sulphoxide to 
Dimethyl Sulphone in the Rat and Man 


DıxeETHgYL sulphoxide (DMSO) was first prepared in 
1867 (ref. 1), and has been known for some time to be an 
excellent solvent. However, the first report concerning 
its metabolic fate :n animals appeared only recently, 
following several papers in which biological and even 
therapeutic uses for DMSO were suggested??. Distefano 
and Borgstedt identified dimethyl sulphide in the expired 
air of cats given DMSO intravenously. 

The present report describes the isolation and identifica- 
tion of dimethyl sulphone in the urine of rats and man 
given DMSO. (The results for rats were reported at the 
forty-ninth annual meeting of the Federation of American 
Societies for Experimental Biology, Atlantic City, Nd., 
during April 9-14, 1965 (ref. 5), and while this manuscript 
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was in preparation, isolation of dimethyl sulphone from 
the urine of rabbits given DMSO was reported by Williams 
et al.8.) The metabolite was isolated from rat urine and 
identified as follows: twenty-four rats were dosed intra- 
peritoneally with 0-5 ml./kg of DMSO. Urine was collected 
overnight in dry ice-cooled flasks, thawed and filtered 
through glass wool. The urine was extracted with heptane, 
which was discarded. (Experiments with urme from rats 
dosed with **8-labelled DMSO indicated that only traces 
of radioactive material were extracted by heptane.) 
The aqueous residue was then saturated with sodium 
chloride and extracted with chloroform. The extraction 
was repeated several times with fresh chloroform, and the 
combined chloroform phases were evaporated im vacuo. 
The residue consisted of colourless needles and a pale 
yellow oil that were separated by filtration. Preliminary 
evidence indicates that the oil is essentially all DMSO 
(unpublished data). Reerystallization of the crystals from 
@ mixture of heptane and chloroform yielded needles 
melting at 110-5-111° ©. The melting point was not 
depressed on admixture with authentic dimethyl sulphone, 
m.p. 110-5°-111° C. Analysis (in per cent)—calculated for 
C,H,SO., carbon, 25-51; hydrogen, 6-43; sulphur, 34-07; 
found, carbon, 25-85; hydrogen, 6:49; sulphur, 33-98. The 
infra-red spectrum (in potassium bromide pellet) was 
identical to that of authentic dimethyl sulphone. 
The excretion of dimethyl sulphone was quantitated by 
isotope dilution and ‘reverse’ isotope dilution m experi- 
ments in which rats were given 0-5 ml./kg of DMSO-"5 
intraperitoneally. The results indicated that approx1- 
mately 15 per cent of the dose was excreted in the urine 
as dimethyl sulphone within 24h. A major portion of the 
dose of DMSO is excreted in the urine in this time’. 
Rats given dimethyl sulphone-**§ (21 mg/kg intraperitone- 
ally) excreted 64 per cent of the dose in the urine in 24 h, 
apparently as unchanged sulphone, as shown by paper 
chromatography and thin-layer chromatography on 
silica gel (ethyl acetate). 
Dimethyl! sulphone was similarly isolated from the urine 
of a human subject receiving a daily dose of 21 g of DMSO. 
Elemental analysis, melting point and the infra-red 
spectrum were used to establish its identity. Isotope 
dilution analysis of the 24-h urine showed that the sulphone 
present represented 3-0 per cent of the daily dose. 
H. B. HUCKER 
P. M. AHMAD 
E. A. MELER 
R, BROBYN 
Merck Institute for Therapeutic Research, 
West Point, Pennsylvania. 
1 Saytzeff, A., Ann., 144, 148 (1867). 
3? Block, L H., Drug Cosmetic Indust., 95, 342 (1964). 


s Jacob, S W , Bischel, M., and Herschler, R. J., Curr. Therap. Res., 8, 134, 
193 (1964). 


“ Distefano, V , and Borgstedt, H. H., Sevence, 144, 1137 (1964). 


* Cited in Drug Trade News, New York, N.Y., April 26, 1965, and Medical 
Tribune, July 28, 1965. 


* Williams, K. I. B., Whittemore, K. S, Mellin, T. N , and Layne, D. S., 
Sence, 149, 208 (1965). 


” Hucker, H. B., Ahmad, P., M., and Miller, E. A., Fed, Proc., 24, 546 (1965). 


Urinary Excretion of Acetylsalicylic Acid 
in Man 


Mandel, Cambosos and Smith! have reported that 
appreciable amounts of acetylsalicylic acid can be present 
in human plasma and that it may be detected for up to 
2 h after its oral administration. Also, from the work of 
Davison and Smith*, the plasma proteins may bind 
acetylsalicylic acid to a much smaller extent than salicylic 
acid, thus making a greater proportion available for 
excretion. It should, therefore, be expected that some 
acetylsalicylic acid will be excreted in the urine. 

The excretion of acetylsalicylic acid in urine after its 
oral administration has been the subject of a number of 
reports*-?. These have been based on the observed 
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increase in the amount of salicylic acid which can be 
determined in the urine after mild hydrolysis. However, 
labile metabolites of salicylic acid which are also present 
in the urine will be hydrolysed to salicylic acid by the 
methods used, and the presence of acetylsalicylic acid 
cannot be conclusively established from such data. 

The present investigations were undertaken after pre- 
liminary experiments had demonstrated that acetyl- 
salicylic acid could be separated from salicylic acid and 
its metabolites in urine, by thin-layer chromatography 
(TLC) on silica gel (Merck GF 254). The developing 
solvent was benzene, ether, acetic acid, methanol (120: 
60:18:1) (ref. 8), and the following approximate fir 
values were obtained for acetylsalicylic acid and its 
metabolites : 


Approx. 
Rr 
Glucuronides of salicylic acid, ete. 0 
Salicyluric acid 0-19 
Gentisic acid 0-34 
Acetyisalicylic acid 0°50 
Salicylic acid 0°57 


The acetylsalicylic acid on the chromatogram was detected 
in ultra-violet light as a dark band on the fluorescent 
background. 

The excretion of acetylsalicylic acid in the urine of 
healthy young men, who had received an oral dose of the 
drug, was investigated. Urine collected at 1-2 h after 
drug administration was applied to the TLC plates as a 
narrow band. The chromatograms obtained from most 
of the urine samples examined gave a band corresponding 
to that obtained with an acetylsalicylic acid standard. To 
confirm the presence of acetylsalicylic acid, the urines 
were pooled, acidified to pH 2, and 200 ml. was extracted 
with ether. 

Portions of the ether residue were applied to four 
20-em TLC plates and the bands corresponding to acetyl- 
salicylic acid were scraped off into 5-ml. volumes of 
acetone. The acetone solutions were combined, centri- 
fuged, and the supernatant reduced to a small volume 
which was applied to a TLC plate and re-developed. 
The appropriate band was removed and extracted with 
ether; the ether was evaporated to dryness after the 
addition of a little potassium bromide. The material 
isolated had an infra-red spectrum identical with that of 
acetylsalicylic acid. 

A quantitative assessment of the amount excreted was 
made after the administration of acetylsalicylic acid 
(12 mg/kg body-weight) to six men. Urine samples were 
collected at 1-5 h intervals for 6 h after dosage. The 1:5 h 
urine samples were each diluted to 200 ml., and 0:3 ml. 
was applied to a 20 x 20-cm TLC plate and developed in 
the solvent system described. The acetylsalicylic acid 
band was removed from the plate into 5 ml. of N ammonia, 
mixed well for 20 min to allow solvation and hydrolysis 
to salicylic acid, centrifuged and the extinction of the 
supernatant measured at 295 mp. Both blank urines and 
standard solutions of acetylsalicylic acid were subjected 
to the whole procedure. 

The total salicylic acid content of the urine was also 
determined by the method of Brodie, Udenfriend and 
Coburn®, after hydrolysis with 4 N sulphuric acid at 
115° C for 3 h. 


Table 1. AMOUNT OF AGETYISAIIOYLIO AGID EXORETED IN THE URINE OF 
SIX MEN AFTER ORAL DOSAGE WITH ACETYLSALIOXYLIO ACID (12 ma/Kc BODY- 
WEIGHT). URINES WERE COLLECTED AT 1:5 H INTERVALS 


Amount of acetylsalicylic acid excreted 


Time after Percentage Percentage 
Subject admunistration moles of total of 
) salicylic acid * dose 

A 1:5 72 16 1:9 
B 1:5 29 10 0-5 
C 1-5 28 11 0'6 
D 15 111 19 2°6 
E 1-5 Q 0 0 
F 1-5 89 22 1-7 

3 50 9 1:0 +3 0 

45 17 2 0-3 


No acetylsalicylic acid was detected in later samples. 
* In the same urine sample. 
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The results (Table 1) show that acetylsalicylic acid was 
excreted in the urine of five of the six men taking part in 
this investigation. It was found only in the first 1-5 h 
specimens of four of the men, but was excreted for up to 
4:5 h after its administration in one man. The average 
amount of acetylsalicylic acid excreted corresponded to 
only 1-5 per cent of the amount ingested. 

A. J. CUMMINGS 
M. L. Krye 
Nicholas Research Institute, Ltd., 
Slough, Bucks. 
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HAEMATOLOGY 


Prethrombin as a New Sub-unit of Prothrombin 


PROTHROMBIN is one of the important molecules con- 
cerned with the clotting of blood. It has been isolated 
from bovine plasma and characterized as a single molecular 
entity by means of ultracentrifugation', electrophoresis’, 
electronmicroscopy® and N-terminal amino-acid analysis‘~*, 
Under appropriate conditions of activation, this molecule 
yields two enzymes, namely, thrombin and autoprothrom- 
bin C (ref. 7). Other sub-units have been obtained by 
degrading the molecule with autoprothrombin C or 
thrombin, to obtain autoprothrombin I (ref. 8), or auto- 
prothrombin IT (ref. 9), respectively. Each of these 
functions as an accelerator in the conversion of prothrom- 
bin to thrombin. Another derivative called autoprothrom- 
bin IHI is inert", but is the precursor of the enzyme 
autoprothrombin C, which can be derived from auto- 
prothrombin III with the use of tissue thromboplastin 
and calcium ions, or by activating with Russell’s viper 
venom (‘Stypven’)!!. : 

We have now succeeded in obtaining another sub-unit 
of prothrombin which is the immediate precursor of 
thrombin, and we propose to call it ‘prethrombin’. Its 
amino-acid composition as determmed by a complete 
analysis with a Spinco amino-acid analyser was found to 
be similar to that of purified thrombin. Prethrombin 
concentration cannot be measured by the original two- 
stage procedure used for the assay of prothrombin. It 
becomes thrombin under conditions which we shall 
describe and then its specific activity is practically 
equal to the specific activity of purified thrombin. Prob- 
ably only a small peptide or amino-acid needs to be 
removed to convert prethrombin to thrombin. 

To obtain the prethrombin from the parent prothrombin 
molecule purified thrombin was used for the degradation. 
At pH 7-0 about 500,000 units of purified prothrombin were 
incubated with 25,000 v. of purified thrombin in a solvent 
volume of 40 ml. After 90 min practically no prothrombin 
remained, and the protein was introduced mto a DEAE 
cellulose column and chromatographed according to the 
procedure of Seegers and Landaburu*, The prethrombin 
was obtained in a separate fraction and autoprothrombin 
TIT issued from the column at a much later time as 
another separate fraction. 

Based originally on the discovery of prothrombin by 
Alexander Schmidt, the view has been held that tissue 
thromboplastin and calcium ions are needed for the con- 
version of prothrombin to thrombin. About two decades 
ago, however, Ac-globulin was also found to be important 
in the activation. Now we find that prethrombin does not 
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convert to thrombin in the presence of tissue extract 
thromboplastin, ar in the presence of tissue extract 
thromboplastin plus calcium. ions, or even if a concentrate 
of Ac-globulin is also added. Tissue thromboplastin thus 
has nothing to do directly with uncovering the active 
site(s) of the thrombin molecule. Tissue extracts are only 
concerned with the generation of autoprothrombin C 
activity!s:14, We shall now describe experiments which 
show that autoprothrombin C is the enzyme that functions 
in prethrombin activation. 

For the conversion of prethrombin to thrombin with 
autoprothrombin C no calcium ions or any other clotting 
factor was needed (Fig. 1). With the prethrombin sub- 
strate in excess thrombin generation depended on enzyme 
concentration. Zero-order reaction kinetics evidently 
applied. In each concentration of autoprothrombin C all 
the prethrombin was eventually converted to thrombin. 
For reasons not understood, there seemed to be an optimum 
autoprothrombin C concentration, and during the first 
15 min thrombin generation tended to be retarded. The 
addition of purifiec thrombin at zero time did not alter 
the rate of activaticn by a given amount of autoprothrom- 
bin C. 

In one of the experiments, 35 ug (160 v./ml.) of auto- 
prothrombin C wers mixed with 3,600 pg (11,000 v./ml.) 
of the substrate and 5 h was required for all the thrombin 
to generate (Fig. 1). This might be regarded as slow 
activation of the substrate. By adding Ac-globulin 
(purified according to the method of Aoki and Seegers*), 
cephalin and calcium ions, the activation was accelerated 
(Fig. 2). Instead of requiring 5 h, all was complete in 30 
min with the ratio of enzyme to substrate at about 1 : 100. 
It was interesting that Ac-globulin did not accelerate the 
action of autoprothrombin Č by itself; it only did so in the 
presence of cephalin and calcium ions. Cephalin and 
calcium ions, without Ac-globulin, retarded the generation 
of thrombin by autoprothrombin C, presumably because 
an autoprothrombin-calcium—cephalin adsorption complex 
formed. Such complexes have been deseribed1*+’, 

We conclude thai autoprothrombin C is the enzyme 
concerned with uncovering the active sites of thrombin. 
This is not done by thrombin under the conditions of our 
experiments, nor by Russell’s viper venom, nor by tissue 
extracts (Fig. 2). Furthermore, we were not able to 
bring about activation with purified platelet cofactor 1 
(factor VITI) plus purified platelet factor 3 plus calctum 
ions, plus purified Ac-globulm. So autoprothrombin Č 
seems to be the sole substance concerned with uncovering 
the essential thrombin sites of prethrombin. The activa- 
tion of prethrombin with autoprothrombin C was com- 
pletely inhibited by soybean trypsin inhibitor. Although 
trypsin is not a clotting factor thrombin activity was 
readily generated fram prethrombin with trypsin; this is 
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Fig. 1. Activation of prethrombin with autoprothrombin C. The 

prethrombin substrate concentration was 11,000 U /ml. in physiological 

saline solution buffered with imidazole pH 7:2 at 28° ©. Numbers on 

curves indicate units of autoprothrombin C@/ml. Specific activity of 

autoprothrombin C was 4,700 u./mg protein, that of prethrombin was 
3,600 U./mg protein 
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Fıg.2. Activation of purified prethrombin with purified autoprothrombin 
C in presence of calcium ions, uns , and purified Ac-globulin. In all the 
arvana mixtures the pret ombin substrate concentration was 
3,000 vu jmi. in 0025 M calcium solution buffered with imidazole at 
pH 7-2. Concentration of purified Ac-globulin was 65 U./ml., and the 
papbalin 0:07 per cent w/v. Addition of ‘Stypven’ or tissue extract 
thromboplastin did not yield thrombin, but 50 v./ml. of purified suto- 
prothrombin C produced rapid thrombin generation 


of interest because it hydrolyses only peptide bonds the 
carbonyl group of which is associated with a positively 
charged side group (arginine or lysine)!*. With the know- 
ledge that the N-terminal amino-acid of thrombin is 
isoleucine!®2® we can expect to find later that auto- 
prothrombin C splits a peptide bond that is either arginyl- 
isoleucine or lysyl-isoleucine. 

In 25 per cent sodium citrate solution, prothrombin 
becomes activated and thrombin and autoprothrombin C 
are formed by way of various intermediates*!; either 
thrombin or autoprothrombin C can be used to stimulate 
the activation’. Prethrombin also became activated in 
concentrated sodium citrate solution; however, in this 
case, only thrombin activity was yielded. The reaction 
was rapid when primed with autoprothrombin C, but 
thrombin did not accelerate the reaction. Without auto- 
prothrombin C the reaction was slow and usually the yields 
of thrombin were only 40 per cent of those obtained with 
autoprothrombin C. 

This work was supported by grant HE 03424-08 from 
the National Institutes of Health, U.S. Public Health 
Service. F 

EwA MARCINIAK 
WALTER H. SEEGERS 
Department of Physiology and Pharmacology, 
Wayne State University, Detroit, Michigan. 
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IMMUNOLOGY 


I9S and 7S Antibody Production in the 
Cyclophosphamide- or Methotrexate-treated 
Rat 


PREVIOUSLY it was demonstrated that in a number of 
animal systems the primary antibody response is made up 
of two distinct phases!~*. The initial antibody appearing 
in the serum is a high molecular weight antibody, 198. 
Later, the lower molecular weight 7S antibody appears 
and, as it rises, the levels of 19S antibody decline. Smith* 
and Svehag and Mandel’ reported that X-ray treatment 
of normal rabbits resulted in prolonged 19S antibody 
synthesis, but it suppressed 7S y-globulin synthesis. 
Smith* and Sahiar and Schwartz®* reported that 6-mer- 
captopurine given to normal rabbits, while prolonging 
19S antibody production, may also abolish 78 antibody 
synthesis. Blinkoff?’? noted a preferential inhibitory 
effect of methotrexate on 7S as opposed to 195 antibody 
production in the mouse. 

Previously we found that cyclophosphamide (CY) and 
methotrexate (MTX) markedly inhibited: the ability of 
the rat to produce measurable antibody after the injection 
of sheep red cells", and that the timing of antigen in] jection 
in relation to drug treatment was of major importance In 
determining the amount of antibody produced. The 
investigation described here was designed to elucidate the 
effect of a 5-day course of CY and MTX given at various 
times in relation to intravenous immunization with sheep 
red cells. 


Mean log, titre 





Days after immunization 


Fig. 1. 19S Antibody responses to sheep erythrocytes in mts treated 

with pet a or methotrexate 2 days after immunization. 

@, 195 controls, A, cyclophosphamide, 20 mg/kg x 5, (19.8); O, metho- 
trexate, 0 75 mg/kg x 5, arrows indicate drug injections 


Female Sprague-Dawley rats, 10-12 weeks old, were 
injected with 1 ml. of 10 per cent sheep erythrocytes, 
intravenously. Groups of animals were bled and killed 
0-5, 1, 2, 2-5, 3, 4, 5, 5-5, 6, 7, 9, 12, 14, 16 and 19 days 
after immunization. Two other groups of animals were 
immunized similarly, but were given five consecutive and 
equal daily doses of CY (20 mg/kg) or MTX (0-75 mg/kg) 
intraperitoneally (40-50 per cent of LD, for 30 days), 
beginning 2 days after immunization. Four animals 
from each of these groups were bled and killed 2, 2-5, 3, 4, 
6, 9 and 16 days after immunization, and the resultant sera 
titred. Total agglutinin titres were determined by two- 
fold dilutions in saline, as previously described**, Aliquots 
of each serum were diluted 1 to 2 in saline and incubated 
with an equal volume of 0-2 M 2-mercaptoethanol (2-ME) 
for 18 h at room temperature’*. The remaining, or 2-ME 
resistant titre, was designated ‘7S’ and the 2-ME sensitive 
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titre ‘196°. Representative samples of serum were 
analysed with the sucrose density gradient centrifugation 
technique In a Spinco model L-2 centrifuge’. In all 
cases, the results of this analysis were in agreement with 
the 2-ME data. As an additional check on the density 
gradient technique, the presumed 198 and 7S fractions 
were subjected to immunoelectrophoresis with goat 
anti-rat globulin obtained from Hyland Laboratories, 
Inc.*4, The geometric means of the titres for these three 
experimental groups are shown in Fig. 1. Data were 
analysed statistically by the method of Duncan and 
statistical significance accepted at the 1 per cent level*. 
The control animals first demonstrated 19S antibody 
3 days after immunization. The peak titre was reached 
at 4 days. At 4 days, the first (see Fig. 2) 7S5 antibody 
appeared, and rose to its peak by the ninth day. At 
14-19 days, the predominant antibody was 78. 

Animals treated with CY showed only a short 19S 
response, with an absence of 7S antibody. The MTX- 
treated group also showed no 7S response. In this case, 
however, even though the 19S peak was lower than the 
control, there was a persistence of significant amounts of 
19S antibody after the control animals had ceased 
producing this type of antibody. 
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¥ig.2. Antibody responses to sheep erythrocytes in rats treated with 

eyciophosphamide or methotrexate 6 days after immunization. 9, 

Controls; A, cyclophosphamide, 20 mg/kg x 5; ©, methotrexate, 0:75 
mg/kg x 6; arrows indicate drug injections 


The effect of treatment with cytotoxic agents, beginning 
5 days after immunization, is shown in Fig. 2. Drug- 
treated animals were bled 5-5, 6, 7, 9, 12 and 19 days after 
immunization. The data indicate that in CY- and MTX- 
treated rats 19S antibody production was significantly 
prolonged compared with the control. Production of 78 
antibody decreased rapidly under the influence of both 
drugs. The delayed rise of 79 antibody after depression 
to very low levels in the MTX group suggests recovery from 
the effects of this drug. No such recovery was noted in 
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these experiments for the CY-treated animals. The 
results of this experiment indicate that both agents can 
rapidly reduce 7S antibody production during its logarith- 
mic phase of procuction while at the same time effecting 
a prolongation of 19,8 synthesis. 
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Fig.3 Antibody responses in rats immunized with sheep erythrocytes 
2 days after completicn of a 6-day treatment with cyclo de or 


phospham. 
methotrexate. @, Controls; A, cyclophosphamide, 20 mg/kgx 5; 


O. methotrexate, 0-75 mg/kg x 6 


Fig. 3 depicts the effect of immunization beginning 2 
days after complesion of a 5-day course of either CY or 
MTX. Drug-treased animals were bled 0-5, 1, 2, 4, 7 
and 14 days after immunization. The CY;treated animals 
showed no 7S response. The 19,9 production was delayed 
in onset, but prolanged. In the MTX-treated group, the 
19S and 7S response was similar to that of the control, 
except for an elevated 19S antibody level at 14 days. 
The results indicate that pretreatment with CY can 
abolish the 7S response and result in a delay in the appear- 
ance of the 19S response. Pretreatment with MTX, on 
the other hand, dass not produce these effects. 

The present experiments, viewed in the light of the 
previous reports noted already, suggest that 7S antibody 
production in rodents is more susceptible to suppression 
than 19S synthesis by a variety of immuno-suppressive 
agents. Further generalizations must await the results of 
additional investigations with other drugs, antigens and 
species. It is hoped that experiments such as these, 
correlated with other parameters such as histological 
response, may lead to a better definition of the type or 
types of cells involved in 19S and 7S synthesis. The 
advantage of using immuno-suppressive drugs in order to 
study the possib_e interrelationships of 19S and 78S 
synthesis has been already emphasized by Sahiar and 
Schwartz’. 

These investigatzons were supported by grants CA 06973 
and 5 T4 Ca 50€1, Department of Health, Education 
and Welfare, U.S. Public Health Service. We thank 


624 a N 
Dr.- R. E. Smith for performing the density gradient 
studies. 
j Grorce W. SANTOS * 
ALBERT H. OWENS, JUN. 


Department of Medicine, 
‘The Johns Hopkins University School of Medicine, 
and. 
Oncology Service, 
Department of Medicine, 
Baltimore City Hospitals, 
Baltimore, Maryland. 


* Leukemia Society Scholar. 


1 Uhr, J. W., Servence, 145, 457 (1964). 

~ *Stelos, P., Taliaferro, L. G , and D'Alesandro, P, A., J Infect. Dis., 108, 
118 (1961), 

3 LoSpalluto, J., Miller, jun., W., Dorward, B., and Fink, ©. W., J. Clin. 
Invest., 41, 1415 (1962), 

4 are C., and Stavitsky, A. B., Proc. U.S. Nat. Acad. Sci., 41, 1667 

i Bom uet, A, A., Brown, R. J., and Hersch, R. T., J. Immun., 90, 399 


e Smith, R. T , Pediatrics, 34, 14 (1984). 

7 Svehag, S. E., and Mandel, B., J. Ezp. Med , 119, 21 (1964) 
3 Sahiar, K , and Schwartz, B. S., Fed. Proc., 28, 190 (1984) 

* Sahiar, K., and Schwartz, R. S., Science, 145, 395 (1964). 
6 Blinkoff, R. O., Fed. Proc., 28, 190 (1964). 


11 Santos, G W., and Owens, jun., A. H., Bull. Hopkins Hosp., 114, 384 (1964). 
These doses are maximum tolerable doses and represent 40-50 per cent 
of the LD for the drugs. 


1? Deutsch, H. F., and Morton, J. L, Seience, 125, 600 (1957). 
13 Fudenberg, H. H., and Kunkel, H. G., J Ezp Med., 106, 689 (1957). 


1i Campbell, D. H., Garvey, J. S., Creme er, N. E., and Sussdorf, D ‘a 
Methods n Tarano. 149 (W. A. Benjamin, Tne., New York, 1988) 


1 Duncan, D. B., Biometrics, 11, 1 (1958). 


A New Method of detecting Homograft 
Sensitivity 

In the course of studying the distribution of chromium- 
5l-labelled lymph node cells injected intravenously or 
intraperitoneally into A-strain micet, it was found that 
the uptake of allogeneic and syngeneic cells differed in 
certain organs. This suggested that it might also be 
possible to detect differences of uptake between the tissues 
of control animals and of mice which had previously been 
sensitized to the donor strain antigens. 

Cell suspensions were made from the peripheral and 
mesenteric lymph nodes of (4 x CBA)F, or CBA mice 
by the method of Billingham and Brent*, except that 
Tyrode’s solution, previously gassed with 5 per cent 
carbon dioxide in air, was used. Sodium chromate 
(G4Cr) injection, B.P. (Radiochemical Centre, Amersham, 
specific activity 50-150 c./g), was used to‘label the cells 
at a dose of 4 uc./108 cells by the method of Scalfe and 
Vittorio®. The cells were injected intravenously into mice 
at adose of 5 x 10!/g body-weight. In the first and second 
experiments (A x CBA), cells were used and the recipi- 
ents were adult A-strain animals. 

In experiment 1 the recipients were: (a) unsensitized 
mice; (b) mice sensitized by grafting with CBA skin 4 
weeks prior to testing and by intraperitoneal injection 
of 10? spleen cells 3 weeks later. 

In experiment 2 the recipients were: (c) mice grafted 
with (A x CBA-7T6)F, skin 16 days prior to testing; 
(d) mice injected intraperitoneally with 10° or 105 (A x 
CBA-T6)F, spleen cells 7 days before testing; (e) un- 
sensitized mice. 

In experiment 3 (A x CBA)F, or CBA cells were 
injected into two groups of adult CBA animals. The 
recipients were: (f) unsensitized mice; (g) mice grafted 
with A-strain skin 12 days previously. 

At intervals after injection of the test dose recipient 
animals were killed. Their tissues were removed and 
weighed; the radioactivity of the specimens was measured 
in @ Packard ‘Autogamma/’ scintillation counter. 

In the first experiment (Table 1) unsensitized animals 
(group a) were compared with strongly sensitized mice 
{group b). At 24 and 48 h after injection of the allogeneic 
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test dose the levels of activity in the eee en lungs, 
thymuses, grouped peripheral nodes, mesenteric nodes 
and salivary glands were determined. Table I shows the 
distribution of the dose in the spleens and peripheral nodes : 

the activity in the spleens was significantly higher in the 
unsensitized animals (twice that in the sensitized); and 
in the peripheral nodes it was four- to six-fold greater in 
the unsensitized mice (or four- to ten-fold when the 
greater weight of the nodes in the sensitized group was 
taken into account). A similar pattern was shown by the 
mesenteric nodes. There was a small, but significant, 
increase in the level of activity in the livers of sensitized 
animals. Little difference was observed in other organs. 


Table 1. DISTRIBUTION oF (4 x OBA)F, LYMPH NODE CELLS INJECTED 
INTRAVENOUSLY INTO SENSITIZED AND UNSENSITIZED A-STRAIN MICE 


Dose recovered (%) Putative No. of cells/g x 10° 
24h 4 24h 48 h 


Spleen 
F Control 14-3540 048f 11-1740240 185-724+16-°31 108-34 t 12-68 

Sensitized 92642074 7°67 + 0-808 76 98+13°66  62-36+5-03 
P* ‘ie 01% 01% 01% 

Peripheral nodes 
Control 7- 77 +0578 60640204 20881+4870 150-124355 
Sensitized 1-540462 0:84 + 0-126 27°22 + 6-66 14°79 + 2:49 
P 01% 0-1% 01% 01% 
* Significance of difference. 0-1 per cent > P. 


+t Standard error of mean. 


Table 2. DISTRIBUTION OF (A x CBA)F, LYMPE NODE OFLLS 24 H AFTER 
INTRAVENOUS INJECTION INTO A-STRAIN MICH SENSITIZED BY DIFFERENT 
REGIMENS 

Sensitizing Dose recovered Putative No. of 
regime (%) cella/g x 10° 
Spleen Skin graft 5-18 + 6-136 66°04 + 6°55 
10* ceils i.p 10-23 + 0:837 167-40 + 15-36 
10° cells i.p 13-39 + 1:136 182-31 + 8°88 
Control 14°42 + 3-146 182-05 + 17°24 
. Peripheral nodes Skin graft 0-83 + 0 028 15-64 + 4°05 
10* cells ip 2:07 + 6-076 57-1444811 
105 cells i.p 598 + 0-328 124-46 + 28-06 
Control 9-12 +3°792 207°35 + 68:87 


Table 8. DISTRIBUTION OF (A x CBA)F, on CBA LYMPH Nope CELLS 
AT 24 H AFTER INTRAVENOUS INJEOTION INTO SENSITIZED AND UNSENSITIZED 
CBA RECIPIENTS 


Dose recovered (%) Putative No. of cells/g x 10° 
Allogeneic Syngenele Allogeneic Syngeneic 
cells celis cells cells 
Spleen: 
Control 18-3640973 21-54+0-9017 318.5448067 284 01+ 13-02 
Sensitized 8 7442-425 2509240729 94:52 424-71 2984-64411 08 
Peripheral nodes: 
Control 10‘80+1°095 935+0443 2476741938 300-23 +2813 
Sensitized 826+1°158 12°06+0°216 67 8142785 2940941902 
Mesenteric nodes: 
Control 851+0205 6:65+0:880 12198+1017 195 904 14 28 
Sensitized 1:27 +0279 7:3440°776 33-18 47:31 197-7541312 


The second experiment (Table 2) was carried out to 
discover how far the loss of activity in spleens and lymph 
nodes ran parallel to the state of sensitization of the 
animal, by comparing mice which had received antigenic 
stimuli in doses known to elicit different degrees of 
immunity (groups c and d), as judged by skin-graft sur- 
vival’, The spleens, peripheral nodes and mesenteric 
nodes of the various groups of mice were examined at 
4 and 24h after injection of the allogeneic test dose. Table 
2 shows the distribution of activity-in the spleens and 
peripheral lymph nodes at 24 h; the results for the 
mesenteric nodes and at 4 h were essentially the same as 
these. For both the percentage dose recovered and the 
putative number of cells per gram of tissue the figures 
exhibit lower levels of activity in the tissues of more 
strongly sensitized animals. 

The third experiment (Table 3) was designed to estab- 
lish the specificity or otherwise of the mechanism re- 
sponsible for these differences. Here, sensitized and un- 
sensitized mice (groups f and g) were compared in their 
treatment of allogeneic and syngeneic cells. The spleens, 
peripheral nodes and mesenteric nodes of the mice were 
examined at 24 h after the injection of the test doses. The 
tissues of sensitized and unsensitized mice show the same 
differences of activity following the injection of allogeneic 
cells as were observed in the first experiment ; but virtually 
identical amounts are recovered in them following the 
injection of syngeneic cells. There are in fact slight 
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increases of activity in the sensitized group, attributable 
to the greater weight of the tissues. 

These experiments thus demonstrate what appears to be 
immune elimination of allogeneic lymphoid cells (or 
immune elution of the chromium label) from the lymph 
nodes and spleens of mice presensitized to their antigens. 
They establish its specificity and show that the extent of 
elimination is related -to the state of Immunity in the 
recipients. The phenomenon may offer a useful method of 
measuring homograft sensitivity and is being further 
investigated. 

Note added in proof. The paper of Najarian and Feldman 
(J. Exp. Med., 121, 521; 1965), which appeared while 


this communication was in the press, substantially con- 
firms these findings. 
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2 Billingham, R. E , ang Brent, L., Phil. Trans. Roy. Soc., B, 242, 4389 (1959). 
3 Sealfe, J. F., and Vittorio, P. V., Canad. J. Biochem., 42, 503 (1964). 


‘ Billingham, R. E., Brent, L., Brown, J. B., and Medawar, P. B., Trans- 
plant Bull., 8, 410 (1959). 


PATHOLOGY 


Smell Threshold in Diabetes Mellitus 


AN elevated taste threshold for dextrose in diabetie 
patients without evidence of demonstrable diabetic 
neuropathy has recently been demonstrated'. Although 
it is unlikely that this was due to a non-specific decrease 
in gustatory acuity, those patients having normal thresh- 
olds for sodium chloride, further investigation of this 
possibility was indicated. The closely related olfactory 
threshold was, therefore, measured in 56 diabetic patients 
and 56 control patients, of the same age and sex. The 
method used was a modification of that of Elsberg and 
Levy’, in which increasing quantities of an air—coffee 
mixture were released into the nose until the subject 
recognized an odour to be present (minimal perceptible 
odour). The modifications (to be described elsewhere) 
were designed to diminish important variables inherent 
in the original technique. The determination was carried 
out at the same time of day for each patient in a pair. 

When the results were subjected to statistical analysis, 
the distribution of age and sex was unbalanced. A random 
sample, therefore, of two male and two female pairs were 
taken from each age group 20-29 .. . 60-69, and analysis 
of variance conducted on this sample. No significant 
difference was found between diabetic and control patients 
(Table 1). The only significant difference in both sets of 
patients (P < 0-05) was between age groups, although 
there was no obvious relationship between increasing age 
and threshold. However, thresholds of more than 30 
ml. were not found under the age of 45 years, while thres- 
holds of patients more than 60 years old varied from 5 
to more than 80 ml. 


Table 1. MEAN OF OLFACTORY THRESHOLDS IN 20 PAIRS OF DIABETIC 
AND CONTROL PATIENTS RANDOMLY SELECTED FROM 56 PAIRS ACCORDING 
TO AGE AND SEX 


Diabetic Control 
14-7 16:9 


SB. of d 
36 


d 


Mean threshold (ml.) 22 


This demonstration of normal olfactory thresholds in 
diabetic patients and the fact that their taste threshold 
for sodium chloride is normal! are against a non-specific 
decrease in gustatory-olfactory acuity in this disease. A 
second hypothesis to account for their abnormal taste 
threshold for dextrose would implicate tolerance to a raised 
level of blood glucose. This is unlikely, however, in view 
of the negative correlation which has been found between 
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blood glucose-levels and taste threshold!*. A third 
possible explanation which requires further investigation 
is that diabetic pasients have an inborn defect of taste for 
dextrose. 

We thank Prof. E. F. Scowen and Dr. K. O. Black for 
allowing us to study their patients, and the Board of 
Governors of St. Bartholomew’s Hospital for financial 
assistance to D. S. P. One of us (P. T.) is in receipt of a 
Wellcome senior research fellowship in clinical science. 
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a area J.-L, Téteacit, L, Lasagna, L., and Davis, M, Lancet, i, 508 


3 Elsberg, C. A., and Levy, I., Bull. Neurol. Instit. N.Y., 4, 5 (1935). 
* Yensen, R , Nature, 203, 327 (1964). 


RADIOBIOLOGY . 


Uptake of Plutonium by the Lobster 
Homarus vulgaris 


Because of its long effective half-life and its decay 
characteristics, and since it is deposited in bone, man-made 
plutonium is one of the more hazardous of the radio- 
elements. It is released in exceedingly small amounts from 
nuclear fuel reprocessing plants and in nuclear weapons 
tests, and, like the long-lived fission products evolved in 
this way, it may be detected at low concentrations in the 
marine environment. The concentration of plutonium by 
marine organisms is, therefore, of some interest. The total 
«-content of the edible seaweed Porphyra umbilicalis and 
of fillets of the plaice Pleuronectes platessa, collected near 
Windscale Works, are given by Dunster et alt. Some data 
on the contemporary plutonium content of Pacific Ocean 
sea water and the concentration factors in certain marine 
plants and animals collected near the southern California 
coast are given by Pillai et al.2. The concentration factor 
is the ratio of the amount of plutonium per g of tissue 
(wet weight) to the plutonium in the same weight of sea 
water. 

Experiments on the uptake of plutonium-239 from 
aerated filtered sea water by lobsters were carried out in 
partitioned glass tanks in a room with a constant tem- 
perature of 9-12° ©. Every few days the lobsters were 
transferred to fresh tanks of sea water containing 6-5 x 
10-2 ue./l. of plutonium-239, until the initial rapid uptake 
of the isotope was completed, when the water was changed 
less frequently. During the experiment, the lobsters were 
fed on uncontaminated mussels. 

All samples were dried at 110° C to a constant dry 
weight and ashed st 500° C for 16 h. Weighed amounts 
of the ashed sample were dissolved in 10 N nitric acid, 
and the plutonium extracted in the presence of ferric ion 
into 20 per cent tributyl phosphate/carbon tetrachloride. 
An aliquot of this extract was slowly evaporated on a 
large counting tray and its plutonium content determined 
on an «-scintillation counting unit. 

The results show that when a lobster casts its shell, the 
soft shell, gills, hepatopancreas and flesh contain rela- 
tively less plutonium-239 than the normal animal, whereas 
the content of the east shell is approximately twice that 
of the shell of the intermoult lobster (Fig. 1). The pluto- 
nium-239 in the cast shell was analysed, following ecdysis, 
100 days after a lobster had been placed in the radioactive 
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water, and the tissues were analysed after 220 days. The 
results (Fig. 1) show that the calcifying shell accumulates 
plutonium-239 at a rapid rate. A very high proportion 
(89-5 per cent) of the total plutonium lies in the calcified 
skeleton which accounts for approximately 43 per cent of 
the total weight of the lobster?. The corresponding pro- 
portion present in the hepatopancreas is 4:6 per cent of 
the total plutonium. The flesh, which comprises approx- 
imately 28:7 per cent of the total body weight’, contains 
only 1:2 per cent of the plutonium present in the whole 
body. The experimentally determined concentration 
factor of 3 for lobster flesh (Fig. 1) corresponds with the 
concentration factor of 3 for the fish Sarda lineolata*. 
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Fig. 1. Uptake of plutomum-239 by lobsters from sea water. Solid 


symbols represent the same tissues as do open symbols, from a lobster 
sampled immediately following ecdysis 


Since the plutonrum content of the flesh and hepato- 
pancreas differs so markedly from that of the shell, it is 
advisable that edible tissues should be analysed separately 
if an assessment is to be made of the hazard to man in 
ingesting molluscs and crustaceans. 

I thank the Torry Marine Laboratory, Aberdeen, in 
arranging for the supply of lobsters from Eyemouth. 
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Possible Path of Entry of Cations into Plant 
Cells 


In a previous publication! some data were presented 
which were interpreted as indicating that Rbt ions move 
through the plasmalemma, of barley root cells on a chain 
of fixed, negative sites of a macromolecule which probably 
make up part of a charged pore. The results suggested 
that this passage of Rbt through the membrane could be 
slowed down by less mobile ions like Nat or Catt., It 
was suggested, as a corollary, that if such be the case; 
the movement of a slow ion on such sites could be acceler- 
ated by a fast ion. To test this possibility, absorption 
rates of sodium-24 in the presence of a fast ion, such as 
K+, were compared with those in the presence of a slower 
ion like Nat. 

Excised barley roots (Hordeum vulgare L., var. Trebi) 


_ were used to follow the uptake of sodium-24 in slightly 


acid or alkaline solutions of sodium chloride and potassium. 
chloride. Tris (10-3 M) was used to raise the pH. of the 
medium. Roots were excised from four-day-old seedlings 
grown in darkness at 22° C with calcium sulphate solution 
of 4x 10~ M concentration. They were washed several 
times with de-ionized water, carefully blotted with filter 
paper, and 0'5 g samples weighed. For salt concentrations 
of 10-4 M 300 ml. of solution and for higher concentrations 
100 ml. of solution were used with each root sample. 
The radionuclide concentration was the same in all media. 
Plastic beakers containing the roots and absorption media. 
were placed in a water bath at 22° C and continuously 
aerated. After an absorption period of 30 min, the roots 
were washed several times with 2 x 10 M sodium chloride 
and de-ionized water for about 10 min. Roots were then 
wet-ashed with concentrated nitric acid and perchloric 
acid. The residue was taken up in 10- N sulphuric acid 
and assayed for sodium-24 activity. The experiment was 
repeated several times. Some typical results from one 
experiment are presented in Fig. 1 on logarithmic scales 
and expressed as relative rates of sodium-24 absorption. 
Rates of total sodium absorption are given in Table 1. 


Table 1. RATES OF Torat Sopitun UPTAKE BY EXOISED BARLEY Roots 
IN THE PRESENOB OF SODIUM CHLORIDE OR POTASSIUM CHLORIDE 


NaCl molar - KC! molar pH of Rate of Na uptake 
concentration concentration solution (umoles Na/30 min) 
10 0 5:6 1-44 
10-3 0 5-6 » 2°58 
1964 0 5B 4-90 
5-4 x10 10 56 0-012 
54x10 10 D6 0-0059 
5-4 x 10-* 10-3 58 9-0017 
10> 0 8-4 2:09 
10-5 0 8-4 3°38 
107, 0 8-4 5-76 
5-4x10-* 10 84 0-136 
54x 10-* 10-7 8-4 0-041 
54x 10-9 10-4 8'4 0:0048 


From Fig. 1l it can be seen that, as expected, the uptake 
rate of the radionuclide is reduced with increasing concen- 
tration of Nat ions in both acid and alkaline media, but 
the rates are considerably higher in alkaline media. At 
pH 5-6 and in the presence of K+ ions, sodium-24 absorp- 
tion is drastically decreased in comparison with that in 
the presence of Nat. At pH 8-4, however, the results 
show that in this alkaline medium the drastic inhibition 
of K+ ions is no longer seen. Now, sodium-24 is taken 
up at a faster rate in the presence of K+ ions than when 
Na+ ions are present. The part played by tris is believed 
to be chiefly in neutralizing H+ ions. In media made 
alkaline with sodium hydroxide, results not presented 
here indicate that the faster rate with K+ ions is also 


apparent to some degree. 


Although the increased rate of sodium-24 uptake with 


“sodium chloride in an alkaline medium could be due to. 


increased affinity of absorption sites for Nat ions, inter- 
pretation based on certain considerations discussed in 
another paper? suggests that-such is not the case here. 
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Fig. 1. Relative rate of uptake of sodium-24 by excised barley roots in 
the presence of sodium chloride or Singer ey chloride of varying con- 
centrations and at two different pH’s 


Rate changes due to affinity changes should result in 
significant differences in the slopes of the sodium chloride 
lines in Fig. 1. Since the two lines do not show significant 
differences, the increased rate under alkaline conditions 
must be due to another cause—most probably to an 
increased accessibility of cation-absorption sites (a result 
of probable increase in pore size). 

In the case of absorption in the presence of K+ ions, it 
is suggested that two processes are operating at the same 
time: one is competition between sodium-24 and K* ions 
for absorption sites, and the other is an acceleration of the 
movement on a chain of negative sites of the slower 
sodium-24 ions by the faster K*+ ion. From results 
presented in the paper? previously cited, one would expect 
the rate of uptake of sodium-24 in the presence of Nat 
ions to fall on a straight line when log rate is plotted 
against log salt concentration. It can be seen in Fig. 1 
that such is the case in both acid and alkaline media for 
sodium chloride. Now, since the reduction of the rate of 
uptake of sodium-24 by sodium ions is strictly due to 
competition for absorption sites, and if K+ ions decrease 
the absorption rate of sodium-24 by only that process, 
the values in the presence of K* ions should also fall on 
a straight line. However, as can be seen in Fig. 1, in 
neither acid nor alkaline media do the rates fall along a 
straight line in the presence of K+ ions. This non-linearity 
suggests that two processes are operating simultaneously 
in the presence of K+ ions. One process is competition 
resulting in inhibition and the other could be an accelera- 
tion of the passage of sodium-24 through the plasma 
membrane by K* ions. 

The data in Fig. 1 also illustrate the well-known 
phenomenon of preference of some plant roots for K* 
against Nat (figures for sodium-24 uptake in presence of 
K+ ions at pH 5-6). Some investigators‘ have mterpreted 
this specificity as indicating two different mechanisms or 
sites for the entry of K+ and Nat ions into plant cells. 
One mechanism for both ions could be possible ıf ions 
enter plant cells through pores of varying sizes which 
are formed by a positively-charged protein and a nega- 
tively-charged macromolecule. If accessibility to external 
cation-absorption sites of the pores is determined by the 
protein, under acid conditions the attraction between the 
protein and the negatively-charged carrier could result in 
close juxtaposition of the two and thus limit the access- 
ibility of cation-absorption sites. Under such conditions, 
«a large and slow ion like Na* (hydrated) could displace 
Ht ions from the cation-absorption site and be taken up 
fairly rapidly in the absence of any competing ion. of lesser 
size and greater mobility. When such a competing ion is 
present, however, the absorption of Nat is drastically 
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reduced due to the sites being more accessible to the 
smaller ion and due to the fast movement of the latter 
into the cell. On the other hand, under alkaline conditions 
the positive charges on the protein would be reduced, and 
the resulting diminished attraction for the cation carrier 
could result in increased pore size making sites more 
accessible. Under these conditions, a larger ion, especially 
if it has a strong affinity for this site, would have now a 
better chance of competing against a smaller ion. Addi- 
tional evidence thet a protein could be involved m 
accessibility of sites is the very marked effect of -SH 
inhibitors on the upzake of rubidium by mung bean root 
tipss. 

In view of the results presented in Fig. 1 and other 
results published previously’, there is a strong possibility 
that cations enter plant cells through pores lined with 
negative sites. Such a movement of ions can be visualized 
as a case of exchange-diffusion along a chain of charged 
sites. The likelihood of a similar mechanism operating 
for anion uptake has been mentioned before’. Needless 
to say, a concept of a stationary, cation transport system 
would have advantages over the more popular hypothesis 
of a moving carrier. Harris* has discussed the possibility 
of movement of ions along such chains of charged sites 
in biological systems. 


Mineral Nutrition Laboratory, 
United States Department of Agriculture, 
Beltsvills, Maryland. 


1 Tanada, T., Plant Physiol, 38, 422 (1968). 
* Tanada, T., Plani Physiol., 89, 698 (1964). 


2 Harris, B. 3, Transport and Accumulation 1 Biological Systems (Butter- 
worth Sclentific Publications, London, 1960). 


t Bange, G. G. J., Plant and Soil., 11, 17 (1959). 
5 Tanada, T., Plant Physiol., 31, 403 (1956), 


T, TANADA 


Increase in the Rate of Protein Synthesis 
with Age in Drosophila subobscura 


EARLIER worki? on the life-span of Drosophila sub- 
obscura at different temperatures, and in particular of 
flies transferred from one temperature to another at 
various ages, led to the suggestion that as flies grow older 
their capacity to synthesize protein declines, until ultim- 
ately they are unable to replace the protein being lost by 
denaturation. This suggestion has been investigated by 
measuring the rate at which labelled leucine is incor- 
porated into protein in adult males at different ages and 
at different temperatures. A parallel investigation is 
being undertaken of the incorporation of labelled uracil 
into RNA. These investigations are still being carried 
out, but some preliminary results on protein synthesis et 
a constant temperature are reported here; they show 
that changes in the protein synthetic mechanism are 
involved in the ageing process, although not in quite the 
way that had been foreseen. 

The flies used were male F, hybrids between the B and 
K mbred lines of Drosophila subobscura, raised and kept 
throughout at the normal laboratory temperature of 
20° C. Groups of five flies were etherized and weighed to 
the nearest 0-1 mg. As the flies started to recover from 
the ether. a fine glass pipette containing a solution of 
sucrose and tritiated leucine (5 x 10-4 molar leucine in 
10 per cent sucrose; activity 0-5 me./ml.) was held to 
their proboscis. In this condition, flies will readily drink 
any sweetened soluticn they are offered. A group of five 
flies can in 5-10 min be fed from 0-5 to 2-0 mg of solution, 
amounting to from 10 to 40 per cent of their unfed weight 
After feeding, the flies were re-weighed to determine the 
amount of leucine they had imbibed. 

Preliminary tests showed that label can be detected in 
protein perhaps withm 5 and certainly within 10 min of 
the start of feeding, and that for periods up to several hours 
the amount incorporased is proportional to the time since 
feeding. This proportionality shows that the rate of 
equilibration between leucine in the haemolymph, and 
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the intracellular pool from which protein is synthesized, 
must be rapid. It was found convenient to kill and 
homogenize the flies 1 h after feeding. 

The flies were homogenized in 10 per cent trichloro- 
acetic acid and spun for 10 min at 3,000 rpm. The 
precipitate was then washed successively in 10 per cent 
trichloroacetic acid at 90° C, in ethyl alcohol at 60° C 
and in two washes of a lipid solvent (2 vols. ether, 
2 vols. ethanol, 1 vol. chloroform) at 60° C. Immediately 
after the lipid solvent was removed, 0:5 ml. of water was 
added to the precipitate, which was then pipetted on to 
a ridged planchet; three further washings of the tube, 
using 1 ml. of water each, were added to the planchot. If 
this last procedure was carried out immediately after 
removing the lipid solvent, the precipitate remained 
finely divided and could be spread evenly on the planchet. 
The activity was then counted in a gas-flow counter. It 
is known that this washing procedure is effective in 
removing any unincorporated leucine; when unfed flies 
were homogenized and labelled leucine added to the 
homogenate, the protein extracted later from the mixture 
had an activity no higher than background 

When labelled leucine solution was added direct to the 
planchet, counting efficiencies of from 23:3 to 28-0 per 
cent were obtained. But when, labelled leucine was added 
on the planchet to the protein precipitate from five unfed 
flies, counting efficiencies varying from 6'4 to 12-2 per 
cent were obtained; a value of 10 per cent hes been used 
in the calculations that follow. 

Measurements? on an amino-acid analyser have given 
the following values per fly: 


Free leucine 0-56 myemole/fly 
Leucine in small peptides 0:22 mumole/fly 
Leucine in protein hydrolysate 108 memole/fly 


Since exchange between free leucine and small peptides is 
rapid, the best estimate of the leucine pool is 0-78 myumole/ 
fly. The size of the leucine pool was found not to vary 
significantly with age between. 6 and 60 days of age. The 
amount of leucine fed to each fly was of the order of 
10 per cent of the pool. Consequently, it was to be 
expected that the amount incorporated should be pro- 
portional to the amount fed, and this was found to be the 
case. Comparisons were therefore made in terms of 
counts per min per mg fed, although care was taken to 
feed approximately the same amount to all groups. 

Protein synthesis in young fies. Since our interest was 
in the rate of protein synthesis in the non-dividing cells 
of adults of different ages, our results would be misleading 
if a significant part of the total protein synthesis in an 
adult male occurred in the testis—the only organ in which 
cell division occurs. Therefore, a comparison was made 
between. the rate of incorporation in males lacking testes 
(the sons of females homozygous for the gene grandchild- 
less) and their double first cousins who have testes; the 
results are shown in Table 1. The reasons for choosing 
cousins rather than B/K males as controls is that the 
grandchildless stock is necessarily highly inbred. It is 
concluded that the testis does not contribute a major 
part of the total protein synthesis. 


Table 1 
Type of male No. of groups Q.p.m./mg 
Lacking testes 6 2,920 +270 
With testes 5 2,800 + 160 
‘ Table 2 
eriment 1 Experiment 2 
Noir 0. 0 
groups O.p.m./mg groups C.p.m./mg 
1 h after feeding on labelled 
leucine 6 4,950 + 860 — — 


ie after single feed on 0-1 M 


eucine 6 7,030 + 590 6 
50 h after second feed on 0-1 M 
leucine ee —— 7 


7,280 + 980 
6,250 + 610 
A large number of estimates are available of incor- 


poration in young B/K males, since they have been used 
as controls in most experiments. The mean value is 
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approximately 5,000 c.p.m./mg. If it is assumed that the 
total protein content of a fly is constant—and, in fact, 
little if any change occurs in 60 days—it can be calculated, 
using the values in the preceding section, that the pro- 
portion of protein molecules which are replaced in 1 h is 
approximately 1/3,000; the life-span of a fly at this 
temperature is approximately 2,000 h. This could mean 
that all species of protein molecules turn over very slowly, 
or more probably that most of the protein does not turn 
over at all, and that a small part turns over rapidly. 

To settle this point, we have measured the rate at which 
label, once incorporated, comes out again once label has 
been removed from the free leucine pool. Groups of males 
were fed on labelled leucine solution, and then 1 h later 
fed approximately 0-4 mg/fly of unlabelled 0-1 M leucine 
solution. The second feed diluted the label in the pool 
by a factor.of approximately fifty. However, when the 
flies were homogenized 25 h later, it was found that even ` 
after this dilution the rate of new incorporation was 
greater than the rate of loss of label from protein. There- 
fore, in a second experiment flies were given a second feed 
of 0-1 M leucine, 25 h after the first. Since measurements 
of free leucine have shown that excess leucine is excreted 
within 24 h, it follows that the two feeds together diluted 
the pool by a factor of 2,000-3,000. The flies were homo- 
genized after a further 50 h. The results of these two 
experiments are shown in Table 2. 

The drop from 7,280 to 6,250 c.p.m. represents the loss 
of label from protein in 50 h. The difference is not sig- 
nificant although it is in the expectod direction. However, 
had the level of activity in protoin dropped to half its 
initial value after 50 h, the experimental procedure would 
almost certainly have been accurate enough to show a 
statistically significant change. Hence, the experiment 
enables us to say that the mean survival time of those 
kinds of protein molecules which turn over most rapidly 
must be at least 100 h, and may be as great as 3,000 h. 

Changes in incorporation rate with age. The most sur- 
prising results of these investigations have emerged from 
comparing incorporation rates in young and old flies. 
The result of the first comparison of this kind is shown in 
Table 3; the rate of incorporation is approximately twice 
as great in old as in young flies. This difference has been 
confirmed in several subsequent experiments. 


Table 3 
Ageindays No. of groups O.p.m.jmg - 
20 6 4,960 + 610 
60 7 9,8660 + 1,000 


Measurements of free leucine show no consistent differ- 
ences between young and old flies. Therefore the difference 
in incorporation rate demonstrates a difference in total 
rate of synthesis of protein: old flies synthesize protein 
at approximately twice the rate of young ones. The rate 
of incorporation of labelled uracil into RNA is also 
approximately twice as great in old as in young flies, but 
in this case we have no measurements of the uracil pool 
in old flies, so interpretation is less certain. 


Two conclusions emerge. First, the mean survival time 
of even the most rapidly turning-over species of protein 
molecule is at least 100 h, and may be much greater. 
Secondly, the rate of protein synthesis is about twice as 
great in old as in young flies. 

Although unexpected, the greater rate of protein syn- 
thesis in old flies could be explained if: (1) the rate of 
synthesis is determined, by way of a feedback loop, by the 
rate of loss of protein; (2) the rate of loss of protein is 
greater in old flies. 

A greater rate of loss of protein molecules could arise 
either from a change in the physical and chemical environ- = 
ment in the cell, without a change in the primary structure ` 
of the protein molecules themselves, or from damage to 
the protein synthetic mechanism, leading to the synthesis 
of proteins with faulty amino-acid sequences. In either 
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case, our earlier suggestion that in old age flies die because 
they can no longer synthesize protein rapidly enough to 


; replace losses may still be correct, although the cause of 


— 
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the imbalance may lie in an increased. rate of loss rather 
than in a decrease in the maximum potential rate of 
synthesis; either process would account equally well for 
the data on. life-span at different temperatures. 

JEAN M. CLARKE 
Medical Research Council Gerontology Group, 

Department of Zoology, 
University College, London. 
J. MAYNARD SMITH 
School of Biological Sciences, 
University of Sussex. 


1! Clarke, J. M., and Maynard Smith, J., J. Exp. Biol., 88, 679 (1961). 
‘Maynard Smith, J., Nature, 199, 400 (1963). 
3 Collett, J. (in preparation). 


Development of Boophilus decoloratus (Koch, 
1844) on the Ox 


DURING a recent investigation of the post-larval develop- 
ment of the blue tick, B. decoloratus (Koch, 1844), using 
the chief host, the ox, at the Experimental Farm of the 
Animal Research Institute (that is, Achimota Farm), 
some interesting peculiarities in the habits and behaviour 
of this tick species were observed. 

Eggs were obtained from engorged and mated females 
of B. decoloratus which were either collected from eattle 
in the field or bred in the laboratory or at the Achimota 
Farm. The leboratory-cultured eggs were kept in ordinary 
glass tubes, stoppered with cotton wool, and maintained 
over moist sand at a laboratory temperature ranging 
from 76° F (=24-4° C) to 88° F (+31-1° ©). On hatching 
from the eggs, the larvae were allowed to harden at the 
usual laboratory temperature range before being placed 
on the host. The hardening time ranged between 2 and 
10 days, average 6 days, approximately. 

The larvae, contained in specimen glass tubes, were 
starved for more than 2 weeks after the cuticle had 
hardened, and were kept in the refrigerator at a vempera- 
ture ranging from 59° F (=£15°C) to 68° F (==20° C), 
during the period of starvation, to render them inactive. 
Before such larvae were used to infest the calf (No. 219), 
however, they were removed from the refrigerator and 
left for about 1 h on the laboratory bench to warm up and 
move about actively. 

To infest the calf a sort of ‘belly band’ or ‘trunk bag’ 
was firmly secured around the trunk of the calf. The 
‘trunk bag’ consisted of a piece of grey-baft cloth provided 
with a draw-tape at each end. The side seam of the ‘belly 


~ x band’ had suitable fasteners for closing and opening it. 


During each infestation not more than 500 hardened 
and active larvae were placed direct on the dorsal 
and dorso-lateral aspects of the body of the calf, 
through the opening in the seam which was then closed 
up. The calf was tethered to a stake in the shade to ensure 
the development of the attached ticks under the prevailing 
field conditions of temperature and relative humidity 
(R.H., March, 66:5-91 per cent; April, 74-99 per cent; 
May, 72-95 per cent). The ‘belly band’ was removed 3 
days after the infestation and any larvae which were found 
on the ‘band’ were destroyed. 

The ‘belly band’ did not hinder the movement of the 
ticks on the host’s body and immediately after the larvae 
were placed on the dorsal and dorso-lateral aspects of the 
body, under the protection of the ‘band’, several of them 
moved to various parts of the host’s body, including the 
neck, head, ears and legs. The tethered calf became 
extremely excited and tried to rid itself of ticks by licking 


X its legs. Many larvae dropped off the host and were lost, 


but some of them attached to the host’s body within an 
average time of 1 h (range 30-120 min). 

Doubtless many larvae did not complete feeding and 
could not develop into further parasitic stages because of 
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certain adverse factors including inclement weather (rain) 
and loss through licking and brushing of the calf’s 
body against the stake, after the ‘trunk bag’ had been 
removed. However. every effort was made to collect any 
fully-fed tick that dropped off the host. In certain 
cases in which it was expected that ticks which had taken 
the last blood meal would presently fall off the host, such 
ticks were specifically attended to until 18.00 hours, in 
order to collect them. The collecting of ticks, therefore, 
occurred intermittently between 0700 and 18.00 hours. 

The larvae of B. dzecoloratus prefer the dew lap and neck, 
or else wander to tha tip and outer pinna of the ear where 
they moult into nymphs. The nymphs remain at these 
sites to feed and moult into adults which migrate to the 
flanks and belly to feed*-. 

Although the total number of adult females (36) which 
were collected was not quite large enough, I found that of 
this total the greatest number, seventeen, fed at the neck, 
ten at the back and danks, five at the belly, one at each of 
the following sites: axilla, brisket, scrotum and head. 
Table 1 summarizes the result of the duration of develop- 
ment of the parasitis stages on calf No. 219. 


Table 1. 1964 DATA ON DURATION OF DEVELOPMENT OF PARASITIO STAGES 
OF B. decolorstus (KOON, 1844) oN CALF NO. 219 


woer Prs Aure PE a Haat °F) Pero opan 
c esting oppe opping Field temp. ‘om. larva 

No. with larvae ae off Range eon to adult 
268 17 Feb. 9 Mar. 14 78-92 84-4 22 days 
10 Mar. 16 78—92 844 23 days 
372 16 Mar. 7 Apr. 16 80- 83-4 28 days 
Apr. 15 8 83-4 24 days 
610 20 Apr. 12 May 15 78-88 83 23 days 
14 May 12 78-88 83 25 days 

Total 88 Average 23-3 days 


(1) Behaviour as a typical one-host tick species on bovine. 
It will be seen from Table 1 that B. decoloratus showed 
the normal pattern cf behaviour as a typical one-host tick 
and a total of 88 females developed from the larval 
through the nymphal to the adult stage on the same single 
host. These adult males were collected, on completion 
of development, when they dropped from the host. The 
average duration oz development from larval through 
nymphal to the adult stage on the single host was found 
to be 23-3 days (range 22-25 days) at a mean average field 
temperature of 82:2” F (range 78°-92° F). 

(2) Behaviour atypically as a two-host tick species on 
bovine. When some larvae, the progeny of gravid female 
tick No. 268, were fed on the calf on May 25, 1964, 1t was 
observed that as meny as 56 dropped off the host after 
attaining full engorgement as nymphs and were col- 
lected within an average developmental period of 9-5 days 
(range 8-1] days) at a mean average field temperature of 
83:1° F (range 78-9% F). 

These nymphs were cultured in glass specimen tubes at 
the usual laboratory temperature ranging between 76° and 
86° F (mean 79-9° F}. In due course they moulted (imn 
viiro) into adult ticks. The average premoulting period 
for 34 such nymphs was 19-8 days (range 18-20 days). 
The resulting adults hardened within an average period of 
4-6 days (range 2-6 days). Ten of the females derived 
from this stock of ticks were then placed on the calf for 
rearing. After 3 days, however, they all detached without 
becoming even partially engorged’. 

The sites of predilection of the adults of the blue tick 
were easily noticed when the ticks were about to take the 
last blood meal, and especially at the stage of full engorge- 
ment. Usually the last blcod meal was imbibed within 
2 or 3 days prior to detachment. In addition to the 
result already presented on the subject of preferred 
feeding sites, it is nateworthy that I found 68 females of 
B. decoloratus feeding at various points on the groin and 
inner parts of the kind legs of four calves (that is, an 
average of 17 female ticks per calf). I also observed m 
twenty cases that the male often fed at the same locus as 
the female, and the ventral aspects of their bodies were in 
contact. Thus, apart from the flank and the belly, the 
adult blue tick can also feed at other loci. 
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Hard ticks show a wide range of adaptability to their 
hosts, ranging from species which are confined to one host 
to those which show little or no preference for hosts 
above and including reptiles*. Several workers, notably 
Hoogstraal?, Arthur?:? and Theiler’, have stated that the 
blue tick is a one-host tick. Matthyse® has reported that 
all the parasitic stages of the blue tick occur on cattle 
throughout the year. Theiler* confirmed that the life-cycle 
of this tick species was completed entirely on this host, 
except for oviposition. Lewis’ has also stated that the 
blue tick completes its life-cycle as a one-host tick. Finally, 
Loundsbury® has recorded that the engorged females 
detach in 23 days after attaching as larvae. In regard to 
this particular behaviour of the blue tick as a one-host 
tick species on the ox, my experience is quite the same as 
that of the aforementioned authors. However, this com- 
munication does seem to report for the first time the 
occurrence within the genus of a remarkable departure 
from this typical behaviour: namely, the peculiar be- 
haviour of B. decoloratus aS a two-host tick species. 
Hitherto all the three members of the genus (B. decoloratus, 
B. annulatus and B. microplus) have been described as 
being characteristically one-host tick species!-. 

On account of this peculiar behaviour of some in- 
dividuals of the blue tick, it is inferred that instead of 
transforming into adults at the sites already selected by 
the larvae, some engorged nymphs of this tick species 
detached, wandered about for some time and dropped off 
eventually to moult into adults. If the nymphs had had 
opportunity to moult in sheltered areas in the immediate 
natural environment of the calf, the resulting adults 
would no doubt have sought the host a second time in 
order to feed. 

I thank the Ghana Academy of Sciences for the oppor- 
tunity and facilities to carry out this work at the Animal 
Research Institute. 

V. AMMAH-ATTOH 
Animal Research Institute, 
Ghana Academy of Sciences, 
Achimota, Ghana. 
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A Method of Isolating and Counting 
Nippostrongylus brasiliensis from Unweaned 
Rats 


Metrmops for the recovery and counting of adult 
Nippostrongylus brasiliensis from the intestines of adult 
rats have been. described by Jennings et al.* and Ogilvie’. 
Such methods need to be very accurate, particularly where 
estimations of the degree of immunity of the host are to be 
made on the basis of such counts. The techniques de- 
scribed by these authors have been used routinely in this 
laboratory during experiments on adult rats and have 
proved quite satisfactory. However, on application to 
the recovery of worms from the intestines of neonatal or 
unweaned rats a number of difficulties were encountered. 

Because of their small size and delicate structure, 
opening the intestines of very young rats with scissors is 
an extremely difficult procedure and can result in a signifi- 
cant loss of worms. The consequent spread of intestinal 
contents around the site, on instruments, etc., requires 
repeated rinsing for the recovery of worms, so that they 
are eventually collected together for counting in an exces- 
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sive quantity of flud. Such a method is particularly 
unsatisfactory during the early stages ofan infection when 
immature forms, not visible to the naked eye, are present. 
These difficulties are eliminated in the method described 
here. 

The abdomen is opened and the posterior oesophagus 
cut; the stomach is then loosened from its surrounding 
attachments and the small intestine gently unravelled, 
particular care being taken in the region of the pancreas 
and caecum, where the intestine is most likely to break. 
It is then threaded on to a glass rod of 6 mm diameter, 
one end of which has been drawn out and the tip heated 
to a ball of such size that it easily enters the lumen of 
the intestine. The whole small intestine splits open during 
this procedure, and it is then transferred to a l-1. beaker 
containing N saline at 37° C. The gloved fingers of the 
operator and the glass rod are rinsed with saline into the 
same beaker, until no traces of intestinal contents remain. 


_The contents of the beaker are then drained through a 


double layer of surgical gauze spread over the top of a 
second beaker so that the intestine is retained in the gauze. 
The first beaker is repeatedly rinsed into the second. The 
gauze is then caught up on a glass rod so that the intestine 
is suspended in the saline. The beaker is left m a water 
bath at 37° C for 1 h, by which time the worms have pene- 
trated the gauze and are lying at the bottom of the beaker, 
in 500 to 1,000 ml. of saline. 

The contents of the beaker are filtered through a Biichner 
funnel using Green’s ‘Hyduro 904’, 18-5 cm diam. filter 
paper, which has been previously marked off in 8 mm 
squares on a duplicating machine, with repeated rinsing 
to ensure that all the worms are transferred from the 
beaker to the filter paper. By adjusting the flow from the 
beaker the worms are spread evenly over all but the peri- 
phery of the filter paper. 

The filter paper is removed and, if the worms are 
required only for counting, is allowed to dry completely. 
The worms are easily visible as red coils adhering closely 
to the paper, and are counted at a magnification of 12-5 x 
using & binocular microscope. The 8-mm squares on the 
filter paper act as convenient guidelines. 

If the worms are required alive, the filter paper, while 
still wet, is laid for counting on a sheet of ‘Perspex’ 20 om 
in diameter. Afterwards the filter paper is inverted over a 
1/16th in. mesh sieve on top of a filter funnel containing 
normal saline at 37° C and fitted with a tap. The worms 
descend through the saline and collect in the narrow stem 
above the tap, from where they can be run off into a stop- 
pered measuring cylinder to the required dilution. 

> PauL WHUR 
MARY GRACE 


Department of Veterinary Histology 
and Embryology, 
University of Glasgow. 
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A Periodicity of Tritiated-thymidine 
Incorporation into Cytoplasmic Deoxy- 
ribonucleic Acid during the Cell Cycle of 
Tetrahymena pyriformis 


RrrorTs indicate that *H-thymidine is incorporated 
into a DNase-sensitive material in the cytoplasm of the 
ciliate Tetrahymena pyriformis. It is now known that 
most of this cytoplasmic DNA is localized inside the 
mitochondria of this species'. Furthermore, this cyto- 
plasmic DNA appears to be stable and conserved during 
cell growth and reproduction? 4, 

The purpose of this communication is to establish 
whether or not & relationship exists between cytoplasmic 
DNA replication and the DNA replication in the micro- or 
macro-nucleus of the cell. Tetrahymena pyriformis strain 


ot 


i 


y 


«) 


y 


No.s023 F ebruary 5, 1966 


HSM is known to replicate its micronuclear DNA during 
a half-hour period at the time of cell division, whereas 
the macronucleus replicates DNA for about 1 h during 
the middle of the cell cycle’. Thus the two nuclei replicate 
DNA independent of each other*’. 

The cells were grown axenically in a defined medium 
plus 0-04 per cent proteose peptone (see ref. 6 for details). 
The cells have a generation time of 225 min in this medium. 
Cultures of these cells, in log growth, were exposed to 
3H-thymidine 20 pe./ml. (sp. act. 6-7 ¢c./mmole) for 15 
or 30 min, air dried on slides, washed with cold 0-5 N 
perchloric acid and 3 : 1 ethanol-acetic acid, and prepared 
for autoradiography*®*®. Some slides were treated with 
DNase prior to autoradiography. At least 2 weeks of 
autoradiographic exposure were necessary to increase 
cytoplasmic grain counts to a measurable level. 

Both cytoplasmic and nuclear radioactivity were re- 
moved by DNase digestion. Analysis was performed on 
cells which were classified into three groups: (1) with a 
labelled macronucleus; (2) with a labelled micronucleus; 
(3) without nuclear labelling. An ocular grid was placed 
over an area of cytoplasm, at some distance from either 
nucleus, and the silver grains were counted. 

The average grain counts per unit area for seven in- 
dividual experiments, corrected for background, are 
listed in Table 1. The individual and pooled tests of 
equality of the following categories of cells are shown in 
Table 2: (1) without macronucleus labelled versus micro- 
nucleus labelled; (2) macronucleus labelled versus micro- 
nucleus labelled; (3) without macronucleus labelled 
versus macronucleus labelled. When the individual ¢ 
values are pooled, as shown in Table 2, the following con- 
clusions are warranted: The incorporation of *H-thymidine 
into cytoplasmic DNA is higher during micronuclear 
DNA replication than during any other part of the cell 
cycle. Comparison of *H-thymidine incorporation into 
the cytoplasmic DNA of cells without macro- or micro- 
nuclear label and cells with a labelled macronucleus 
show no significant difference. With but few exceptions, 
the individual tests of equality in the different experiments 
showed that the cytoplasmic DNA label is significantly 
above background throughout the cell cycle. 

Short exposures of cells to *H-thymidine were used 
because longer exposures would allow appreciable numbers 
of cells’to pass from one part of the cell cycle to another 
and would therefore confuse the classification of cells 
and subsequent interpretations. An imereased *H- 
thymidine incorporation into cytoplasmic DNA at the 
beginning of macronuclear DNA replication has been 
observed in this laboratory and elsewhere!. Apparently, 


Table 1. AVERAGE GRAIN COUNT PER UNIT AREA OF CYTOPLASM 


Experiment Labelled Labelled Without 
No. macronucieus micronucleus nuclear label 
i 4:14 9°12 4-17 
2 1:32 2-23 — 0-59 
8 7°30 9-70 4-40 
4 1°70 4-40 9-40 
-5 13°80 15°80 7-20 
6 — (0-20 5°20 — 0-20 
z SIl 11°5 85 


Table 2, INDIVIDUAL AND POOLED TESTS OF EQUALITY (t VALUES)” 


No nuclear No nuclear 
Experiment label Micro- label 
No. vs. micro- Vs, macro- vs. macro- 
1 3°29 Ff 8-82 + 0-017 
2 2°88 1:22 2-24¢ 
3 2:24 1:07 1°22 
4 0:79 1-07 0-28 
5 158 0-37 1-21 
6 3-21 8-21t 0 
7 2:07 1:45 0°51 
Chi-square (x? = 50°2)T (87-4) T (14:02) 
with 14 d.f. 
Pooled <0-0005 <0-001 ~ 0-40 
oxperiments$ 
g; — T 
+ a a ai 
M; = M; or i= 2; i= =y e. (ii — 


P) 
Significant at 1 per cent. = 
Significant at § per cent. 

See ref. 9, 
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this increased rate of incorporation is of such short dura- 
tion that it has been missed by my method of analysis, 
which sums the grain counts during all the macronuclear 
DNA-synthetie period. 

Cytoplasmic DNA synthesis occurs during mostif not all 
of the cell cycle. The increased cytoplasmic incorporation 
of *H-thymidine which occurs during micronuclear DNA 
synthesis and which is also observed at the beginning of 


-the macronuclear DNA-synthetic period may reflect an _. 


increased rate of cytoplasmic DNA synthesis at these 
times in the cell cycle. Alternatively, the increased in- 
corporation may reflect a change in the size of deoxyribo- 
nucleotide pools wkich occurs at these two times in the 
cell cycle. The findings suggest that there is an inter- 
dependence between nuclear DNA synthesis and cyto- 
plasmic DNA synthasis. 

This work was sponsored by the U.S. Atomic Energy 
Commission under contract with the Union Carbide 
Corporation. 
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Re-examination of the Effect of Daily 
Rotation in the Horizontal Plane on Growth 
of Cyclamen Plants and Etiolated Avena 
Seedlings 


Jonzs', in New Zealand, has reported that rotating 
cyclamen and bean lants in a clockwise direction about a 
vertical axis at one revolution per day resulted in a loss 
of turgidity and accelerated the death of leaves, whereas 
normal growth was maintained when the direction of 
rotation was anti-clockwise. In other experiments it was ` 
shown that when etiolated Avena seedlings were rotated 
in darkness in the same manner, clockwise rotation caused 
a reduction in root and shoot extension growth, while, by 
contrast, anti-clockwise rotation brought about increased 
growth. Jones did not interpret these results, which were 
reported as being distinct and unequivocal, and they do 
not appear to be gravitational or centrifugal responses. 
However, Jones’s sechnique of slowly rotating plants 
about a vertical axis has recently been used? in ex- 
periments to support claims that in some plants, notably 
cereals, growth anc. root orientation is affected by the 
horizontal component of the magnetic field of the Earth. 
To seek independent confirmation of Jones’s findings, 
similar experiments have been carried out in Griffith, 
Australia, at latitude 34-18° 5., using cyclamen and 
etiolated Avena seedlings. Negative findings are reported 
here. 

Cyclamen. Three single cyclamen plants (Cyclamen 
persicum Mill.), growing in metal cans, were each placed 
on a horizontal, clock-driven turntable, so that the plants 
rotated about their own, axes in a clockwise direction at a 
rate of one revolution a day. The three plants, together 
with stationary cortrols, were kept in a lightly shaded 
unheated glasshouso vhroughout the winter months of 
July and August, this being the most favourable time for 
growth of cyclamen in inland Australia. The experiment 
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was continued for 7 weeks, during which period all the 
plants flowered. 

No symptoms indicating abnormal growth or develop- 
ment could be detected among the rotated plants. The 
effect of anti-clockwise rotation was not re-examined. 

Avena. Husked oats (Avena sativa, variety Burke) 
were soaked overnight in tap-water in darkness at 5° C, 
and then sown in two shallow trays on moist facial tissue 
with the embryo facing upwards. Each tray contained 
40-50 seedlings. Using a clock-driven turntable, with a 
vertical axis, one tray was rotated in either a clockwise or 
anti-clockwise direction at one revolution a day. The 
non-rotated tray served as a control. The experiments 
were performed at 25° C and, high relative humidity inside 
a metal incubator, which was kept in a constant-tempera- 
ture darkroom so that all operations and inspections could 
be carried out in green light of predominantly 546 mu. 
After 3 days the length of the shoot (coleoptile and 
mesocotyl) and the longest root of each seedling was 
measured to the nearest millimetre. Seven clockwise 
replicates, followed by eight anti-clockwise ones, were 
performed at weekly intervals. 

Rotation of the seedlings in either direction produced 
no visible effects. The percentage mean difference between 
shoot and root lengths of stationary and rotated plants is 
shown in Table 1. With one exception, the extension 
growth of the root and shoot of the rotated plants did not 
differ significantly from that of the stationary plants, in 
any of the replicates. These results are in contrast with 
those of Jones, where in nine replicates the average reduc- 
tions in coleoptile and root final length in clockwise 
rotated plants were 6-1 and 8-6 per cent respectively, 
while the corresponding average increases in anti-clock- 
wise rotated plants were 5-6 and 10:2 per cent. Further- 
more, the direction of rotation produced a consistent 
response in each replicate. Jones used a 5-day rotational 
period, while the results summarized in Table 1 are for a 
3-day period; nevertheless, the plants were growing 
actively throughout the 3 days, so that an appreciable 
effect of rotation on the elongation rate of the shoot or root 
should have been apparent by the third day. Despite the 
absence of a significant response to rotation 1n the majority 
of replicates, examination of Table 1 shows that in each of 
the first seven, where the plants were rotated clockwise, 
the shoots grew less than those of the controls. Since the 
trend of this difference is in agreement with Jones’s 
conclusions, the effect of clockwise rotation on the exten- 
sion growth of the etiolated shoot of the Avena seedling 
was further examined in a second experiment, in which 
the experimental technique used by Jones was more 
` closely followed. 

Avena seedlings were germinated using the method 
already described here and kept under the same environ- 
Table 1. EFFECT OF ROTATION AROUND A VERTIOAL AXIS AT 1 REV. A DAY 

ON ROOT AND SHOOT EXTENSION GROWTH IN Avena SEEDLINGS 


Percentage difference of root or shoot final length from stationary control 
Replicate No. hoo Root 


Clockwise rotation 
1 —105+43* —~H8+5-8 
2 —1L1It3-3f —~L4+6-0 
8 —0:2490 — 06 + G2 
4 —3 4451 — H&L + 67 
5 —3-744-0 +9348-4 
6 —2:9+ 5-3 0-8489 
7 -4478 -18454 
Mean length for S R Difference (%) 8 R Daifference(%) 
all replicates 368 5-3 4-1 640 68-4 0-2 
(mm) 
Anti-clockwise rotation 
8 +25 +81 +75 + 56 
9 -03478 + O2 + 6-2 
10 +1°5 +34 + 3°8 + 5°83 
11 — 2744-4 + 5:4 + 6-6 
12 +12-544-5 +0-6+47°8 
13 +0°643-6 +7753 
14 +1-384+38 +0645°9 
15 —S0+41 — 29 + 81 
Mean length for S R Difference (%) S R Difference (%) 
all replicates 36-4 864 0 706 73:3 38 


* Significant at P<0-01, 
Standard error. 
, Stationary control. R, Rotated. 
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Table 2. Ervrror OF CLOCKWISE ROTATION AROUND A VERTICAL AXIS AT 
1 REV A DAY ON SHOOT EXTENSION GROWTH IN Avena SEEDLINGS 


Results for 15 replicates 
Mean shoot Mean Total No. shoots 
length (mm) difference (%) per treatment 
Stationary 39°7 —0 2 423 
Rotated 39 6 435 


mental conditions as in the previous experiment. On the 
second day, the seedlings were transferred from the shallow 
trays to two perforated plastic holders each holding thirty 
seedlings, which were then set up in two glass beakers 
containing tap-water, so that the roots of the seedlings 
just touched the surface of the water. One beaker was 
rotated clockwise about a vertical axis at one revolution a 
day, while the other was kept stationary. After 2 days, 
the length of each seedling shoot was measured to the 
nearest millimetre. The experiment was replicated fifteen 
times. The results, summarized in Table 2, show that 
shoots of rotated and stationary plants attained the same 
mean length. In individual replicates, the mean per- 
centage difference between the length of rotated and 
stationary shoots ranged from —6-5 per cent to + 10-0 
per cent; but in no case was this difference statistically 
significant. From these results, and those for the preceding 
experiment, it is apparent that the extension growths of 
the root and shoot of the seedling of the oat variety used 
were not appreciably affected by daily rotation about a 
vertical axis in either direction. 

While these negative results do not rule out the pos- 
sibility that, under some environmental conditions, 
cyclamen and Avena plants may respond to slow rotation 
about a vertical axis, it can be concluded that the 
responses in question, if they exist, are not readily 
reproducible in the same way as, for example, are 
responses to darkness and temperature. : 
J. H. PALMER * 

C.8.LR.0. 
Irrigation, Research Laboratory, 
Griffith, Australia. 

* Present address: School of Biological Sciences, University of New South 

Wales, Sydney. 


1 Jones, R. L., Nature, 185, 775 (1960), 
* Pittman, U. J., Canad. J. Plant Sci., 42, 480 (1962). 
* Pittman, U. J., Canad. J. Plant Sei., 44, 283 (1964). 


It is pleasing to see a renewal of interest in plant 
responses to specific rotations. Unfortunately Dr. Palmer’s 
experiments with Avena are not strictly comparable with 
mine of 1960 in at least two features, that of the variety of 
oat used and in his choice of a 3-day period. I understand 
that the variety ‘Milford’ is now unobtainable, but I 
would mention that with it I was able to experiment with 
rotating seedlings in a null (magnetic) field, with negative 
response, that is, the direction of rotation did not affect 
the growth of shoots; a similar result was obtained with 
strong magnetic fields. à 

I would suggest that it might be worth while to carry 
out experiments with rotations in weak magnetic fields 
and that this might lead to some explanation of the 
phenomenon. 

R. L. Jones 

Department of Biophysics, 

King’s College, London. 


Mutants of Puccinia graminis avenae induced 
by Ethyl! Methane Sulphonate 


SPONTANEOUS mutations affecting uredospore colour 
in cereal rusts have been observed by several investigators. 
The mode of inheritance of the mutant colours in the 
wheat stem rust fungus Puccinia graminis tritici E. and H. 
and oat stem rust fungus P. graminis avenae E. and H. has 
been ‘shown to follow a simple Mendelian pattern’? and 
such mutants serve as particularly useful markers in 
investigations of the role of asexual recombination in this 
group of fungi. In an attempt to produce uredospore 
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Fig. 1. Uredosori of normal oat stem rust (left) and teleutosori of short- 
cycle oat stem rust (right) 14 days after inoculation of uredospores on 
Algerian primary seedling leaf (x 12) 


colour mutants in the oat stem rust organism for this 
purpose, the mutagenic effect of the alkylating agent 
ethyl methane sulphonate (EMS) was investigated follow- 
ing its success in this respect in such widely diverse 
organisms as bacteriophage* and barley®. 

Freshly collected uredospores of race 12° were treated 
with 0-5 x 10 M, 1-0 x 10 M, 1-25 x 10 M and 
1-5 x 10-* M solutions of EMS for 2 h with repeated shak- 
ing. The spores were then filtered from the solutions, 
washed several times, and those from each of the four 
groups were used immediately to inoculate the primary 
leaf of approximately 400 seedlings of ‘Algerian’, a variety 
of oats susceptible to race 12. Samples were retained to 
assess the effect of the treatments on spore germination. 

Germination capacity was determined on 2 per cent 
non-nutrient agar at 20° C. Untreated spores showed 71 
per cent germination ; in the case of treated spores germina- 
tion percentages were reduced from 27 following exposure 
to 0-5 x 10- EMS to 11 after treatment with 1-5 x 10-2 
EMS. 

Two distinctive colour variants were observed among 
the uredosori following the initial treatment with 1-0 x 
10-+ M EMS. When compared with colour charts in 
Ridgeway’s Color Standards and Color Nomenclature? the 
aggregated spores approached most closely ‘Mars Yellow’ 
(Plate III) and ‘Ochraceous Orange’ (Plate XV), and 
will here be referred to as yellow and orange, respectively. 
Comparatively, the reddish-brown spores of normal 
colour were best described as ‘Amber Brown’ (Plate ITI). 
Both mutants were characterized by delayed pustule 
formation, the uredosori rupturing the epidermis and 
developing 3-4 days later than the normal colour type. In 
repeated sub-cultures both mutant types have maintained 
their distinctive colours and shown delayed pustule 
development. 

Recurrent treatment was then practised, apparently 
normal uredospores being repeatedly collected after each 
successive treatment and exposed to the same initial 
concentration of EMS. Following the fourth treatment 
with 1-5 x 10- M EMS a third mutant uredosorus, again 
appearing later than the normal type, was observed in 
which the massed spores most closely approximated ‘Wood 
Brown’ (Plate XL) in Ridgway’s nomenclature. This 


mutant, which will here be referred to as grey-brown, 


has maintained its characteristies in repeated sub-cultures 
on the host plant. A control to the various treatments 
failed to produce any apparent uredospore colour variants. 
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Normal uredospores contained pigment in both the wall 
and cytoplasm. The orange mutant lacked pigment in the 
uredospore wall and that of the cytoplasm was intensely 
aggregated in the centre of the spore. In some instances 
macroscopically apparently normal coloured spores 
appeared in certain uredosori associated with this mutant 
type. Sub-cultures ‘rom mixed pustules with considerable 
development of reddish-brown areas produced exclusively 
orange pustules, at least when initially formed. Micro- 
scopically these nermal coloured uredospores showed 
some pigment development in the wall, apparently associ- 
ated with ageing of the spores under certain conditions. 
However, the characteristic central aggregation of the 
cytoplasmic pigment component was still exhibited. The 
yellow mutant lacked colour in the uredospore wall, 
while in the case of the grey-brown variant no pigment was 
visible in the cytoplasm. These descriptions agree in 
general with those of Newton, Johnson and Brown! for 
uredospore colour variants in P. graminis tritici. 

Two mutant pustules characterized by rapid teleuto- 
spore formation were observed following the initial treat- 
ment with 1-5 x 1¢-* EMS. In these instances teleuto- 
spores appeared in the uredosori 4—5 days after the rupture 
of the epidermis, and development progressed rapidly 
from the edge of the pustule towards the centre (Fig. 1). 
Uredospores were immediately taken from the centre of 
both pustules and inoculated on to seedlings of ‘Algerian’. 
The characteristic rapid teleutospore formation has been 
observed in each subsequent generation of sub-culturing 
and these mutants have been difficult to maintain by 
uredospore transference on this account. Teleutospore 
formation was accelerated by increased temperature, and 
at approximately 27° C daylight temperature frequently 
no macroscopic formation of uredospores was observed, 
the pustules appearing immediately as teleutosori. By 
contrast, normal strains of the fungus do not form teleu- 
tosori on leaves under glasshouse conditions and teleutosori 
are usually restricted in the field to stems of mature 
plants. The advantages of mutations of this type, which 
may be designated as short-cycle rusts, in genetic studies 
involving the sexual stage on the alternate host, the 
barberry, is obvious. If mutations of this type can be 
simulated in rusts in general by alkylating agents with 
the same facility as in the present instance, genetic analyses 
of this group of fungi will be greatly expedited. 

No change in pataogenicity was apparent with any of 
the mutant characteristics described, the reactions typical 
of race 12 being maintained on the differential set of 
varieties in each case. The variety ‘Richland’ gave a 
resistant reaction to this race with ‘I’ reaction-type pustules 
on the conventional system for reaction-type designations®. 
The mutants with repid teleutospore formation exhibited 
small teleutosori typical of the small ‘1’ reaction-type 
uredosorus with no appearance of uredospores in the 
pustules. 

Colour mutants in P. graminis have been found to be 
recessive':*. The mutations of this type described here are 
at present being analysed genetically, but it is presumed 
that they have a similar genetical basis. The uredospores 
are diploid being dicaryotice with haploid nuclei. EMS was 
apparently an extremely efficient mutagenic agent in the 
present tests especia ly as there is no evidence to indicate 
that the strain of rust used was initially heterozygous at 
the appropriate loci. E. P. BAKER 

C. TEO 
Department of Agriculture, 
University of Sydmey, Australia. 
' Newton, M., Johnson, T., and Brown, A. M., Sci. Agric., 10, 775 (1930). 
* Johnson, T., Canad, J. Res., C, 27, 208 (1949). 
> Watson, I. A., and Luig, N. H., Proc. Linn. Soc. N.S.W., 87, 99 (1962). 
* Loveless, A., Nature, 181, 1212 (1958). 
* McKelvie, A. D., Radiation Bot., 3, 105 (1963). 
* Newton, M., and Johnson. T., Canad. J. Rea., C, 22, 201 (1944), 
’ Ridgway, R., Color Standards and Color Nomenclature (R. Ridgway, 1912). 


*Stakman, E. C., Stewart, D. M., and Loegering, W. Q., U.S. Dept. Agric. 
Agr. Res. Service, EBIT (revised 1962). ms 
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St DFE ERG 
calls for the use of 0-004 or 0-005 J am and | 
magnesium}. Plants grown in such polaons contain about 
the same amount of calcium as plants grown in soil. In 
the present investigation corn and tobacco plants have 
been grown with calcium levels 1/50 or less than that of 
Hoagland solutions. To accomplish this it was necessary 

‘to ensure that the copper level of the solutions was 200 
Go pgb. or less, that unchelated iron was less than 0-5 
ppm, that manganese was 0-5 p.p.m. or less, that zinc 
was 0-1 p.p.m. or less, and that magnesium was 5 x 10-*M 

or less. There were some variations due to plant species. 

- Calcium is required by some algae and other miero- 
organisms in micro-nutrient quantities only? and perhaps 
also for a gymnosperm’. Higher plants seemingly require 
relatively large quantities of it. The concentration of it 

dn leaves of higher plants generally ranges from 0-2 to 
- amore than 5 per cent of dry weight’. There are a large 
number of experiments which indicate that higher plants 
benefit from the high levels of calcium which they contain. 

_ Calcium-levels in leaves of from 200 to 800 p.p.m. of 

7 ‘dey weight appear to be sufficient under some conditions 

‘(Fables 1 and 2). The magnesium-level simultaneously 

be relatively low since high magnesium-levels can 

ae toxic under low calcium-levels®. The calcium and 
magnesium assays were made from wet digested samples 
with an atomie absorption flame spectrophotometer. 

3 _ There i is some indication also that with proper balance 
the magnesium requirement is also in the same magnitude 
iz hat of calcium. The lower limit of sufficient magnesium 

t be less than its need in chlorophyll. This amounts 

eed of about 0-03 per cent magnesium on the dry 

t. basis. The co-factor requirements for magnesium 

zymatic reactions add roughly an additional 0:03 

t to the magnesium requirement. This is based on 

centration of about 1 mM in the plant liquid. The 

agnesium requirement, therefore, would be about 
wm. of dry weight. Critical magnesium levels for 

generally have been reported as from 0-2 to 0:3 

t of dry weight for different plant species. This is 

three times the postulated level. The difference 

never been reconciled and may be related to the cal- 

evels, which are usually high. The data in Table 1 

‘ate that the need for magnesium in tobacco may be 
800 to 1,200 p.p.m. of dry weight. 

plants grown without added calcium as described 

able 1 did have some indications of caleium deficiency 

dicated by yields and by appearance of growing tips. 

-When neither calcium nor magnesium was supplied the 

_new-leaves had an unnatural curl. The new leaves of 

these plants contained 80-90 p.p.m. calcium on the dry 











































Table 1. YIELDS AND CALCIUM AND MAGNESIUM CONTENTS oF TOBACCO 
PLANTS GROWN IN COMPLETE NUTRIENT SOLUTIONS EXCEPT FOR CALCIUM 
AND MAGNESIUM 


Plant part Differential treatments 
No calcium, 5 mM calcium, 6 mM calcium, 
no magnesium no magnesium 4mM magnesium 
oe, Dry weight/plant (g) 
Shoot 11-6 17-3 p54 
Root 7 241 2-3 
Whole plant 13 3 19-4 177 
a Calcium (porcentars of dry weight) 
“New leaves 0-009 0-63 0-44 
New mature leaves Q 003 0-57 0-39 
Remainder of shoot 04 1-26 pit 
Root 0- O48 0:44 0-23 
g arnesu (percentage of dry weight) 
New leaves 0-08 0-22 
‘New mature leaves O08 0-03 0:17 
Remainder of shoot 0-12 0-10 0-28 
Root 022 0-13 0-44 
YIELDS AND CALCIUM CONTENTS OF CORN AND TOBACCO GROWN 


Table 2. 


IN NUTRIENT SOLUTIONS aT TWO CALCIUM LEVELS 


Calcium (p.pam.) Yield Leaf calcium (porccntigo 
(g) of ei weight) 


2 Bl my01 

5 48 0-020 
Tobaeco 

2 18-6 0-08 

5 18-6 0-16 
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ced reasonably healthy. The re atively oh calcium- 
levels of the old leaves on the plants was due to a pretreat- = 
ment complete nutrient solution together with no retrans- ee 
location of calcium from old to new leaves. = 

The plant species have been grown in a number of | 
nutrient solution cultures to test their need for calcium. 
They grew well at the low ealcium-levels (Table 2)...” 
These data were obtained with 1 mM magnesium, 20 p.p.b. 
copper and chelated iron and indicate that from 100 to 
200 p.p.m. calcium in corn leaves on the dry weight basis 
is sufficient and that not more than 800 is sufficient for 
tobacco. 

There is considerable evidence that plants do not 
require all the calcium they ordinarily contain and the ~ 
present investigation indicates that published critical 
levels do not reflect. the direct need of plants for calcium. 
They reflect the ability of ealcium to prevent injury from 
excesses of magnesium, copper, iron, manganese, zinc, - 
and possibly other ions. 

Corn and tobacco plants grew well in nutrient solutions — - 
at calcium-levels lower than 1/50 of that of Hoagland... 
solution provided that levels of copper, iron, manganese, 
zinc and magnesium were in proper balance. The implea 
tion is that beyond ameliorating toxicities of other 10 
the role of calcium in higher plants is that, or nearly tha 
of a micro-nutrient. 

This research was supported in part by grant G- 23841 
from the National Science Foundation. as 
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Introduction and Exchange of Coconut 
Planting Material EN 
THE presence of cadang-cadang, lethal yellowing, rd ow 
ring and other serious diseases in important coconut =. 
growing areas, coupled with an awareness of genetic. > 
differences in palms in different parts of the world, has... 
stimulated an interest in disease resistance testing. The — 
occurrence of known resistance to lethal yellowing disease | _ 
in Jamaica has served to emphasize the possibilities. : 
Pollen introductions greatly speed up the production 
and testing of hybrids between local and exotic material, 
but do not eliminate the necessity for seed importations?. 
Coconut seed often has low viability followmg shipment 
by sea, and the need for research on collection and dis- 
patch has recently been emphasized?. Preparatory to 
survey and collection of coconut planting material’, air 
freight and fumigation tests were therefore undertaken. | 
Short distance air freight (return trip to Miami from > 
Jamaica) did not affect seed germination, and good 
germination was also obtained with samples introduced 
from Wallis Island and with seed exported to West Africa. 
Germination of seed nuts with the husk removed is a 4 
standard procedure in Jamaica for the production of 
coconut seedlings for investigations. of disease trans- - 
mission. In a long-distance air. freig! experiment 
(Jamaica-England-Jamaica; at bigh a | equa 
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ig. 1. Germination rates of coconut seed nuts introduced to Jamaica 

air freight. I, Completely huskea seed nuts: i, partially husked nuts 
ne sample (H ) not husked. A, Fiji (ocal talis ); B, W. Samoa: C, 

giros: (ret fruited dwarf); D, FMS. , Solomons; K, Bougainville; F, 

kham Valley, New Guinea; G, Karkar Island, New Guinea: H, Tahiti: 
noell island. Curves for introductions from Fiji (Nin Leka’ dwarfs), 

omon Telands (local talis) and af Hebrides resembled B, D and F, 

respectively 


mbers of husked and unhusked coconuts, packed in 
essian bags, were placed both in the forward and rear 
holds of the aircraft: controls were retained in the labora- 
tory. Results are given in Table 1. 
. Germination of nuts carried in the forward hold and 
omplete nuts carried in the rear hold was satisfactory. 
vesults for husked nuts carried in the rear hold may be 
onclusive as, on this occasion, controls also had poor 
germination. Germination of nuts with the husk removed 
normally exceeds 70 per cent and 90 per cent, respectively, 
for ‘Malayan Dwarfs’ (as used in the present experiment) 
and ‘Jamaica Talls’. There was no apparent damage 
during shipment; some breakages in a subsequent con- 
signment served to emphasize the need for adequate 
packing of ‘depericarped’ nuts. In the latter shipment 
_ 77 per cent of the undamaged nuts germinated. 
Since fumigation of seed is often essential, the effect of 
‘two commonly used fumigants was tested. Germination 
and early growth of husked and unhusked seed treated 
with hydrogen cyanide (1 oz. and 0-5 oz. potassium cyanide 
per 300 ft. respectively, for 1 h) and methyl bromide 
{1 1b. per 1,000 ft. for 2 h) were at least comparable to those 

of untreated controls. 

<The preliminary trials indicated that, with certain 
precautions, introductions could be safely made by air 
reight. With later shipments, mainly from different 
ic Islands, over-dried and immature seed nuts were 
ded, and only those with drying husk, and calyx 
retaining the ‘living’ colour, were dispatched. Most 









: ‘PERCENTAGE GERMINATION OF COCONUT SEED AFTER LONG- 
DISTANCE AIR FREIGHT 


Forward hold Rear hold Control 


te coconuts 70 ` pü 75 
iove 8I 25 33 
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seed was partly husked, lé ET 


“thin {i} em): protecting — 
layer. Husking was compl . 


| when packing i 
Insecticide dusting and fumnigat 
formed with individual territory regulations a 
samples were carried in the forward hold of the 
At destination, seed with incomplete husk was planter 
coir and soil mixture contained in bamboo baskets. 
in full sunlight. In a preliminary trial, 1 in. dept 
medium above each seed prevented nut cracking d 
exposure. Most seed nuts were placed in a horizontal 
position; only the Rennell introductions had the germ 
pore uppermost. Although there is less mechanical 
hindrance to growth of seedlings planted in baskets, ed 
using the latter metaod, rate and final percentage germina- E 
tion may be slower“. PRS 
Germination rates for the introduced samples are given eee 
in Fig. 1. Nut matarity and germination conditions were 
similar and there are indications of different germination _ 
patterns for seed of different origins. However, sample — 
sizes were relatively small (90-200 nuts). Most seed- 
germinated rapidly, unlike that of ‘Jamaica Talls, and — 
final percentages were satisfactory. With quick germinat- 2 
ing seed it is particuarly important to avoid over -maturi t 
and delays in shipping. 
The coconut husk protects against desiccation 
mechanical injury and, if the husk is removed, € 
handling at all stages is essential. Transplanting of 
lings complete witk baskets is advisable. Compl 
partial husking redaces cost of transport (by 30-50 pe 
cent) but freight costs are relatively very small in v 
the possible benefits Sor areas with serious disease pro! 
A recent estimate for cadang-cadang, which threa 
loss of livelihood for one-third of the population 
Philippines, put cash losses at more than 300 f 
dollars’. E 
The survey and introduction of coconut planting miit 
were financed by tae British Department of Tech 
Co-operation. We thank Dr. G. P. Chapman and Dr 
G. H. Sidrak, of the University of the West Indies o 
their assistance. 
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Gibberellin-induced Anther and Pollen 
Development in a Stamen-less Tomato | 
Mutant fea 

Hesiop-Harrisor' has pointed out that in most investi- . 
gations flower primordia differentiation has been considered 
synonymous with flowering as a single indivisible process. 
Observations on the differentiation and development of 
individual floral parss (sepals, petals, stamens, pistils) in 
hermaphroditic flowers thus offer a unique approach.in ~ 
the study of flowering. Certain tomato mutants lacking | _ 
essential floral parts provide excellent source mater 
for such investigations. This report directs attentio 
the effects of gibberellin A, (GA,) on anther and 
development in an otherwise stamen-less tomato mu 

Rooted stem cuttimgs of the stamen-less mutant 
initially exposed to 25 p.p.m. of GA, and other chen 
stimuli in aerated sclution culture root media’. Anthers 
developed in the flowers of plants exposed to GA, within | 
3-4 weeks. Viable pollen was also produced in thése GA,- | 
induced anthers. Progeny grown from seed obtained. by 
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selfing gave 100 per cent stamen-less plants. Such plants 
must otherwise be propagated from seed with a segregating 
population of one stamen-less to three normalt. 

In a second and more detailed experiment, uniformly 
rooted cuttings of the stamen-less tomato were exposed 
to 0, 10-5, 10-*, or 3 x 10-* M GA, in solution culture 
root media, and to a 0, 10-5, 10-* or 10 M GA, foliar 
spray application in all combinations. All solutions 
constituting the root medium were renewed to the desig- 
nated GA, concentrations at 6-day intervals. After 18 
days of continuous exposure to the various gibberellin- 
levels in the root media the containers were rinsed with 
water and filled with half-strength Hoagland nutrient 
solution only. 

Concentrations of 10-* or 3 x 10-* M in the solution 
culture root medium resulted in essentially all flowers 
having fully developed anthers (Table 1). Microscopic 
observations of acetocarmine preparations revealed that 
these anthers contained normal pollen. The induced 
anthers, however, did not form normal stamen cones 
around the style and stigma, but were curled and twisted 
(Fig. 1). Curling of anthers was most prominent at the 
highest (3 x 10-* M) GA, concentration. Flower clusters 
which appeared on plants 3-4 weeks after termination of 
the GA, treatments showed no anther development. 
Furthermore, flower buds which were visible at the initia- 
tion of the GA, treatments were not affected. Anther 
development thus appeared a function of the presence of 
gibberellin during the flower-forming process. 


Table 1. ANTHER AND POLLEN FORMATION IN A STAMEN-LESS TOMATO 
TURE Root MED 


INDUCED BY GIBBERELLIN A, IN THE SOLUTION TA 
Concentration of Inflorescence 
gibberellin A, 1 2 3 4 5 
(molar) (Per cent flowers with anthers and pollen) 
(Average of 24 plants) 

0 0 0 0 0 0 

10° 0 0 5 7 0 

104 0 0 98 100 0 

3x104 0 0 100 100 0 


Further investigations revealed that 2-chloroethyi- 
trimethylammonium chloride (CCC), which inhibits 
fungal gibberellin synthesis®, inhibits pollen formation in 
gibberellin-induced anthers. Vegetatively propagated 
stamen-less tomato mutants were exposed to all possible 
combinations of GA, at 0 and 10-* M and CCC at 0, 10-° 
and 10-* M in the solution culture root media. Abnormal 
pollen was observed in the anthers of plants exposed to a 





Fig. 1. 
through the solution culture root medium on the 


Effect of various concentrations of pean A, applied 

evelopment of stamens 

in the flowers of a stamen-less (s/s!) tomato mutant. left to right 
and top to bottom: 0 (control), 10°, 10+, and 3x10~* M 
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combination of CCC at 10-5 M and GA, at 10-* M. No 
pollen developed in the anthers of flowers from plants 
exposed to 10-* M CCC plus 10-* M GAs. 
Several reports have suggested that gibberellin and 
auxin may play a determinative part in the development 
of male and female gametophytes in monoecious and 
gynoecious plants*-'°. The present investigations suggest 
that gibberellin or gibberellin-like substances are necessary 
for the development of male gametophytes in the tomato, 
and that this influence is exerted after flower initiation. 
We thank Dr. T. O. Graham, Department of Horticul- 
ture, Ontario Agricultural College, Guelph, Ontario, for 
providing seed, and Sherrill Kocan for assistance in record- 
ing data. Gibberellin consisted of potassium gibberellate 
and was supplied by Merck and Co., Rahway, N.J. 
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Comparison of the Spectrum of Amino-acids 
in the Bleeding Sap of Wheat Maize and 
Rice 


A NUMBER of compounds are known to be translocated 
in the transpiration stream, These include the building 
blocks needed for protein synthesis and also compounds 
postulated to play a part in the regulation of protein 
synthesis in leaves'*. In the present investigation the 
spectrum of amino-acids translocated in the bleeding sap 
of three plant species was compared to provide data on 
the species specificity of the pattern observed. 

Wheat variety ‘Besostaia 1’, maize variety ‘Szegedi 
sarga lofogu’ and rice variety ‘Dubovskij 129° were 
included in the experiments. Bleeding sap was collected 
at the flowering stage during the night. The sterile sap 
was subjected to one- or two-dimensional paper chromato- 
graphy (ascending technique, filter paper Whatman No. 1, 
2:1:1 mixture of butanol-—acetic acid—water or a 4:1 
mixture of phenol—water). Hydrolysis with hydrochloric 
acid was carried out for 24 h at 105° C. Amino-acids 
supplied by British Drug Houses, Ltd., served as 
standards. 

It can be seen from Fig. 1 that 10-14 amino-acids could 
be detected in the bleeding sap of cereals. Glutamine and 

aragine were the major components in the bleeding 
sap of all three plants. In contrast to other authors‘ 
reporting on the presence of arginine or alanine in the 
bleeding sap as major components we have found remark- 
able quantities of ornithine to be present. Hydrolysis 
of the exudate resulted in the disappearance of the amides 
and in the accumulation of the corresponding amino-acids. 
The amount of ornithine remained unchanged. 

As no significant amounts of arginine and citrulline could 
be detected in the bleeding saps it seems probable that the 
ornithine observed is not derived from the carbamide 
cycle. Ornithine present in significant amounts might 
either represent a translocation amino-acid or a regulatory 
substance supplied by the root. This suggestion is sup- 


-A 


ported by the finding that no significant amounts of * 


ornithine are present in the shoot. 
It is also important to emphasize that of the bleeding 
saps tested, that of the rice plant exhibited the richest 
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Fig. 1. Amino-acids in: a, bleeding sap of wheat; b, bleeding sap of wheat after hydrolysis; ¢, bleediag sap of maize; d, bleeding sap of rice 


amino-acid spectrum. This is probably due to the fact 
that rice is grown under irrigated conditions and in the 
flooded soil nitrogen occurs mainly in the reduced form. 
Ammonium-—nitrogen is more readily transformed into 
organic form than nitrate—nitrogen, which has first to be 
reduced’, 

The high ornithine of all the bleeding saps investigated 
might suggest a general role for ornithine as a transport 


amino-acid. Biase 


k © Department of Plant Physiology, 
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MICROBIOLOGY 


Possible Importance of Transfer Factors in 
Bacterial Evolution 


BACTERIAL transfer factors are virus-like agents which 
mediate the transmission of genetic characters by con- 
jugation in the Enterobacteriaceae. The first to be dis- 
covered was the F or ‘sex’ factor of Escherichia coli K12 
(ref. 1), and for some time this was the only one to be 
investigated. The demonstration of the transmissibility of 
Aolicinogeny*, and the discovery of transferable drug 
resistance*“’, revealed the existence of a multiplicity of 
transfer factors. Recent work*-* suggests that such factors 
are basically independent of the genetic characters they 
carry and that they are widely distributed in the Entero- 


bacteriaceae. It is probable that drug resistance and 
colicinogeny are only two of a range of characters they can 
transfer. 

The transfer facters lack an independent invasion 
mechanism. They ars thus dependent on their host cells 
to provide the apparatus for their transmission, although 
the production of this apparatus is probably coded by the 
transfer factors themselves. The mechanism of trans- 
mission is highly efficient, and often leads to infection of 
almost 100 per cent of cells of recipient strains. 

Some bacteria carry genetic determinants which are 
apparently cytoplasmic in location. The determinants so. 
far subjected to intensive investigation are those concerned 
with drug resistance end colicinogeny, but there seems to. 
be no reason for doubting that other bacterial characters 
have the possibility of cytoplasmic determination. The 
genetic fragments responsible for drug resistance have 
been designated R-determinants. The origin of these 
determinants is unknown; they may have been initially 
chromosomal, but the possibility of an intrinsically cyto- 
plasmic origin must aso be considered. 

Because the F factor seems to be concerned mainly with 
chromosoma) transfer. a process which may be relatively 
unimportant in the distribution of genetic characters in 
the Enterobacteriaceae, the following discussion is con- 
cerned mainly with transfer factors other than F. 

When a transfer faetor infects a cell containing an R- 
determinant, the two elements ‘combine’ to form a trans- 
ferable resistance factor (R-factor) which can be trans- 
mitted by conjugation to other bacterial cells. This transfer 
occurs within the strain originally containing only the 
#-determinant, and also to strains initially carrying neither 
the R-determinant nor the transfer factor. The R-factor 
also spreads to the strain which originally donated the 








_the spread of an R-factor*. The resulting organism retains 
the R-determinant which it can transmit to its lineal 
descendants only and which appears to be stable. Super- 
ficially, these organisms resemble drug-resistant mutants. 

~The transfer factors have a very wide host range. For 
example, they may be transmitted, together with the 

-resistance determinants they carry, and presumably with 
other genetic determinants, to the following ‘genera’ of 
Gram-negative bacilli: Escherichia, Salmonella, Shigella, 

<> Proteua, Serratia, Pasteurella, Vibrio, and others. The 

“full range of characters for which the transfer factors can 
act as vectors is not yet known, but it may prove to be 

extensive. The same transfer factor will transfer different 
characters and the same character may be carried by 

- different transfer factors. 

-.. The observations presented here suggest that the trans- 
<: fer factors may have more evolutionary importance in the 
- bacterial systems in which they operate than has been 

- hitherto imagined. Although devoid of the property of 
cellular invasion, they have an immense ecological 
ntage because of their high communicability and wide 
i range. They can carry genetic determinants which 
vy ultimately prove to be numerous. By this mechanism 
> determinants may be widely distributed among 
ferent species or genera of Gram-negative bacilli, so 
determinants in a given strain may have originated 
sacterial species normally regarded as belonging to a 
ferent genus. Whether such genetic determinants can 
me integrated into the chromosomes of their new 
-cells is not yet known. If they can, it may be 
sed that, once integrated, they are indistinguishable 
tigin from other chromosomal characters and are 
izable on the bacterial linkage map. But even if they 
in cytoplasmic in location they are stable cellular 
nents. Whether they enter the chromosome or 
1 cytoplasmic, therefore, they become part of the 
e of their host cells. 
ensive exchange of characters between the Gram- 
ve bacilli need not be expected to lead to genetic 
rmity in the different host species, except in relation 
idividual characters concerned. On the contrary, 
-encourage diversification, because in each case the 
| of a new character has to be assessed through its 
mation with the bacterial genome as it existed up to 
-. the time of acquisition of the new character, and the 
| ultimate effect of the now modified genome on the ecology 

< of the recipient organism. 

I thought it worth while to voice these speculations 

-- because if the long-term activity of transfer factors has 
- influenced bacterial evolution, the evolutionary time-scale 
-- may have been telescoped into a shorter span than that 
envisaged purely in terms of the selection of mutants with 
survival advantages. The obvious question that arises 
is whether efficient mechanisms of genetic distribu- 
“tion such as those I have discussed exist only in the 
‘Enterobacteriaceae, or indeed whether they are limited to 
the bacteria. If they operate in other forms of life, some 
re-thinking may be called for in relation to evolution in 
other fields of biology. 
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Fig. 1. Number of cells of Streptococcus faecalis at different temperatures | | i e a 




















Using a polytemperature thermostat, similar to tha 
described elsewhere?, cultures of Streptococcus faeci 
were simultaneously grown in broth culture at nineteen 
temperatures ranging from 20° to 40° ©. The culture = 
tubes were prepared and placed in the incubator at least =- 
8 h prior to inoculation so that temperature equilibrium 
within the medium would be reached. Inoculura consisted 
of a loop of cells from a 24-h broth culture of the 
organism. Growth was stopped after a 20-h incubatio 
period by placing the culture tubes in 50° C wate 
Bacterial multiplication was determined by direct cell 
counts in a haemocytometer. a 

Typical results are shown in Fig. 1. Near 30° C thes 
is a marked reduction in number of cells. The temperature. 
of reduced cell multiplication corresponds to a temperature 
at which a change in water structure takes place. These 
data support the postulate that biological activity is 
affected by water structure. This work is being extended 
to other bacteria and temperatures. ae 


C. B. Davey - 
RAYMOND J. MILLER 
Department of Soil Science, 
North Carolina State, 
Raleigh, N.C. cee 
i Mitchell, H. K., and Houlahan, Mary B., Amer. J. Bot., 88,31 (1946), 0 


? Oppenheimer, C. H., and Drost-Hansen, W., J. Bact., 80, 21 (1960). es 
3 aipa R., Hills, G. J., and Ives, D. J. G., Dise. Faraday Soc., 24, 147i 


‘ Lavergne, M., and Drost-Hansen, W., Naturwiss., 43, 511 (1956). 


Staphylococcus aureus Strains in the ‘52, | 
52A, 80, 81 Complex’ 
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to define by in vitro studies some of the changes in typing 
pattern which might be expected to occur in the field, and 
these correspond very well with the observed changes in 
~<- strains endemic in hospitals’. The most widely studied 
group of strains is the ‘52, 52A, 80, 81 complex’, which 
comprises strains with one of the following phage-typing 
patterns: 80, 81, 80/81, 52/524/80, and 52/524/80/81. 
The relation between these strains has been clarified by 
investigations carried out in a number of laboratories*~!° 
(see Fig. 1). 

(1) Strains of phage-type 80/81 are lysogenic for a 
completely defective prophage, designated 80’. Sensitivity 
to the two typing phages, 52 and 52A, is blocked almost 
completely in strains carrying this defective phage’. The 
typing pattern of such strains changes from 80/81 to 
52/524 /80/81 when prophage 80’ is lost spontaneously‘. 

(2) Prophage 80’ may also be lost as a result of prophage 
_ substitution during lysogenization with a number of 
’ phages carried by various members of the ‘52, 52.4, 80, 81 
complex’. 

(3) Some of these phages have no direct effect on the 
typing pattern, but the loss of prophage 80’ results in a 
change of typing pattern from 80/81 to 52/52A/80/81 
(class 1 phages)’. 

(4) Others (class 2 phages) block the sensitivity to phage 
81 on lysogenization. They may also occasionally sub- 
stitute for prophage 80’. When this substitution occurs 
the change is from 80/81 to 52/52.4/80; a change from 80/81 
to 80 occurs when substitution does not occur and the 
strain becomes doubly lysogenic for prophage 80’ and the 
class 2 phage®1!. 

(5) Members of another group of phages block sensitivity 
to the three phages 52, 52A and 80, and lysogenization of 
an organism with the typing pattern 80/81 or 52/52A4/ 
80/81 with one of them causes the pattern to become 81 
(class 3 phages)*11. 

(6) Still other phages (class 4) block the sensitivity to all 
four phages in the complex and thus change previously 
‘typable’ strains to ‘untypable’ ones! !*, 

Rountree‘ noted that certain members of phage-type 
80/81 carried, in addition to the defective prophage 80’, 
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Fig 1, Lysogenicity and phage-typing patterns in the ‘52, 524, 80, 81 
complex’. The phage-typing patterns at R.T.D. and (in brackets) at 
R.T.D. x 1,000 are given. Ph, carried phages; 80’, defective phage re- 
sponsible for blocking reactions with phages 52 and 52.4 
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Fig.2. Effect of the serological group F phage on phage-typing patterns 
in the ‘52, 52.4, 80, 81 complex’. The phage-typing patterns at R.T D. 
and (in brackets) at R.T.D. x 1,000 are given 
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a fully active phage belonging to serological group F. 
This phage did not seem to play any part in the changes 
already described, since it was present in all members of 
the complex that had been investigated. It appeared, 
therefore, that the ‘tasie’ phage-typing pattern of strains 
in the complex was &2/52A/80/81. 

Recently, however, Winkler and his colleagues’ 
reported that staphylococci of phage-type 80/81 showed & 
considerable broadering of their typing pattern when 
they lost the group ¥ phage, and were now sensitive to 
phages 7, 42H, 77 and 42D. This was confirmed for P.S. 
80, the propagating strain for phage 80, which has the 
phage-typing pattern 80/81. This culture was screened for 
mutants that had loss the group F phage spontaneously, 
using strain 57 as indivator strain for the phage**. Having 
obtained this mutant, a second experiment was carried 
out to detect a mutant that had also lost the defective 
prophage 80’. Such s strain has now been obtained, and 
has the following typmg pattern: 


at R.T.D. (routine test dilution) : 29/52/52A/80/81/+ 
(weak reactions with 7, 42H, 77 and 42D) 


at R.T.D. x 1,000: 

29/52,;52A/79/80/6/7/42H/47/64/77/42D/81 

It is, of course, impossible to be certain that this strain is 
completely non-lysogenic and represents the true ‘basic 
pattern’ of members of the ‘52, 52A, 80, 81 complex’. It 
is noteworthy, however, that such a staphylococcus, which 
would be classified as a member of phage group I-I, 
should be the precursor of a series of strains which belong 
to phage-group I; it might equally be the precursor of 
typical group III strains if it was lysogenized by phages 
able to block reactions with the group I phages. 

The peculiar lysogenic state of members of phage-type 
80/81 from widely separated parts of the world also deserves 
comment. All are doubly lysogenic for a particular 
serological group F phage and for a completely defective 
phage of unknown serological group. It is unlikely, there- 
fore, that such strains arose independently in a number 
of different countries, and more probable that the two 
lysogenizations occurred as separate events in a single 
organism which has since spread widely throughout the 
world. 

The relation of the non-lysogenic precursor strain to the 
members of the ‘52, 524, 80, 81 complex’ is summarized 


in Fig. 2. E. H. ASHESHOV 
Cross-Infection Reference Laboratory, 
Colindale, London, N.W.9. 
K. C. WINKLER 
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VIROLOGY 


Possible Correlation between Virus Particle 
Size and Activity of Antiviral Agents 
Some success has already been achieved in the chemo- 
therapy of infections caused by the larger viruses, but 
compounds with an equal degree of activity against the 
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smaller viruses seem much more difficult to find. Tt is 
therefore natural to enquire whether there is any relation- 
ship between the size of virus particles and the activity 
of chemotherapeutic agents. As a working hypothesis 
one may adopt the postulates that (a) a compound is 
maximally efficient if 1 molecule can inhibit the matura- 
tion of 1 virus particle, and (b) that to obtain maximal 
activity each volume of the cytoplasm of the infected 
cell equivalent to the volume of a virus particle must 
contain 1 molecule of the compound. From these postu- 
lates the minimal inhibitory concentration of a maximally 
effective compound can be calculated. Thus, 1 molecule 


must be present in a volume of da where r is the radius 


3 x 10% 
ánrr? 
molecules. Since there are 0-606 x 1074 molecules in a 
gram molecule, this represents a molarity of (0:808xr*)-1, 

whence log molarity = — 0-4045 — 8 log r. 

This theoretical linear relationship between the 
logarithms of particle size and minimal inhibitory con- 
centration has been plotted in Fig. 1, in which the particle 
diameter, as being a more familiar measurement, has been 
substituted for the radius. 

_ Information is available in the literature on the activi- 
ties of a number of compounds: with antiviral activity, 
and the points corresponding to the minimal concentration 
causing complete inhibition and the particle diameter of 
the relevant virus have been inserted in Fig. 1. The 
compounds and viruses are: methisazone (1-methylisatin 
3-thiosemicarbazone) and rabbitpox?; 5-fluoro-2’-deoxy- 
uridine and vaccinia? ; idoxuridine (5-iodo-2’-deoxyuridine) 
and herpes*, vaccinia‘ and zoster®; p-fluorophenylalanine 
and vaccinia’; amantidine hydrochloride and influenza’, 
and rubella’; 5-chloro-2-(«-hydroxybenzyl)benzimidazole 
and poliomyelitis®. None of these points lies below the 
line. The hypothesis is therefore not invalidated by any 
antiviral agent known at present, and with due reserva- 
tions will be taken as valid for the purpose of further 
discussion. 

The distance of a point from the line can be taken as a 
measure of the efficiency of the compound, which can be 
defined in numerical terms as the ratio of the theoretical 
and actual inhibitory concentrations expressed as a 
percentage. Thus, the efficiency of methisazone agamst 
rabbitpox and of 5-fluoro-2’-deoxyuridine against vaccinia 
is 15 per cent. Idoxuridine (0-55 per cent) and p-fluoro- 
phenylalanine (0-01 per cent) are much less efficient. The 
efficiency of idoxuridine against herpes is 4:6 per cent, 
and against zoster 0-005 per cent. The efficiency of 
amantidine hydrochloride against rubella and influenza 


of the virus particle in mu. In 11. there will be 
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Fig. 1. Relationship between minimal effective concentration of an anti- 
viral compound and virus particle diameter. The line represents the 
theoretical relationship for a maximally effective compound. The points 
represent the activities of known antiviral compounds against the 
relevant viruses. Abbreviations: 5-CIH BB, 5-chloro-2-(a-hydroxyben- 
zyl)benztmidazole; A, amantidine hydrochloride; IDU, idoxuridine, 
FPA, p-fluorophenylalanine; M, methisazone, FDU, 5-fluoro-2’-deoxy- 
uridine; P, pohomyelitis, I, influenza; H, herpes; Z, zoster, V, vaccinia: 
R, rubella, RP, rabbitpox 
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RELATION BETWEEN PREDICTED MINIMAL INHIBITORY CONCEN- 
NYVIRAL COMPOUND AND VIRUS PARTICLE DIAMETER 


Minimalinhibitory Equivalent 


Table 1. 
TRATION OF A 


Virus Diameter concentration adult dose 

(my) (mg/l,) (mg) 
Varicella 200 0 03 2 
Mumps 140 0:09 6 
Measles 140 0 08 6 
Rubella ~ 130 Ot 8 
Respiratory syncytial 130 011 8 
Influenza ~ 100 0 25 17 
Cytomegalovirus 87 0 37 26 
Adenovirus 80 0 38 27 
Verruca 45 27 190 
Rhinovirus 31 83 580 
Coxsackie 28 113 790 
Tick-borne encephalitis 25 158 1,100 
ECHO 26 15 8 1,100 
Foot-and-monuth disease 225 21-7 — 
Infective hepatitis 15 733 5,100 


is low (2-2 per cent and 2-5 per cent, respectively), and it 
should be possible to find much more active compounds. 


~~. 


Against poliomyelitis, however, the efficiency of 5-chloro-« 


2-(«-hydroxybenzyl)benzimidazole is 100 per cent, so 
that according to the hypothesis a search for more active 
compounds would be pointless. 

The predicted minimal inhibitory concentrations for 
viruses for which there are as yet no effective antiviral 
agents are shown in Table 1. As the object of research 
into antiviral chemotherapy is to find compounds which 
can be of use in medical and veterinary practice, the 
concentrations have been transformed into doses in 
mg/l. (that is, mg/kg) for a compound with a standard 
molecular weight of 200, and also to the equivalent dose 
in grams for an adult weighing 70 kg. The dose indicated 
would provide a concentration in the infected tissue of 
the desired level only if the compound were perfectly 
absorbed, uniformly distributed, slowly metabolized and 
slowly excreted. These requirements will be fulfilled only 
rarely, and to allow for deficiencies in this respect the 
theoretical dose would have to be multiplied several-fold. 
For the viruses from varicella to verruca the revised dose 
would still be within reasonable limits, but it would follow 
that treatment or prophylaxis of the common cold would 
require repeated doses of the order of several grams, and 
treatment of infective hepatitis might not be practicable. 
These limitations could only be overcome by the dis- 
covery of compounds which had exceptionally favourable 
pharmacological characteristics, or which had a selective 
affinity for the infected tissues which would enable the 
requisite concentration to be obtained with lower doses. 
Compounds capable of acting against the smaller viruses 
would elude detection if their solubility in water was less 
than the predicted minimal inhibitory concentration, and 
it would seem reasonable to concentrate the search in this 
case on compounds with high solubility and low molecular 


weight. 
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AGRICULTURE 


Occurrence of Sucrose in the Fruit of Some 
Species of Lycopersicon 


Two sub-genera are recognized in the 
Lycopersicon'*, In one of these the plants are annuals 
and bear fruits containing carotenoids and lycopene 
(Eulycopersicon). In the other the plants are perennials 


genus ~ 
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with fruits pigmented with chlorophyll and anthocyanins 
(Hrvopersicon). The composition of the fruit of the sub- 
genus Hulycopersicon, which includes all tomato varieties 
in commercial production, has been studied extensively, 
but apart from investigations of their vitamin C and caro- 
tene contents’ few data are available for fruit of 
Eriopersicon. 

The free sugars of commercial varieties of tomato fruit 
are predominantly reducing sugars®:*, the sucrose content 
rarely exceeding 0-1 per cent on a fresh weight basis’. 
Quantitative chromatographic investigations have shown 
that the reducing sugars consist almost entirely of glucose 
and fructose present in approximately equal amounts with, 
in general, a slight preponderance of the latter?-4. Sucrose, 
when found at all, is present in small amounts only7)®.10, 
Traces of other sugars have been detected, notably a 
ketoheptose’, and raffinose, which has been reported m 


-œ the fruit of an Indian wild variety!*. 


1 


i 
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Recent investigations of the composition of the expres- 
sed juices of the mature fruit of various species of 
Lycopersicon used as sources of genetic material by the 
Plant Breeding Department have been made at this 
Institute. Fruit of Eriopersicon species, although not 
unduly acid and having very low reducing-sugar contents, 
‘were characterized by abnormally high total solids con- 
tents. A preliminary examination by paper chromato- 
graphy in several solvent mixtures explained this apparent 
anomaly by revealing, in addition to glucose and fructose, 
the presence of considerable quantities of a sugar indis- 
tinguishable from sucrose. Elution of this sugar from the 
paper followed by hydrolysis under mildly acid conditions 
or by incubation with invertase gave a solution containing 
two sugars which travelled on a paper chromatogram at 
the same rate as glucose and fructose respectively. Trace 
amounts of other, as yet unidentified, carbohydrates were 
also detected in the fruit of some species. 

Quantitative determination of the individual sugars in 
80 per cent ethanol extracts of the fruit of various species 
of Lycopersicon by paper chromatographic techniques 
outlined previously! gave the results shown in Table 1. 
Analyses for fruit of the variety ‘Moneymaker’ (L. 
esculentum) at two stages of ripeness are included in the 
table for comparison. Sucrose was determined by measur- 
ing the increases in glucose and fructose produced follow- 
ing incubation with invertase (B.D.H. concentrate) at 
20° C for 1 h after removal of the alcohol. 


Table 1. GLUCOSE, FRUCTOSE AND SUOROSE (PERCENTAGE OF FRESH 


WEIGHT) IN THE FRUIT OF SOME SPECIES OF Lycopersicon 


Glucose] 
Species Glucose Fructose Sucrose fructose 
: % (%) (%) ratio 
Sub-genus Fulycopersicon 
we DL. pimpinellifolium Peay 1-21 1 56 016 0-78 
L. pumpinellifolium (B34) 74 1°95 0-11 0 89 
L, esculentum var. cerasiforme 1-41 1-80 0 08 078 
‘Moneymaker’ (mature-green) 1:25 1-30 — 0-98 
‘Moneymaker’ (orange-red) 1-77 1-86 Trace 0-93 
Sub-genus Eriopersicon 
L. hirsutum 0°24 0 96 8 30 0-25 
L. hirsutum var. glabratum 0 44 0-70 4-08 0°37 
L. perumanum 0-14 0°65 3°54 0 22 


Fruit of L. hirsutum, L. hirsutum var. glabratum and 
L. peruvianum, all of which are included in the sub-genus 
Eriopersicon, contained considerable quantities of sucrose. 

In fruit of the two strains of L. pimpinellifolium and 
L. esculentum var. cerasiforme only very small amounts 
of sucrose were present, while in the fruit of variety 
‘Moneymaker’ this disaccharide was virtually absent. The 
almost complete absence of sucrose in English commercial 
varieties has been noted previously?®, 

Fruit of the species of Hulycopersicon examined (in- 
cluding those of variety ‘Moneymaker’), while having 
less than 0-2 per cent sucrose, contained between 1 and 2 

“per cent of both glucose and fructose, giving glucose/ 
fructose ratios of between approximately 0-8 and 1:0, In 
contrast, fruit from species included in Hriopersicon 
contained relatively little glucose and fructose. Glucose 
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concentrations were particularly low, giving rise to much 
lower glucose/fructose ratios than those normally en- 
countered. The results for the fruit of L. peruvianum, 
which contained the lowest glucose and fructose concen- 
trations, are at variance with Luckwill’s comment in 
his investigation of the genus Lycopersicon®. He states: 
“. .. the fruts [of Eriopersicon] are rich in reducing sugars 
and in some species (that 1s, L. peruvianum) their taste 
resembles that of the cultivated tomato. The fruits of 
other species, however (that is, L. hirsutum), have a 
‘bitter-sweet’ flavour due to the presence of solanine . . .’’. 
It would appear from. the present results that the sweetness 
of the frurt of these species is due primarily to sucrose and 
not to reducing sugars. 

The sucrose content of the fruit from the progenies 
of crosses between L. hirsutum var. glabratum and L. 
esculentum is at pres2nt under investigation. 


J. N. DAVIES 
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PSYCHOLOGY 


Sex Chromosome Abnormalities in Two 
State Hospitals for Patients requiring 
Special Security 


THE association between sex chromatin abnormality and 
mental sub-normality is well established. The incidence 
of sex chromatin abnormality in the new-born male and 
female population is about 0-2 per cent and 0-08 per cent 
respectively; in institutionalized mentally sub-normal 
male and female populations about l per cent and 0-4 
per cent respectively. Court Brown! reported that a high 
proportion of sex chromatin positive males recognized 
in his unit had been committed to a mental defective 
institution because of anti-social behaviour. He suggested 
that an abnormal sex chromosome complement might 
predispose to delinquency. However, a survey by Wegman 
and Smith? on a group of socially disturbed males of 
relatively normal intelligence failed to show an increase in 
sex chromatin abnormality. 

These observations prompted us to undertake a survey 
of the sex chromatin pattern in a group of the mentally 
sub-normal who had been ‘institutionalized’ because of 
anti-social behaviour. Since this study was begun a 
report of a similar survey has appeared’. 

Rampton and Moss Side Hospitals are State hospitals 
for patients who require special security on account of 
persistent violent or aggressive behaviour. The patients 
are mentally sub-normal and have been referred by the 
Courts or transferred from other mental institutions. 
Twenty-one sex-chromatin-positive males were detected 
among 942 male patients, an incidence of 2-2 per cent. 
Two of the 420 female patients examined had two sex 
chromatin bodies, an incidence of 0-49 per cent. On 
examining the chromosomes, twelve of the twenty-one 
sex-chromatin-positive males had 47 chromosomes and 
an XXY sex chromosome constitution. Seven had 48 
chromosomes and an XXYY complement. Two male 
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patients were presumed to have XXY/XY mosaicism. 
The majority of the cells analysed for chromosome com- 
plement in both female patients with two sex chromatin 
bodies had 47 chromosomes. Both female patients had a 
sufficiently large percentage of cells with 46 chromosomes 
to indicate the presence of XXX/XX mosaicism. 

The frequency of sex-chromatin-positive males at 
Rampton and Moss Side Hospitals is compared with the 
frequency of similar males in other institutions for the 
mentally sub-normal in Table 1. There is a statistically 
significant excess of sex-chromatin-positive males at 
Rampton and Moss Side when compared with institution- 
alized mentally sub-normal populations where persistent 
violent or aggressive behaviour is not a feature (x? = 
217, n = 1, P < 0-001). The incidence at Rampton and 
Moss Side does not differ significantly from that in a 
similar population in Sweden (Table 1). The frequency of 
females with two sex chromatin bodies is not significantly 
different from that observed in other institutions for the 
mentally sub-normal (Table 2). 

It is thus tempting to refer the increased incidence of 
sex-chromatin-positive males to violent or aggressive 
behaviour. It was, however, noted that the patients at 
Rampton and Moss Side have a, higher intelligence quotient 
(mean 77-3 + 14:07) than patients in other institutions 
for the mentally sub-normal. Since it is recognized that 
the incidence of sex-chromatin-positive males among the 
institutionalized mentally sub-normal is proportional 
to the intelligence quotient‘-?, being highest in the range 
of more than 50, it might be expected that a higher fre- 
quency of sex-chromatin-positive males would be found in 
Rampton and Moss Side than in other institutions for the 
mentally sub-normal. None the less the unusual distribu- 
tion of the type of sex chromosome abnormality observed 
suggests that the observed high incidence is not simply 
a reflexion of higher mtelligence quotient. There is an 


“extraordinary excess of individuals with an XXYY 


chromosome complement (Table 3). Indeed, it may 
reasonably be suggested that this high incidence at 
Rampton and Moss Side is attributable entirely to an 
excess of patients with two Y chromosomes. 


Table 1. FREQUENCY OF SEX-CHROMATIN-POSITIVH MALES IN INSTITUTION- 
ALIZED MENTALLY SUB-NORMAL POPULATIONS 


No. of sex- 
Total No chromatin- Incidence 
Population of positive yx, 
patients patients 
Institutions for the mentally sub-normal 
without persistent violent or aggressive : 
behaviour (refs. 4-6, 8-13) 10,685 90 084 


Rampton and Moss Side. Hospitals for 

the mentally sub-normal requiring special 

security on account of persistent violent 

or aggressive behaviour 942 21 22 
Criminal or hard to manage males of sub- 

normal intelligence, Forssman and 

Hambert (ref. 3) 760 15 20 


Table 2. FREQUENCY OF FEMALES WITH TWO OR MORE SEX CHROMATIN 
BODIES IN INSTITUTIONALIZED MENTALLY SUB-NORMAL POPULATIONS 


No.of . - 
patients 
Total with Zor Incidence 
Population No. of | more sex yA 
patients chromatin 
bodies 

Institutions for the mentally sub-normal 
without persistent violent or aggressive 

behaviour (refs. 10-12, 14-16) 8,047 24 0-40 
Rampton and Moss Side. Hospitals for the 
mentally sub-normal requiring special 
security on account of persistent violent 

or aggressive behaviour 420 2 0 49 


Table 3. TYPES OF ABNORMAL SEX CHROMOSOME COMPLEMENT FOUND IN 
- SEX-CHROMATIN-POSITIVYE S 


Chromosome complement 


Habi Population XXY XXYY Other Total 
abies 
Maclean et al. (ref. 17) 12 1 5 18 
Institutionalized mentally sub-normal 
Maclean eż al. (ref. 10) 16 2 10 28 
De la Chapelle (ref. 11) 5 0 1 6 
Rampton and Moss Side K 12 7 2 21 


NATURE 


February 5, 1966 vor. 209 


The nature of offences committed prior to admission 
by the 21 sex-chromatin-positive male patients at Rampton a 
and Moss Side was compared with the behaviour patterns 
of a randomly selected group of controls from the re- sm- 
mainder of the Rampton population. No statistically 
significant difference in behaviour pattern between these 
two groups of patients was observed. However, certain 
trends are suggested. The sex-chromatin-positive patients 
tended to abscond more frequently than the controls 
and they committed less homosexual or heterosexual 
offences. There were no significant differences in type 
of behaviour disorder between the XXY and AXYY 
patients. ; 

Features of Klinefelter’s syndrome were present in 
each of the patients with a simple XXY or XXYY 
chromosome complement. The patients with an XX YY 
sex chromosome complement were taller than those with 
an XXY complement, but the difference is not statistic- yc. 
ally significant. The difference in height is entirely due to *** 
the Pubic-Sole measurement and becomes significant if 
previously reported cases!*?° are taken into account. 
The mean measurement for patients of karyotype XXY 
is 89-4 om (o = 5-67, n = 76) and for patients of karyo- 
type XX YY 94-8 cm (o = 7-7, n = 16). This confirms 
the suggestion by Barr!® and Bray and Josephine” that 
the extra Y chromosome has some effect on growth. The 
two patients with XXY/XY mosaicism had normal-sized 
testes and normal secondary sex development. 

We thank Dr. J. N. McDougall, medical superintendent 
of Moss Side Hospital, for permission to study the patients 
in his care and to the medical and nursing staffs of Ramp- 
ton and Moss Side Hospitals for their full co-operation. 
This investigation was supported in part by a grant 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, February 7 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London: 
Du Cane Road, London, W.12), at 4 p.m.—Dr. Q. M. Berlyne: “The Treat- 
ment of Chronic Renal Fallure”.* 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT BROTION (at Savoy Place, London, W.C.2), at 6.30 p.m Mr, W, S. 
Metcalf: ‘““Radio Astronomy”. 


Soorety OF CHEMICAL INDUSTRY, LONDON SEOTION (at 14 Belgrave 
Square, London, 8.W.1), at 6.30 p.m.—Dr, E. A. Mason: “The Chemical 
Industry of Japan", 


INSTITUT FRANÇAIS DU ROYAUME-UNI (at Queensberry Place, London, 
S.W.7), at 8,15 p.m,.——French Scientific Films. 


ROYAL GROGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 8.15 p.m.--Dr. Peter Beighton: “Easter Island People”. 


Tuesday, February 8 


+, UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
>e Gower Street, London, W.C.1), at 1.15 p.m.—Dr. Jane Abercrombie: “Eidu- 
~ cating for Change’’.* 


_ ROYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, $.W.7), at 
a pa e A. H. 8. Megaw: “Excavations in Euboea, Kythera, and the 
yclades”, 


ZOOLOGIOAL Socrery OF LONDON (at the Zoological Gardens, Regent's 
Park, London, N.W.1), at 5 p.m.—Sceientific Papers. 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Royal 
Society of Tropical Medicine, 26 Portland Place, London, W.1), at 5.80 p.m. 
mean A. G. Strong: “Sealants”; 7 p.m.—Mr. A. Randell: “Surlyn A Ionomer 
Resins”. 


ROTAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 5.30 p.m. 
Sir “Lawrence Bragg, O.B.E., M.C., F.R.S.: ‘Properties of Matter TI”, 
(Afternoon lecture for Sixth Form Boys and Girls from Schools in London 
and the Home Counties. To be repeated on February 9, 15 and 16.) 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C 1), at 5.80 p.m.-—Dr. 
0. Rashbass' “The Control of the Direction of Gaze”. (Highth of fifteen 
lectures on "The Scientific Basis of Medicine” organized by the British 
Postgraduate Medical Federation.)* 


Wednesday, February 9 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 2 p.m.—Dr. L. E. Glynn: “The Bole of 
Auto-Immunity in Pathogenesis”.* 


INSTITUTION OF ELECERONIC AND RADIO ENGINEERS, Jornt I.E.E./ 
LER E. COMPUTER GROUPS (at the Institution of Electrical Hngmeers, 
Savoy Place, London, W.C.2), at 5.30 p.m—Dr. F. G. Heath, Mr. M. G. 
paket Mr. D. Green and Mr. S. Saleeb: “The Manchester Digital Traffic 

or”, 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, ELECTRO ACOUSTIOS 
GROUP (at 9 Bedford Square, London, W.C.1), at 6 p.m.—Mr. A. R. Rangabe: 
“Trutrack—~a New Approach to Low Side Thrust Transcription Arms”. 


SOCIETY oF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineering 
Department, Imperial College, London, 8. W.7), at 6 p.m.— Mr. F. B. Duffield: 
“Transducers for Instrumentation”. 


SooreTy OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRIMTON PANEL (at 
14 Belgrave Square, London, S.W.1), at 6 15 p m —Dr. L. Golberg: “The 
Toxicology of Food Additives—The Present Position”, 


CROYDON NATURAL HISTORY AND SOIENTIFIO Soorery (in the Maple 
Room, Fairfield Halls, Croydon), at 7.30 p m.—Dr. Q. P. L. Walker: “Some 
Aspects of Atlantic Geology”. 


Thursday, February 10 


= UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
-: Gower ahd London, W.C.1), at 1.15 p.m.—Dr, L. E, Westrum.: ‘Views of 
olynesia’”’, 


ROYAL Socrery (at Porington House, Piccadilly, London, W.1), at 4.30 
.m.—-Prof. R. A. Hinde, F.R.S.: “The Use of Sub-Human Primates for 
fudying the Effects of the Early Social Environment on Later Behaviour”. 


INSTITUTE OF PETROLEUM (af 61 New Cavendish Street, London, W.1), 
at 6.30 p.m.—Mr. J. G. Withers and Mr. L. Martiand: “The Relationship 
Between the Oll and Automotive Industries”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.0.1), at 6.80 pm-— 
Prof. H. J. Evans: “Actions of Radiations on Chromosomes”. (Ninth of 
fifteen lectures on “The Scientific Basis of Medicine’ organized by the 
British Postgraduate Medical Federation )* 


TELEVISION Soorery (in the Conference Suite, I.T.A., 70 Brompton Road, 
enon, 8.W.3), at 7 p.m —Mr. G. Cox: “The Independent Television News 
ervice”’. 


Friday, February ! | 


INSTINUTE OF RURAL LIFE AT HOMB AND OVERSEAS (at Friends Inter- 
national Centre, Courtauld House, B g Pinos, London, W C 1), at 1.15 p.m. 
— Miss Helen M. Wallis, M.B.E.; “The Women of Sarawak”, 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m. 
Dr. 8. Brenner, F.R.S.: “The Genetic Code”. 


Saturday, February 12 


f; BRITISH MIOROOIRCULATION SOCIETY (at the Wolfson School ot Nursing, 
Westminster Hospital, Vincent Square, London, S.W.1), from 10.30 a.m. to 
HS p.m.—Papers In the general flelds of “‘Microcirculation and Biorheology”’. 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 3.80 p.m.—Mrs. Charmian Biernoff: 
*“Sorkun—a Village of Potters in North West Turkey” * 
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Monday, February 14 


UNIVERSITY OF LONDON (at the Middlesex Hospital Medical School, 
Mortimer Street, London, W.1), at 5.15 p m.—Prof. Theodor Bicher (Uni- 
versity of Munich): “Dynamics of Liver Metabolism”. (Further lecture on 
February 17.)* 


UNIVERSITY OF LONDON {in the Anatomy Theatre, University College, 
Gower Street, London, W.G.1), at 5.80 p.m.—~Dr. James D. Ebert (Carnegie 
Institution of Washington): “Interacting Systems in Development: I. 
Beyond the Ribosome’’.* 


APPOINTMENTS VACANT 


APPLIOATIONS are invitec for the following appointments on or before the 
dates mentioned: 

CHAIR OF COMPUTING SCIENCE-~The Registrar, University of Essex, 
Wivenhoe Park, Colchester. Essex (February 12). 

LECTURER (with a gooc degree in physiology, biochemistry, pharma- 
cology, chemistry, medicine or zoology) IN THE DEPARTMENT OF PHYSIOLOGY 
AND BIOCHEMISTRY—The Deputy Secretary, The University, Southampton 
(February 12). 

LECTURERS (2) (preferably specialized in either urban geography or Latin 
America) IN GEOGRAPHY-—-The Secretary of the University Court, The 
Univerzity, Glasgow (Febrcary 13). 

LECTURER IN THE DEPARTMENT OF PHYSIOLOGY, University of Melbourne, 
Australig—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, 8.W.1 (Australia and London, 
February 14). 

LEcTURERS (2) IN ENGINEERING Matuxuarics—The Registrar, The 
University, Newcastle upon Tyne, 2 (February 14). 

RESEARCH ASSISTANT (male or female honours graduate in any of the 
biological sciences including medicine) IN TissvR CULTURE IN THE DEPART- 
MENT OF ANATOMY—The Registrar, University College, Cathays Park, 
Cardiff (February 14). 

SENIOR LECTURER IN SocioLtoGy-—The Registrar, University of Warwick, 
Coventry, Warwickshire (February 18). 

LECTURER IN EDUOATION COMBINED WITH PHYSICAL SOIENOES; and a 
LECTURER IN EDUOATION COMBINED WITH BIOLOGIOAL ScIENCES—The 
Assistant Registrar (Estatlishment), The University of Sussex, Stanmer 
House, Stanmer, Brighton, Sussex (February 19) 

ASSISTANT (preferably with a special interest in human geography) IN 
GEoGRAPHY—The Secretary-and Bursar, University College, Dublin, Republic 
of Ireland (February 21). 

LECTURER IN STEROID EIOCHEMISTRY -The Seeretary of the University 
Court, The University, Glasgow (February 21). 

LECTURER (with a disticguished academic record in pure mathematics, 
applied mathematics or Meco IN THE SCHOOL OF MATHEMATIOS, Uni- 
versity of New South Wales, Australia—The Association of Commonwealth 
Universities (Branch Office:, Marlborough House, Pall Mall, London, 8.W.1 
(Australia and London, Fekruary 265), 

LECTURER IN MEDICAL PHysi0s-—The Registrar, The University, Man- 
chester, 13, quoting Ref. 12/66 (February 26). 

LECTURER IN THE DEPARTMENT OF PHYSIOLOGY—The Secretary, The 
University, Aberdeen (February 26). 

LECTURER (with a special interest in enzymology) IN BIOCHEMISTRY—The 
een, University Collegs of Swansea, Singleton Park, Swansea (February 

EOTURER (graduate in sGence, Puma or medicine} IN PHARMACOLOGY 
—The Registrar, University of Strathclyde, George Street, Glasgow, C.1 
(February 28 ; 

LECTURER TO SPECIALIZE IN BIOOREMISTRY-—The Registrar (Room 39, 
O.R.B.), The University, Reading (February 28). 

LECTURER (with a gong degree, preferably with honours, and well qualified 
and experienced in the teazhing of one or more of the following subjects 
mathematics, biology or chemistry) IN THE DEPARTMENT OF EDUCATION, 
University of Hong Kong—tThe Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Hong Kong 
and London, February 28>. ; 

LECTURER (with either teaching or industrial experience in the physical 
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The University, Glasgow (April 1). 

UNIVERSITY RESEARCH FELLOW IN THE HISTORY AND PHILOSOPHY OF 
SCIENCE IN THE DEPARTMENT OF PHILOSOPHY—The Registrar, The Uni» 
versity, Leeds, 2 (April 4). 

ASSISTANT LECTURER to assistin the teaching of general geology as part of a 
scheme of study in earth sciences—The Registrar, University College of 
North Wales, Bangor, North Wales (April 80). 

SECOND CHAIR OF ELEOTRIOAL ENGINEERING--The Registrar, University 
College of Swansea, Singleton Park, Swansea (April 30). 

CHIEF TECHNICIAN IN THE DEPARTMENT OF ZOOLOGY, to be in charge of the 
technical staff (25) of the laboratories—The Secretary, University of Edin- 
burgh, Old College, South Bridge, Edinburgh, quoting Ref. No. CT/Z/1/66 

MASTER TO TEAOH MATHEMATICS WITH SUBSIDIARY PHYSICS; and 4 
een TO TEACH PuHysicS—The Headmaster, Epsom College, Epsom, 

urrey. 

PHYSICAL CHEMISTS (young graduates) to do research in inorganic thermo- 
chemustry and thermodynamics and on vapour phase reactions, partly at high 
temperature—The Director of Research, Fulmer Research Institute, Stoke 
Poges, Bucks. 
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ELECTRICAL AND ELECTRONIC 


HE seventh report from the Estimates Committee 

for the session 1964—65*, dealing with electrical and 
electronic equipment, is of far wider scientific interest than 
The Sub-Committee 
which examined the Defence Estimates and relevant 
sections of the Civil Estimates, more particularly the 
Votes for the Ministry of Aviation, was told by one 
witness that electronics was a technique, a modern tech- 
nology in the same sense as hydraulics or mechanics. 
Moreover, while equipment such as radar sets can be 
clearly defined as electronics, other equipment which may 
embody electronic techniques cannot be regarded solely as 
electronic. It was difficult for the Sub-Committee to deter- 
mine with any accuracy how much was spent by or for the 
Services on electrical and electronic equipment; further- 
more, much of the expenditure on research and develop- 
ment, borne largely by the Ministry of Aviation, was 
regarded as classified and could not be published. 

In encountering this problem of security the Estimates 
Committee touches on one of the aspects of its enquiry that 
is of major scientific interest. There is indeed nothing 
new about the practical difficulties of security which 
confronted the Committee, and its approach is eminently 
sensible and reasonable. In its fourth report, for the 
session 1946-47, the Select Committee on Estimates noted 
the reluctance of departments to supply information on 
defence matters, and the present Committee recognizes 
that there has since been some improvement. It also 
recognizes that, from the point of view of security, elec- 
trical and electronic equipment is a highly sensitive sub- 
ject: it would be wrong to seek to disclose, for example, 
details of research in progress at the research establish- 
ments of the Ministry of Aviation. The Committee did 
not find it easy to determine in all cases what was or 
was not secret or confidential, and respect for or deference 
to the views of the department concerned has necessarily 
restrained some of the Committee’s comments. Inevit- 
ably, this has to some extent diminished the impact of 
those comments. 

The Committee itself is not entirely satisfied with this 
situation and is far from convinced of the necessity for 
secrecy on, for example, levels of stockholding or siting 
of equipment. Furthermore, a department was, on 
occasion, forced to admit the absence of any real reason 
for its request that certain evidence should not be pub- 
lished. The enquiry also brought to light the existence of 
clear inconsistencies between the defence departments. 

The Committee was not, however, so much concerned 
about the problems caused by such unnecessary security. 
Its real anxiety arises from the danger to national security 


-which this practice presents. As the Estimates Committee 


rightly emphasizes, regular classification of information 
which can safely be disclosed causes the system to become 
meaningless and brings it into disregard. As a result, 
information of a really secret nature ceases to have 
adequate protection. The importance of this point was 
made in-the Radcliffe Report on Security Procedures in 


* Seventh Report from the Estimates Committee, together with part of 
the Minutes of the Evidence taken before Sub-Committee C, Appendixes and 
Index, Session 1964-65. Electrical and Electronic Equipment for the 


i Services. Pp. Hit +275. (London: H.M S.0.. 1965) 278. 6d. net. 
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the Public Service and more recently, by implication, 
in the report of the Standing Security Commission. 

The Estimates Committee is content to leave the 
question of security procedures with the remark that @ 
realistic approach to security classification in the defence 
departments and the Ministry of Aviation is essential for 
proper control of really secret information. Too often 
there is a general tendency for departments to classify 
certain information and to refuse to disclose it, not- 
because disclosure would prejudice national security, but- 
because it might involve departmental inconvenience. 
The Committee might have added that security depends 
not so much on an eppropriate mechanical system as on 
intelligence and continued hard critical thinking which, 
as already noted, restricts the classified material to the 
essential minimum. 

Scientists and tecknologists, who are well aware of the 
vital need for informed public discussion of so many of 
the issues raised by the invention and development of 
scientific equipment, should be grateful to the Estimates 
Committee for the clarity and firmness with which this 
vital issue is presented. The view of the Committee that 
it is entitled to as much information as possible, consistent 
with national security, is reasonable; the request is made, 
moreover, in a context which indicates full awareness 
that this information will form the basis of public dis- 
cussion. In the field of electronics, informed discussion 
in Britain has been handicapped by information which is 
inadequate when compared, for example, with that given 
to the Congress of tha United States. As a Parthian shot, 
the Committee points out that, with rapidly evolving 
techniques, a piece of electronic equipment may be highly 
secret one year and almost obsolete the next. The first 
of the Committee’s twenty-one recommendations is that 
a thorough-going review should be undertaken of the 
security classification of electrical and electronic equip- 
ment for the Services, including the desirability of regular 
re-classification after a lapse of time. This recommendation 
calls for immediate Implementation by any Government 
professing to be corcerned with economic efficiency as 
well as security. It ismo party issue and the Parliamentary 
and Scientific Committee might well press the matter 
firmly. 

The next issue raised in this report of prime concern 
to the-scientist and technologist i is that of research. This 
is con idered at some length in the section of the report 
which |deals with the system for obtaining equipment, 
and b shind the Committee’s approach is a concern with 
the fi ilure of present procedures to overcome the diffi- 
culties caused by constantly increasing costs which may 
be one cause of delay in bringing a project to fruition. 
The history and cost of any project begin with research, 
and for electrical and electronic equipment the cost and 
responsibility for research are borne almost entirely by 
the Ministry of Aviation. The function of the research 
programme of the Ministry is briefiy described, in a 
memorandum submitted in evidence, as consisting of 
research in support of projects to meet operational 
requirements and general research with the- object of 
increasing the Ministry’s knowledge and authority to 
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assist in formulating future requirements and in super- 
vising development work carried out by industry. 

The research work is undertaken largely within the 
Ministry’s own establishments, although contracts are 
placed with industry for the investigation of particular 
aspects. The establishments concerned with electronic 
research and development are the Royal Radar Estab- 
lishment at Malvern, the Signals Research and Develop- 
ment Establishment at Christchurch and the Radio 
Department at the Royal Aircraft Establishment, Farn- 
borough. The Estimates Committee was concerned 
mainly with the direction of this effort, and its division 
between industry and these establishments of the Ministry 
of Aviation. It admits that secrecy considerations hindered 
the discussion of specific questions, since neither the 
nature nor the cost of certain research could be disclosed. 

The Ministry’s research and development programme is 
controlled within the department by the Research and 
Development Board, of which the Permanent Secretary 


is Chairman and on which the Central Department of the ` 


Ministry of Defence is represented, while representatives 
of the Service Departments attend as necessary. Other 
members of the board are the Chief Scientist, the Deputy 
Secretaries, the Controller of Aircraft and the Controller 
of Guided Weapons and Electronics. The two Controllers 
are executively responsible for the research, development 
and production programmes, while the Chief Scientist, 
advised by the Directors-General of Research and Develop- 
ment and the various Directors of Research, is responsible 
for co-ordinating the broad research programme of the 
Ministry as a whole. There is close day-to-day liaison 
between the Ministry of Defence Departments and the 
Ministry of Aviation in formulating requirements, and this 
close association continues throughout the development 
programmes. Altogether, nearly eleven hundred profes- 
sional and technical staff are engaged at the headquarters 
and at other establishments of the Ministry in supervising 
aimed research, development and production of electrical 
and electronic equipment. 

Each Director-General reviews his technical area at 
half-yearly intervals, the Chief Scientist dealing with all 
his establishments on an annual basis. There is also the 
Electronics Research Council, which includes eminent 
scientists in the field of electronics, as well as repre- 
sentatives from the Ministry of Aviation and the Ministry 
of Technology. Formally, the Electronics Research Coun- 
cil reports to the Minister of Aviation, but in practice its 
work is seen essentially as feeding in new ideas for research. 

Expenditure on research in the establishments of the 
Ministry of Aviation mecreased during 1964-65 and is 
greater than that on research contracts with industry, 
although representatives of the Electronic Engineerng 
Association suggested in evidence that industry, from its 
own funds, was spending between £3 million and £4 million 
& year on research. This sumis distinct from that expended 
by the Ministry on research contracts with industry, which 
is described as an “adjunct of the research programme of 
the establishment which sponsors the contracts”. Ex- 
penditure on research contracts with industry has not 
varied greatly in recent years, although it was stated in 
evidence to the Committee that it was the policy of the 
Ministry of Aviation to increase the amount of research 
undertaken in industry and that this was being carried 
out. 

The Estimates Committee recognizes the importance of 
ensuring that there is no wasteful overlapping in the 
research carried out by the Ministry’s establishments and 
by industry, and that the Ministry is fully aware of what 
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is happening in industry, not only with ‘pada to research 
contracts sponsored by the Ministry but also in the general’ 
programme of industrial research. Some duplication of 
effort between individual firms may be desirable: a wit- 
ness from the Electronic Engineering Association thought 
that some duplication of research before a problem was 
solved might be beneficial because, on occasion, one of 
several teams might arrive at a solution which would be 
missed by another team. Duplication of effort between 
the Ministry of Aviation and industry in the field of 
specific research contracts is another matter, but neither 
the Ministry nor the industry considered that such’ un- 
desirable duplication existed. The flow of information 
from the research establishments to industry was regarded 
as good and the research establishments of the Ministry 
were said to have a remarkably wide knowledge of what 
was going on in industry. Rightly, the Estimates Com- 
mittee insists that this awareness must continue to be 
maintained and it regards a regular series of progress 
reports from all electronics firms, given in close con- 
fidence, to be an essential part of the research planning 
of the Ministry of Aviation. 

The extent to which Government-sponsored research 
should be undertaken by industry is a difficult question.. 
The Electronic Engineering Association accepted that 
some research must be carried out in Government estab- 
lishments but, at the same time, thought that industry 
should continue to conduct a fair proportion of research, 
particularly in materials and where the techniques, the 
technology and the knowledge lay close to the production 
process and the knowledge of industry. Here industry is 
generally better equipped to visualize the commercial 
prospects arising from particular lines of research and to 
exploit them. On the other hand, in general research it 
is essential for Government establishments to possess 
systems experts who are familiar with all the broad 
complex of new equipment and its techniques, and who 
are competent to consider how such equipment can be 
brought together into a coherent whole. Nor, again, 
can the Ministry of Aviation’s establishments supervise 
the technical work on development of equipment by 
industry unless they possess the knowledge and authority 
derived from participation in such research. 

The Estimates Committee recognizes the force of these 
arguments but, without lessening the control of expendi- 
ture exercised by the Ministry of Aviation, it suggests 
that the number of individual research contracts given to 
industry might be increased with advantage. It is also 
possible that research in a given field may enable a firm, 
which in any event may have to carry out the develop- 
ment programme for the project, to increase its proficiency 
and thus lessen the eventual cost of development. The 
second recommendation of the Committee is, accordingly, 
that the Ministry of Aviation should review the pro- 
gramme for individual research projects with the view 
of increasing the proportion of contracts placed with 
industry. 

. The most crucial phase in the procurement of equipment 
is development, and the next section of the report deals 
in some detail with the three main phases towards full 
development. Before considering recommendations of the 
Committee here, it may be as well to note some questions 
regarding organization on which, for all their restraint, it 
was apparent that the Estimates Committee had some 
reservations, if not misgivings. Its enquiry into the 
organization of research failed, for example, to elucidate 
the position or function of the Chief Scientific Adviser. 
It would seem from the Minutes of Evidenee that the 
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relations of the Ministry of Aviation and the Ministry of 


4, Defence may well have prevented him from conducting 


just such an enquiry as the Estimates Committee was led 
to make. 

The whole picture of ministerial relations which the 
report presents is one of confusion. This extends to the 
Ministry of Technology also and to the Ministry of 
Education and Science, embracing besides the Electronics 
Research Council, the Science Research Council and the 
Advisory Council for Technology. There is evidence of a 
lack of clear thinking on organization which almost cer- 
tainly must handicap effective management and control, 
and not even the Estimates Committee could withhold 
comment as to the nebulous function of the Ministry of 
Technology as the sponsor of the electronics industry. Tt 
points out, indeed, that the Treasury and the Stationery 


-* Office are also involved with computers but it maintains 


firmly that removal of this function of sponsorship from 
the Ministry of Aviation enlarges the gap between military 
and civil uses of electronics. This is the opposite of what 
is desirable, and such weighty criticisms will scarcely 
strengthen confidence in the wisdom of extending the 
sponsorship responsibilities of the Ministry of Technology 
to the electrical industry as a whole. 

The Estimates Committee was convinced that the 
present division of departmental responsibility does not 
lend itself to the bold decisions which are necessary. The 
Committee felt that extensive reorganization of the struc- 
ture of the departments is essential if they are to cope 
with the ever-increasing complexities of one of the most 
rapidly evolving technologies. The structure of Britain’s 
.- research effort in civil science cannot yet be regarded as 
settled, perhaps even less its relation with Britain’s effort 
in defence research. The most effective means of control 
and of efficient use of trained manpower has still to be 
established, and in the light of this enquiry the value of 
the changes made in the past two years is still unproven. 

In this context it should not escape notice that in the 
December issue of State Service the Institution of Pro- 
fessional Civil Servants makes strong representations to 
the Ministry of Technology that, unless urgent considera- 
tion is given to an alternative role in the civilian field. 
resources and staff at Aldermaston are in danger of being 
frittered away. In this article, Mr. J. Lyons advances the 
idea that Aldermaston might become a major regional 
laboratory for engineering technology, basing the proposal 
on Aldermaston’s ability to undertake prototype work 
“Y for industry, specializing particularly in metallurgical, 
mechanical, electronic and computer applications. It 
could undertake contract work which industry is not 
equipped to handle and in this way Aldermaston could 
be developed into a centre available not only to industry 
but also to universities, colleges of technology and 
Government departments. 

Mr. Lyons presents a reasoned argument, and the way 
in which the Minister of Technology handles this problem 
of an alternative role for Aldermaston may well be a 
touchstone of his own competence. Neither the Ministry 
of Defence nor the Ministry of Technology is shown in a 
good light by the Estimates Committee’s examination of 
development in the present report, although the Com- 
mittee recognizes that the adopted procedures do, in fact, 
follow the ideas laid down in the Zuckerman Report on 
the Management and Control of Research and Develop- 
ment. The main object of the Zuckerman Report was to 
emphasize the importance of the project investigation as 
a basis of decision whether or not to proceed to full 
development. The Committee admits that these proce- 
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dures have inherent Cifficulties in the correct estimation 
of cost and in the time factor involved, speed being 
essential if rising costs are to be avoided. 

The Electronic Engineering Association suggested that 
the Zuckerman procedures might be accelerated by more 
research in techniques-in advance of a project programme, 
by close co-operation between the Ministry and industry, 
and by an effort, during the feasibility study or project 
study, to resolve the major points towards the end of the 
time allotted for the study. The Ministry of Aviation 
accepted the first suggestion, with a minor qualification, 
and the Estimates Committee believes that their recom- 
mendation for increasing the number of research contracts 
in industry will also halp. In spite of reservations by the 
Ministry of Aviation and the Ministry of Defence, the 
Estimates Committee was unconvinced that the decisions 
could not begin to be taken at a rather earlier stage, as 
proposed in the third suggestion. Accordingly, it recom- 
mends that, wherever possible, interim reports of feasi- 
bility studies and project studies should be made so as to 
facilitate preliminary decisions whether to proceed to the 
next phase. 

The Estimates Committee was not entirely satisfied 
with the amount of control exercised by the Ministry of 
Aviation over the development contract. This is of the 
highest importance not only because of the expense 
involved in development and the need to ascertain costs 
accurately as soon as possible but also because of the 
very close link betwean development costs and costs of 
production. The Committee recommends, therefore, that 
the Ministry of Aviation should, in consultation with the 
Treasury, ensure that the Contracts Division is so staffed 
that a technical cost estimator can be attached to and 
remain with each major contract throughout its develop- 
ment and production phases. It also recommends that 
the Ministry should seriously consider the further reorgan- 
ization of the staffing of this Division. 

These are probably the major recommendations of the 
Estimates Committee, as they are those of the greatest 
scientific and technical interest, though the principle of 
the research and development levy, fixed as a percentage 
of the selling price on any goods sold to third parties, is 
questioned, and a review recommended in relation to the 
exports of electrical and electronic equipment. For the 
rest, the Estimates Committee’s report touches on pro- 
duction and inspection, reviews the system in practice 
and the control and handling of electrical and electronic 
equipment in service, more especially the use of auto- 
mation in storekeepirg and the future programme: for 
computers for the Services. It touches on the difficult 
problem of the interdependence of the purchase of foreign 
equipment and exports and most of its recommendations 
relate to these matters. 

Nevertheless, the main. value and interest of this report 
from the Estimates Committee lies first in its searching 
comments on secrecy and security procedures, and 
secondly in the questions which it raises regarding the 
organization of research and its relation to development. 
It is here that the critical issues he: here also are tested 
the competence as well as the organization of depart- 
ments. What stands out above all is the need for some 
clear and unprejudiced thinking on all these issues, for 
constructive criticism as well as open-mindedness, for a 
readiness to reconsider in fact whether the independent 
existence of particular Ministries hke those of Technology 
and of Aviation is really justified, and whether the func- 
tions of these Ministries would not be more appropriately 
redistributed in the Ministry of Defence and elsewhere. 
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RECENT METALLURGICAL ADVANCES 


The Theory of Transformations in Metals and Alloys 
An Advanced Textbook in Physical Metallurgy. By J. W. 
Christian. (International Series of Monographs in Metal 
Physics and Physical Metallurgy, Vol. 7.) Pp. xvi+ 973. 
(London and New York: Pergamon Press, 1965.) 190s. 
net. 


Lattice Defects in Quenched Metals 

Edited by R. M. J. Cotterill, M. Doyama, J. J. Jackson 
and M. Meshi. {An International Conference held at the 
Argonne National Laboratory, June 15-17, 1964.) Pp. 
xxii + 807. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1965.) 176s. 


Proceedings of the Joint International Conference on 
Creep 

New York, 25—29th August 1963; London,\30th Septem- 
ber-4th October 1963. (Sponsored by the American 
Society of Mechanical Engineers; the American Society 
for Testing and Materials; and the Institution of Mechani- 
cal Engineers.) Pp. xvii+972. (London: The Institution 
of Mechanical Engineers, 1965.) 160s. 


R. J. W. CHRISTIAN has produced a magnificent 
work of scholarship which must have occupied many 
years of investigation. The Theory of Transformations in 
Metals and Alloys is at once, at an advanced level, both a 
text-book for those interested in transformations, and a 
reference book for a wide range of research workers. 
The approach is totally different from those of past authors. 
Classification and definition of transformations occupy a 
chapter, since the author includes many solid-state changes 
and not only phase reactions. His preface claims, rightly, 
to include “every major kinetic effect in physical metal- 
lurgy and solid state physics, with the notable exception 
of plastic deformation by slip”. Twinning is included, and 
lattice defects, since they are involved in martensitic 
transformations and diffusion. 

The discussion is exceptionally well done in the standard 
text-book topics of lattice geometry, point defects, 
boundaries, and diffusion. The author has used vector 
analysis and matrix algebra, particularly the latter, but 
has also illustrated the main points to give a corresponding 
physical picture whenever possible. As the author 
suggests, undergraduates in honours schools should be 
capable of coping with the text, but graduate students 
are likely to be the main readers. 

To take one example from this book, the classical 
theories of nucleation and growth processes are followed 
by a chapter on transformation kinetics, and a gentle 
follow through to growth of crystals from the vapour 
phase and on to solidification and melting. This section 
forms perhaps the most complete treatment of this 
particular subject ever to appear. References up to 1962 
are included, with one or two up to 1964 added in proof. 
Where little experimental work has been carried out on a 
particular problem, the author wastes no time on pure 
supposition, as for example in dealing with the peritectic 
reaction. Where the reverse applies, as for Guinier— 
Preston zones in aluminium—copper alloys, -æ full treat- 
ment is given. i 

Many readers may well consider the book should have 
been split into two volumes, partly for content, and 
partly for ease of handling. Already my colleagues are 
devouring it. 

The other two volumes constitute the formal records of 
international conferences, suitably edited. In the case of 
Lattice Defects in Quenched Metals, the topics centred 
around, the use of a now well-established technique (the 
increase in lattice defect concentration by quenching from 
a high temperature) to explore numerous aspects in both 
metals and alloys. As with any similar technique, where 
advantage is taken of metastability to explore a material 
not in equilibrium under the conditions of experiment, 
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the value of the results lies in what can be interpreted by 
interpolation or extrapolation to different conditions. The 
papers presented in this volume achieve this end with 
varying degrees of success, but consolidate the technique 
as a means of exploring migration and binding energies, 
distinction between types of defect, and the role of 
impurity atoms. 

Experimental methods have largely overcome the 
most serious drawbacks, namely quenching strains and 
contamination of the specimen surface. The majority 
utilize electrical heating with immersion 1n liquid nitrogen 
or helium, quenching resulting from interruption of the 
heating current. Electrical resistivity remains the most 
favoured property for investigation of quenched-in defects, 
with density and stored energy close behind. Perhaps the 
most rapidly advancing techniques are those of internal 
friction and transmission electron microscopy of thin 
foils. Low angle scattering of X-rays is invaluable in 
work on agglomeration of vacancies or dislocation loops, 
but presents problems with certain materials. Magnetic 
measurements, particularly with ferromagnetics, are of 
value in cold worked and irradiated metals, but less so 
after quenching. 

The majority of papers recorded in this volume dealt 
with complex vacancy arrangements, that is, clusters 
associated with dislocations and stacking faults. The 
simpler forms, with more than two but less than one 
thousand vacancies involved, are less understood, particu- 
larly in their crystallographic character. Body-centred 
cubic metals were examined in two of the papers but the 
majority of attention, as usual, revolved around face- 
centred structures, since these are more amenable to this 
type of treatment. This volume is a valuable stepping 
stone to those workers concerned with lattice defects, but 
will probably be out of date in a few years’ time. 

The joint international conference on ‘“‘Creep”’ attracted 
three hundred delegates from twenty countries when held 
in New York, and four hundred delegates from twenty-two 
countries when repeated in London. Three prestige 
lectures, two sponsored by the two American institutes 
(with British speakers) and one sponsored by the Institu- 
tion of Mechanical Engineers (with an American lecturer), 
were included in the Proceedings. 

The subject of creep is of tremendous practical signific- 
ance in view of the rapid technological advances of the 
space age, and therefore attracts a wealth of more funda- 
mental work into the background science. This conference 
covered a very wide range of topics, from the relationships 
between metallurgical structure and deformation, through 
plasticity theory, thermal cycling effects, and design data, 
to the correlation of service data with laboratory tests 
and the effects of environment. Steels featured prominently 
as the most common material for this type of service, 
particularly in power generating stations, but magnesium, 
aluminium, and nickel-based, alloys appeared in the more 
basic science papers. 

Such a variety of materials, methods of approach, and 
objectives, whether basic or technological, creates a mess 
of mental pottage from which any attempt to extract a 
reasonably lucid précis would be both meaningless and 
impossible. The outstanding differences between the 
fundamental work and the service problems are such that 
intermediaries become necessary, to bridge the gap which 
alternately widens and narrows with succeeding con- 
ferences of this kind. Such organizations as the Central 
Electricity Generating Board and the Atomic Energy 
Authority in Britain, and the Atomic Energy Commission 
in the United States, must, and do, provide such liaison. 
The interpretation of creep parameters in terms of activa- 
tion energies and dislocation mechanisms requires careful 
experimentation with near perfect specimens, in order to 
achieve precision. The use of bulk quantities of steels in 
power generating equipment involves economic string- 
ency, preventing any close approach to perfection of 
chemical composition, metallurgical structure or homo- 
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geneity, quite apart from strict controls or evaluation of 
stress and temperature. The only parameter which can be 
measured with the same degree of certainty on both sides 
is time. 

It would not be unfair to say that nothing new came out 
of this conference in the scientific sense, but in the correla- 
tion of creep data with service life, a considerable step 
forward must result from the additional evidence supplied 
here. C. R. Torrie 


ROCK MAGNETISM TO-DAY 


Rock Magnetism 

By Prof. Takesi Nagata. Revised edition. Pp. vui-+ 350. 
(Tokyo: Maruzen Company, Ltd.; New York: Plenum 
Press, 1961.) 9.50 dollars. 


OCK magnetism is that branch of geophysics that 

deals with the origin of magnetization in rocks and 
its stability. Workers in rock magnetism are also intérested 
in the phenomenon of self-reversal, that is, a rock acquiring 
a magnetic moment exactly opposed to the ambient 
magnetic field. It is necessary to point out that almost 
all the minerals that cause rocks to be magnetic are also 
electric insulators and often of very high coercivity. This 
makes them of interest to solid-state physicists as possible 
permanent magnet materials. It was the work on rock 
magnetism that first drew Néel’s attention to the possiblo 
existence of spontaneous reversal of magnetic moments 
in ferrites. Again, 1t was the work on the highly unstable 
red rocks containing haematite («-Fe,0,) that led Néel 
to the idea of ‘Superantiferromagnetism’. In spite of these 
occasions, when rock magnetism has been responsible 
for fundamental advances in pure magnetism, it has 
mostly lagged behind the advancing front of our knowledge 
of the magnetism of solids. An example of this can be 
found in the statement that if, when dropped or struck, 
bar magnets can lose their magnetization, how can rocks 
retain their remanent magnetization over geological time- 
scales ? To pose this question is to display ignorance of 
the concept of magnetocrystalline and shape anisotropy 
in solid-state physics. Rock Magnetism is admirable in 
this and other respects. 

This new edition includes references to almost all the 
new theories and discoveries in the field of magnetism 
of solids. Even though these references must, of necessity, 
be brief, they are there to guide the interested and enthusi- 
astic reader. It appears that, compared with the previous 
edition, the present one has been increased in volume 
by only a third. This, however, is not the case. There 
are twelve chapters now instead of the six in the previous 


edition. Also, some old chapters have doubled or more’ 


than trebled in size. This is the case for the chapter on 
“Outline of Ferromagnetism”’ and that on “The Natural 
Remanent Magnetism of Sedimentary Rocks”. This is a 
direct result of the increased application of the new 
techniques of solid-state physics to rock magnetism, 
and this trend will continue. Because it is such a fruitful 
and controversial field of research, many will query some 
statements made in Chapter 6 on chemical remanent 
magnetization. The phrase ‘chemical remanence’ is in 
itself a misnomer, because, as has been shown by the 
excellent work done in Prof. Nagata’s own laboratory, 
the new remanence in minerals undergoing a chemical 
change is produced not as a direct result of the chemical 
action or ionic migration but due to the growth of new 
crystallites through critical sizes. To describe it as ‘crystal- 
lization remanence’ would be more appropriate. On page 
213 it is claimed that “‘there is no magnetite in any normal 
red sandstone’. On the contrary, the very extensive 
work of Van Houten on the sedimentary petrology of 
these rocks shows the unambiguous presence of magnetite 
in red beds. Van Houten also shows a curious correlation 
between the Triassic and post-Triassic rocks, and the 
abundance of magnetite. 
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For the benefit of the uninitiated reader ıt must be 
mentioned that it can no longer ‘safely’ be said that all 
haematite in red beds ‘Shas been produced in situ by post 
depositional chemicel changes”. Similar criticisms also 
apply to misdirected use of the word ‘titanomaghemite’. 
If this is to be taken to mean, by analogy with titano- 
haematites, maghemite containing variable amounts of 
titanium, the titanium reducing the ferric ions but leaving 
the vacancies alone, is is one thing. But if it is also claimed 
that titanium fills the vacancies and stabilizes the meta- 
stable maghemite, the end-member of such a solid solution 
of titanomaghemites is a titanomagnetite! If expressed 
as a solid solution (x Fe,TiO, (1— æ) Fe,0,) the previously 
mentioned end-member of the titanomaghemite series 
will have «=0-33. There are also a few minor errors and 
omissions. On page 64, electromagnets are said to be used 
to produce strong alternating magnetic fields, and on 
page 272, Stacey’s main conclusion from compression 
experiments is omitted. This was that as long as the 
rock has no pronounced anisotropy to begin with, thermo- 
remanence cannot be deflected by pressure applied during 
geological time. 

Such criticisms apart, the volume is sure to prove a 
valuable source-book of information for geophysicists, 
geologists and physizists in that order. There are two 
very satisfactory chapters which deal with the application 
of rock magnetism to geology, pure and applied. The 
final chapter, on the history of rock magnetism, is bound 
to be of great help to future historians of science. In 
short, this book brings rock magnetism up from the level 
of a ‘stamp collectinz’ science to the present day. It is 
up to the geophysicists and physicists to-day to proceed 
further, to a complese ‘take-over’ by solid-state physics 
of rock magnetism. This, indeed, would be an admirable 
thing. SUBIR K. BANERJEE 
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PHYSICAL GEOGRAPHY OF 
THE OCEANS . 


The Physical Geography of the Oceans 
By Charles H. Cotter..Pp. 317. (London: Hollis and Carter, 
1965.) 35s. net. 


‘HE publication of The Physical Geography of the 
Oceans is a welcome sign of the increasing awareness 
of oceanography as sn important branch of study, from 
many points of view. It aims at providing a course in the 
physical geography f the oceans for students in the 
sixth forms of schools or in the first year at university. 
A good deal of basie physical oceanography is covered 
as well as a more derailed treatment of some aspects of 
particular interest to the geographer. 

The first chapter starts off by taking a global view, 
describing the distribution of oceans and continents, 
and going on to give a general account of the bottom 
topography of the oceans. This is done clearly and ade- 
quately for the most part, but it is rather surprising to 
see that the chart given of the Arctic Basin shows no 


sign of the Lomonosov Ridge, which divides this region 


into two distinct sub-basins. The origin of the continents 
and ocean basins is treated in the next chapter, which 
leads on from a histarical approach to more recent ideas 
on this subject. There are several points, however, m 
which the treatment has not been brought up to date. 
One diagram, for example, shows the earth’s crust as 
being thicker under the ocean than under the continent, 
contrary to the view now accepted. The boundary 
regions of the oceans: the coastlines and shores, islands 
and the ocean bed, including its deposits, are dealt with 
in several chapters. A separate chapter is devoted to 
coral reefs and islards, the origin of which provided 
one of the famous scientific disputes of the nine- 
teenth century and which is a subject of renewed interest 
to-day. 
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The weather and climate over the oceans are treated 
thoroughly, bringing out the interaction between the 
oceans and the atmosphere and its great importance 
to both. Ocean currents are treated quite fully, beginning 
with an account of the physical principles which influence 
currents of various types and going on to a description 
of the general circulation of the oceans. This is well done 
and includes references to some recent discoveries, such 
as the Cromwell Current in the equatorial Pacific. The 
chapter on tides, on the other hand, is the least satis- 
factory in the book. The concept of the equilibrium tide 
is wrongly defined and the misleading statement is made 
that the equilibrium tide 1s so close to the actual tide 
that tidal predictions are still largely based on the equili- 
brium theory. It is sad to see that old chestnut, Whewell’s 
1833 cotidal chart, reproduced as if it had any relevance 
to modern views of tidal oscillations in the Atlantic. 
There is a chapter on instruments used in oceanography 
and the book ends with a rapid historical survey, from 
Captain Cook to the International Geophysical Year. 
A. few mis-statements occur in various places throughout 
the book, which may mislead the unwary. Thus the 
sperm whale is not one of the whalebone whales and 
it is surprising to see it implied that nitrogen is needed 
for the formation of carbohydrates. It also seems a 
mistake to say that metallic sodium is extracted from the 
sea on a commercial scale. These are minor criticisms, 
however, of a book which should succeed in interesting 
many of the younger generation in the scientific study of 
the seas. K. F. BOWDEN 


MEDICINE FOR ALL 


Medicine in Modern Society 

Medical Planning Based on Evaluation of Medical Achieve- 
ment. By Prof. Thomas McKeown. Pp. 234. (London: 
George Allen and Unwin, Ltd., 1965.) 35s. net. 


O much of modern medicine has grown up in a frag- 
mentary and empirical manner that it is more than 
refreshing to find a book where the concern is only to 
promote a total medical service which will most efficiently 
satisfy the needs of society as a whole. To evaluate the 
existing overall position and to lay down guide-lines for 
the future, Prof. McKeown examines, in Medicine and 
Modern Society, the way in which our medical services 
have developed over the past three hundred years and the 
contributions they have made to the improvement of 
health. The main influences responsible for the advance 
of health have undoubtedly been the rising standard of 
living since 1770, associated with the industrial revolution, 
as well as the control of the physical environment (water, 
sewage and housing) from about the 1870’s. These 
influences have been accelerated ın the present century 
and have been assisted by specific medical measures 
applied to the individual, most of them arising from 
control of infectious diseases and from the discovery of 
new forms of chemotherapy. Except as a means of 
spreading knowledge, the contribution of the medical 
practitioner to improvement of health has been-rélatively 
slight; his main concern has been with the-alleviation of 
pain and suffering. 

To-day, the predominant medical issues which face 
technically advanced countries like Britain are those 
determined at the time of birth (abortions, foetal and 
early post-natal deaths, congenital malformations and 
disabilities), mental illness at all ages, and disease and 
disability associated with ageing. Since the control of 
inheritance has contributed little or nothing of practical 
value in the advance of health, the present-day medical 
problems are likely to yield most to the manipulation of 
the physical environment and the prevention and treat- 
ment of disease in the individual. As McKeown so rightly 
points out, further advance is anticipated in both these 
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directions and from modifications of personal habits 
injurious to the health of the individual (excessive 
smoking, consumption of alcohol, faulty nutrition) or of 
social behaviour which adversely affects the health of 
others (atmospheric pollution, excessive noise, job 
monotony). Despite these advances, however, many 
individuals (those handicapped from birth or mentally 
il] and the aged) will be left with periodical illnesses, and 
their continued treatment will need extensive medical 
care and treatment. 

To cope with all these demands, the expansion of 
medical services must be considerable. They should not 
be allowed to develop in the fixed pattern of earlier years, 
which, as this careful analysis shows, has led to “the 
separating of general, chronic and mental hospitals, the 
isolation of domiciliary from institutional medical care 
(due mainly to the relationship established between 
general practitioner and consultant) and the separation 
of preventive medicine under a public health service from 
the treatment services provided by general practitioner 
and hospitals”. 

McKeown’s long-term proposals for medical services 
are not unexpected. He recommends a balanced hos- 
pital community where all facets of hospital work are 
brought to the same site and where there is a common 
medical and nursing staff assigned to patients whose 
hospital care 1s not completed in an acute unit (particu- 
larly psychiatric and geriatric patients). Health centres 
should be staffed by groups of doctors and related health 
workers providing facilities complementary to the out- 
patient department of hospitals, which they would relieve 
of patients not requiring the hospital’s special facilities. 
The relationship of consultant to general practitioner 
should be considerably modified; ‘general’ practitioner 
should disappear and be replaced by ‘personal’ doctors, 
who would provide care in patients’ homes, health centres 
or hospitals and who would specialize either in obstetrics, 
paediatrics, as general physicians, or in geriatrics. A new 
type of administration of medical services is needed 
although the local authority ‘population’ approach to 
medical services and due emphasis on preventive measures 
should be retained. Prof. MeKeown also recommends a 
complete re-orientation of medical education so that 
medical students are able to see all types of patients and 
not the ‘special’ cases with which, by tradition, the 
teaching hospitals concern themselves. McKeown also 
discusses the administrative and financial implications of 
his sweeping proposals and makes appropriate recom- 
mendations. 

This is the burden of one of the most 1mportant medical 
books to be written for many years. Its purpose is not 
how to improve medical services for their own sake, but 


how to treat disease; not how to improve the lot of - 


doctors but how the general health of the community can 
be improved in all physical, mental and emotional aspects. 
It has relevance in underdeveloped as well as other 
countries. 

The book may be dismissed as being impractical and 
even absurd. Others may fairly say that, in its concept 
of medical planning, it does not go far enough. In his 
proposal for a balanced hospital community, for example, 
McKeown pays little regard to the transport problems of 
getting patients to and from a few very large hospital 
groups; his proposals would need to be carefully worked 
out with town and country planning consultants, who 
should pay as much regard to rural as well as urban needs. 
Nor would he satisfy many that he is rightly aware of 
how a hospital should be designed to meet patients’ true 
needs over the next thirty years; here much help would 
have to be obtained from specialists in method study, 
operational research and ergonomics. He would also have 
to exercise much more persuasion to convince many 
pregnant mothers—who have emotional as well as medical 
needs—-that their babies should not be born at home. 
His difficulties with consultants and medical practitioners 
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and local authorities need not be underlined. However 
“much these protest, and despite all the lamentations 
about cost, the proposals put forward in this most 
readable work are, in the end, largely bound to prevail. 
‘The inadequacies of modern medical services are so 
glaringly revealed in a book which is logically presented, 
skilfully written, and supported by periodic summaries 
to facilitate reading and understanding that it could well 
become a springboard to national remedial action. 
T. H. Hawkins 


CINEMICROGRAPHY IN RESEARCH 


Cinemicrography in Cell Biology 

Edited by George G. Rose. Pp. 500. (New York and 
London: Academic Press Inc., Ltd., 1963.) 18.50 dollars; 
1328. 6d. . 

JN the preface to Cinemicrography in Cell Biology, Dr. 
A Rose states that, “Although not to be considered a 
general textbook of Cinemicrography, this volume brings 
together significant perspectives of an analytical ap- 

-proach. . .”.. However, while Dr. Rose has done a great 

service to every biologist who reads the book--for he has 

` assembled a wide range of research papers linked by the 

“common denominator, the use of cinematography in 
research—a great opportunity to produce a more compre- 
hensive text, dealing fully with techniques, as well as 

results, has been lost. 

_ ‘The work is divided into three main sections, dealing 

ectively with 1, instrumentation; 2, tissues; 3, cells. 

1uthors themselves are all respected workers in their 
particular fields and their work discusses develop- 
3s from many countries. 

art l, read in conjunction with a good text on photo- 

rography, should enable anv research worker to develop 

e-lapse film laboratory, while avoiding some of the 
pitfalls a beginner inevitably. falls into. It is, 
sr, interesting to note the number of times in the 
ng papers that an author acknowledges the assis- 

f an established research film group which helped 

. with his instrumentation problems. There is little 

doubt that for effective use of film as a research tool, 

a sympathetic collaboration between film technologist 
and scientist is essential. 

-Ft isin parts 2 and 3 that an opportunity has been missed. 

_Cinemicrography, in the biological field, deals essentially 

“with the manipulation and pkotographic recording of 
‘living, growing tissues, observed during long periods of 
time: on the other hand, the technology of photomicro- 

graphy deals only with manipulating the size and the 

‘optical/recording components of a system examining 

» dead, or shortly to be dead, subjects. There is a wealth 
of literature on how to manipulate the photomicro- 
graphic systems in all their complex forms, but there is 
a serious dearth of comprehensive literature on the special 
methods required to maintain the growing cell or tissue, 
for observation and record, during long periods of time, 
while using film, and with the minimum of interference 

to the subject itself. The paper by Clay, Huff and 

““Weathersby underlines this criticism when they say: “Such 
methods and techniques will be sufficiently discussed in 
other chapters of this volume, or in books devoted directly 
to tissue culture and photomicrography, to justify omit- 

ting description of them here’. Unfortunately this 

“material is not so easy to find—at all events collected 

“between two covers—and a seetion devoted entirely to 

the effects of the filming process on various biological 

terials, on the methods of culture peculiar to the film 

unique. on the methods of constraint within the 

oscopic field, and on the methods and problems to be 

in analysing the photographic evidence would 
been most valuable. E 

ver, in spite of possible omissions, Cinemicro- 

cin Cell Biology will prove exceedingly valuable 
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to any research worker; for it indicates the immense 
potential which film techniques in research can offer. 
It emphasizes the necessity for using film in parallel with 
the other methods of looking at any particular problem, 
and it underlines some of the instrumentation problems 
likely to be met when developing a cinematic technique. 
A wealth of references to papers discussing results could 
have been enhanced by a classified bibliography -on 
methods, and the historical note found in the preface 


attributing the birth of microcinematography to an. 


American scientific ealture should be taken with a gram 
of salt. 

On the cinemicrographie side this book is one of ideas, 
and further fields to explore, underlining ends rather than 
means. In fact, Cimemicrography in Cell Biology is a 
reference text which should be available in all research 
libraries. E. Lucey 


AN ENCYCLOPAEDIA OF SPORE 
MORPHOLOGY 


Morphologic Encyclepedia of Palynology 

An International Collection of Definitions and Hlustrations 
of Spores and Pollen. By G. O. W. Kremp. Pp. xili+ 
1864+38 plates. (Tacson: The University of Arizona 
Press, 1965.) 15 dollars. A 


ALYNOLOGY—the science of pollen and spores-——-has. — 
developed, like many other things in the past twenty — 
years, at a rate too great for comfort. A science which 
even a few years ago was unheard of even by many 
botanists has now two journals devoted to it, and paly- 
nological papers have mtruded into more than two hundred 
journals in the allied fields of botany, geology, palaeonto- 
logy and palaeobotanay. With four to five papers on 
palynology appearing every week, and new species of 
fossil spores being discovered at a rate of a thousand a 
year, palynology is suffering some of the embarrassments 
of over-production. Many of the ‘new’ species of fossil 
spores reported more or less simultaneously from different 
parts of the world are evidently synonyms of one another. 
While consistent application of the International Code of 
Botanical Nomenclature will eventually resolve much 
of this, unfortunately no such code governs the plethora 
of terms used to deseribe the spores. | 
Morphologic Eneyclopedia of Palynology sets out to 
elucidate the meaning of the 700 words coined expressly 
to describe the minute structure of spores---and the 
almost equal number of terms to which special paly- 
nological meaning has:come to be attached. Prof. Kremp’s 
book is in effect an exhaustive literature survey of this 
elaborate terminology: 1,280 terms are defined, their 
definitions quoted frem original sources, and more than 
800 are illustrated. Ina one sense, the book is an encyclo- 
paedie dictionary, but no ultimate and definitive meaning 


_ of terms is given, nor is one usage advocated as being pre- 


ferable to another. Prof. Krernp has been at pains not. te 
impose his ideas on the reader: “it is not the object of 
this encyclopaedia to weed out ‘incorrect definitions’ and 
to tell other people what the author thinks ‘correct defini- 
tions’ should be”. The “young worker in palynology .. . 
having before him the similar and related terms and 
definitions may make his own choices and judgements”. 
A more assertive, Joansonian interpretation of the pre- 
rogatives of a lexicographer. might have helped to md 
palynology of some of its superfluous terms. | 
This is the only serious negative criticism of the book; 
Prof. Kremp has done what he sets out to do with great 
care and painstaking thoroughness. He has produced 
an essential reference source for workers not only 
in palynology but in the neighbouring fields into 
which this vigorous science is overflowing. 
W. G. CHALONER 
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THE NEW CENTER FOR THE LIFE SCIENCES AT THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


By Pror. IRWIN W. SIZER 


Head, Department of Biology, Massachusetts Institute of Technology, Cambridge, Massachusetts 


O: December 2 and 3, 1965, an international sym- 
posium on the “Life Sciences” was held at the 
Massachusetts Institute of Technology on the occasion of 
the dedication of the Uncas A. and Helen F. Whitaker 
Building. This, together with the contiguous Dorrance 
Building (and certain ancillary laboratories), houses the 
new Center for the Life Sciences which comprises the 
Departments of Biology and Nutrition and Food Science. 
The Center provides an extensive teaching programme for 
undergraduate, graduate and post-doctoral students. The 
latter include a number of medical doctors who are being 
trained for research in basic medical sciences. In addition, 
the Center is devoted to research in specialized areas of 
the life sciences such as molecular biology, biophysics, 
biochemistry, microbiology, physiology, and develop- 
mental biology in the Department of Biology, and human 
and animal nutrition, food science and technology in the 
Department of Nutrition and Food Science. In both 
Departments, special emphasis is given to the application 
of the physical sciences and engineering to education and 
research in the life sciences. 

The new 6-million dollar Whitaker Building (Fig. 1) has 
eight stories above ground and two below, providing 
134,000 gross square feet of additional space for the 
Departments of Biology and of Nutrition and Food 
Science. It has a poured-in-place reinforced concrete 
frame, with metal and glass exterior curtain walls. and is 


ba 


air-conditioned throughout. It was financed in part by 
the National Institutes of Health, by the Second Century 
Fund of the Massachusetts Institute of Technology, and 
by a generous grant from Uncas and Helen Whitaker. 
Mr. Whitaker is a graduate of the Massachusetts Institute 
of Technology and is now a member of its Corporation. 
He is also chairman of the Board and chief executive 
officer of AMP, Inc. (formerly Aircraft-Marine Products). 
For many years he and Mrs. Whitaker have been inter- 
ested in the encouragement of research and teaching in 
medicine and the life sciences in the United States. 
The international symposium on the “Life Sciences”, 
under the general chairmanship of Dr. Jerome B. Wiesner, 
dean of the School of Science, was opened by Dr. Julius 
A. Stratton, president of the Massachusetts Institute of 
Technology. In the first session, “Molecular Structure and 
the Functional Organization of Cellular Constituents”, of 
which Prof. Salvador E. Luria, Sedgwick professor of 
biology at the Massachusetts Institute of Technology, 
was In the chair, major advances in translating molecular 
structure of nucleic acids into functional specificities of 
proteins and the relation of macromolecules to cellular 
structures were reviewed. Speakers in this programme 
included; Dr. F. H. C. Crick, Medical Research Council 
Laboratory for Molecular Biology (Cambridge); Prof. 
Daniel E. Koshland, jun., professor of biochemistry, 
University of California (Berkeley); Prof. Tracy M. Sonne- 
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Fig. 1. Center for the Life Sciences, Massachusetts Institute of Technology; the Uncas A, and Helen F. Whitaker 
Building is in the foreground 
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born, distinguished service professor of zoology, Univer- 
sity of Indiana. 

The second session, arranged by Prof. Patrick D. Wall, 
professor of physiology at the Massachusetts Institute of 
Technology, was devoted to “Adaptation and Functional 
Co-ordination” and included a consideration of sensory 
mechanisms, the central analysis of sensory patterns and 
the production and control of behaviour patterns which 
adapt the animal to its environment. Participants in this 
session were: Prof. J. Z. Young, professor of anatomy, 
University College (London); Prof. Vincent G. Dethier, 
professor of zoology, University of Pennsylvania; Prof. 
Theodore H. Bullock, professor of zoology, University of 
California (Los Angeles). 

In the third session, ‘““The Future of Man and the Life 
sciences’, chaired by Prof. Samuel A. Goldblith, professor 
of food science at the Massachusetts Institute of Tech- 
nology, the relevance of recent advances in basic and 
applied biology to the problems of over-population and 
man’s food supply were discussed. Speakers in this session 
were: Prof. Ritchie Calder, Montague Burton professor of 
international relations, University of Edinburgh; Dr. 
Clement L. Markert, chairman of the Department of 
Biology, Yale University; Prof. Roger Revelle, Richard 
Saltonstall professor of population policy and director of 
the Center for Population Studies, Harvard University. 

The theme of the third session was continued In an 
evening address on “Molecular Medicine” by Dr. A. Baird 
Hastings, head of the Laboratory of Metabolic Research, 
Scripps Clinic and Research. Foundation, and in the 
dedication programme on ‘‘The Life Sciences and Society” 
by Dr. George W. Beadle, president of the University of 
Chicago. 

The educational programme in the Center for the Life 
Sciences is devoted primarily to training 125 under- 
graduate majors and 175 graduate students. In addition, 
there are about 130 postdoctoral Fellows, many of them 
medical investigators who are receiving special training 
in research. Courses leading to a Ph.D. degree are offered 
in biophysics, biochemistry, microbiology, physiology, 
biology, nutrition, food science, biochemical engineering. 
and bioengineering. These teaching programmes are 
administered by a faculty of fifty professors in the life 
sciences. 

Closely associated with the Center for Life Sciences is 
the new Clinical Research Center with its modern hospital 
facilities available to faculty who wish to carry out 
research using patients or student volunteers. Also closely 
allied with life sciences are the Communications Center 
and the Neurosciences Center, both of which have exten- 
sive programmes related to the nervous system. Research 
in the life sciences is also being carried out in most of the 
departments at the Massachusetts Institute of Technology, 
and indeed 25 per cent of all the research projects in the 
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Institute are devoted to the life sciences. The scope of 
these projects is extremely broad, but in general they 
involve the applicasion of science and technology to 
biological problems. Such equipment as nuclear reactors, 
giant computers, electron microscopes, cyclotrons and 
high-voltage X-ray gonerators, find many uses in research 
in the life sciences. The use of such facilities requires close 
collaboration between scientists and engineers throughout 
the Massachusetts Institute of Technology. 

Biology has been taught at the Massachusetts Institute 

of Technology from the time of its foundation (1861) and 
was given emphasis in 1871 when a new course in natural 
history was established ‘‘whose ulterior objective is the 
special pursuit of geology, mineralogy, botany, zoology, 
or to prepare for medicine, pharmacy, or rural economy”. 
In the years from 1833 until 1921, under the leadership of 
Prof. Williarn Sedgwick, the Institute won renown as a 
centre for the lfe sciences relating to microbiology and 
public health. Sedgwick was the first to demonstrate that 
infectious disease could be caused by pollution of water 
supplies and as a result of this research became known as 
the “Father of American epidemiology”. Work on water 
supphes soon led to bacteriological investigations of foods 
which, under Dean Samuel C. Prescott, led to the develop- 
ment of food sterilization and the canning industry in the 
United States. Research on food and nutrition at the 
Institute became so important that a graduate Depart- 
ment of Nutrition and Food Science was separated from 
the Department of Biology in 1942, making it possible 
for the latter Department to concentrate its efforts on the 
utilization of the physical sciences in basic research and 
teaching in the biolozical sciences. About half the under- 
graduates who majar in the life sciences at the Massa- 
chusetts Institute of Technology are preparing for medical 
school and half for zraduate school. The establishment 
of the new Center for the Life Sciences enables the 
two Departments to co-operate closely in teaching and 
research. 
» The Department of Nutrition and Food Science, under 
the leadership of Prot. Nevin S. Scrimshaw, will emphasize 
in its teaching and research programme such topics as 
clinical and biochemical nutrition, veterinary pathology, 
oral science, toxicology, and food preservation and pro- 
cessing as well as food chemistry. The Department of 
Biology, with Prof. Irwin W. Sizer as its head, will offer 
educational and research programmes which will concen- 
trate on molecular biology, biophysics, cell physiology, 
neurology, biochemistry, microbiology, developmental 
biology, and bioengineering. The programmes of the two 
Departments plus the contribution of other departments 
and centres should make it possible for the Massachusetts 
Institute of Technology to play a leading part in the 
development of the life sciences in the world during the 
next decade. 


NOTATION FOR GENETIC FACTORS OF HUMAN IMMUNOGLOBULINS” 


N a previous memorandum stating recommendations 
for a uniform notation for human immunoglobulins? 
it was considered advisable that analogous recommenda- 
tions be made in the future for genes, genotypes and 
allotypes. In that memorandum, classes of human 
immunoglobulins which are common to all normal indi- 
viduals of a given species were considered. These classes 
of immunoglobulins can be distinguished from each other 
by a number of means including their antigenic specificity 
(isotypic specificity). 
* This memorandum was drafted by us following discussions held during 
the meeting of the World Health Organization Scientific Group on Genes, 


Genotypes and Allotypes of Immunoglobulins, held during May 31—June 6, 
1965, in Geneva, 


Another kind of cZassification, which is at present based 
on serological typing, distinguishes variants which occur 
among proteins of the foregoing classes. The correspond- 
ing determinants, which are present in some groups of 
individuals within the species, define antigenic specificities 
which in animals are commonly termed ‘allotypic specifici- 
ties’ and in man ‘factors’. Many of these antigenic 
specificities determine genetic polymorphisms in the 
different races of man and other animals. 

The genetic factors of human immunoglobulins are at 
present identified by serological tests which measure the 
inhibition by the test material of the agglutination of 
erythrocytes pre-coated with incomplete antibody. The 
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agglutinating antibodies occur in selected sera, from 
patients with rheumatoid arthritis or from normal subjects. 
The incomplete coating antibodies are usually IgG im- 
munoglobulin molecules and the agglutinating reagents 
are usually IgM molecules. The whole serum, an isolated 
immunoglobulin, or an immunoglobulin sub-unit may be 
used in such an inhibition test. 

The term ‘factor’ defines a particular property of 
certain immunoglobulins which enables them to be identi- 
fied by a given set of reagents, but it should be noted 
that the characterization of factors by these means does 
not preclude the possibility of a cross-reaction. 

Family studies have shown that the factors involved 
are inherited according to Mendelian principles. Two 
series of factors controlled by independent genetic systems 
are known; one (the Gm system) is associated with the 
heavy polypeptide chain of some IgG molecules, and the 
other (the Inv system) is associated with light polypeptide 
chains of immunoglobulin molecules. J 

The nomenclature at present in use is based on sero- 
logical tests, with genetical analysis providing linkage 
group information. In higher organisms, the term locus 
(and the corresponding terminology for genes and geno- 
types) may be ambiguously used for indicating either a 
complex chromosomal region or a structural gene, and 
owing to the nature of serological analysis a one-to-one 
correspondence between one factor and one gene or one 
region of a gene cannot be inferred at the present time. 
For these reasons, the term ‘system’ is used here for a 
unit of closely linked genetic information which cannot 
be separated into sub-units at the level of resolution 
allowed by formal human genetics. 

A new notation should provide a symbol which suggests 
the relation of the system to the structure it influences, 
which does not go beyond established fact and which is 
sufficiently flexible to meet future needs. It should 
relate to prior terminology for the same system if at all 
possible, and provide for different systems a series of 
symbols which differ from each other by at least two 
letters when practicable. The following recommendations 
have been designed to meet these requirements so far as 
possible. 

Notation for the factors of the Gm and Inv systems. At 
the present time, the accumulated information is in- 
sufficient to permit precise correlation of the genetic 
loci for the human immunoglobulins with the structures 
they influence. Consequently, it seems advisable at this 
time to retain the present symbols Gm and Inv to describe 
the two systems currently recognized. For these systems, 
particularly at the Gm locus,, an ever-increasing com- 
plexity has been developing in recent years. To avoid 
these complexities and the implication of possibly false 
relationships, we recommend a non-committal, flexible 
numerical notation, similar to that suggested for the 
Salmonella antigens, Rh blood groups, and histocompati- 
bility antigens in the mouse. 

The assignment of numbers to the already known 
Gm and Inv factors has been done using the principles 
outlined below and considering also the order of their 
discovery and the known relationships of the Gm factors 
to the sub-groups of the polypeptide chain of IgG. 


Table 1. NOTATION YOR THE FACTORS AT THE Gar Locus* 


Original New 

a I 

x 2 

bY and b? $ 
f 4 > 

b and b! 5 

o) 8 

r 7 

+ @ s 

þa 10 

bê 11 

bY 12 

b? 13 

þt 14 


* A number has not been assigned to Gm (D) because it has been found to 
be an artefact and not a Gm factor. 
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Table 2, NOTATION FOR THE FACTORS AT THE Ixy Locus 


+ 


Original New 
1 dower-case L) 1 
a 
b 3 


Either of two methods is suitable for recording the 
phenotype of an individual. i 

(a) Record the result obtained with each set of reagents: 
for example, Gm(1,— 2,3,4,5); Inv.(1,— 2,3). Punctua- 
tion includes commas between the reactions with each 
set of reagents. This would mean that the sample was 
tested with reagents which correspond to the factors 
Gm(1), Gm(2), Gm(3), Gm(4)}, and Gm(5) and Inv(1), 
Inv(2), and Inv(3); and that it was positive with the test 
systems for Gm(1), Gm(3), Gm/(4), and Gm(5), and 
negative for Gm(2); and positive for Inv(1) and (3), and 
negative for Inv(2). 

(6) Record only the positive results: for example, 
Gm(1,3,4,5); Inv.(1,3). In this case, the factors tested 
cannot be determined from the recorded phenotype and 
reference must be made to the list of reagents used for this 
information. 

It is recognized that studies with several sets of reagents 
of Gm factors 7~14 inclusive have not yet been extensively 
published. Nor is the closeness of the relationship 
between Gm(3) and Gm(4) precisely known at the present 
time. These factors have nevertheless been assigned 
separate numbers here. Further decisions in the form of 
deletions of some numbers are foreseen. 

The phenotypes of isolated discrete (for example, 
myeloma) proteins may be recorded on the same basis as 
whole serum and by adding the symbol for the immuno- 
globulin sub-type if known. For example: phenotypes 
Yab : Gm(1,2); or yWe : Gm(1,2); x : Inv(1)}; ete. 

Notation for genes. Symbols for genes should be under- 
lined when typed and italicized when printed. The factors 
determined by the gene should be indicated by superscript 
digits. 

It is understood that the assignment of a genotype 
to a phenotype can be done only after genetic analysis, 
that is, the observation of family segregation. Assignment 
of the ‘most probable’ genotype in the absence of family 
data should be clearly indicated. 


Table 8, EXAMPLES 


Phenotype * Population Most probable genotype 
Gm(1,5) Caucasoid Gm] Gm> 
Gm(1,5) Negroid Gm} -5/Gmn}® 
Gm(1,2) Caucasoid or Mongoloid Gm? /Qm!* or Gm? tfm! 


* Allsamples were tested for Gm(1), Gm(2) and G@m(5). 


It should be emphasized that findings in other immuno- 
logical systems indicate that serological specificities may 
appear in the phenotype which may not be represented 
in the genotype (that is, specificities resulting from inter- 
action of different genes). Although such specificities 
have not yet been found in the human immunoglobulins, 
the proposed system of nomenclature may be used to 
record them. 

The use of genetic symbols containing several numbers 
is a convenient notation to describe the inheritance of 
complex patterns of serological reactions (phenogroups). 
The symbols do not imply that regions corresponding to 
the individual numbers do or do not exist in the relevant 
genes. For example, a gene Gm}? does not necessarily 
have part of its structure determining factor 1 and a 
different part determining factor 2. 

Notation for new systems. It is possible that new factors 
in addition to those at present known will be discovered 
and shown to be inherited independently of any of the 
known systems. If this occurs it seems advisable to relate 
the system symbol to the immunoglobulins and to the 
appropriate polypeptide chain and to re-name the Gm 
and Inv systems at present established so that their 
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symbols reflect the structural units they control. In this 
event, it is suggested that the symbol ‘T’ be used as the 
initial letter in the description of all the loc: for the 
Immunoglobulins. 

Notation for new factors. There 1s no wish to restrict 
the freedom of investigators to publish data in any way 
they desire. On the other hand, the usefulness of the 
proposed system of notation will be seriously jeopardized 
if numerical symbols are added to the present list in an 
unco-ordinated way. For these reasons, the following 
recommendations are made: 

(a) If the serological and family data are insufficient 
to meet the criteria for recognition of new factors set out 
below, either because of insufficient quantity of the 
reagent or because the frequency of the factor in the 
population precludes definitive family studies, it is recom- 
mended that the author give the new factor a provisional 
name using a two-letter abbreviation derived from town 
name, name of patient, etc. This should be preceded by 
the non-specific generic term I, rather than a specific 
system symbol, for example, I(pr) and I(—pr) for the 
phenotypes. 

(b) If the factor which has not yet been assigned a 
number is known to be part of the Gm or Inv systems, it 
can be indicated in the parenthesis after the numbered 
factors, for example: Gm(1, — 2,3,4,5,pr) or Gm(1,3,4,5,pr). 

(c) If the author believes that the criteria are fulfilled 
and that the linkage relations have been established, the 
use of a number instead of the provisional name is war- 
ranted. To avoid duplicate use of the same number a 
request for a number should be sent to the World Health 
Organization International Reference Centre for Genetic 
Factors of Human Immunoglobulins, addressed to Dr. C. 
Ropartz, Directeur, Centre départemental de Transfusion 
sanguine et de Génétique humaine, 609, Chemin de la 
Bretèque, 76—Bois-Guillaume, France. 

(d) Ifthe factor is shown to belong to one of the already 
known linkage groups (systems), it would be assigned the 
next available number of that group, for example, Inv(4). 

(e) If the factor is shown to belong to a different 
system, it would be given the number 1. If it is located 
on a particular immunoglobulin class, the system symbol 


- could be chosen according to the suggestions made here. 


In choosing the system symbol for a factor not localized 
on one particular class of immunoglobulins, transposition 
of the provisional letter into the system symbol might 
be useful. The phenotype I(pr) would in this instance be 
changed to [Pr(1). 

None of these suggestions should be taken to imply 
any formal control over the future use of numbers to 
describe factors inherited in the immunoglobulins. The 
sole intention is to avoid duplication of numbers or their 


_ use for poorly defined factors, and to assist ın the rapid 


melusion of reported factors into the proposed system 
of notation. Circulation of data relevant to their 
identification to other mvestigators would be helpful! in 
this respect. 

Criteria for recognition of new factors. To establish that 
a test system detects a ‘new’ factor, it is recommended 
that the following conditions be fulfilled: 

(a) The reaction system employed should show com- 
plete reproducibility. With the present haemagglutina- 
tion-inhibition technique, the difference between ‘inhibit- 
ing? and ‘non-inhibiting’ normal sera from the same 
population should be three tubes or higher in a twofold 
dilution test system. 

(6) Since antisera may contain mixtures of antibodies 
of different specificities, steps should be taken to show 
that the observed ‘new’ reaction patterns are not due 
to an obvious mixture of antibodies of previously known 
specificities. (Absorption experiments using cells coated 
with selected antibodies, inhibition tests with purified 
myeloma proteins, and tests for consistency using cells 
coated with antibodies from different persons may give 
information concerning these matters.) 
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(c) It is essential to specify all reagents used in any 
study because, (1) two reagents (antiglobulin and a cell 
coat) are necessary tp define a factor; (2) the same coated 
cells in some cases may be used for defining more than 
one factor; and (3) the antiglobulin from one person may 
be used with different cell coats to define more than one 
factor (see Table 4). 


Table 4. ANTYGLOBULIN EROM ONE PERSON USED WITH DIFFERENT CELL 
COATS TO ICEFINE MORE THAN ONE FACTOR 


Factor Anti-globulin Dilution Cell coat Dilution 
ome Dr, * 1/8 Anti-D V.8.* ~ 1/5 
Gm(18) - Th.* 1/8 Anti-D V.5.* 1/5 
Gm(6) Bomb. * 1/82 Anti-D Warren* 1/10 
Gm(5) Bomb. * 1/82 Anti-D Berg * 1/10 


* Identification of reagent. 


(d) Enough family data should be obtained to establish 
the pattern of inheritance of the new factor. 

(e) Tests with iso-ated immunoglobulins from positive 
and negative sera should be performed to show that the 
new factor is associated with immunoglobulins. Tests 
with agammaglobulinaemic sera might also be useful. 

(f) The reactions observed with the new set of reagents 
should be different in at least one race from those of any 
previously described. set of reagents. It is suggested that 
a useful standard fo? deciding that the new factor differs 
from known factors is a y? test of the comparisons of the 
reaction with different reagent sets, giving values with a 
P < 0:02. However, one clearly established and inherited 
difference, confirmed in several laboratories, may be 
acceptable as evidence for a new factor. 

Reference panel of sera. In order to maintain uniformity 
in reagent sets used to detect established differences 
between the immuncglobulins of different individuals, the 
specificities of the reagent sets should be defined by their 
reactions with a reference panel of normal human sera. 
It is hoped that such a panel will be made available 
through the World Health Organization International 
Reference Centre for Genetic Factors of Human Immuno- 
globulins. 
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EXISTENCE OF A SIGNIFICANT LATITUDINAL VARIATION IN DENSITY 
FROM 200 TO 800 KILOMETRES | 


By A. D. ANDERSON 
Lockheed Palo Alto Research Laboratory, Palo Alto, California 


SING satellite orbital decay data, the effect of longi- 
tude on density, known as the diurnal (time-of-day) 
effect, has been well established. With these data, until 
recently, it has not been possible to prove definitely the 
existence of any significant latitudinal variation in density. 
Different investigators have reported slight latitudinal 
density variations, but the various findings are not in 
agreement’, Now, the existence of an appreciable 
latitudinal density gradient has been demonstrated by 
May‘, who analysed data from the Discoverer series of 
satellites, the altitudes of which ranged between 190 and 
260 km and perigees from 80° S to 80° N. He concluded 
that the air density at a fixed height is a function of 
latitude and is about 30 per cent smaller at the poles than 
at the equator. May’s conclusion is corroborated by the 
following independent analysis performed by me that is 
based on a different method of deriving the behaviour of 
density with latitude. 

The upper-atmosphere density p, in g em~, can be 
represented by: 

p = K” SN (1) 
where S’ is a daily indicator of the extreme ultra-violet 
radiation of the Sun, expressed in units of the 10-7-cm 
flux S (10-2? W m~ (c/s)-1). These radio astronomy units 
will be understood to always apply to S’ in this article. 
K” and N are constants for a given altitude A and local 
time t. They are presented in tables? for selected altitudes 
from 200 to 800 km and every hour, where the local time 
t = 12 h (local noon) corresponds to a zero angular differ- 
ence between the right ascension of the local meridian 
and the right ascension of the Sun; ¢ = 24 h (local mid- 
night) corresponds to a difference of 180°. 

Using equation (1) together with tables, the density 
and its variations can be readily calculated as a function 
of S’. The index S’, in turn, is derived from S and drag 
data for satellite 1958 a, by correcting for the amount by 
which § fails to predict exactly the satellite drag when it 
is substituted in equation (1) (ref. 5). Thus, S’ represents 
the total extreme ultra-violet radiation from the Sun, 
estimated from satellite orbital decay data for 1958 « by 
assuming that its drag variations result only from changes 
in the extreme ultra-violet radiation that affect atmospheric 
density. 

Fig. 1 exhibits a curve of S’, based on monthly averages 
from 1958 to 1962. The curve for S is displayed for com- 
parison. The S’ curve is noticeably different from the 8 
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Fig. 1. © (solid curve) and S (dashed curve) versus time, where S is 
derived from satellite 1958 a by comparing calculated rates of orbital 
decay with observed values and S is the 10-7-cm solar flux 
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curve. T'wo marked features appearing in Fig. 1 are (a 
the relative minimum values of 8” for either June or July 
during the 5 years from 1958 to 1962, and (6) the semi- 
annual variation exhibited in the S’ curve (but not the S 
curve) in 1961 and 1962, with maxima around the equinoxes 
and minima around the solstices. The most likely explana- 
tion for the semi-annual variation in'S’ in 1961 and 1962 
is that the 8’ values reflect a latitude variation in density. 
Thus, 8’, taken as a measure of the daily output of 
extreme ultra-violet radiation from the Sun, is calculated 
by assuming that satellite drag (density) changes are due 
only to variations in the extreme ultra-violet radiation. 
While S’ is independent of changes in longitude of the 
perigee of 1958 «, the method of calculating S’ did not 
take into account changes in the latitude of perigee. 
Since the amount of extreme ultra-violet radiation inter- 
cepted by the Earth’s upper atmosphere should vary with 
latitude, except in the summer, when the daily insolation 
is nearly independent of latitude, therefore S&S should 
vary with latitude also. 

The diurnal effect is one in which the density varies 
with local time or the longitude difference between the 
given location and the sub-solar point. This indicates 
that any analysis of the density variation with latitude 
should take into consideration the latitude variation of 
the sub-solar point. The density at any point at a given 
altitude above a given geographical location on Earth 
should vary with the difference between the latitude of this 
location and the latitude of the sub-solar point, which 
changes in the course of the seasons. If, instead of having 
a fixed point above the Earth, satellite perigee is used, 
which also has latitude variations, then the density should 
vary with the difference between the latitude of perigee 
and the latitude of the sub-solar point. Since density is 
represented as a function of S (equation 1), the nature of 
the density variation with latitude can be determined by 
analysing how S’ varies with the combined movement of 
satellite 1958 « and the Sun north and south of the 
equator. 

Curve a, Fig. 2, shows how the perigee for 1958 « 
varies with latitude in 1962. Positive latitude denotes 
perigee north of the equator, while negative latitude is 
for the perigee south of the equator. The same convention 
is followed for the latitude of the sub-solar point (declina- 
tion of the Sun). Curve 6, Fig. 2, presents the variation of 
the declination of the Sun during the year. Curve c, 
Fig. 2, the result of subtracting curve b from curve a, 
illustrates how the angular distance of the perigee north or 
south of the sub-solar point, 9’, varies in 1962. ‘The perigee 
reaches the maximum distance south of the sub-solar 
point (6’ = — 56°) when it is farthest south of the equator 
near the end of June. Likewise, the perigee reaches the 
maximum distance north of the sub-solar point (9 = + 56°) 
when it is farthest north of the equator in both December 
and January. Curve c, Fig. 2, is typical for other years 
from 1958 to 1961; the perigee reaches the maximum 
distance south of the sub-solar point near the summer 
solstice in the northern hemisphere (June or July) and the 
maximum distance north near the winter solstice (Decem- 
ber or January). 

Fig. 3 gives curves of the absolute value of 0’ (curve a) 
and S’ (curve b) for 1961 and 1962, where the S data 
points are plotted on a scale increasing downwards. The 
S’ data points are monthly averages corrected for the 
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solar cycle trend by normalizing them to January 1962. 


» 


A comparison between the two smooth curves @ and 8, 
drawn to the data point averages of 6’ and 8’, shows that 
5 inclines to be a maximum at the sub-solar point, de- 
creasing both north and south of it, thus indicating a 
definite relationship. This'preliminary analysis supports 
the assumption that S’ is affected by latitude variations 
in the perigee of satellite 1958 œ. In the following para- 
graphs, S’ values’ are analysed in detail by a method 
devised to uncover the effect of latitude. Since seasonal 
effects are also indicated to be important, the method used 
treats the 8’ data, by season for both the northern and 
southern hemisphere. f 

The §’ values for 1961 and 1962 were calculated using 
satellite orbital decay data of Jacchia and Slowey‘, and 
Izsak™!. Since the decay values (P) were available usually 
only every fourth day, the calculated S’ values were 
plotted on an 8’ versus time (days) graph, a smooth curve 
was drawn through the data points, and daily S’ values 
were derived by interpolation. These daily values of S’ 
were corrected for two effects: one is the long-term 
(solar cycle) variation in the output of extreme ultra- 
violet radiation by the Sun; the other is the short-term 
variation in extreme ultra-violet radiation due to the 
rotation of the Sun. For the former, Fig. 1 discloses that 
the long-term trend of S’ is down from 1958 to 1962. The 
daily S’ values for 1961 and 1962 were corrected. for this 
trend by normalizing them to January 1962 by means of a 
tendency curve fitted to 6-month average S’ values. ‘The 
following procedure was adopted to minimize the effect of 
the 27-day periodicity in ©: the daily S’ values for 1961 
and 1962, normalized to January 1962, were prouped 
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Fig. 2. 1962 curves for (a) latitude of perigee of satellite 1958 a: (b) 
declination of Sun (latitude of sub-solar point), (c) latitude of perigee of 
1958 a minus declination of Sun (curve a-curve b) 
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Fig. 3. 1961 and 1962 curves for (a) the absolute angular distance north 
or south of the sub-solar pomt, [0], (6) S’. Note that the S’ scale 
-nereases downwards 


according to 10-degree intervals of 0’, by season, where May, 
June and July, the three consecutive months correspond- 
ing to the maximum positive declination of the Sun, are 
taken as northern hemisphere summer (the other seasons 
follow according to she hemisphere). Then average S” 
values were computed. These are displayed in Table 1 
together with the mumber of cases for each average. 
Averages were not intluded in Table 1 if, (a) the number 
of cases was less than 10; (6) an average for 1961 differed 
by more than 20 per zent from that for 1962 for the same 
season and 0’ interval; (c) an average for a given season 
deviated by more than 10 per cent from the average above 
or below it in Table 1. These criteria ensured that the 
S’ averages in Table 1 were not unduly affected by an 
unequal distribution of daily S’ values, favouring either 
high or low values, within a 27-day period. More accurate 
trends with latitude and season could be established by the 
elimination of inconsistent or doubtful averages. Another 
source of error in the S averages could arise from errors 
in the satellite orbital decay values. The tracking data 
used to derive the P values are sporadic and frequently 
inaccurate. Jacchia and Slowey® have described one type 
of error in P for 1958 a, consisting of drag oscillations of 
period of approximately 3:5 days and amplitudes that 
reach 40 per cent. By averaging over a season it should 
be possible to eliminate these shorter period errors. 

The S’ averages in Table 1 were plotted on an S’ 
versus 0’ graph, in Fig. 4, by placing the S’ data points at 
the mid-points of the respective §’ intervals. The data 
points for the respective 3-month seasons were connected 
with solid straight-linesegments. The resulting solid curves 
all indicate meaningful trends with latitude. Their average 
slope is in good agresment with May’s Fig. 2 (ref. 4), 
which is a plot of dersity against latitude for Discoverer 
satellites, except for the northern hemisphere autumn 
curve. This anomaly will be discussed later. It should 
be pointed out that May’s plot extends over the period 
from August 1959 to December 1960, while the data points 
in Fig. 2 of this article are for 1961 and 1962. The average 
value of the S’ data points in Fig. 4 on the solid curve 
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Latitude perigee- Nov. Dec Jan. Feb. Mar. Apr May Je July | Aug. _ Sep. Oct. 
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Fig. 4. S’ veraus 0’, the angular distance north or south of the sub-solar 

point, for the four seasons in 1961-1962. The solid curves connect S 

data points; the dashed curves are extrapolations to the poles based on 

astronomical consequences of upper-atmosphere heating by solar 

extreme ultra-violet radiation. @, Nov., Dec., Jan.; O, Feb., Mar., Apr.; 
C], May, June, July; A, Aug., Sept., Oct. 


for May, June and July (corresponding to geographical 
latitudes 20° S. to 30° N.) is 60-6. This value is 6-0 per cent 
less than the average of 64-5 for the points on the Novem- 
ber, December and January curve for the same latitude 
band. There should be 6-5 per cent less extreme ultra- 
violet radiation intercepted by the Earth’s upper atmo- 
sphere in July than January because the Earth is farther 
from the Sun in July. A calculation, based on taking an 
average Earth—Sun distance for-3-month intervals, indi- 
cates that the average 8S’ for May, June and July should 
be 5:3 per cent less than the average for November, 
December and January due only to this distance variation. 
This value of 5-3 per cent compares well enough with the 
6-0 per cent value already given to suggest that the differ- 
ence between the two solid curves can be explained on the 
basis of the varying Earth—Sun distance alone. 

The average latitude of the sub-solar point, 6., is close 
enough. to the equator (6; ~ 0) during the spring and 
autumn so that the average geometric latitude, 6 (where 
0 = 0 + 0), is approximately equal to the average 0’ or 
§ ~ 0’. Also, 6 xo = 20° for the winter in the respective 
hemisphere, and 6 ~ 6’ + 20° for the summer. Therefore, 
the north pole is at 6’ ~ 110° during the northern hemi- 
sphere winter. In Fig. 4, the solid curve for this season 1s 
extrapolated to the north pole by a dashed straight line, 
continuing the trend manifested by the last two data 
points. The southern hemisphere winter (May, June and 
July) curve is hnearly extrapolated by drawing a dashed 
line between the S’ value for the south pole (taken to be 5:3 
per cent less than the north pole winter value) and the 
last data point. To account for the fact that during the 
summer the daily exposure to the extreme ultra-violet 
radiation of the Sun (represented by S’) at the pole is 
nearly the same as at the equator, the southern hemisphere 
summer curve is extrapolated to the south pole by drawing 
a dashed straight line between the last data point and an 
S’ value at the south pole equal to the value at the equator. 
The same procedure was followed in extrapolating the 
May, June and July curve to the north pole. Theremain- 
ing curves for spring and autumn were linearly extra- 
polated to the poles by drawing dashed lines to continue 
the trends denoted by the last two data points at the 
ends of the solid curves. 

The S’ data points in Fig. 4 substantiate the picture 
of upper-atmosphere seasons as derived from astronomical 
considerations, except for the northern hemisphere autumn. 
season. The rise to high S’ values from the equator to 
mid-latitudes, with maximum at 30°—40° N., exhibited by 
the August, September and October curve is quite un- 
usual. This unexpected feature is fully supported by the 
S’ data, both in 1961 and 1962. Apparently, there is 
additional heating, not caused by solar extreme ultra- 
violet radiation, that affects the northern hemisphere at 
mid-latitudes near the autumn equinox. Heating associated 
with geomagnetic activity is one possibility. Jacchia’® 
has demonstrated that there is a conspicuous drag effect 
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on satellites associated with major magnetic storms. 
Dessler’! has proposed one mechanism for such heating 
involving hydromagnetic waves, but it is difficult to find a 
physical explanation for asymmetric heating with regard 
to both the equinoxes and the two hemispheres. The curves 
of Fig. 4 will not be representative of gradients in the 
auroral zones during major magnetic storms. Jacchia and 
Slowey” have indicated from the analysis of the atmo- 
spheric drag affecting the Injun 3 satellite that the heating 
accompanying geomagnetic perturbations in the auroral 
zones is 4 or 6 times greater than the heating experienced 
during these perturbations in low latitudes. However, 
the model embodied in Fig. 4, based éntirely on varia- 
tions of the extreme ultra-violet radiation, best explains 
the S’ variations in Fig. 1. 

The following qualitative description of the upper- 
atmosphere global density distribution is a consequence 
of Fig. 4 and equation (1): The density at a given altitude 
decreases from the equator to the poles, except for the 
summer, where there is little or no gradient, and the 
autumn in the northern hemisphere, where the density 
increases from the equator to 30°-40° N. The season with 
the lowest density is winter. The winter in the southern 
hemisphere is less dense than the same season in the 
northern hemisphere because the Earth is farther from 
the Sun during May, June and July. Therefore, since 
the minimum density in each hemisphere occurs over the 
respective pole during the winter, the absolute minimum 
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density over the Earth is at the south pole during this ` 


season. Latitude 30°-40° N. has the maximum density 
(autumn season). The autumn and spring density gradi- 
ents are intermediate with respect to those of summer 
and winter, except for the autumn season. in the northern 
hemisphere the gradient of which is anomalous and un- 
‘explained. It will be shown that when the diurnal 
(longitude) effect on the density is taken into account, 
the foregoing picture is modified by the introduction of a 
marked latitude gradient above 400 km in the polar regions 
for all seasons. 

Table 2 presents S’ values by season and geometric 
latitude § from 90° S. to 90° N., as selected from the curves 
of Fig. 4 by using the appropriate conversions between 


® and §. Displayed also are the ratios S’(6)/S’(0), repre- 
senting the value of S’ at latitude 6 relative to its value 
at the equator (0 = 0), both for the same local time. 
Since N = ] in equation (1) at 200 km, these ratios express 
the relative density variation with latitude for a given 
season at this altitude. For example, in winter the densities 
at both poles are 27 per cent lower than at the equator 
for the same local time. Later on, it will be clear that Table 
2 is most accurate for the early morning hours, 5-7 h 
local time. Fig. 5, drawn from the §’(8)/S’(0) values in 
Table 2, gives the relative S’ (density at 200 km) variation 
with latitude in the form of curves for each of the four 
seasons. The hemispheric parts of the curves correspond- 


1961-1962 $'()/S'(@=0) 


AUG, SEPT, OCT 


SS 
NOV, SN 


Fig. 5. S'(0)/ S (0 = a versus 6 (latitude) for the four seasons In 1981- 

1962 from pole to pole, where S’(8) is the value of S’ at latitude 4, 

8’(8 = 0) is the F value at the equator, NP is the north pole, and SP is 

the south pole. These curves represent the relative S’ (or density at 200 
km) variation with respect to the equator 
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ing to winter, summer and spring are roughly symmetric 
with respect to the equator. 

The relative density variation with latitude can be 
calculated for a higher altitude up to 800 km by using the 
S* values from Table 2 together with the K” and N values 
(equation 1) corresponding to the selected altitude and 
local times in the following equation: 


e(9)/e(0) = K(8)S’(8)NO)/K"(0)S8’(0)¥O) (2) 


where (9) and S8’(8) are the density and S’ at latitude 9, 
respectively, and p(0) and §8’(0) are the density and S’ 
at the equator, respectively. The local times at 0 and the 
equator are accounted for through the K” and N values 
corresponding to these times, namely, K’(6), N(8) and 
K”(0), N(0). Normally the same local time will be used 
for 8 and the equator, but for calculations involving the 
polar regions, different times may have to be used. There 
should be only minor diurnal fluctuations in density at the 
poles during the spring or autumn seasons. During the 
summer there should be practically no diurnal variation, 
since the altitude of the Sun, which is never far above the 
horizon, and the extreme ultra-violet radiation do not 
change significantly with time of day. During the winter, 
of course, there is no Sun. Therefore, a reasonable estimate 
of the time for relative density calculations involving the 
pole is ¢ = 5 h for the winter, # = 6 h (sunrise) for spring 
and autumn, and ¢ = 7 h for summer. 

-Table 3 illustrates how the hemispheric latitudinal 
gradient can change with altitude for the various seasons. 
The ratios of the polar to equatorial density, p(NV)/p(0) 
and. o(S)/o(0), are given at 200, 400, 600, and 800 km and 
the four seasons, where p(N) and a(S) are the densities at 
the north and south pole, respectively, and e{0) is the 
density at the equator. The local time ¢ is taken to be 6 h 
for convenience; hence, the ratios are most representative 
for the spring and autumn seasons. When the ratios are 
less than one at 200 km, they decrease with altitude, and 
when they are greater than one, the ratios increase with 
altitude, due to N growing with altitude. In both cases, 
the magnitude of the horizontal density gradient between 
the equator and the pole increases with altitude. 

From Table 3, the density at 800 km at the winter pole 
is 41 per cent lower than the density at the equator at 
t = Oh. The density at the north pole is 28 per cent higher 
than at the equator during August, September and October. 
Variations for other seasons and altitudes range between 
these values. 
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Fig. 6. 800-km relative density contours (north pole =1 0) for northern 
hemisphere winter (Nov., Dea., Jan.) 


Figs. 6, 7, 8, and 9 present contours (isopycnics) showing 
the relative density variation at 800 km (north pole = 1-0) 
in the northern hemisphere for winter, spring, summer 
and autumn, respectavely. The latitude effect is taken 
into account by using the S’ values in Table 2; the longi- 
tude (diurnal) effect is calculated from the tables given in 
ref. 5. In the figures, the longitudes are labelled in local 
time. These time labels apply up to about 70°N. The 
local time selected for the north polar region (above 70° N.) 
1s 5 h for winter, 6 h for spring and autumn, and 7 h for 
summer, irrespective of longitude. In Fig. 6, winter, the 
latitude variation in density is much less than the longi- 
tude variation over most of the hemisphere, except for the 
region between 60° N. and the pole on the day side of the 
Earth. The maximum gradient occurs along the 14 h 
meridian. This same feature occurs on the maps for the 
other three seasons, although the gradient is not so great. 
The maximum density in the northern hemisphere in the 
winter occurs on the squator, where it is 30 times greater 
that at the north pole. In Fig. 7, spring, the minimum 


Table 2. S AND 5 (0) S (0) VERSUS 0 AND SEASON FOR 1961 AND 1962 








Geometric latitude (deg) Nov Cc. Jan 
S &(0)/8°(0) S’ 

+90 48 0 0°73 54:5 
+80 50 0 0:76 56°38 
+70 52-2 0-79 58-1 
+60 54°83 0°82 60:0 
+50 56-6 0-86 62 0 
+40 §8°8 0:89 689 ~ 
+80 61°2 0-93 658 
+20 2-1 0 94 67-5 
+10 65 6 0 99 69 1 

Q 66 0 100 69-2 
~—10 67-8 1-08 64 5 
— 20 65°9 1-00 63°5 
— $0 66-0 1-06 63-0 
— 40 66°0 1-00 62-1 
— 50 66 0 1-00 61-8 
— 80 66-0 1:00 61:2 
—70 66:0 1:00 608 
— 80 66 0 100 601 
— 90 66 0 1 06 59:6 


Nov. Dec. Jan 
e(N)/e(0) e(S)/e(0) | 


| 








Mar. Apr. May cune July Aug. Sept. Oct. 
S’(8)),8’(Q) 8’ S8”(8)/8'(0) Fy §’(6)/8’(0) 
0:79 62:0 1-00 78-0 
0 81 616 0-99 78:6 
0'84 61:2 0:99 79 2 
0°87 61-0 0 98 79°8 
0-90 60-7 0°98 80-6 
0 92 60°3 0:97 81:0 
0-95 60:0 0-97 81-7 
0-98 627 1061 79-0 
1 00 63 4 1:02 73°3 
1:06 62:0 1-00 67-5 
0-93 60:5 0-98 86:0 
0-92 56°7 0-91 65-1 
0-91 55:0 0°89 64:0 
0-90 53°56 0:86 63-0 
0 89 52:0 0 84 62-0 
0 88 50-2 0 8i 81-0 
0 88 48-7 0-78 59-9 
0 87 47-0 0°76 58-8 
0-86 45°5 0-73 57-8 


Feb, Mar. Apr. 
e(N)/e(0) e(S)/e{0) 
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Fig. 7. 800-km relative density contours (north pole = 1:0) for northern 
hemisphere spring (Feb , Mar., Apr.) 
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Fig. 8. 800-km relative density contours (north pole = 1 0) for northern 


hemisphere summer (May, June, July) 


density has shifted south, from the pole to_60° N., while 
the maximum is on the equator at the average latitude of 
the sub-solar point. In Fig. 8, summer, the minimum has 
moved farther south to 30° N. latitude, while the maximum 
has moved north to about 20° N. In Fig. 9, autumn, the 
minimum is at about 60° N., but the maximum has not 
retreated to the equator with the Sun as expected; it has 
moved farther north to around 30°-40° N. This feature 
is a result of the anomalous heating indicated in the 
northern hemisphere autumn curve of Fig. 5. 

It is obvious that the atmospheric density bulge caused 
by the Sun is not symmetric with latitude, except possibly 
during spring in the northern hemisphere. Contour 
charts drawn. for other altitudes from 400 to 800 km will 
have their main features the same as those at 800 km. The 
contour configurations and locations of the maximum and 
minimum densities would’ not change with altitude, 
although the horizontal density gradients would decrease 
as the altitude diminishes. Below 400 km, the diurnal 
effect decreases in comparison with the latitude effect as 
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the altitude diminishes, so that its influence an the con- 
tour pattern becomes much less. At 200 km, the contours 
(not shown; see ref. 13) are oriented more east—west than 
north-south, as at 800 km, so that the latitude density 
gradient is several times greater than the longitude 
density gradient over most regions. In winter and spring 
the lowest density is at or near the pole. The contours 
appear almost symmetric with respect to the pole, except 
for a slight bulge toward the pole along the 14-h meridian 
and a slight dip away from the pole along the 5-h meridian. 
In summer, the minimum density has shifted south to 
50° N., while two maxima in density are indicated at 
20° N. and 50° N. along the 14-h meridian. The gradients 
in summer are much weaker than spring and winter. In 
autumn the maximum density is at about 40° N., with a 
zone of relatively high density extending along this latitude 
on the day side of the Earth. At lower latitudes the con- 
tours are almost symmetric with the equator. King and 
Kohl'* have used a density gradient from the 200 km 
contours!* to deduce a mid-latitude meridional wind that 
is not greatly different from winds determined by means 
of sodium trail experiments. 

The general configuration of the contours in Figs. 6-9, 
incorporating both the latitude and diurnal effects, will 
be quite similar for the southern hemisphere during the 
respective season and for the same altitude, except for 
autumn. For this, the northern hemisphere spring map can 
be taken to represent approximately the southern relative 
density pattern at the same altitude. The contour patterns 
at 400 km will be intermediate between those at 200 km 
and 800 km with respect to contour orientations and 
magnitudes of the gradients. It is not expected that the 
relative density variation with latitude at a given altitude 
and season, that is a consequence of relative variations of 
extreme ultra-violet radiation with latitude, would change 
greatly with changes in solar extreme ultra-violet radia- 
tion activity. The variations manifested in Table 2 and 
Fig. 5 should hold, at least as a first approximation, over 


‘ the solar cycle, except possibly for the northern hemisphere 


autumn. season. The contour configurations and gradients 
displayed in Figs. 6-9 should appear about the same at 
the maximum of the solar cycle. Calculations made with 
equation (2) indicate that the latitudinal gradients would 
intensify only slightly at sunspot maximum. 

Therefore, a density variation with latitude and season 
can explain the semi-annual effect exhibited by S’ in 
1961 and 1962. The semi-annual effect is caused by the 
combined movement of satellite 1958 « and the Sun north 





Fig. 9. 800-km relative density contours (north pole = 1:0) for northern 
hemisphere autumn (Aug., Sept., Oct). 
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and south of the equator. The marked minima in S’ in 
. either June or July from 1958 to 1962 result from a latitude 
“ variation in density and the perigee of 1958 « being at a 
maximum distance south of the sub-solar point in these 
months. A minimum should also be expected in S’ in 
December or January. Such a minimum is indicated in 
1961 and 1962; however, ıb is not apparent in 1958-1960. 
This minimum should not be so great as the June or 
July minimum because the Earth intercepts less extreme 
ultra-violet radiation during these latter months due to 
the greater Earth—Sun distance. The magnitude of the 
June or July minima cannot be completely explained 
on the basis of the seasonal curves in Fig. 4, but ıt is ex- 
pected that curves for the individual months contaiming 
the solstices would indicate much greater latitudinal 
density gradients. The analysis of the data was unavoid- 
ably based on 3-month seasons because of the limited 
amount of S’ data. The latitudinal density gradients for 
œ the individual months of a given season will differ from 
the 3-month curves, especially near the solstices. If a 
marked latitude density gradient does exist in the winter 
hemisphere near the solstices, as indicated by this analysis, 
then it should be reflected also in the P values for satellites 
other than 1958 « as their perigee latitudes change north 
and south of the equator. Other satellites do show the 
existence of a marked latitudinal density gradient, 
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especially near the time of the solstices*. Thus, there 
seems to be little doubt that perigee latitude and the 
latitude of the sub-solar point are factors that must be 
taken into account in any analysis of the P variations, 
particularly near the colstices. 

This work was supported by the Lockheed Independent 
Research Programme. i 
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Dr. F. H. Pollard 


FREDERIOR HENRY POLLARD was born on June 6, 1907, 

in Swindon. After leaving school, he entered the Univer- 
_ Sity of Bristol in 1923, and took a bachelor’s degree in 
1927, reading chemistry as special subject. After taking 

a Diploma in Education in 1928, also at Bristol, he was 
appointed head of the Science Department at Thornbury 
Grammar School, Gloucestershire, from 1929 to 1937. In 
1937 he moved to Hanley High School, where he proceeded 
to teach for a further 5 years. While at Thornbury Gram- 
mar School, Pollard was persuaded by Prof. W. E. Garner 


to work part-time for his Ph.D. The research work he 


carried out was on the infra-red spectra of carbon mon- 
oxide flames and he was awarded a Ph.D. in 1935. This 
interest, which he developed, he maintained until his 
untimely death. 

In 1941, Pollard accepted the post of lecturer in inorganic 
chemistry at Bristol and was appointed senior lecturer in 
1951, reader in 1954, and finally awarded the degree of 
D.Se. in 1959. During the Second World War he worked 

_with Dr. W. J. Dunning and others on the explosive RDX. 
“* Among the reactions he investigated were those between 
the oxides of nitrogen and low-molecular weight organic 
compounds; for example, formaldehyde and acetic acid. 
This interest, together with his responsibilities to the 
Department of Chemistry at Bristol, led him into the 
field of inorganic chemistry research. However, Pollard 
soon became convinced that more powerful methods of 
analysis would greatly increase the scope of inorganic 
chemistry. He began his research career relatively late 
in life, but, as is internationally recognized, he published 
an impressive collection of nearly one hundred scientific 
papers. The papers he published can be grouped under 
five headings: (a) inorganic chromatography; (b) gas 
chromatography studies; (c) thermal decomposition of 
organic nitrates; (d) carbides, silicides, nitrides and their 
reactions; and (e) co-ordination chemistry of new 
« analytical reagents. Pollard began his work on inorganic 
chromatography in order to investigate how far paper 
and ion-exchange chromatography could be applied to 
the analysis of inorganic compounds with two ultimate 
aims: the development of a complete scheme of quali- 
tative analysis; and the application of quantitative 


methods to the investigation of inorganic reaction mech- 
anisms. At the time of his death, he was engaged on the 
establishment of a coucse in advanced analytical chemistry 
leading to the degree of M.Sc. 

Pollard energetically shouldered the major burden of 
organizing the teaching of inorganic chemistry at Bristol, 
and was responsible for building up a vigorous school of 
teaching and research. It can be said that the foundation 
of inorganic chemistry at Bristol was his chosen life’s work. 

He took an active part m many University matters 
and had a knowledge and experience of schools and. 
especially sixth-form work which was of great value in 
the matters of entrance requirements and student selection. 
Pollard was a member of the committee responsible for 
policy decisions on all building aspects of the new School 
of Chemistry, with the special duty of co-ordinating the 
scheme. He also found time to take an active part in the 
local and central activities of the Chemical Society, and ~ 
the Society for Ana:ytical Chemistry, serving on the 
councils of both bodies. In addition to this, he never 
severed his links with the teaching profession, in that he 
organized and lectured at conferences for teachers. In 
committee, Pollard’s contributions, although often out- 
spoken, were given with sincerity and deep feeling, in order 
that the correct choice might be made. He loved playing 
‘devils advocate’, a quality which often caused him 
trouble, being so easily misunderstood. 

In spite of all these calls on his time, Pollard always 
took a very keen interest in the welfare of students, and 
anyone was welcome to ask his advice on problems of a 
personal nature. His quip to all of us was, “My door is 
always open”. Characteristic of him was the effort, time 
and thought he gave to the development of student inter- 
changes, especially between the Department of Chemistry, 
Bristol, and the Anorganische Institut, Technischen Hoch- 
schule, Brunswick, an association which developed 
from the lectures he gave in Germany in 1953 under the 
auspices of the Rockefeller Interchange Scheme. 

His sudden death at the age of fifty-eight left his career 
sadly incomplete. During his life he never spared himself 
to serve his own generation, together with those genera- 
tions in his charge which made up the University, to the 
best of his ability. Those of us who were his students are 
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deeply grateful. Although he listened with sympathy he 
could be a task-master—to all of us he was our ‘father 
figure’. In the School of Chemistry at Bristol he will long 
be missed. G. NICKLESS 


Dr. Allen B. Du Mont 


Dr. Arren B. Du Mont, the television pioneer of Cedar 
Grove, New Jersey, died on November 14, 1965, at the 
age of sixty-four. He was best known for his work in 
perfecting the cathode-ray tube. 

Dr. Du Mont was born in Brooklyn, New York, on 
January 29, 1901, and he became a ship’s wireless operator 
at an early age. He received his degree in electrical 
engineering from the Rensselaer Polytechnic Institute, 
Troy, New York, in 1924, and afterwards received honorary 
degrees from the Rensselaer Polytechnic Institite, the 
Brooklyn Polytechnic Institute, Fairleigh Dickinson 
University, New York University, and Montclair State 
College. 

At the Westinghouse factory in Bloomfield, New Jersey, 
Dr. Du Mont worked on the development of high-speed 
manufacturing and test equipment for radio tubes. Later, 
as chief engmeer of the De Forest Radio Company, of 
Passaic, New Jersey, he worked closely with Lee De Forest. 
In 1928 they established the first synchronized sight and 
sound television station W2XCD, using the Nipkow 
disk mechanical scanner at both the camera and re- 
ceiver. ) 

Recognizing the limitations of a mechanical television 
system, he then started his own company in 1931, later 
known as Allen B. Du Mont Laboratories, Inc. Dr. Du 
Mont afterwards expanded the company to produce a 
variety of cathode-ray tubes, the first commercially sold 
television receivers, television broadcast transmitters and 
studio equipment and an extensive range of scientific 
apparatus. He started the Du Mont Network with Station 
WABD before the Second World War and later linked 
it with the companion Station WI'TG in Washington, 
D.C. From 1934 until the merger in 1960 with Fairchild 
Camera and Instrument Corporation, Dr. Du Mont served 
as director, president or chairman of the board of the 
Allen Du Mont Laboratories, Inc. 
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Steacie Prize: Prof, N. Bartlett and Prof. J. C. Polanyi 


Pror. New BARTLETT, of the Department of Chemistry, 
University of British Columbia, and Prof. J. C. Polanyi, 
of the Department of Chemistry, University of Toronto, 
will share the 1965 Steacie Prize. The Prize consists of 
the income from the E. W. R. Steacie Memorial Fund to 
which colleagues and friends of the late president of the 
National Research Council contributed. It is awarded 
annually for outstanding work done in the natural sciences 
by younger people. Prof. Bartlett is cited for the first 
preparation of a chemical compound of a noble gas 
(Proc. Chem. Soc., 218; 1962). The compound, XePtF,, 
was prepared by the reaction of xenon with platinum 
hexafluoride. This startling experiment evolved logically 
from work on the fluorination of platinum and platinum 
compounds that Prof. Bartlett had been doing with D. H. 
Lohmann. The result immediately stimulated a flurry of 
experiments in other countries and soon a number of 
compounds of xenon and krypton had been prepared. 
The ramifications will not soon be exhausted. Prof. 
Polanyi was the first to observe infra-red chemilumin- 
escence (Cashion, J. K., and Polanyi, J. C., J. Chem. 
Phys., 29, 455; 1958), the occurrence of which he had 
predicted, theoretically two years previously. The experi- 
mental techniques that he evolved have now been refined, 
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During the ‘thirties, Dr. Du Mont worked on the 
development of radar systems and cathode-ray displays 
for both the Signal Corps and the Navy. His company 
contributed greatly in these fields during the Second 
World War and also to the Loran and Manhattan Projects, 
and later to nuclear propulsion instrumentation. 

Dr. Du Mont served on the National Television System 
Committee, contributing to the formulation of broadcast 
standards for both monochrome and colour television. He 
was United States delegate to the International Radio 
Consultative Committee for consideration of international 
colour television standards. He collaborated extensively 
with the Federal Communications Commission in matters 
pertaining to the allocation of very high and ultra-high 
frequency television channels. 

In 1943 he became the first president of the Television 
Broadcasters Association, which later combined with the 
National Association of Broadcasters for both radio and 
television. 

Through the Allen B. Du Mont Foundation he took 
part in the establishment of Educational Television in 
co-operation with the Montclair State College in New 
Jersey and served on the New Jersey Commission for 
Educational Television. The Foundation also participated 
in and financed research in medical electronics. 

Among his many awards, Dr. Du Mont received the 
Marconi Award of Achievement, the Horatio Alger Award, 
and he was made Chevalier de la Légion d’Honneur. In 
1927 he was awarded the Westinghouse Award for Most 
Outstanding Accomplishment, in 1943 the American Tele- 
vision Society Award for Advancement of Commercial 
Television, and in 1944 the Television Broadcasters 
Association Award for the development of the cathode- 
ray tube. 

Dr. Du Mont was one of the Public Governors of the 
American Stock Exchange and was vice-chairman of the 
Board of Trustees of Rensselaer Polytechnic Institute. 

As an enthusiast for power boats, Dr. Du Mont won many 
awards for navigational accuracy in predicted log racing. 
With his boats, Hurricane II and Hurricane IIT, he did 
much to discover and interpret the multi-path and 
propagation effects of both television and radar signals. 

Tomas T. GOLDSMITH, JUN. 
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and a wide range of atomic and molecular excitations 
caused, by chemical reactions are being studied in Toronto 
and elsewhere. Five years ago, he published a proposal for 
a chemical laser (J. Chem. Phys., 34, 347; 1961) and it has 
recently been shown to be practical. Both Prof. Bartlett 
and Prof. Polanyi are graduates of British universities. 
The former received a Ph.D. in 1958 from the University 
of Durham and the latter a Ph.D. in 1952 and a D.Se. in 
1964 from the University of Manchester. 
Principal of the University of Stirling: 

Prof, T. L. Cottrell 


Pror. T. L. COTIRELL, professor of chemistry in the 
University of Edinburgh, will take up full-time duties as 
principal of the new University of Stirling in August. 
Prof. Cottrell graduated with honours in chemistry at 
the University of Edinburgh in 1943, and jomed the 
Research Department of the Explosives Division of 
Imperial Chemical Industries, Ltd., at Ardeer. After 
working in the Physical Chemistry Laboratory at Oxford, 
he returned to Imperial Chemical Industries (Nobel 
Division) and became head of the Physical Chemistry 
Research Section in 1950. He was awarded the Meldola 
Medal of the Royal Institute of Chemistry in 1952. At 
the time of his appointment to the chair of chemistry in 
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Edinburgh in 1959, he was personal assistant to Sir Ewart 
Smith, deputy chairman of Imperial Chemical Indus- 
tries, Ltd. Prof. Cottrell’s main research interest in the 
University of Edinburgh lies in the field of energy transfer, 
with particular reference to the theory of chemical 
reaction rates. The research school which he has built up 
and directed continues to investigate transfer efficiency 
in molecule-molecule and electron—molecule collisions: 
the energy transfer from low-energy electrons to rota- 
tional or vibrational modes of molecules has received 
special attention. In addition to research papers in the 
scientific journals, Prof. Cottrell’s published work includes 
The Strength of Chemical Bonds (Butterworths), Molecular 
Energy Transfer in Gases (with J. C. MeCoubrey) 
(Butterworths), Chemistry (Oxford University Press) and 
his recently published Dynamic Aspects of Molecular Energy 
States (Oliver and Boyd). At the same time, he has been 
actively engaged in the teaching, planning and super- 
vision of academic programmes, with special attention to 
undergraduate tutorial arrangements. One major change 
has been the establishment m Edinburgh of an honours 
B.Sc. degree in chemical physics, providing chemists with a 
more rigorous physical and mathematical approach to the 
subject. Formerly a member of the University of Essex 
Academic Planning Board, Prof. Cottrell is now a member 
of the corresponding Academic Advisory Committee, and. 


_ thus brings to his new post a wide experience of teaching, 


research, planning and administration. 


Materials Science at the U.S, National Bureau of 
Standards: Dr. H. E. Sorrows 


THe U.S. National Bureau of Standards has recently 
announced the appointment of Dr. Howard E. Sorrows as 
assistant to the Director of the Institute for Materials 
Research. Until his appointment, Dr. Sorrows was 
manager of the Space and Environmental Science Pro- 
grams of Texas Instruments, Inc., a position that com- 
bined scientific management with profit responsibility. 
From 1959 until 1963, he mitiated and managed a depart- 
ment for technical intelhgence, long-range planning, and 
new product development. Dr. Sorrows has previously 
worked at the Office of Naval Research, the Navy Bureau 
of Ordnance, and at the White Oak Naval Ordnance 
Laboratory. He began his professional career at the 
National Bureau of Standards. Dr. Sorrows holds degrees 
from Baylor University and George Washington Univer- 
sity and a Ph.D. from Catholic University. He has been 
active in a number of scientific societies, including the 
Institute of Electrical and Electronic Engineers, the 
American Institute of Aeronautics and Astronautics, 
Sigma Pi Sigma, Sigma Xi, the Dallas-Fort Worth 
Council of Scientific Societies and the Metropolitan 
Philosophical Society. He was chairman of the Dallas 
Section of the Institute of Electrical and Electronic 
Engineers during 1964. 


United Kingdom Expenditure on Space Research 


In a written answer in the House of Commons on 
January 25, the Secretary of State for Education and 
Science, Mr. A. Crosland, stated that the estimated 
expenditure by the Science Research Council on scientrfic 
space research in 1965-66 was £3-55 million. This in- 
cluded provision for the United Kingdom contribution to 
the European Space Research Organization of £1:75 
million, most of which should be regarded as expenditure 
outside the United Kingdom. There was also a little 
expenditure outside the United Kingdom for purchase of 
equipment which had to be imported. In a further written 
answer on January 26, Mr. Crosland added that the 
Science Research Council organized the scientific space 
programme, which existed to make it possible for indi- 
vidual scientists, or groups of scientists, in universities or 
other institutions, to carry out researches in space. 
Hitherto, the main opportunities had been in the series 
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of Anglo-American satellites. In future, the main oppor- 
tunities would be in the European Space Research 
Organization and tne National Aeronautics and Space 
Administration satelites. Also in a written answer, on 
January 25, the Minister of Technology, Mr. F. Cousins, 
stated that under its contract with the European Space 
Research Organization, the Atomic Energy Authority bad 
completed its design study of the payload for the astro- 
nomical satellite praject in which it makes proposals for 
satellite-borne instruments to enable ultra-violet and 
X-ray studies to be made of stars and nebulae. The 
Authority’s design would be in competition with two 
other contract studies requested by the Organization, 
which was expected to take several months to assess them. 
In a further written answer, on January 27, the Minister 
of Aviation, Mr. F. Mulley, stated that the total estimated 
expenditure in 1965-66 by the United Kingdom on the 
space programme amounted to about £22 million, or 
0-07 per cent of the gross national product, or a per capita 
expenditure of 5s. 3d. compared with Is. in Belgium, 
9s. 6d. in France, 6s. in the Federal Republic of Germany, 
and 2s. 3d. in The Netherlands. About 3,800 persons in 
the United Kingdom were employed on the British space 
programme and £15-:32 million was provided in the 
1965-66 programme for expenditure by the Ministry of 
Aviation on space research and development. This did 
not include expenditure to meet specific requirements of 
the Ministry of Defer.ce and the Science Research Council, 
but does include a ret payment of £2-21 million for the 
European Launcher Development Organization trans- 
actions. 


Forestry Commission: Plans for Expansion 


In reply to a question in the House of Lords on 
February 3, Lord Mitchison, Joint Parliamentary Secre- 
tary to the Minister of Land and Natural Resources, said 
that the Government had completed its review of planting 
to be carried out by the Forestry Commission. The pro- 
gramme for Great Eritain provided for the Commission 
to plant 450,000 acres during the years 1964-73 and it 
had been decided that planting in England and Wales 
should continue within this programme. In Scotland ıt 
had been decided, in view of circumstances set out in the 
White Paper on the Scottish Economy, 1965 to 1970 
(Cmnd. 2864), to increase the programme from the 
present level of 30,000 acres a year to 36,000 acres a year 
from 1969. In a written answer in the House of Commons 
on February 2, the Secretary of State for Scotland, Mr. 
W. Ross, stated that the Forestry Commission intended, 
as soon. as circumstantes permitted, to increase the number 
of professional, scierrtific and supporting staff in Edin- 
burgh from seventeer: to about forty. The location of the 
new building required was already being considered. 


United Kingdom Atomic Energy Authority: Non- 
nuclear Research 


In a written answer in the House of Commons on 
February 3, the Minister of Technology, Mr. F. Cousins, 
stated that scientific effort of the Atomic Energy Authority 
on work not directly connected with nuclear-energy was 
equivalent to that of about eighty professionally qualified 
or graduate scientists and engineers. 


United States—Poland Exchange Programme 


Tue U.S. National Academy of Sciences and the 
Polish Academy of Sciences have announced plans for a 
programme of exchange visits by scientists of the two 
countries. The agreement, which covers a 3-year period, 
became effective from January 1 and provides for ex- 
changes in all the disciplines in which the two Academies 
are mutually competent: natural sciences, including 
mathematics; engingering sciences; and behavioural 
sciences: The new programme is flexible in its provisions 
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for both short-term visits by individual scientists to 
lecture, to conduct seminars, to survey research, or to 
exchange professional views and, for longer stays of up 
to 1 year, to carry out laboratory research or investiga- 
tions in the field. Visits in each direction, totalling approx- 
unately 40 man-months per annum, are provided under 
the programme, with no necessary matching of either the 
number of exchanges or the scientific fields in which they 
occur. In addition to its provisions for the exchange of 
individual scientists, the agreement provides for co- 
operation between the two Academies in the field of 
scientific publications and documentation, including the 
exchange of information on research and documentation 
and programmes, and mutual assistance and advice on 
the exchange of books and scientific literature. This 
agreement is similar to the agreement which came into 
effect on January 1 between the U.S. National Academy 
of Sciences and the Council of Academies of Yugoslavia. 
Similar arrangements are also anticipated between the 
U.S. National Academy of Sciences and the academies of 
Romania, Hungary and Czechoslovakia. 


Polish Academy of Sciences: Four-year Plan 


THE basic provisions of the 1966-70 Plan of the Polish 
Academy of Sciences Agencies are outlined by W. Nowack1 
in the Academy’s Review for April-June, 1965 (10, No. 2; 
38). The twenty-one institutes and forty-nine autonomous 
centres and agencies of the Academy now employ 5,600 
persons, including 2,210 scientific workers, of whom 460 
are independent; by 1970 1t is anticipated that the 
present shortages ım some disciplines will have been 
eliminated. In the social sciences, the research and 
development plan will continue the policy initiated a few 
years ago, but special attention will be given to the 
further development of the economic sciences. The estab- 
lishment of an Institute for the Economic Sciences is 
proposed, as also is the development of research m 


pedagogies and psychology. In the biological sciences, the’ 


importance of biochemical and biophysical research 1s 
emphasized, and the development of microbiology and 
genetics ıs proposed. In medical and agricultural science 
and, forestry, collaboration with the biological sciences 
will be strengthened, and research on the nervous system, 
on experimental and transplantation surgery, the physio- 
logy of ageing and of labour, and on human genetics, 
medical anthropology and human ecology is specially 
mentioned. In physics, special attention will be given to 
the development of the physics of solids, quantum elec- 
tronics and the physics of low temperatures. In physical 
chemistry, the mechanism and laws of physico-chemical 
change, the methodology of separating multi-component 
mixtures, the physico-chemical foundations of metallic 
corrosion and the erosion of structural materials will be 
studied. In organic chemistry, the mechanism of re- 
actions, the kinetics and catalysis of organic reactions, the 
utilization of indigenous raw materials and physiologically 
active substances are among the subjects proposed for 
research. Work on the physics of the rare and radioactive 
elements and the chemistry of plasma is also proposed. 
Research is also to be concentrated on the application of 
large automatic systems, new applications for analogue 
computers, the modelling of neuronal systems and on the 
methodology of planning. 


The Cumberland Basin, Bristol 


ALL large cities in Britain are to-day faced with an 
ever-growing traffic problem, and in this Bristol ıs no 
exception. In recent years, especially near the city centre 
and the city docks, traffic conditions at certain times 
became quite chaotic, particularly when the old swing 
bridge was opened at intervals during the day to permit 
the passage of shipping in and out of the docks. This 
swing bridge was the focal point for an enormous flow of 
traffic from the North, the Midlands, South Wales and 
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South-West England; when ships were moving in and out 
of dock, road traffic built up into queues stretching for 
miles along either side of the Cumberland Basin. The 
problem has been considerably eased, however, by com- 
pletion of what is known as the Cumberland Basin Bridges 
Scheme, a brilliantly conceived and executed design of 
bridges, viaducts and a new swing bridge, an account of 
which is contained in an illustrated article entitled “The 
Cumberland Basin Bridges and Viaducts”’, recently pub- 
lished (Conerete Quarterly. No. 66; July-September 1965. 
London: Cement and Concrete Association. 5s.). 

The new lay-out is essentially an interchange of elevated 
roads on which north-south traffic crosses the river on 
the Avon Bridge, a three-span pre-stressed concrete 
structure. On the north bank of the river is constructed 
a spiral slip road and a branched ramp which take traffic 
to and from the old swing bridge. Just north of this 
interchange is the new swing bridge carrying the road 
across the entrance lock. Then, just north of this, the 
carriageways divide into four separate lanes; north-bound 
traffic can go straight on into Bristol City, or it can turn 
westward down a curving ramp towards Avonmouth via 
the Avon Gorge; two more curved ramps carry south- 
bound traffic up on to the new swing bridge. It is here 
that the swing bridge control tower ıs situated, whence 
changeable signs are operated to divert traffic streams 
down ramps towards the old swing bridge (east end of 
Cumberland Basin) when the new swing bridge is open 
for shipping. This most informative article gives tech- 
nical details of the designs of the viaducts, the new Avon 
Bridge, and the new swing bridge. Apart from a panoramic 
photograph of the entire project, taken from the heights 
of Clifton, which clearly shows how traffic can flow in all 
directions without interruption, there are also photo- 
graphs of a scale model of this scheme and its orientation, 
and of the Avon Bridge. A material factor in the overall 
design is that it has vastly improved the approaches to 
the city and has transformed much that was ugly into 
something much more pleasing which harmonizes the 
dockland with the well-known picture westwards, “‘. . 
the towering cliffs of the Avon Gorge and Brunel’s 
dramatic suspension bridge”. 


Improved Analysis of Earthquakes 


ACCORDING to a recent paper entitled “The Application 
of Phased Arrays to the Analysis of Seismic Body Waves”, 
by J. W. Burtill and F. E. Whiteway (Phil. Trans. 
Roy. Soc., No. 1091, 258, 421-493. London: H.M.8.0O., 
1965. 44s.; 6.60 dollars), the analysis of seismic body 
waves (that is, waves which have travelled through the 
earth rather than over its surface) has been facilitated by 
the use of phased arrays. This method has enabled more 
data concerning natural earthquakes and explosions to be 
obtained than has been so using the more conventional 
three-component set of seismographs. The array may first 
be used (often by signal delay and addition) to cut out 
random noise and microseisms, and then as a velocity and 
azimuth filter to eliminate unwanted waves, so.that signal 
recognition is vastly improved. By these methods and 
by the use of correlation techniques, the velocities of 
various pulses across the array and their arrival time 
at one particular seismometer can be determined accur- 
ately. This information may then be used for the determ- 
ination of the Earth’s crustal structure by well-known 
methods. At ranges less than 25° seismograms are very 
complex. However, for ranges from 30° to 90° the effect 
of the propagation path has been shown to be small, and 
the results from explosions are in agreement with a 
simple symmetrical, impulsive source function. Nearly all 
natural earthquakes investigated, however, had asym- 
metrical source functions. At Yellowknife, waves having 
a length of at least 20 km have been observed and arrays 
of comparable dimensions are therefore necessary. Experi- 
ments have been, and are being, performed with line, 
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circular and cluster arrangements of seismometers and 
with various methods of weighting the signals (signal/ 
holse power ratio, Tchebyscheff polynomials, ete.) in 
order to improve pulse recognition and measurement. 
Work on data analysers (chiefly for velocity and azimuth) 
18 In progress. It might be added that seismological 
arrays are now in operation at Eskdalemuir, Scotland 
(United Kingdom Atomie Energy Authority), in Canada, 
in India, in Australia and in the United States. 


Action of Ammonium Salts on Concrete 


Apart from ammonium sulphate, data on the action 
of ammonium salts on concrete are limited and, in some 
cases, conflicting. The problem has been investigated by 
Dr. F. M. Lea (Building Research Station), whose paper 
on “The Action of Ammonium Salts on Concrete” has 
recently been published (Magazine of Concrete Research, 
22, 17; September 1965. Cement and Concrete Associa- 
tion, London, 8.W.1). Dr. Lea studied the action of 5 per 
cent solutions of ammonium salts on a Portland, a Port- 
land~pozzolana, and a high-alumina cement concrete. He 
found that ammonium chloride and nitrate solutions had 
a strong leaching potential, acting as dilute acids con- 
sequent on loss of ammonia by reaction with lime. 
Strengths of concrete cubes with all three cements fell by 
at least half in 4 years, without outward signs of deteri- 
oration. Examples are quoted of comparative com- 
pressive strengths (in Ib./in.*) of 4-in. cubes of 1: 2: 4 
concrete; in the case of Portland cement, storage in water 
for 1 year gave the figure 6,310; in 5 per cent ammonium 
nitrate 1-year storage reduced this to 4,340; after 4 years 
the figure was 2,310; a 60 per cent Portland cement and 
40 per cent spent oil-shale pozzolana mix gave corre- 
sponding figures of 4,960, 3,500 and 2,440; cubes of 
high-alumina, cement showed a similar trend with cor- 
responding figures 9,340, 7,180 and 4,400. Chemical 
analyses of some specimens tested show large reductions 
in the lime content of the cements. 

In a further significant series of tests, to determine 
compressive strengths (in lb./in.?) of 50 cm? cubes of 
1:2:4 concrete, the following results were obtained: 
for Portland cement stored in water for 1 year, 7.320; 
the same stored for 3-5 years, 8,420. In 5 per cent 
ammonium nitrate, the corresponding figures were 
4,525 and 3,050. In 5 per cent ammonium chloride, 
the figures for l-year and 3:5-year storage were 4,140 
and 2,110; and in 5 per cent ammonium sulphate, 
stored for 1 year, the figure was 825. High-alumina 
cement revealed similar reductions under the same 
conditions: in water the figures were 9,830 and 9,730 
(storage for 1 and 3-5 years, respectively); with 5 per 
cent ammonium nitrate the reduction was from 4,685 


( to 1,520; with 5 per cent ammonium chloride the re- 
duction was from 7,810 to 5,720; but with 5 per cent 


ammonium sulphate, only 10,110 to 9,115. (All the 
foregoing results are means of tests on four cubes.) 
Regarding the reaction of ammonium sulphate on Port- 
land cement, the formation of calcium sulpho-aluminate 
producing expansion is dominant, and Dr. Lea attributes 
this to its solubility being lower than that of the nitro- or 
chloro-aluminates. 


Control of Tuberculosis 


International Work n Tuberculosis, 1949—1964, is the 
title of a reprint from the WHO Chronicle which reviews 
the tuberculosis programme of the World Health Organ- 
ization (Pp. 32. Geneva: World Health Organization; 
London: H.M.S.0. 1965. 2 Sw. francs; 3s. 6d.; 0.60 
dollars). In 1948, the World Health Assembly decided 
to make tuberculosis control one of the priority pro- 
grammes of the World Health Organization. Initially, 
there were two main aspects of the work of the World 
Health Organization: the demonstration of modern 
methods of tuberculosis control to developing countries 
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and collaboration with the United Nations Children’s 
Fund in mass BCG vaccmation programmes. In 1959, 
the work took a new direction. Research into the epi- 
demiology of tuberezlosis assisted by the World Health 
Organization had skown that some of the conventional 
ideas about the disease were erroneous, and clinical 
research assisted by the World Health Organization had 
shown that domucifary treatment of tuberculosis by 
drugs was as effective as, and cheaper than, mstitutional 
treatment. The experience of the World Health Organiza- 
tion with classical methods of control had shown that 
training and demons:ration projects would not, by them- 
selves, promote new programmes and that mass BCG 
programmes also had limitations. A new approach to 
the control of tuberculosis was therefore evolved, namely, 
the concept of the national tuberculosis programme 
adapted to the needs and resources of each country and 
planned by a national tuberculosis institute. The first 
of these institutes was opened in Bangalore in 1959, 
and the success of the programme developed there 
exceeded expectatiors. This concept is now being used 
to deal with the widely differing problems met with in 
countries now receiving help from the World Health 
Organization for tuberculosis control. Research has 
been, since 1949, an integral part of the tuberculosis 
control programme of the World Health Organization, 
and thirty-four national institutions in twenty-four 
countries are now taking part in this work. The activities 
range from the estadlishment of a standard tuberculin 
test to the development of cheap and effective standard 
chemotherapy. This publication contains seven sections 
on various aspects of control programmes and five sec- 
tions on research and diagnostic procedures, epidemiology, 
immunization, chemotherapy and chemo-prophylaxis, and 
systems analysis. 


Effect of Experimental Haemorrhage on Haemoglobin 
Plasma Iron and Total lron-binding Capacity in Dairy 
Calves 


Waen K. ©. Bremner, of the Division of Animal 
Health, and J. A. Ronald, of the Wheat Research Unit, 
C.S.1.R.0., withdrew >lood samples of 10, 20 and 30 ml./kg 
body-weight from healthy dairy calves, the plasma total 
iron-binding capacity increased (Austral. J. Hap. Biol. and 
Med. Scr., 43, Part 5; October 1965). Plasma iron concen- 
trations also increased significantly after bleeding at the 
two higher levels, but were unaffected by a blood loss of 
10 ml/kg. Calves bled daily for 2 weeks at rates of 2, 4 
or 6 ml./kg/day also had significantly increased plasma 
total iron-binding capacity. Blood losses of 2 or 4 ml./kg/ 
day resulted in an elevation of plasma iron concentration. 
However, phlebotomies of 6 ml./kg/day eventually caused 
a marked depression of plasma iron levels, but when the 
bleedings stoppéd, plasma iron concentrations mereased 
to abnormally high values. It is suggested that the 
increased plasma iron levels were due to an increased 
absorption of dietary iron. Labile iron reserves in the 
experimental calves were estimated to lie within the range 
1-0-1-4 g, and were essociated with liver concentrations 
of non-haem iron of about 30 ug/g wet liver. In calves, 
levels of non-haem iron in liver tissue of less than 20 ug/g 
appear to be indicative of iron deficiency. 


Exchange Scheme between Britain and 
Younger Scientists 


Durine the past 2 years there has been in operation 
an exchange scheme designed to establish or maintain 
contact between British universities or research institutes 
and their counterparts in India through visits by younger 
scientists. The sehem», originally proposed by the (then) 
scientific adviser to the Indian High Commission in 
London, provides for six visits of between 6 weeks and 
4 months duration by younger British scientists to India, 
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arrangements for attachments to suitable institutions 
being made by the Indian University Grants Commission. 
A similar number of visits by Indian scientists to Britain 
are also provided for, attachments being arranged through 
the British Council. Nine British scientists have visited 
India under the scheme since its inauguration and it is 
hoped to arrange a further six visits during the period 
April 1, 1966-March 31, 1967. Applications from British 
scientists, preferably between the ages of 27 and 35, are 
now invited. Further information and forms of applica- 
tion can be obtained from the Director, Science Depart- 
ment, the British Council, 59 New Oxford Street, London, 
W.C.1. The closing date for applications is March 15, 
1966. 


The Paul Instrument Fund Awards 


Tse Paul Instrument Fund Committee has made grants 
as follows: £3,250 to Prof. A. F. Gibson, professor of physics 


in the University of Essex, for the development of devices ~ 


to extend the application of infra-red lasers; £700 to 
Dr. E. T. Hall, director of the Research Laboratory for 
Archaeology and History of Art, Oxford, for the con- 
struction of a geophysical magnetic simulator; £5,000 to 
Mr. A. R. Luxmoore, of the Engineering Department, 
University College, Swansea, for the construction of a 
‘Moiré-scope’——a special optical instrument sensitive only 
to the deformations of a body, and not affected by any 
rigid body movements (closely comparable with the con- 
ventional polariscopes used in photo-elastic measurements 
of stress). The Paul Instrument Fund Committee, com- 
posed of representatives of the Royal Society, the In- 
stitute of Physics and the Physical Society and the 
Institution of Electrical Engineers, was set up in 1945 
“to receive applications from British subjects who are 
research workers in Great Britain for grants for the 
design, construction and maintenance of novel, unusual 
or much-improved types of physical instruments and 
apparatus for investigations in pure or applied physical 
science”’. 


Counci! for National Academic Awards: 
Degree Courses 


Statement No. 3 from the Council for National Academic 
Awards deals with the approval of courses in science, 
technology, arts and social studies, leading to the award 
of the honours or ordinary degrees of B.Sc. or B.A. 
(Council for National Academic Awards. Statement No. 3. 
November 1965. Pp. 15 London: Council for National 
Academic Awards, 1965). For this purpose the Council 
has established two Boards of Studies: the Commuttee 
for Science and Technology, and the Committee for Arts 
and Social Studies. The Statement deals with the admis- 
sion of students to courses, the duration and content of 
courses including training in sandwich courses, with 
teaching and with examination arrangements. Students 
who successfully complete honours courses will be granted 
degrees in four classes: first-class honours; second- 
class honours (first and second divisions); and third- 
class honours. 


University of Newcastle upon Tyne: 
Vice-Chancellor’s Report 


Tse Vice-Chancellor’s report to the Court and Council 
of the University of Newcastle upon Tyne for the period 
August 1, 1964—July 31, 1965, is accompanied by depart- 
mental reports and lists of publications, arranged under 
departments (Pp. 152. Newcastle upon Tyne: The 
University, 1965. n.p.). It records 3,996 undergraduate 
and 587 postgraduate students; 1,554 students entered 
in October 1965, compared with 8,702 applications, making 
a total of 628 postgraduate and 4,247 undergraduate 
students. Deep concern is expressed over the erosion of 
the value of recurrent grants in the present quinquennium. 
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A grant from the Department of Scientific and Industrial 
Research enabled the University to establish the first 
centre in Britain for retrieving information on medical 
science. A university grant enabled members of the 
University to participate in the 1965 Fezzan Expedition, 
while the Exploration Society sent an expedition to 


Afghanistan and undergraduate expeditions to Iceland — 


and to Greece. 


Announcements 


Dr. J. E. Riousry, formerly district geologist, H.M. 
Geological Survey, Scotland, has been awarded the Neill 
Prize for the period 1963-65 by the Council of the Royal 
Society of Edinburgh, in recognition of his investigations 
on the structure of the tertiary volcanoes of Scotland and 
Northern Ireland. 


Mn. W. T. Coorrer has been appointed national chair- 
man of the Institute of Fuel, Australian Membership, m 
succession to Prof. N. Y. Kirov. 


Tue Deutsche Akademie der Naturforscher, Leopoldina 
has announced the appomtment of the following new 
members: Prof. E. Hasche (Bad Berka); Prof. E. Lesky 
(Vienna); Prof. H. von Mayersbach (Nijmegen); Prof. H. 
Merxmuller (Munich); Prof. K. W. Merz (Freiburg). 


A COURSE on “Information on a Shoe-string’’ will be 
held by ASLIB on March 17. Further information can be 
obtained from the Education Officer, ASLIB, 3 Belgrave 
Square, London, 8.W.1. 


A CONFERENCE on ‘Stresses in Service’, under the 
auspices of the Joint British Committee for Stress Analysis, 
will be held at the Institution of Civil Engineers during 
March 23-25. Further mformation can be obtained from 
the Secretary of the Conference, Institution of Civil 
Engineers, Great George Street, London, 8.W.1. 


A ONE-DAY meeting of the Biological Group of ASLIB 
to discuss the problem of training for university students, 
research workers and librarians in the biological field will 
be held at the Northampton College of Advanced Tech- 
nology on March 25. Further information can be obtained 
from Miss P. I. Edwards, Department of Botany, British 
Museum (Natural History), Cromwell Road,- London, 
S.W.7. 


A Symposium on “Potatoes for the Food Processing 
Industries”, sponsored jointly by the Fruit and Vegetable 
Preservation Research Association and the Department 
of Food Science and Technology of the Borough Poly- 
technic, will be held at the Borough Polytechnic on 
March 17. Further information can be obtained from 
Dr. D. B. Smith, Department of Food Science and 
Technology, Borough Polytechnic, London, 8.E.1. 


A. COURSE of six evening lectures on “‘The Mechanical 
and Metallurgical Aspects of Metal Forming” will be 
held at the Bradford Institute of Technology on Wed- 
nesdays during February 23-March 30. The programme 
will includes introductory metallurgical principles; erys- 
tal structures and imperfections; application of dis- 
location theory; introduction to the theory of plasticity; 
mechanics of metal deformation. Further information can 
be obtained from the Registrar, Bradford Institute of 
Technology, Bradford 7. 


A. CONFERENCE on “Electronic Processes in Low 
Mobility Solids”, sponsored jointly by the Departments 
of Physics and Glass Technology of the University of 
Sheffield, will be held in the University during April 18-20. 
The purpose of the meeting is to discuss transport 
phenomena, optical, dielectric and other properties asso- 
ciated with electron (or polaron) hopping and tunnelling 
in solids in which normal band theory may not be 
applicable. Further information can be obtained from 
Dr. A. E. Owen, Department of Glass Technology, The 
University, Northumberland Road, Sheffield 10. 
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FIELD AND GLASSHOUSE EXPERIMENTS 


SYMPOSIUM on the “Layout, Management and 
Recording of Experiments in Field and Glasshouse” 
was held in London on November 24, 1965, by the 
Horticultural Education Association, in association with 
the Association of Applied Biologists and the British 
Ecological Society. In opening the symposium, Prof. L. 
Broadbent, president of the Horticultural Education 
Association, said that members had requested an oppor- 
tunity to learn something about the principles underlying 
experimental work without becoming too involved in 
statistics. : 
The first paper was by Dr. 8. C. Pearce (East Malling 
Research Station), who discussed ‘“‘Determining the 
Objects of the Experiment” so that data could be analysed 
and results interpreted. Before starting an experiment 
its objective should be clearly defined and a different 
hypothesis, suggested by examination of the data, 
should not be tested although the arithmetic involved 
might be virtually the same. Variability within even 
apparently uniform material existed and, indeed, was the 
basis of the ‘analysis of variance’. In good designs, which 
were based on randomization and replication, variability 
from external causes, such as soil and environment, could 
be calculated and removed from the total variation and 
the likelihood of incorrect results in an experiment could 
be determined. Although the ‘coefficient of variability’ 
was often useful in comparing one experiment with 
another in a series of experiments, it could be most mis- 
leading when used in isolation, as its numerical value 
depended to some extent on the inherent variability of 
the material used in the experiment. 

D. Cooke (University of Sussex), in considering “The 
Design of the Experiment”, said that a critical exam- 
ination ought to be made after data had been analysed. 
This should reveal whether the design selected had been 
‘efficient’, that 1s, whether the experiment had been 
worth doing at all and what inferences could be made. 
He suggested that perhaps it was & pity that there were 
no critics in science comparable to art critics. He ex- 
plained why the appropriate unit to use with many 
experiments involving glasshouse crops is a whole glass- 
house and not part of one. It should be recorded in this 
connexion that nine similar glasshouses have been built 
at the Glasshouse Crops Research Institute in order that 
muilti-factorial experimental designs may be used. 

He also suggested that the effect of ‘scaling up’ in 
horticulture should be investigated. Experience had 
shown that marked effects in experiments were often very 
much reduced when applied on a large scale, but in the 
horticultural industry, unlike chemical engineering, no 
scale models were available. 

In discussing the ‘three R’s’ of experimentation— 
restriction, randomization and-replication-—Cooke recom- 
mended that the major sources of variation often warranted 
a careful examination. If the residual variation per plot, 
after allowing for variation due to treatment and block, 
was large, a different design for future experiments should 
then be considered to see whether a greater amount of 
variation could be accounted for and so removed in the 
analysis of variance. 

D. Price Jones (Imperial Chemical Industries, Ltd.), 
opening the discussion on the foregoing two contributions, 
commented that pilot trials, general surveys and small 
simple experiments which could be repeated over a wide 
range of soils still played an important part. Judging 
by the many and varied questions which followed, there 


is a real desire for guidance from statisticians on such 
technical matters as the number of plots to use, how to 
score when qualitative effects are being assessed, how 
precise measurements should be, and on many other day- 
to-day matters which have to be decided by experi- 
mentalists, even if a statistician is available for overall 
planning. 

‘Multivariate Analysis”, the subject of J. N. R. Jeffers 
(Forest Research Station), was introduced by the chair- 
man, Prof. A. H. Bunting (University of Reading), as a 
logical basis for understanding biological situations. Now 
that data are processed by electronic computers, lengthy 
arithmetical calculations may quickly be done, but the 
real advantage, as Jeffers said, is not in the speed of 
working but in being able to use techniques hitherto not 
even contemplated because of their complexity. In the 
past, when a numbər of different variates have been 
measured in an experiment (for example, dry weighis, 
lengths, number of leaves), analyses have been carried 
out for individual variates, or two of them have first been. 
combined in some way (for example, as a proportion or 
percentage). In multivariate analysis, however, even when 
variates are measured in different units (grams, centi- 
metres, etc.), proviced they are independent (that is, 
there is not a constant relation between two of them), a 
mathematical relationship which includes all the variates 
may be found to describe a biological situation and com- 
parisons may then b3 made between different situations. 
Such a mathematical equation does not immediately show 
the relative importance which may be attributed to the 
different variates, but Jeffers outlined how this problem 
could be solved by a calculation known as principal com- 
ponent analysis. In this analysis data are transformed at 
the outset to counteract the effect of different units being 
used and to ensure that one factor is not overweighted 
because of the arbitrary selection of the origins] dimen- 
sions (for example, measuring in millimetres rather than 
in centimetres). Two of the transformations in use involve 
finding a variance-covariance matrix between every set 
of variates and the computation of a correlation matrix. 
Jeffers concluded ky referring to canonical analysis, 
another technique which may be used when comparisons 
are made of biological material and data for a number of 
variates exist. He farecast that fewer experiments would 
probably be done in the future, but that they would be 
larger and better planned and would require the advice 
of a statistician at all stages, particularly in the interpreta- 
tion of the results. 

It was stimulating to hear of the possibilities of obtain- 
ing so much informasion from one experiment, provided a 
statistician was at hand to clarify the complex situation 
which would arise. The ecologist, on the other hand, 
starts with a complex interacting system containing plant 
and, animal species, different soils and so on, and attempts 
to describe it mathematically. Dr. M. B. Dale (University 
of Hull) discussed numerical techniques in ecological 
research and showed. how investigations fall into two main 
groups, those in which the frequency with which a particu- 
lar factor is present is recorded and those in which only 
their presence or absence is noted. In both cases, much 
depends on the initial decision as to which items to investi- 
gate. Samples are taken from appropriate sites, either at 
random or in some systematic way, rather like taking 
records at stated intervals of time. The data may be 
analysed by an ‘orcination’ technique when the samples 
are put in sequence, so that the two which differ most are 
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at the ends. A number of such sequences are possible 
according to the factors chosen as being most important. A 
more usual method of handling the data is by ‘classifica- 
tion’ when like samples are grouped together. In both cases 
a personal decision as to the relative importance of the 
different factors involved determines the results; it 
should be remembered that what seems unimportant at 
the time of sampling in ecological work may be of great 
interest in later years. Although both principal com- 
ponent analysis and canonical correlation analysis are 
being tried, some other analysis, more easily interpreted, 
is required. Dale is hopeful that, by introducing some 
form of ‘weighting’, he will be able to produce a satıs- 
factory classification method. 

In the final general discussion, Jeffers said that suitable 
Statistical techniques were becoming so advanced that 
the service of one professional statistician would be 
required to about six research workers, if full value was 
to be obtained from an experiment. With the present 
shortage of statisticians that ideal seems remote, but 
members of the symposium welcomed Prof. Bunting’s 
announcement that, beginning in October 1966, there 
would probably be a one-year M.Sc. course in biometry 
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at the University of Reading. Nevertheless, research 
workers will still have to formulate a hypothesis, be able 
to discuss the layout of the experiment with a statistician, 
supervise the day-to-day management and obtain appro- 
priate data. Finally, even if the analysis is obtamed for 
him by the statistician, with the use of an electronic 
computer, he must be able to discuss the interpretation 
of the results and translate them into hiological terms. 
A. working knowledge of the ‘language’ of statistics and 
of the underlying principles would seem to be increasingly 
necessary for all those responsible for field and glasshouse 
experiments and for those interested in the application 
of their results. It is hoped that another symposium will 
be arranged to continue the education of the non-statis- 
tician who uses statistical tools. 

Members of the three organizations responsible for the 
symposium are greatly indebted to Mr. J. H. Walker, of 
East Malling Research Station, for arranging this sym- 
posium and to the various speakers for presenting their 
specialized subjects to an audience of horticulturists and 
biologists, many of whom had had no formal traming in 
statistical methods. 

M. E. MARSTON 


EUROPEAN JOURNAL OF CANCER 


HERE is, and has been sınce 1936 when the Inter- 
_d& national Union Against Cancer was founded, extensive 
international collaboration and exchange in the field of 
cancer research. This co-operation has been stimulated in 
recent years by the idea of an international institution of 
cancer research located in Europe and also by the efforts 
of the World Health Organization. At the European 
regional level such groups as the European Committee for 
Cancer Chemotherapy and the European Committee for 
Human Tumour Investigation are also playing their part 
in encouraging inter-European collaboration between 
clinicians and scientists engaged in the study of cancerous 
diseases. It is logical that these European groups and their 
associated workers should now have a journal which will 
provide a forum for the exchange of ideas and information. 
This journal is the Zuropean Journal of Cancer which 
made its first’ appearance in June of last year *. 

The editorial advisory board of the new journal consists 
of workers of repute in the cancer field drawn from nine 
European countries, and the policy of the board will be to 
publish original work in the field of experimental and 
clinical cancer research, papers giving the results of 
planned clinical studies and also general reviews on subjects 
of particular relevance to these researches and studies. 

The first issue contains eight papers from laboratories 
and centres in Belgium, France, Holland and Italy, so 
justifying the adjective European in the journal’s title. 
There are two papers from the Radiological Institute of 
the Netherlands. One by L. M. van Putten presents the 
results of studies on the effects of different storage tech- 
niques on mouse and monkey cell suspensions, and the 
other is by H. S. Reinhold, ın which he describes a com- 
bined mechanical and enzymatic method for obtaining a 
single cell suspension from solid tumour tissue. The 
method allows a concentrated suspension of a large 
number of cells to be prepared in a short time. The 
paper from Milan by G. G. Guidotti and others is on the 
inhibiting effects of aliphatic aldehydes on protem syn- 
thesis in Yoshida ascites hepatoma cells. The paper from 
France consists of a review by G. Mathé on immunological 


* European Journal of Cancer, 1, No 1 (June 1965). Pp 1-74. Pub- 
hshed quarterly. Subscription rates: (4) 280s. (40 dollars) per annum for 
libraries, government establishments and research institutions, (B) 1058. 
(15 dollars) per annum for individuals who write directly to the publisher and 
oy es the journal is for their personal use. (Oxford Pergamon Press, 


reactions in their relationship to the development of 
cancer and the possibility of immunotherapy in its treat- 
ment. The four remaining papers come from Belgium. 
R. van Nie and P. J. Thung contribute a paper on the 
hormonal influence of pregnancy on mouse mammary 
tumours and its implication for tumour behaviour and 
progression. J. Hildebrand and C. Coers report six cases 
of polyneuritis with severe damage to peripheral nerves ın 
patients receiving intravenous injections of 3-5 mg 
vincristine per week for varying periods. Vincristine is an 
alkaloid extracted from the periwinkle flower which, 
although very toxic, has shown promise as an effective 
agent m Hodgkin’s disease and certain leukaemias, and 
to a much lesser extent in other tumours. This study 
confirms previous reports of polyneuropathy caused by 
vincristine treatment. Another paper dealing with a 
chemotherapeutic agent is that by Y. Kenis and others, 
again. from Brussels, which reports the results of treating 
patients suffering from Hodgkin’s disease, various lympho- 
mata and leukaemias, with a methylhydrazine derivative. 
The fourth paper, from a centre in Belgium, consists of a 
general review of the literature reporting cases of meta- 
static liver cancer associated with renal dysplasia. This 
paper 1s contributed by G. Buyse and others from the 
hospital at St. Gilles and Brussels University. 

The November issue contains the papers given at the 
International Symposium on the biological characteriza- 
tion of human tumours which was held in May of last 
year. That these papers should have appeared in print 
so soon, after their formal presentation shows a promptness 
m symposium publication which is as rare as it 1s com- 
mendable. 

The standard of typography and lay-out, the quality 
of the paper, and the illustrations are of the high standard 
which we have come to expect from the Pergamon Press. 
A particularly pleasing aspect is the way in which the 
bibliographical references are given in full with the titles 
of the papers quoted. This greatly increases the value of 
the list of references and is a house rule which could well 
be copied by other journal publishers. The annual sub- 
scription price to individuals is a very reasonable £5 5s. 
The annual subscription price to libraries is £14, 
which follows this publisher’s usual practice of being at 
a higher differential rate: a practice which I deplore. 

D. A. BRUNNING 
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THE BAAS BECKING BIOGEOLOGICAL RESEARCH LABORATORY, 


CANBERRA, 


HE Baas Becking Biogeological Research Laboratory, 

which will shortly move into its permanent home at 
the new Bureau of Mineral Resources Building in Canberra, 
was established in July 1965, under the joint sponsorship 
of the Commonwealth Scientific and Industrial Research 
Organization (C.8.1.R.0.), the Bureau of Mineral Resources 
(B.M.R.) and the Australian Mining Industry Research 
Association {A.M.I.R.A.). The broad objective of the 
research work is to investigate the biological and chemical 
processes associated with the formation of mineral deposits 
and with other geological phenomena. 

The Laboratory is named after the late Dr. L. G. M. 
Baas Becking, who was one of the first to recognize the 
possibility that biological, in particular microbial, activity 
may play an important part in the genesis of sulphide 
ores. 

Laurens G. M. Baas Becking was a research scholar of 
wide interests, equally renowned in the United States, 
Java, Australasia and his native Netherlands. His 
investigations of microbial involvement in the syngenetic 
deposition of minerals arose from an interest in the milieu 
of life and its environmental limits. This interest first 
brought him to Australia in 1936 to investigate, in 
eollaboration with Dr. J. Reuter, life in salt lakes, as part 
of his research into the effect of organisms on changes in 
soul, lakes, estuaries and on mineralization. 

For a long period, the mode of deposition of certam types 


- of large base-metal ore deposits was open to conjecture; 


two theories were advanced, sedimentary deposition and 
hydrothermal emplacement. -By the early part of the 
twentieth century, the hydrothermal theory was widely 
accepted. Most ore deposits, and virtually all sulphide 
ore deposits, were believed to have been formed by a 
process of hydrothermal introduction of the ore minerals 
at high temperature, into fractures and by metasomatic 
replacement, and it was assumed that the textures of the 
ore minerals were the result of this emplacement. It 
followed that these textures could therefore be used 
to determine the depositional history of the deposits. 

In the *fifties the view gained ground that this was not 
the only way in which base metal ore deposits were formed. 
Some of the ore deposits emplaced in sedimentary and 
metamorphic rocks were in fact laid down with these rocks. 
This process was termed syngenesis. The mechanisms 
of syngenetic deposition are still mostly unknown, but 
the possibility has been recognized that biological factors 
might be involved. 


LOCAL HEALTH SERVICES 


XPENDITURE on health by local authorities has 
been rising faster than expenditure on the National 
Health Service as a whole. The National Health Service 
accounted for more than 10 per cent of the total expendi- 
ture in 1964, compared with httle more than 7 per cent 
in 1949. Expenditure on health services by local authori- 
ties more than trebled between those years, to reach a 
total of £107 million for the United Kingdom in 1963-64. 
This information ıs given in an Office of Health 
Economics report * which emphasizes the changing pattern 
of work now being carried out by local health 
authorities. 


* Office of Health Economics. Tke Local Health Services. Pp. 40. (Lon- 
don: Office of Health Economics, 1065.) 2s. 6d. 


AUSTRALIA 


In Australia, during the late ‘fifties and early ’sixties, 
some investigations into the general problem of syngenetic 
sulphide ore formation were initiated. Laboratory re- 
search was pursued into the low-temperature formation of 
sulphide minerals, crystallization of amorphous base 
metal sulphides at high temperature under defined condi- 
tions and the biological formation of mineral sulphides. 
The biological studies were undertaken by Dr. Baas 
Becking, who succeeded in demonstrating the formation 
of a number of metal—sulphide minerals by sulphate-reduc- 
ing bacteria in artificial sea water at room temper- 
ature. 

In 1960, a number of mining companies, operating 
through the Australian Mineral Industries Research 
Association, joined with the B.M.R. and the C.S.I.R.0O. in 
financing a small research unit to enable Dr. Baas Becking 
to pursue his studies. Il health unfortunately prevented 
Dr. Baas Becking from doing this, but his work was gener- 
ally confirmed and appreciably extended by Dr. K. L. 
Temple during the period 1961-63. In general, the work 
reached the stage where it could be visualized that under 
certain conditions th> biogenic formation of sulphides 
might be an important factor in the formation of some 
economic ore deposits. As a result of this work, it was 
decided to embark on a more ambitious research pro- 
gramme and the thres supporting organizations formed 
the Baas Becking Biogeological Research Laboratory. 

Initial emphasis wll be placed on investigations to 
establish the relatiorship of biological factors to the 
natural physico-chemical environment with particular 
reference to the possible role of these factors in the 
formation and transfcrmation of sulphide minerals. In- 
vestigations will include the response of micro-organisms 
to heavy metals; biochamistry and physiology of oxidative 
and reductive sulphur transformations; role of organisms 
in the concentration of mineral elements; physico- 
chemistry of low-temperature mineral synthesis; mobility 
of sulphides under the influence of temperature and 
pressure and the interaction of mineral types; and bio- 
logical leaching of low-grade sulphide minerals. 

It is planned to extend research at a later stage to 
include other important munerals of possible biogenic 
origin such as carbonates and phosphates. Dr. P. A. 
Trudinger and Mr. W. M. B. Roberts will be in charge of 
research operations, responsible to a committee of manage- 
ment under the chairmanship of Mr. Haddon F. King. 

J. E. FALK 
Dyre Che mstty Librarye 


SCIENCE COLLEGE, 
OA, Upper Circular Road; 
GALCUTTA, 


The largest propcrtional increases in expenditure 
are due to the provision of more ‘home helps’ (from 
£2°3 millon to £12:3 million) and to extending the services 
for the mentally ill in the community (from £1-2 million 
to £9-3 million). The number of ‘home helps’ employed 
rose from about 19,000 in 1949 to more than 60,000 in 
1964. Four-fifths of ell their work is looking after elderly 
people at home; the report points out that, for every 
elderly person visited by a ‘home help’, there are two 
others who need help with their housework and are not 
getting it. Practically no community care was provided 
for the mentally ill before the start of the National Health 
Service. By 1964, 156,000 people outside hospital were 
benefiting from local mental health services. 
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The largest actual increase in expenditure has been in 
the ambulance services. This has risen from £6-5 million 
in 1949 to £18-8 million in 1964. The total number of 
patients carried has risen even more, from 7 million in 
1949 to almost 20 million in 1964. Four-fifths of ambu- 
lance work consists of carrying patients to and from out- 
patient departments, and a much larger proportion of 
such patients are now travelling by ambulance. At the 
start of the Health Service only one out of every ten 
journeys between the home of an out-patient and the 
hospital was made by ambulance; now, one in every four 
journeys is by ambulance. 

The report emphasizes how difficult it seems to be to 
persuade people to accept immunization against infectious 
diseases. Only 66 per cent of infants born in 1961 were 
immunized against poliomyelitis, It comments that 
“the dangers of infectious diseases have diminished to an 
extent undreamed of 30 years ago; but there can be one 
disadvantage of a successful vaccination campaign. This 
is the comfortable but false assumption by the general 
public that it has been a once-for-all battle which has 
eliminated the threat forever”. 

The report directs attention to the large differences 
between local health expenditures in different parts of 
Britain. They range from the expenditure by Northamp- 
ton County Council of £1 3s. per head of population to 
that of £3 1s. 2d. by the Cardigan County Council. In 
terms of personnel, this means a two-fold variation in 
numbers of health visitors, and a three-fold variation in 
numbers of ‘home helps’,.nurses and midwives. The 
report comments that ‘in this case, geographical factors 
are undoubtedly important; but, in general, it is not easy 
to say whether variations between the level of provision 
in different areas are due to differences in need, differences 
in financial resources, or differences in the appreciation of 
the value of the services”. These differences in levels 
of expenditure between different parts of Britain are 
expected to continue during the next ten years. 

The report calls for “a substantial operational research 
programme” to “evaluate in depth the services actually 
provided by typical high spending and low spending 
areas’. The results, it says, could be coupled to those of 
community studies; these have already suggested that 
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there are muny needs unmet, especially in the case of the 
elderly at home. 

Commenting on plans for the future, the report points 
out that “the trend towards community care and the 
consequent necessity for close co-operation between the 
various sections of the tripartite Health Service have 
provided an opportunity for the local health authorities 
to play a more prominent part”. However, the plans 
for the next ten years prepared by the local health 
authorities “imply a slackening rate of expansion ın their 
local health services which becomes very marked after 
the end of this decade’’. 

The report suggests that the falling off in expansion of 
the services planned by the authorities must be taken 
primarily as a reflexion of the difficulty of forecasting for a 
situation in which there are still so many unknowns. 
The changing responsibilities of the general practitioner, 
the increasing skill in early diagnosis and the development 
of day hospitals are but a few of the external factors 
which must affect the function of the local health author- 
ity. What is important is to maintain flexibility, and, 
above all, to avoid recrimination if the present rate of 
expansion of the local health services in fact continues 
far into the 1970s. Those who framed the National 
Health Service made a “miscalculation of sublime pro- 
portions” in assuming that its costs would not rise as the 
Service developed, and much criticism of actual expendi- 
ture resulted. The ten-year plans of the local health 
authorities inevitably appear to contain a similar fallacy, 
and it would be unfortunate if these were eventually to 
result in similar misunderstanding. 

“In this connection”, says the report, “‘it is encouraging 
to note that the new National Plan takes a more expansive 
view of the local health services in the future. While 
the local authorities forecast an increase in current expendi- 
ture of only 4 per cent in 19868-69, with an annual average 
of 1-5 per cent in the following five years, the National 
Plan refers to the annual rate of increase having risen to 
6-5 per cent in 1969-70. Whereas local authorities 
forecast an increase in net revenue expenditure of 30 
per cent in the decade from 1964-65, the National Plan 
forecasts an increase of 34 per cent within the first five 
years.” 


THERMODYNAMICS OF NEW GENERALIZED TRANSPORT LAWS FOR 
LIQUIDS, GASES AND ELECTRONS IN MATTER 


By Pror. M. A. MELEHY 


University of Connecticut, Storrs, Connecticut 


T is well known that thermodynamics constitutes the 
foundation of numerous conventional principles and 
theories in the physical, life and engineering sciences. 
Some important parts of thermodynamics are the criteria 
of thermal equilibrium. It has been almost invariably 
assumed that for any thermodynamic system in thermal 
equilibrium, the chemical potential is constant every- 
where in the system for each constituent. Such a criterion, 
as will be shown in this article, can only be justified if the 
particle concentration in the system is uniform every- 
where for each constituent. The last statement is 
substantiated by at least one case treated in the classi- 
cal work of J. W. Gibbs, to be referred to later in this 
article. 

For the particular case of electrons in solids, it is well 
known that these particles obey the Fermi-Diraci? statis- 
tics, and that at constant temperature the Fermi-level is 
equal to the chemical potential. Thus, it has been con- 
ventionally concluded that in thermal equilibrium the 
Fermi-level for electrons must also be constant through- 


out any solid. This assumption alone constitutes a 
foundation for much of the transport theory of electrons 
in solids as it is known to-day. 

It has been pointed out that the validity of assuming 
that the Fermi-level is constant in thermal equilibrium 
would not be justifiable for electrons in non-degenerate 
p-n junctions’. Similar objections have been raised 
for electrons in any heterogeneous solid’. If the argu- 
ments in refs. 3 and 4 are valid, one would expect that 
the conventional criteria of thermal equilibrium as a 
whole might involve some basic misconceptions. If so, 
it should then be possible to show these misconceptions 
by new direct arguments and conventional thermo- 
dynamics. Attempting to point out and treat this serious 
matter will be the main objective of this article. ` 

To investigate the criteria of thermal equilbrium, new 
phenomenological laws will be formulated. These will 
describe the transport of conduction electrons in any 
form of matter, and more generally the transport of 
particles in fluids enclosed in stationary containers. under 
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the action of any finite number of processes of different 
nature, in and near static equilibrium. The new transport 
laws lead to the fact that in thermal equilibrium generally 
the differentials of the chemical potential, the Helmholtz 
free energy, and the Gibbs function must all become exact 
differentials rather than necessarily vanish, as conven- 
tionally assumed. 

The new phenomenological criteria of thermal equili- 
brium will be verified quantum statistically for boltzon, 
fermion and boson particles. It will be shown that these 
criteria, unlike the conventional ones, make ıb possible to 
formulate what is to be called the equation of internal 
state for liquids. The latter equation, is based on the virial 
theorem. It will be further demonstrated that Fick’s law 
for ideal classical isothermal liquids is a consequence of 
the new transport laws and the equation of mternal state 
for liquids. 

The transport laws to be formulated are meant to 
describe steady-state conditions associated with time- 
independent processes. Under such conditions conceiv- 
ably the concentration of particles is not time-dependent. 
Thus, there is no accumulation of particles anywhere and 
for charged particles there are no displacement currents 
at any point. These assumptions clearly hold in static 
equilibrium and for many other interesting situations in 
dynamic equilibrium. 


(1) Transport Correspondence Principle 


Since the discovery of the Seebeck effect! in 1826, the 
Peltier effect? in 1834, and other transport phenomena in 
solids, the electron transport theory in its conventional 
form has developed along lines almost completely different 
from those of what is at present known as network or 
circuit theory. The non-network transport theory seems 
to be essentially based on thermodynamics and some 
supposedly accepted criteria of thermal equilibrium. 

Circuit theory, on the other hand, has been largely 
based on seemingly different laws. These include Ohm’s 
law and Kirchhoff’s voltage and current laws. It is rather 
difficult to explain why the foundations of circuit theory 
and the rest of the transport theory have been formulated 
differently. Perhaps the conditions of circuit theory 
appeared to be considerably more special than those of 
the transport theory in general. Thus it so happened that 
the fundamental laws, which simultaneously link nearly 
all electron transport phenomena in matter, including 
those of circuit theory, and more generally systems of 
mobile particles, seem to have passed unnoticed. This 
article attempts to describe this missing link and some of 
its fundamental new implications. We begin in this 
section with postulating what is to be called ‘the trans- 
port correspondence principle’. This principle may be 
stated as follows: to every time-independent law in net- 
work theory there corresponds another to hold in general 
for the electron transport in any form of matter, in and 
near static equilibrium, provided that the network law 
and its conditions are entirely describable in terms of 
non-restrictive physical quantities. As will be explained 
in section (4), a similar statement may be made for any 
system of mobile particles, if the system is enclosed in a 
stationary container. 

The term ‘non-restrictive’ used here is meant to describe 
physical quantities, which are not characteristic of only 
one process of a specific nature. Rather they must signify 
a universal physical quantity. Thus, we may describe 
the electron force, energy, and volume concentration as 
non-restrictive physical quantities. On the other hand, 
the electric or magnetic-field intensities, according to the 
definition here, are restrictive physical quantities. Each 
one is characteristic, and indicative of the existence of a 
specific physical situation of a specific nature. 

The following sections will describe a number of mter- 
esting general consequences of this new fundamental 
principle. 
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(2) The Electron Force-Current Generalized Law in 
Passive Media 


This section is concerned with formulating the first 
electron generalized transport law. To explain this law, 
consider Fig. 1, which represents a loss-less battery with 
an e.m.f. Vg connected to a resistor R. The current Ix 
through E may be described in terms of the voltage Vez 
across R by Ohm’s law as follows: 


Ip = Vpr/R (1) 


Notice here that all the three quantities in equation (1) 
belong to one element; namely, the resistor R. 





Fig.1. A loss-leas battery connected to a resistive element R 


Let us next write an expression for the battery current 
Is. This will be: 
Ig = Va/R (2) 


Notice here that while Ig and Vg both belong to the 
battery, k does nct belong to that circuit element. 
Rather ıt belongs to an element outside the battery. 
Thus we may state the following: The current through 
any resistor is determined by Ohm’s law in terms of all 
the variables of that resistor. However, the current 
through an e.m.f. source cannot be determined by all the 
variables of the source. Rather complete information 
for the whole closed loop is needed to determine the 
current in the e.m.f. source. 

Let us next transform equation (1) and the statement 
just made into a non-restrictive form so that the transport 
correspondence principle of section (1) may be applied. 
To do so, consider a pomt P within the resistor. Let the 
electric field intensity at P be E. The electron current 
density J, at P may be expressed as: 

Jn = 2 n(GE) (3) 
Here u’ and n are respectively the electron mobility and 
volume concentration at point P, and q is the magnitude 
of the electron charge. It should be noticed here that 
equation (3) can be derived from equation (2) and the 
definition of mobility. 

It is apparent that (— qE) in equation (3) represents the 
electrostatic force fe acting on the electron at P. Let us 
now imagine that fe at P has been replaced somehow by 
another equal force f of any nature. It is conceivable 
that the electron current density Jn would remain un- 
changed, provided that (u'n) remained constant. There- 
fore we may write: 

Jn = (4) 


and say that f is the generalized force per electron at P. 
The nature of this force here, of course, is totally un- 
important. 

It must be remembered here that equation (4) is a 
non-restrictive transformation of Ohm’s law described 
by equations (1) and i3). Equation (1) is only valid for a 
resistor but not an e.m.f. source. Similarly, equation (3) 
is only valid in solid regions not containing e.m.f. sources. 
Such regions will be referred to as ‘passive regions’. 

In order to apply the transport correspondence principle 
to this last-mentioned condition, again we must state it 
in a non-restrictive way. Regions involving only e.m.f. 
sources, hereinafter called ‘active regions’, have merely 
spatially varying electron energy not caused by electric 
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currents. This will mean that the electron energy in 
such regions has gradients everywhere at zero currents. 
These energy gradients will be defined as ‘motive’ or 
‘active’ forces. 

- Examples of active regions in solids may be the transi- 
tion region in a p-n junction or generally the heterogeneous 
regions in solids, isothermal or otherwise. The term 
heterogeneous here is used in the same sense as is defined in 
ref. 4. In all such regions, as is well known, the electron 
energy varies spatially everywhere even in thermal 
equilibrium, that is, when there 1s no electron current 
anywhere. 

Examples of passive regions in solids melude all homo- 
geneous isothermal regions such as uniformly doped p- or 
m-regions in p-n junctions. In such regions the electron 
energy is constant so long as the electron current 18 zero 
everywhere, that is to say, in thermal equilibrium. 

On the basis of the preceding discussion, one may state 
the first generalized transport law for electrons in any 
form of matter as follows. Near and im static equilibrium, 
the steady-state electron current density Jn at a point P 
is related to the time-independent force per electron f at 
that point by: Jn = — p’nf, provided that P les only in 
& passive medium. Specifically this relation is meaning- 
tess if P is in an active medium. A similar statement of 
this law may be made for any system of mobile particles, 
provided that the system is enclosed in a stationary 
container. 


(3) Loop Conservation of Energy for Conduction 
Electrons in Matter 


The object in this section 1s to discuss what is to be 
called the ‘second generalized transport law’ for electrons 
in any form of matter. Using the same line of reasoning 
as that of the previous section, one may formulate this 
law, which can be stated as follows. Under steady-state 
conditions, the line integral of the active force per electron 
around any closed loop in any form of matter must be 
equal to the line integral of the passive force per electron 
around the same loop. This is so whether or not there are 
currents at various pomts of the medium. When the 
actual electron flow along the loop 1s taken to bea reference 
for direction, active and passive, forces along the reference 
direction must be assigned the same sign. For example, 
both forces must be considered positive. As will be 
explained in the next section, a similar statement may be 
made for any system of mobile particles, provided that 
the system 1s enclosed in a stationary container. 

It should be indicated here that the aspect of conserva- 
tion of energy of this law is, of course, quite familiar. 
What is new, however, is the statement of the law in 
terms of the force per particle in active and passive media. 


(4) Generalized Criteria for Static Equilibrium of 
Electrons in Matter and of Mobile Particles Generally 


The object in this section is to arrive at the necessary 
and sufficient condition for the static equilibrium of any 
one constituent of a system of particles, compressible or 
otherwise, if the system is enclosed in a stationary con- 
tainer and is subject to any finite number of time-inde- 
pendent processes of different nature. Before discussing 
this general problem, a derivation will be presented for a 
system of a specific form, namely, electrons in various 
forms of matter. 

For electrons in solids, the conditions to be sought 
have been stated in ref. 4 on the basis of a seemingly 
paradoxical argument. It is now possible on the basis 
of the first and second generalized transport laws to 
derive it on more rigorous grounds. To do so, consider 
any medium containing active and passive regions. Let 
the conduction electrons in the medium be in static 
equilibrium everywhere. Thus, according to the first 
generalized transport law, the force per electron is zero, 
at every point lymg in a passive region. Imposing this 
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relation on the second generalızed transport law, expressed 
in the previous section, we obtain: 


$ f.ds = 0 (5) 
Here f represents the generalized force per electron in 
the active regions of the considered medium and the 
integration is carried around every closed loop in the 


system. In view of Stokes’s theorem’, equation (5) may 
be expressed in the microscopic form as: 
Vxf=0 - (6) 
The generalized conditions for the static equilibrium of 
electrons in various forms of matter expressed by equations 
(5) and (6) may be further described m a third form. 
From the point of view of energy, the quantity f.ds 
merely represents the infinitesimal work done, dW, per 
electron when it 1s transported a distance ds. If the 


integral of dW must vanish around every closed loop, it 
follows that everywhere: 


dW = an exact differentia] (7) 


Such a property would constitute a third generalized 
criterion for the static equilibrium of electrons in any form 
of matter. 

So far the main concern has been to treat the transport 
of electrons m matter near and in statie equilibrium. 
Such sub-atomic particles indeed constitute one form of a 
system of mobile particles. A question of considerable 
interest may be raised as to whether it would be possible 
to apply all the generalized transport laws formulated for 
electrons for all other mobile particles near and in static 
equilibrium. If a positive answer exists, one must be 
able to show that conduction electrons in matter are at 
least as general hydrodynamucally and otherwise as any 
other type of particles such as fluids. 

Let us first investigate the question of compressibility 
for electrons in matter. That electron conduction can 
involve electron compressibility even without a recom- 
bination process may be directly shown by considering, 
for example, the conduction in any medium free of such 
a process. Under steady-state conditions, it is well known 
that the continuity equation® for electrons leads to: 


V Jn = 0 (8) 
It is also well known that the density of the electron 


current is related to the carrier flow velocity v at any 
point by: 


Jn = —qnv (9) 
From equations (8) and (9), 1t follows that: 
V .(nv) = 0 (10) 


The implication of the preceding equation is that 
V .v will vanish only if n is constant. Hence, whenever 
conduction by electrons occurs in any medium and 
Vn Æ 0, then V.v #0. Examples, for which Vn + 0. 
are the interfaces between any two different metals or 
between a sohd and a liquid. It is well known hydro- 
dynamically?’ that a fluid 1s considered to be ‘incompres- 
sible’ if V.v = 0, and conversely. Thus, conduction by 
electrons in any medium where Vn + 0 indeed involves 
compressibility even in the absence of the process of 
recombination. This particular statement will have some 
especially important consequences to be discussed in 
section (6) concerning the question of validity of the con- 
ventional thermodynamic criteria of thermal equilibrium. 

From the preceding discussion, 1b seems reasonable to 
assume that the two generalized transport laws and 
condition for static equilibrium do apply generally to 
systems of mobile particles which are enclosed in stationary 
containers. In further support of this statement, it should 
be indicated that, when the first generalized law of trans- 
port is applied to particles moving ın a one-phase fluid, ıt 
reduces essentially to Stokes’s law1!. For such particles, 
of course, the fluid represents a passive region. 

The applicability of the new generalized condition for 
static equilibrium to various kinds of systems of particles 
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subject to various types of processes may be further 
illustrated by some interesting examples. Consider a 
closed bottle containing water. Let this bottle be shaken 
before it is placed on a stationary table in an isothermal 
neighbourhood. After a sufficiently long time in the 
absence of any gravitational fields other than that of the 
Earth, there will be no flow in the water at any point. 
Static equilibrium will be established in this case despite 
the fact that every particle of the liquid of mass m is 
acted on by a gravitational force f; = mg. Here g is the 
gravitational acceleration. Notice here that V x fy =.0, 
and equation (6) is satisfied. 

Let us next consider a conducting solid near an antenna 
but electrically isolated from it. Clearly if the antenna is 
radiating electromagnetic waves, currents will be induced 
in the solid. Let now the antenna be fed from a d.e. 
source, so that only an electrostatic field will exist around 
the antenna where the solid is. Conceivably conduction 
electrons in this case will be m static equilibrium every- 
where in the solid. According to Maxwell’s equations’, 
however, when the electric field E ıs not time-varymg, 
then curl E = 0 everywhere around the antenna including 
at all points of the solid. Thus curl fe = 0. Here fe is the 
electrostatic force per electron at any point on or within 
the sohd. Thus equation (6) 1s again satisfied. 

Another interesting example lies within the domain of 
circuit theory. It is well known that the most general 
condition for a vanishing current everywhere in a multi- 
mesh network is that the e.m.f. around every closed loop 
is zero. This condition 1s equivalent to saying that the 
work done per electron around any closed loop is zero. 
Static equilibrium of electrons in this case will be estab- 
lished, regardless of whether the passive circuit elements 
were linear or non-linear. Notice here that equation (5) 
is satisfied. . . 

From equations (5), (6) and (7), and the preceding 
examples, it is apparent that the generalized conditions 
necessary and sufficient for static equilibrium may be 
stated as follows. If a system of mobile particles, enclosed 
in @ stationary container, is involved in any finite number 
of time-independent processes of any nature, it will be in 
static equilibrium everywhere within the container, if for 
each constituent due to each and every process: (1) the 
work done per particle around any and every closed loop 
is zero; (2) everywhere within the container the infini- 
tesimal work done per particle dW when transported a 
distance ds is an exact differential; or (3) there exists an 
acting force f per particle the derivatives of which exist 
and which is irrotational everywhere within the container. 

Thus far, the generalized conditions of static equilibrium 
for systems of mobile particles have been discussed for a 
number of processes which are not thermodynamic im 
nature. In the remaining sections, it will be demonstrated 
that these general criteria of static equilibrium indeed will 
equally apply to purely thermodynamic processes. 


(5) Fundamental Thermodynamic Equations, the 
Chemical Potential, and the Thermodynamic 
Transport Energy Function 


This section will be primarily concerned with summariz- 
ing the four fundamental thermodynamic equations 
associated with a thermodynamic system. From one 
of these equations, a rigorous new definition will be 
arrived at for the important quantity known as the 
chemical potential. The concept of thermodynamic fields 
will also be introduced. 

Consider a one-constituent thermodynamic system. Let 
part of that fluid consist of N particles and occupy a 
volume V. Let U be the internal energy of the N particles, 
T its absolute temperature, P ıts pressure, and S its 
entropy. Let V be sufficiently small so that the pressure 
and temperature of the fluid are uniform throughout V. 
In an infinitesimal quasi-static! change involving a 
reversible process for which N is constants: 
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dI = TdS — Pav (11) 


Here (T dS) represents the increment of heat energy given 
to N and (P dV) 1s the amount of work done by the 
particles while expanding. 

The preceding equation is a consequence of the first 
and second law of thermodynamics. Suppose, however, 
that during the occurrence of the process a small number 
dN of new particles entered quasi-statically the volume 
V. The first law of thermodynamics then will require 
that: 

dU = T dS ~ PdV+pudNn (12) 


Here the quantity 'p dN) represents the amount of work 
done on the origmal particles by the dN particles, which 
entered the volume FV. It has been assumed here that 
each of the dN particles has the same y. This particular 
point will be further discussed shortly. The quantity u 
is generally’ knowr as the “chemical potential’. This 
fundamental quantity was probably first introduced in 
the classical work af J. W. Gibbs’. 

It is important to arrive at a'rigorous definition for u, 
which can be used consistently to describe generally the 
transport phenomena under isothermal conditions and 
even otherwise. Any basic definition for u must clearly be 
expected to stem fram the preceding fundamental thermo- 
dynamic equation. Since according to that equation 
(u dN) represents the work done on the N particles by the 
dN particles introduced into the volume V, it must be 
that u is the average work done by each particle intro- 
duced into FV, due to a purely thermodynamic process. 

The definition just stated for y lacks completeness and, 
in fact, general validity. The reason for this is that the 
definition assumes simply that u can always exist mathe- 
matically throughout the entire thermodynamic system, 
inside and outside the volume V. Unfortunately, this 
is not the case. As will be discussed in section (7), the 
quantity dy. will not necessarily be an exact differential 
except under isothermal conditions. Thus, under non- 
isothermal conditions, the integral of du between any two 
points must in general depend on the path linking these 
points. If we still wish to define p uniquely under non- 
isothermal conditions, we must then specify a path and 
an arbitrary value for u at some arbitrary point on the 
chosen path. 

An analogous situation to this arises in electromagnetic 
wave theory. For example, in a medium in which an 
electromagnetic wave is propagated, it is not possible to 
specify the electric potential V at every point of the 
medium. This is sc since, according to Maxwell’s equa- 
tions!*, the electric field intensity is rotational at every 
point. Thus, the quantity dV is not an exact differential 
and the integral of dV between any two points must 
depend on the path. If, however, a path is specified, 
such as a certain thin open loop of wire, and a reference 
point chosen on th2 path for measuring V, then ıb is 
possible to define uniquely the electric potential at 
every point of the wire. 

To summarize the preceding discussion, we may define 
the chemical potential u at any point within a sufficiently 
small volume V enclosing N particles to be the average 
work done, under the action of a purely thermodynamic 
process, on the N particles by each particle introduced 
into V after having been transported quasi-statically 
from a reference point along a prescribed path. It is 
meant by a sufficiently small volume here that the 
pressure and temperature are uniform throughout the 
volume FV. 

In problems conrected with the transport of mobile 
particles it would be convenient to think in terms of the 
average work done on, rather than by, a transported 
particle. Thus, it would be desirable to introduce a new 
quantity v which may be defined generally at any point A 
within a sufficiently small volume V enclosing N particles 
to be the average work done, due to a purely thermodyna- 
mie process, on each Jarticle transported from an arbitrary 
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reference point along a prescribed path to point A. Let 
this function be called the thermodynamic transport 
energy function, or the transport function. 
Comparison of the definition of u and of y clearly 
indicates that: 
ve -=-u+0 (13) 
Here'C is an arbitrary constant, which will be zero if the 
reference points for both v and u coincide. 
For the particles described earlier, one may write the 
important thermodynamic relation?®: 
U = ST — PV + yN (14) 
It is now possible to derive a fundamental expression for 
the differential of the chemical potential dp. This can 
be done by equating dU, as described by equation (12), 
to that determmed from equation (14), and solving for 
du. Carrying out these steps, we obtain: 
du = — (S/N) aT + (V/N) dP (15) 
The quantities (S/N) and (N/V) may be defined as the 
entropy per particle, s, and the particle concentration, n, 
respectively. Thus, equation (15) may be rewritten as: 


du = —8sdT + (i/n) dP (16) 
or as: 
- Ves -s VE + fn) VP (17) 
From equations (13) and (17), it follows that: 
Vv =sVP — (ljn) VP (18) 


Since the dimension of v is that of energy, clearly the 
dimension of Vv is that of a force. Thus we may define 
Vv as the thermodynamic generalized (acting) force per 
particle, and denote this quantity by f{. The term general- 
ized refers to the fact that the two components of fz, 
although thermodynamic in nature, are of fundamentally 
different characteristics. 

The reader will recognize the last term in equation (18) 
to be what has been called in refs. (3) and (4) the ‘diffusion 
force per particle’ and designated by fa. From the original 
derivation of fz, in ref. (3), it is apparent that it is a 
mechanical force, caused by a pressure gradient. The 
middle term in equation (18), however, would exist only 
when there is a temperature gradient. Since its dimension 
is that of a force, it may be defined as the thermal effective 
force per particle, and will be designated by fr. 

In view of the preceding definitions, and equation (18), 
the thermodynamic generalized force per particle may 
be expressed as: 

fe = fr + fa (19) 
where: 
fr = sVT, fa = — (1/n) VP (20) 

Equations (16) and (17) are well-known relations?’, 
even though they are not commonly used. It so happens, 
however, that these equations have some particularly 
interesting implications concerning the new criteria of 
thermal equilibrium to be formulated in section (7). 

In, addition to equation (12) there are three other funda- 
mental thermodynamic equations. In the differential 
forms, these are: 


df = — S dT — PAV + p aN (21) 
d@=—SdT+VdP+udaNn (22) 
dH =TdS+VdP+udN (23) 


Here } is the Helmholtz free-energy function, G is the 
Gibbs function, and H is the heat function or enthalpy. 


(6) Critique of Conventional Criteria of Thermal 
Equilibrium 

It is well known that in thermal equilibrium, for any 
thermodynamic system, the temperature must be constant 
everywhere. In addition to this condition, there are others 
commonly assumed. The object in this section is to show 
that, except for the condition of constant temperature, 
for some thermodynamic systems, the other conventional 
criteria of thermal equilibrium do not necessarily hold. 

(A) The pressure and chemical potential. It is generally 
assumed that under thermal equilibrium conditions, the 
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chemical potential for almost any thermodynamic 
system is constant everywhere. This assumption is 
considered to hold, for example, for electrons in any solid, 
regardless of the spatial distribution of the electron 
concentration. The criterion of thermal equilibrium just 
described follows at once from equation (16) only if the 
pressure is constant throughout the thermodynamic 
system. 

Let us first discuss whether the conventional assumption 
concerning pressure is really true for all systems. One 
may be able to cite, of course, some examples for which 
dP = 0 in thermal equilibrium. On the other hand, one 
can find also many other interesting systems for which 
this assumption does not hold. Examples of these are: 
(1) an isothermal atmosphere around an isolated planet, 
the gravitational field of which is sufficiently strong to 
hold the gas; (2) the electrons in two different isothermal 
solid crystals in physical contact. 

In the first example, the pressure can be shown! to 
decrease exponentially as a function of height in thermal 
equilibrium. In the second example, since the vapour 
pressure P for electrons may be defined?®?° quantum- 
mechanically on the basis of the virial theorem, P will 
indeed be a function of the concentration n. The latter 
is not the same in the two different solids under consider- 
ation in thermal equilibrium. Therefore, across the 
interface between the two solids dn = 0 and dP ~0 in 
thermal equilibrium. 

The conclusion that du - 0 whenever dP Æ 0 in the 
two preceding examples is an mevitable consequence of 
equation (16). It might be of historical interest to state 
that the example of an atmosphere in thermal equilibrium 
happens to have been treated by Gibbs?!, who also has 
concluded that for that case du Æ 0 in thermal equih- 
brium. Clearly it may now be stated that under thermal 
equilibrium conditions, dp will never vanish in any system 
wherever dP + 0; that is, wherever dn + 0. 

The conventional argument supposedly leading to a 
constant u in thermal equilibrium is not usually based on 
the aspect of pressure as just explained. Rather it is 
based on an equation similar to (21), which may be written 
as follows: 

ope ee SE ene (24) 
The last term is a summation of more than one product, 
since it is needed here supposedly to test whether or not 
the particles would have the same chemical potential at 
different points. 

The conventional argument supposedly proving that for 
electrons in solids du = 0 in thermal equilibrium proceeds 
as follows. First it is assumed that d} is zero. This par- 
ticular assumption, will be shown in the next section to 
be unjustifiable. For the time being, however, let us 
accept the conventional assumption that df = 0 in 
thermal equilibrium. It is then reasoned conventionally 
that if dN particles were transferred from point A to B 
at constant volume, then: 

dF = (ua — pr) dN = 0 
From. equation (25) it would follow that ua = up. 

The weakness in the preceding argument is that if 
dN particles were transferred from point A of high 
particle concentration na to point B of low particle con- 
centration ^p, this could not possibly be done at constant 
volume. To explain this point let us calculate specifically 
the volumes occupied by dN particles at point A and at 
point B. At the former point, the volume d Va = (dN)j7a, 
and at point B, the volume dV, = (dN)j/n». Thus 
dV», = (nafns) dVa. If points A and B are on either side 
of, for example, an interface between a metal and a 
p-type semiconductor, respectively, the ratio of (nafni) 
could be 10:18 or higher. Thus, the assumption that dN 
particles could be transported at constant volume in any 
system is obviously invalid. Clearly the volume will 
remain unchanged only if na = na, that is, in any region 
where Vn = 0. This particular conclusion was arrived 
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at in section (4) in connexion with the hydrodynamic 
interpretation of equation (10). 

(B) The function G. It is generally stated that across 
the boundary line between a liquid and its vapour, in 
thermal equilibrium d@ = 0. The conventional reasoning 
supposedly leading to this result uses equation (22), 
which is here rewritten for convenience, d4 = — S dT + 
V dP + Dur aN. 

k 


To show supposedly that dG = 0 in thermal equilibrium 
across the boundary line between two phases, 1t is con- 
ventionally stated that if dN particles were transferred 
from phase č to j, then this would be done at constant 
pressure. Thus dG = (pi — uz) dN. Since it is conven- 
tionally believed that u: = py, it is then concluded that 
dG = 0 

There are two objections in the preceding argument. 
The first concerns the validity of assuming that p = wy. 
This matter has been already discussed in the preceding 
subsection. The second objection is less obvious. It is 
concerning the assumption that across the boundary, 
dP = 0, which can be shown to contradict the vinal 
theorem. This particular point will be further discussed 
in section (8). 


(7) New Criteria of Thermal Equilibrium 


In the previous section, a number of arguments were pre- 
sented challenging the validity of the conventional criteria 
of thermal equilibrium. The object in this section is to 
formulate new criteria of thermal equilibrium. It will 
be shown, that under such conditions, wherever the con- 
centration is non-uniform, each one of the quantities du, 
d7, dG and dH must become an exact non-vanishing 
differential, and the thermodynamic generalized force per 
particle must become irrotational. 

(A) The chemical potential, and the thermodynamic 
generalized field. In section (5) it was demonstrated that 
under the action of a purely thermodynamic process, the 
work done per particle transported a distance ds is merely 
dy and that is equal to (—du.). According to equation (7), 
the condition necessary and sufficient for the static equili- 
brium of any system of mobile particles enclosed in a 
stationary container is that the work done dW per particle 
transported a distance ds must be an exact differential. 
Therefore, it may be concluded at once that at constant T: 


du = ~ dv = exact differential (26) 


Thus from equations (17), (18), (19) and (20) it follows 
that, in thermal equilibrium, f; = fa and each must become 
irrotational. 

Equation (26) is clearly a consequence of the new 
transport laws, which are phenomenological. Before 
discussing any of its consequences, equation (26) must 
be verified quantum-statistically. 

Let us first consider an ideal classical gas, which has con- 
centration gradients in thermal equilibrium. An example 
of this will be electrons in a non-degenerate p-n junction 
or gas in an isothermal atmosphere of a planet. The 
equation of state for either of the two cases is well known”? 
to be: 

P = nkT (27) 


The quantity du, at constant T, may be found from 
equations (16) and (27) to be: 


du = (kT /n) dn = d(kT In n) (28) 


Equation, (28) is clearly an exact non-vanishing differential 
wherever dn ~ 0. If dT Æ 0, then du would not be an 
exact differential necessarily. 

The non-vanishing exactness of du in thermal equi- 
librium should be possible to verify quantum-statistically 
in any general situation wherever dn + 0. Consider, for 
example, conduction electrons in any solid crystal, 
degenerate or otherwise, in which the electrons have a 
concentration gradient in thermal equilibrium. Examples 
of this situation are p-n junctions, heterojunctions, or 
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any solid-solid interfaces. Let the volume energy density 
of quantum states? g(<) be parabolic. It is well known 
that electrons in sods generally obey the Fermi—Dirac 
statistics. For such particles, it has been shown in ref. 4 
that in thermal equilibrium fz must ‘become irrotational. 
In view of equations (16) and (20), it can be shown that 
dy must become sn exact non-vanishing differential 
wherever dn Æ 0. Ib can be further shown that fg may 
be rotational and dy inexact if dT + 0. 

(B) Helmholtz free energy F. It will be demonstrated 
here that in thermal equilibrium, and only then, d7 
becomes an exact non-vanishing differential wherever 
dn #0. To do so, consider equation (21), which in 
general will be: 


= ~d(PV)+VdP+d(uN)—-Ndp—SaF (29) 


From equations (15) and (29), at constant T, it follows 
that: 


dy = —d(PV) + d(pN) (30) 

Thus, d} is an exactnon-vanishing differential at constant 
T, since du 18 80. 

(C) Gibbs function G. It is also possible to show that in 

thermal equilibrium, dG becomes an exact non-vanishing 


differential wherever dn + 0. To do so, consider equa- 
tion (22), which is: 


d@=VdP+pdN —- Sd? (31) 
or: 
dG = V aP + d(uN) — N dp — Sd (32) 
From equations (15) and (32), it follows that: 
dG = d(uN) (33) 


This completes the proof. 
(D) The heat function, or enthalpy H. It is again 
possible to demonstrate that in thermal equilibrium, 


.dH becomes an exact non-vanishing differential wherever 


dn #0. To do so, consider equation (23), which is: 


dH = T dS + V dP + p daN (34) 
In view of equaticns (31) and (34), we may write: 
dH = ad(ST) + dG (35) 


Since, in thermal equilibrium, d@ is an exact non-vanishing 
differential wherever dn + 0, so also 1s dH. 

(E) Reconstruction of the principle of detailed balancing. 
Jt has been pointed out in refs. 3 and 4 that the common 
interpretation of the conventional principle of the detailed 
balancing implies a fundamental conflict with the exist- 
ence of the Peltier effect. The cause of the conflict may 
here be explained to be simply a violation of the first 
generalized transport law. According to that law, the 
rate of steady-state flow cannot be expressed at any 
point in an active region only in terms of the physical 
constants there. Thus, for example, one cannot say 
that in the transition region of a p-n junction, in thermal 
equilibrium, the diffusion and drift current densities are 
equal and opposite at every point. What one can say for 
this particular case and for any region, containing mobile 
particles, without violating the new transport laws, may 
be described by the new statement of the principle of 
detailed balancing, as follows. At any point in any system 
in static equilibrium, for every particle, of a specific con- 
stituent, which is crossing a given area per unit time in 
one direction, under the action of each process of a specific 
nature, there is ancther particle of the same constituent 
crossing in the opposite direction. f 

Thus, according to this new law, under static equilibrium 
conditions, each process must become conservative and 
hence independently gives rise to a vanishing flow for each 
constituent at each point, within the stationary container 
enclosing the fluid. This isin sharp contrast with the con- 
ventional statement of the principle, which assumes that 
the balance in thermal equilibrium is not caused by 
the individual processes; rather it is caused by all the 
processes combined. 
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(8) The Equation of Internal State for Liquids, and the 
Coexistence of Liquid—Vapour Phases 


The conventional concept of pressure in liquids is 
probably one of the oldest ın physics. The concept, for 
example, presents itself ın connexion with the law of 
buoyancy discovered by the Greek scientist Archimedes 
(287-212 B.o.). In the eighteenth century, this concept 
has been used by Daniel Bernoull: (1700-1782) to formu- 
late some well-known laws of hydrodynamics. 

The conventional concept of pressure for liquids, 
henceforth called ‘external pressure’, is in sharp contrast 
with what is to be named the ‘internal pressure’. The 
latter will be defined for liquids according to the virial 
theorem. Internal pressure, as the name implies, describes 
a physical quantity which cannot be measured directly. 
This is much like the absolute internal energy of a thermo- 
dynamic system or the so-called ‘internal potentials’ in 
a p-n junction or an interface between any two different 
metals. For the latter two examples it is well known 
that ‘internal potentials’ cannot be directly measured. 
Despite the inaccessibility of the internal pressure of a 
liquid, the transport of its particles would be expected 
to depend on it. 

The external pressure in a liquid, if considered to be a 
thermodynamic quantity, as conventionally done, presents 
at least two serious conflicts. The first conflict lies withm 
the domain of the kinetic theory. According to the 
latter, the pressure P should be defined according to the 
virial theorem. This particular assumption is used, for 
example, for gases and for electrons in solids, but not for 
liquids. The reason for this is that if P is calculated, for 
a liquid, it can be shown that, depending on the tempera- 
ture, P could be orders of magnitude higher in the liquid 
than it would be in its vapour, in thermal equilibrium. 
Obviously this result represents a fundamental contradic- 
tion to the conventional criteria of thermal equilibrium. 
Despite this conflict, applying the kinetic theory to 
liquids ıs not discarded altogether. For example, the 
velocity distribution at room temperature is generally 
assumed to obey the Maxwell—Boltzmann statistics. 

The other conflict may be explained on the basis of the 
material presented in section (5). In that section, 1t has 
been shown that (—dy) represents the work done per 
particle transported a distance ds. If dP = 0 in thermal 
equilibrium across the boundary of a liquid and 1ts vapour, 
as conventionally assumed, then according to equation 
(16) at constant T, du = 0. This will be so anywhere 
within the boundary, and otherwise. If this conclusion 
were valid, it should be possible to transport particles 
from the liquid phase to the vapour phase at constant T 
without expending energy. This will mean that the 
latent heat of vaporization would be zero if the process 
occurred quasi-statically. This conclusion clearly is 
seriously contradicted by well-known observations. 

The two conflicts just described may now be resolved 
through the new criteria of thermal equilibrium, and the 
fundamental new transport laws they are based on. 
The existence of the latent heat of vaporization is evidence 
that energy must be expended to transport particles 
quasi-statically from points in the liquid to points in the 
vapour at constant F. Thus by the definition of chemical 
potential introduced in section (5), du Æ 0 at points across 
the boundary between the two phases, at constant T. 
From equation (16), it follows inevitably that dP + 0 
across the boundary at constant T. This result was 
mentioned earlier to be an inevitable consequence of the 
virial theorem. 

To explain this result further, one can imagine that the 
concentration n of the particles will vary across the 
boundary all the way from its value within the vapour 
no to that within the liquid n:. Itis conceivable that some- 
where within the boundary, there exists a point Q at which 
n may be found to be (anv), where « is a number, let us 
say, Jess than 10. If the vapour pressure is sufficiently 
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small, the phase at point Q will be gaseous, and the 
pressure at Q and at all points across the boundary 
between Q, and the uniform vapour, can then be cal- 
culated from equation (27). Therefore at Q, Po = 
knT = kanvT. Thus, across the boundary at least within 
the gaseous portion of the transition region, it can be said 
that dP = kneTda = 0, in thermal equilibrium. 

That static equilibrium can still occur at constant T, 
even when dP + 0, 18 a matter already discussed pheno- 
menologically in sections (4) and (7). In the latter section, 
it was concluded that in thermal equilibrium, and only 
then, du must become necessarily an exact differential. 
This particular result was confirmed in section (7) to be 
the case for ideal boltzon and fermion particles. Since 
particles in most liquids, if not classical, would obey the 
Bose~Kinstem statistics”+.?5, it remains to be shown that, 
for such particles, du is an exact non-vanishing differential 
in thermal equilibrium wherever dn Æ 0. 

To do so consider the Bose—Einstem function: 


Be,ex) = {exp [(e-cx)/kT] — 1} (36) 


where gp represents the amount of energy measured from 
the Bose-level to the reference from which the energy e 
is measured. It should be noticed that here sẹ is always 
a negative quantity. In this case the particle concentra- 
tion and average kinetic energy per particle will be given 
respectively by: 


n = fate) Bie,e,) de (37) 
<e> = (1/n) f e gle) Ble,en) de (38) 
0 


It is now possible to formulate quantum-statistically 
the internal pressure in a liquid, the particles of which 
are bosons, on the basis of the virial theorem. This will 
be: 


P =(2/3)n<e> —P,(n)= (2/8) fe gle) Ble,e») de — P,(n) (39) 


Here P(n) is the component of pressure contributed by 
the inter-particle forces. At constant T, this quantity 
may be expressed, at least in principle, by a Maclaurin’s 
series in n. f 

If g(e) is assumed to be parabolic, then in view of 
(16), (86), (37) and (39), at constant T, 1t can be shown 
that: 

du = de, — de, (40) 


Here de, is an exact differential equal to (1/n)dP)(n). 

From the definition of sp», it follows at once that in 
thermal equilibrium, dy is an exact non-vanishing differ- 
ential for Bose liquids wherever dn = 0. Obviously this 
conclusion is valid also for gases. This result explains 
the co-existence of the liquid and vapour phases when 
their particles are bosons. 


(9) Diffusion in Isothermal Ideal Classical Liquids 


This section presents the theory of diffusion in 1so0- 
thermal liquids on the basis of the new concept of lquid 
internal pressure, and the first generalized transport law. 

Consider any isothermal liquid in which there are par- 
ticles of another ideal Maxwell liquid. Let the concen- 
tration of these particles be non-uniform but time- 
independent. 

According to the first generalized transport law, for 
positively charged particles, the current density is 
related to the driving force per particle, in any passive 
region near static equilibrium, by equation (4). For 
neutral particles, it is more appropriate to use the rate 
of particle flow T per unit area, rather than J. In view 
of the Einstein mobility-diffusion relationship®*, and 
equation (4), F may be expressed by: 


T = (Want = (D/kD)E (41) 
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For the situation under consideration, the quantity f is 
merely the diffusion force per particle. According to 
equations (19) and (20), at constant T', this force is given 
by: 


f= f= fa = — (I/n)VP (42) 
From equations (27), (41) and (42), it follows that: 
F = — DVn (43) 


Equation (43) will be recognized as what is generally 
called Fick’s law?7, It 1s interesting to notice that across 
a liquid—vapour boundary, Vn Æ 0, and in fact, Vn is 
exceedingly high in thermal equilibrium. Notice here that, 
according to the first generalized transport law, equation 
(43) would not apply in that region. Rather, at constant 
temperature, the particles must be in static equilibrium. 

This work was supported in part by the University of 
Connecticut Research Foundation. 
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FERROMAGNETISM AND COLOUR ZONING IN SOME MALAYAN CASSITERITE 


By P. L. C. GRUBB and P. HANNAFORD 


C.S.LR.O. Mineragraphic Investigations, c/o Geology School, University of Melbourne, Parkville, N.2, and 
Department of Physics, University of Melbourne, Parkville, N.2, Victoria 


ARGE cassiterite crystals from quartz-orthoclase- 
fluorite vein lodes at Pelepah Kanan, north-east 
Johore, possess conspicuous colour zoning and a small 
but strongly ferromagnetic fraction. From decrepitation 
tests it can be established that the mineral was formed 
at temperatures between 350° C and 360° C. Individual 
zones, which may be black, brown or colourless, range from 
a few microns to more than 1 mm in width. By reflected 
and transmitted light microscopy it 1s evident that the 
colour and ferromagnetic properties are not due to any 
resolvable foreign inclusions, nor are the refractive index 
and specific gravity values appreciably different. Further- 
more, although a few weak anomalous lines exist which 
cannot be indexed as cassiterite, X-ray diffraction revealed, 
no discernible difference between dark and colourless zones. 
Yet the dark ferromagnetic zones both here and in several 
samples from Thailand and Australia are found to possess 
slightly large ‘a’ unit cell parameters. 

Chemical and spectrographic analyses of dark and colour- 
less, strongly ferromagnetic and non-magnetic cassiterite 
fractions showed only slight compositional differences, 
which scarcely seem consistent with the properties of these 
fractions (Table 1). These analyses were confirmed by 
electron probe microanalyses, which showed no consistent 
relationship between the total iron content and colour 
of individual zones. Thermogravimetric analyses and 
Mossbauer spectra of the dark magnetic fraction, however, 
clearly ruled out the existence of any SnO which con- 
ceivably could be present as a separate phase. 

Separation of crushed zoned cassiterite crystals into 
fractions of differing magnetic susceptibility showed that 
the dark brown or black fraction is the most ferromagnetic, 


Table 1: CHEMICAL ANALYSES OF CASSITERITE FRACTIONS FROM PELEPAH 


NAN, NORTH-EAST JOHORE 


Ferromagnetic Non-magnetir 
cassiterite cassiterite 
SnO, 98°10 99 00 
Totaliron as FeO, 180 0 60 
T10, i nil nil 
MnO 0005 nil 
Total 99 905 99 60 


Analyst. W. H. Hersdman 


having a susceptibiity of 63 x 10-8 c.G.s., whereas the 
colourless variety is essentially non-magnetic. Thermal 
demagnetization analyses using a horizontal-type trans- 
lation magnetic balance revealed two distinct inflexions 
which could both be interpreted as Curie points (Fig. 1). 
The second of these, at 580° C, can be assigned to magnetite, 
as confirmed by X-ray diffraction after completion of 
run. Furthermore, observations using hot-stage micro- 
scopy reveal that the dark ferromagnetic cassiterite 
crystals on heating to above 750° C become more trans- 
lucent in appearance due to coagulation of the fine dis- 
persion of stannate and/or magnetite particles. It appears, 
therefore, that the terromagnetism arises from a second 
phase within the unheated cassiterite where it forms an 
extremely fine cloud-like dispersion which on heating to 
380° C coagulates and reverts to magnetite. For reasons 
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to be discussed, this dispersed ferromagnetic phase is 
probably a ferrous stannate, and in support of this it is 
noteworthy that magnetite forms the chief decomposition 
product of the synthetic compound after calcining at 
1,093° C (ref. 1). But by the same token considerable 
caution is required in examining cassiterite by electron 
diffraction techniques as the extreme temperatures to 
which specimens are necessarily subjected have been 
observed to have the same effect. 

Owing to the difficulty of determining Fe?+ in cassiterite 
by direct chemical means, and in order to investigate 
further its magnetic character, Méssbauer spectra were 
obtained from dark ferromagnetic and light non-magnetic 
fractions using the 14:4 keV y-ray of 1ron-57 and the 23:8 
keV y-ray of tin-119. Absence of observable magnetic 
splitting for both nuclei indicates that only small fractions 
ofiron (< ~10 per cent) and tin (< ~1 per cent) atoms 
can be in a ferromagnetic or antiferromagnetic environ- 
ment. This suggests that the ferromagnetism does not 
persist throughout a magnetic crystal but is localized in 
the minute domains already outlined. 

The iron-57 Mossbauer spectra revealed quadrupole 
splittings and chemical shifts characteristic of Fe*+ and 
Fe*+ (Fig. 2). These spectra suggest that the magnetism 
and the coloration of the cassiterite are caused by a 
paramagnetic ferrous stannate which could be either 
SnkFeO, or SnFe,0,. 
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Fig. 2. Iron-57 Mossbauer spectra (relative to a 310 stainless steel 
source) for cassiterite (relative intensities for A and B not normalized). 
» Dark magnetic cassiterite; — — — —, colourless cassiterite 
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The crystal chemistry of Sn‘+ and T1‘* is not dissimilar, 
and it is suggested that the origin of ferromagnetism in 
cassiterite could be comparable to the behaviour of the 
solid solutions TiO,—Fe,O, or Ti0,.—-Fe,0, (ref. 2). Firat 
in the TiO.—Fe,0, series, spinel-type titanomagnetites 
having the general formula TimFe,-mO, are derived from 
magnetite Fe,0, by the substitution of Titt for Fe*+ ions 
together with a change of ionization of an Fe** ion to 
Fe?+. As m increases, the molecular saturation moment 
and Curie point (4 ug and 578° C for magnetite) fall regu- 
larly’as the unbalancing of magnetic moments decreases, 
and for m = 1 (TiFe,O,, ulvéspinel), the phase becomes 
paramagnetic. Although this system provides a possible 
explanation for the origin of the magnetism in cassiterite, 
the absence of any detectable magnetite or tin analogue of 
titanomagnetite in the fresh magnetic cassiterite, together 
with the relatively low susceptibilities of titanomagnetite 
analogues in the region of TiFe,0, compared with the 
overall susceptibilities of the magnetic cassiterite fractions, 
has led us to prefer the second alternative. In this, the 
rhombohedral series Fe,mTinO, has end members haema- 
tite FeO, and ilmenite FeTiO,, which are both anti- 
ferromagnetic; but near the composition Fe,,3Tiz;303, it 
is possible to obtain considerable unbalancing of magnetic 
moments between neighbouring cation layers, so that 
the compound is strongly ferromagnetic with a molecular 
saturation moment of about 2 ug and a Curie point of 
150° C. Nagata®, moreover, has shown that if the alter- 

—> —> 
nating cation layers had compositions (Titt; Fot Fetz; 3) 


<— 
and (Fe*+,,,Ti‘+,,.), this would give the required molecular 
moment (arrows represent directions ofmagnetic moments). 
Now for cassiterite, the apparent correlation between the 
ferromagnetic character and the ferrous ion content would 
favour a tin analogue of Fe,;3Ti;09;5, since this would 
more likely be found interspersed in a matrix of the ferrous 
compound than would a counterpart of titanomagnetite. 
This conclusion is of course based on the (probable) 
assumption that SnFeO, is paramagnetic. 

We thank Dr. A. D. Wadsley of the C.8.1.R.O. Division 
of Mineral Chemistry, and Prof. J. M. Cowley of the 
Department of Physics, University of Melbourne, for their 
advice. Special thanks are also due to Dr. L. G. Parry of 
the Department of Physics, University of New South 
Wales, for obtaining the thermal demagnetization analyses, 
and to Dr. J. Sanders of the C.S.1.R.O. Division of 
Tribophysics for taking several electron diffraction 
patterns. For conducting one of us over the deposit and 
beneficiation plant we also thank the mine manager and 
staff of the Pelepah Kanan Tin Mine. 
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INVESTIGATION 


By Dr. L. G. CHRISTOPHOROU* and J. G. CARTER 
Health Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 


HE monomer-excimer emission spectra of pyrene in 

solution? and of 2-ethyl and 1: 2-dimethyl naph- 
thalene in the liquid phase’, excited by ultra-violet light, 
were reported previously. Birks eż al.4 have also used 
phosphorus-32 6-radiation to excite a 10-3 M solution of 
pyrene in toluene and reported identity of photofluor- 
escence and scintillation spectra. In this article we 
investigate the excimer formation in solutions and in 
pure liquids under X-ray excitation and we determine the 
binding energy of excimers formed in organic liquids. 


* Department of Physics, University of Tennessee, Knoxville, and Oak 
Ridge National Laboratory, Oak Ridge, Tennessee. 


Solutions. Oxygen-free solutions of pyrene in cyclo- 
hexane were excited at room temperature by 230-keV 
X-rays. The relative quantum intensities, I,, were 
measured by a Bausch and Lomb 500-mm grating mono- 
chromator for various solute concentrations, c, and are 
plotted in Fig. 1. The spectra are normalized at a fixed 
wave-length A = 410 mm, as were the photofluorescence 
spectra®. The shape and position of the monomer-excimer 
bands are identical to those obtained under ultra-violet 
excitation. The ratio of the excimer quantum yield, Ip, 
to that, Im, of the monomer, Ip/In, varies linearly with 
c up to at least 10-2 M. 
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If X and M are the solvent aud solute molecules, 
respectively, and D* is the excimer, then we may eon- 
sider the following two-step process: 


X 


(a) X + RYyxrays _t ¥ umm hy, + X 
lie 


ee | PY A” RR ate (1) 
kiu | va kpue kip 
O M —— M*(4M) Z D*——- M+ M 
Karp 
kya kyp 


In step (a) we consider only the species X *, a solvent 
molecule in its lowest excited singlet state, from which 
electronic excitation energy is transferred to M radiatively 
and non-radiatively with rate constants kp and knr 
respectively. In step (b), which is the case of normal 
fluorescence (that is, only monomers are initially excited), 
krm, kim, kjp, kıp, kome and kmp are the rate parameters 
for M fluorescence, M internal quenching, D* fluor- 
escence, D* internal quenching, D* formation, and D* 
dissociation, respectively. Thus, if it is assumed that X 
18 initially excited and that M is afterwards excited by 
energy transfer from X, the formation and emission of 
D*, and the emission of M *, which follow M * formation, 
should be independent of the mode of excitation of X. 
Considering the kinetics of step (6), we have {e < 10 M): 


f Ip EREN key kome 9 

Im  kgmlkýo + kip + kup) (2) 
For pyrene oxygen-free solutions in cyclohexane, K is 
found equal to 640 mole 1.-! and is independent of X-ray 
energy Hx (120 keV—240 keV) and/or X-ray intensity 
Ix (5 m.amp-20 m.amp). This value for K is ~4 times 
smaller than that obtained under ultra-violet excitation 
(= 2,500 mole 1.71) of the same systems. For pyrene 
oxygen saturated solutions in cyclohexane, K is again 
smaller (500 mole 1.-1) for X-ray excitation than its value 
under ultra-violet excitation? (1,110 mole |.-'}) by a factor 
of ~ 2-2. 

The rate parameters kpm, kup, and kin in equation (2) 
were found® to depend on the temperature, T, the solvent 
X, and the solute M, while kym and ksp were found to be 
a function of the refractive index, n, of the solvent (in- 
crease with n) and independent of T. T, X and M were 
the same for ultra-violet and X-ray excitation. 

Ion recombination of the solute which results ın a 
higher population of triplets than singlets (thus affecting 
K) is not likely to be important in these experiments, 
where the energy absorbed directly by M is negligible. 


= Ke 
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Fig.1. Emission spectra of pyrene in cyclohexane (oxygen-free solutions). 
Oui ves (1) 10-7 M; (2) 5x 10-7 M; (3) 10° M; (4) 5x 10 M; (5) 10¢* M 
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Oxygen-free solutions of 1 : 2-dimethyl naphthalene in 
n-heptane at various c were also excited by X-rays and a 
value of 0-46 mole 1.~4 was calculated for K. This is 
smaller by a factor of ~ 1-7 than that (0:78 mole 1.-) 
reported’ for excitation of the same system by ultra- 
violet light. For tris molecule at room temperature, 
kup > kfp + kin (see Figs. 2 and 3 and ref. 7) and thus 
equation (2) can be written: 

Ip kıp kox 

Tyc ~ kyu kup id (3) 
where B is the excimer binding energy and k is Boltz- 
mann’s constant. The entropy change AS of the system 
is determined by the ratio kou/kmp and is a property 
of M independent of T (ref. 6). The differences in the 
excimer binding energy, B, for ultra-violet and X-ray 
excitation are withix the experimental error. B 1s more 
likely to be unchanged for the two modes of excitation 
and the changes in X (for the two modes of excitation) 
are attributed to additional quenching of D* by species 
formed by the ionizing radiation. It is worth notmg 
that Berlman®, wha used a pulsed beam of electrons 
of 75-keV energy to excite a ~ 2-5 x 10-3 M solution of 
pyrene in deoxygenated cyclohexane, reported monomer 
and excimer decay times which differ appreciably 
from those reported by Birks, Dyson and Munro‘, 
who used ultra-violet light to excite the same system 
(c = 2-5 x 10-3 M). 

Fig. 1 and equation (2), however, indicate that ex- 
cimers are formed subsequent to M* formation by 
collision of M and M * as suggested by Birks et al.‘4, the 
process being collisicn controlled. It should be pointed 
out that triplet—triplet annihilation resulting in the 
formation of D* and M* (that is, initial formation of 
D* and M*) which is responsible for the delayed fluor- 
escence!? can be neglected here. 

Liquids. In the iquid state of a compound, only 
stage (b) of process 11) need be considered, that is, M is 
excited, directly by the ionizing radiation. The scintil- 
lation spectra of liquid 2-ethyl naphthalene at various 
temperatures (25°-142-5° C) are presented in Fig. 2. 
Similar spectra were obtained for liquid 1 : 2-dimethyl 
naphthalene for the same temperature range. Our scin- 
tillation spectra at 25° C agree well with the photofluor- 
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Fig. 2. Emission spectra of liquid 2-ethyl naphthalene at various tem- 

peratures. Curves (1) 25° C, (2) 65° C; (3) 85-57 C; 98-B° O; (5) 116° ©; 
(6) 142°5° C; (M3) normalized monomer emission (solution) 
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escence spectra reported by Birks and Aladekomo’. In 
the case of 2-ethyl naphthalene, both the photofiuor- 
escence and scintillation spectra show a small amount of 
residual monomer which is more pronounced in the 
scintillation spectrum. As temperature increases, the 
excimer emission decreases and the monomer emission 
becomes more pronounced due to the dissociation of 
D* (ref. 9). This is clearly demonstrated in Fig. 2, where 
curve M represents the normalized emission spectrum of 
M in solution (suitably shifted towards longer 4). 

From equation (3), which applies also to pure liquids, 
B can be obtained from the slope of the log,.Jn/inr versus 
T- curves. In Fig. 3 the observed temperature dependence 
of the emission spectra of liquid 2-ethyl naphthalene are 
plotted as logy) Ip/In versus T-t. From the slope of these 
curves, we have calculated a binding energy equal to 
0-27 eV for 2-ethyl naphthalene. A binding energy of 
0-28 eV is calculated for 1 : 2-dimethyl naphthalene. For 
solutions excited by ultra-violet light, Aladekomo and 
Birks’ have recently reported a binding energy of 0-29 + 
0-02 eV for 2-ethyl naphthalene and 0-31 + 0-03 eV for 
1 : 2-dimethyl naphthalene. They also reported identical 
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Fig. 3. Liquid 2-ethyl naphthalene Fpjs versus 1/7 
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values for the binding energy of 1 : 6-dimethyl naphtha- 
lene ın solution and in the liquid state of the compound. 

In conclusion, excimers in pure liquids and in solutions 
are formed subsequent to M* formation by collision of 
M* and M, mdependently of the mode of excitation. 
The shape and position of the monomer-excimer emis- 
sion are unaffected by the mode of excitation, but the 
excimer-monomer quantum yield is not. The excimer 
binding energy for naphthalene derivatives appears to be 
the same for solutions and pure liquids and unaffected by 
the mode of excitation. From our results and the results 
of others®” on the temperature dependence of the emission 
spectra of pure liquids it is also suggested that since 
excimers are more easily formed in pure liquids than in 
solutions, and since B seems to be environment sndepend- 
ent, the excimer binding energy can be measured more 
easily by heating a compound in the liquid state than 
by cooling or heating it in a solution (where problems of 
solubility on cooling and solvent boiling on heating arise). 

This work was sponsored by the U.S. Atomic Energy 
Commission under contract with the Union Carbide Cor- 
poration. 

Note added in proof. If we assume that the smaller 
value of the ratio Ip/Im under X-ray excitation (as com- 
pared with its value under ultra-violet light excitation) is 
due to the presence of a quencher, Q, produced by the 
ionizing radiation, then equation (2) becomes: 

Lo = kfp kpme ( 4) 
Im kym (egn + kıp + kup + kevlQ)) 


Using equations (2) and (4) and taking into consideration 
our finding that Ip/Im is independent of Ix and Hx within 
the region stated, we calculated kan for pyrene in cyclo- 
hexane from two independent sets of data: (1) from 
values of Ip/Im for oxygen-free solutions excited by 
X-rays and ultra-violet light, and (ii) from values of 
In/Im for oxygen-saturated solutions excited by X-rays 
and ultra-violet light. In both cases we obtained kęp = 
6-3 x 10? sec". 

1 Forster. Th., and Kasper, K., Z. Elektrochem., 69, 977 (1965). 
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INVESTIGATION OF RAUSCHER VIRUS RIBONUCLEIC ACID 
By F. GALIBERT, C. BERNARD, PH. CHENAILLE and Pror. M. BOIRON 


Laboratoire d’Hématologie Expérimentale, Institut de Recherches sur les Leucémies, Hôpital Saint-Louis, Paris 


E recently reported! that high molecular-weight 
RNA (70 Sow) could be extracted from Rauscher 
leukaemia virus. The results of further investigations 
of the properties of this RNA are reported here. 
Rauscher virus was produced tn vitro by the chronically 
infected cell line JLS V5 (ref. 2). The cells were cultivated 
in a medium made of casein hydrolysate in a phosphate 
buffer plus 15 per cent calf serum, and were seeded in 
aliquots of 10? cells in 1-1. Roux bottles. After a delay of 
6 h the medium was changed and replaced with casein 
hydrolysate in tris (tris hydroxymethyl-aminomethane) 
buffer plus 10 per cent foetal calf serum, containing 
5 uc. phosphorus-32 per ml. In some experiments, we 
used a double labelling with phosphorus-32 (at the same 
ratio) and algal hydrolysate protein-“C (0:25 wc./ml.). 
The medium was changed after 3 days of incubation at 
37° C; 24 h later, culture supernatants were collected 
and purified according to Moloney’s technique?. The 


presence of virus in the final pellets was verified by electron 
microscopy and by inoculation of BALB/c mice. As 
controls, supernatants from non-infected JLS V6 cell 
line cultures previously labelled with phosphorus-32 were 
submitted to the same process. 

The labelled viral pellets, supplemented with unlabelled 
JLS V5 cells (used as a carrier), were homogenized in 
10-2 M sodium acetate buffer pH 5-1 plus 2 ug/ml. poly- 
vinylsulphate (PVS). Following this procedure, 0-4 per 
cent of sodium dodecyl sulphate was added. The deprotein- 
ization was achieved by three phenolic treatments (one 
for 30 min with an equal volume, and two for 15 min 
with half volumes) at 4° C with water-saturated phenol, 
freshly distilled under low pressure. The RNA was pre- 
cipitated with absolute ethyl alcohol in the presence of 0:1M. 
sodium chloride for 2 h at —10° C, washed with 67 per 
cent ethyl alcohol to eliminate the phenol and dissolved in 
10- M acetate buffer pH 5-1 with 0-1 M sodium chloride. 
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The RNA solution was layered on top of a linear sucrose 
gradient (5-20 per cent w/v in acetate—sodium chloride 
buffer) and centrifuged in a ‘Spinco SW 25’ swinging- 
bucket tube. The sedimentation constant of the different 
RNA fractions was determined by the method of Martin 
and Ames‘. A fractionation was also performed by chroma- 
tography on a methylated albumin column (MAK) 
according to the technique of Mandell and Hershey‘. 

The base composition was achieved by the method of 
Katz and Comb® using the high molecular-weight RNA 
peak which was isolated in a sucrose gradient, dialysed 
against 10-3 M sodium chloride, lyophilized and hydrolysed 
for 20 h at 37° C with 0-3 N potassium hydroxide. The 
potassium hydroxide was neutralized by perchloric acid 
and potassium perchlorate was eliminated by centrifuga- 
tion. The radioactivity in the different fractions was 
evaluated in a gas flow counter, after drying the planchets. 

Isolation of a viral RNA with a high sedimentation 
constant. After a centrifugation at 20,000 r.p.m. for 
15:5 h in a sucrose gradient, the following fractions were 
obtained (Fig. 1): by optical density three peaks were 
visible corresponding to the cellular RNAs of the JLS V5 
cells (28S, 18S and 48) and by radioactivity two peaks, 
one (‘light’ RNA) being located at the 48 area, the other 
at the bottom of the tube. Both peaks were RNase- 
sensitive (50 y/ml.). 

After centrifugation at 25,000 r.p.m. for 2:5 h in a sucrose 
gradient (Fig. 2), the radioactivity which was previously 
located at the bottom of the tube constituted a well- 
defined peak with a sedimentation constant of about 
70 Soo,w heavy’ RNA). All other RNA fractions remained 
on the top of the tube under these conditions of centrifuga- 
tion. In a similar experiment with an extract from unin- 
fected control JLS V6 cell line culture supernatants, no 
peak in the 70S region could be detected. 

Using methylated albumin column chromatography, 
two peaks were detected eluting respectively at 0-40 and 
0-95 sodium chloride molarities (Fig. 3), in addition to 
unlabelled peaks of JLS V5 cell RNAs. 

Characterization of the heavy viral RNA. Such a heavy 
RNA fraction brings up the question as to whether the 
material might be a ribonucleoprotein or an aggregate. 
The conditions of extraction do not favour the preserva- 
tion of a ribonucleoprotein-like structure. In order to 
exclude this eventuality, a double-labelling experiment 
was undertaken in which viral RNA. was labelled with 
phosphorus-32 and viral proteins with carbon-14 (algal 
hydrolysate). Virus pellets were obtained by Moloney’s 
method and divided mto two aliquots; one of them was 
phenol-treated as above and RNA isolated by sucrose 
gradient, the other was purified with two consecutive 
centrifugations in a caesium chloride density gradient’. 
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Fig. 1. Sedimentation in sucrose gradient 5-20 per cent (15°5 h, 20,000 
rpm. in 107° acetate, 10-' M sodium chloride, pH 5 1) of RNA 
_extracted from JLS V6 cellso---0---0---0, and from the phosphorus-32 
labelled viral pellet #—e«—e—e, purified by Moloney’s technique. 
The bottom tube was punctured ‘and eight-drop samples collected to 
measure absorption at 2600 and the radioactivity m 5 per cent 
trichloroacetic acid precipitates 
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Fig. 2. Sedimentation in sucrose gradient Tube 1, phosphorus -32 RNA 
extracted from culture, supernatants of JLS V5, o o., Tube 
2, phosphorus-32 RNA extracted from culture aicernatants of TLS V6, 
—o—-e—*8, Running for 2:5 h at 25,000 r.p m. Drop collection and 
radioactivity were made as described in Fig 1 


wee Oman ea Oe = 


2,000 04 


14,Na fi 


1,500 0-3 


@ 
to 
Optical density 


500 01 





0 0 
0 10 20 30 40 50 60 70 80 90 100 110 120 130 
Fractions 


Fig. 3. Extract as in Fig. 1 chromatographed on methylated albumin 

column (MAK). Elution gradient from 0 2 M to 1-2 M sodium chloride 

phesphate buffer PH 73 253 7 ml. per tube, aaa, Optical density, 
----0~--> o, radioactivity 


Both virus band and viral RNA were therefore analysed 
for phosphorus-32 and carbon-14 radioactivity. The 
results of two experiments appear in Table 1. The carbon- 
14 radioactivity is present in the virus and absent from 
the heavy RNA peak, thus excluding the possibility that 
this peak is a ribonucleoprotem. 

Though the homogeneity and exact symmetry of the 
70S RNA peak made it unlikely that it was a structure 
ageregated either by means of metallic ions or other non- 
covalent bonds, it was n2cessary to exclude this eventuality 
by the following experiments: RNA extraction was 
performed in 10-2 M EDTA, pH 7, plus PVS 2 pg/ml. 
Following isolation in a sucrose gradient, an RNA peak 
identical with the one characterized under standard 
conditions was obtained. Moreover, viral RNA. dialysed 
at 4° C against solutions of various ionic strengths modified 
only to a small extens its sedimentation constant, as 
shown in Table 2. Persistent presence of the 70S RNA 
following EDTA treatment as well as in solutions with 
very low ionic strength indicated that this peak did not 
consist of an aggregated structure. 

Base composition. The 70S peak base composition was 
determined for several preparations. The results are 
shown in Table 3. The base composition of the light RNA 
does not appear in the Table since 1t varies from prepara- 
tion to preparation. These variations are probably due to 
very small components which were lost during thé purica- 
tion of this fraction, end particularly during dialysis 


Table 1 : 
Radioactivity Virus purified br Virus purified in 
Viral RNA 


(e p.m ) Moloney’s method caesium chloride 
gradient 
Phosphorus-32 1,000 1,000 1,000 1,000 1,000 1,000 
Carbon-14 167 121 170 140 0 0 
Table 2 

Buffers (pH 7) Tonic strength [72 Sqo,w 

0 1 M sodium chloride-0 01 M shosphate 0-160 68 

0 01 M sodium chioride—O 061 M phosphate 6 0166 62 

0-001 M sodium chloride-0 0001 M phosphate 0 00160 65 
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Table 3 
UMP GMP CMP AMP Ratio 
23°7 26:3 25°6 24 4 G+C = 1-07 
% % % % A+ U 
Table 4 
RNase Oy ©ipjml. 0-5 pjm. 2:5 y/mil. 10 y/ml. 
C.p.m. phosphorus-32 
precipitable by TOA 8,000 580 850 670 500 


Method; 5x107 M tris, 2x10 M EDTA, pH 7'2; incubation for 20 min 
at 22° 0. 


against 10-° M sodium chloride. Moreover, degraded 
cellular RNAs, however small their proportion may be in 
that peak, cannot be eliminated. 

RNase sensitivity. TOS viral RNA was submitted to 
various RNase (Nutritional Biochemical Corporation) 
concentrations, ranging from'10 y/ml. to 0-1 y/ml. The 
results appear in Table 4. In all cases, a high degree of 
RNA. degradation was observed. However, it was never 
complete, and about 7 per cent of the radioactivity re- 
mained precipitable by trichloroacetic acid (TCA). 

In conclusion, the extraction of RNA from labelled 
Rauscher virus leads to the isolation of two radioactive 
fractions, one light (~4-5S) and the other heavy (~ 70). 
These two fractions are always present, but their relative 
amount varies from experiment to experiment; since 
they are RNase sensitive and under the conditions of 
extraction, a completely deproteinized RNA is currently 
obtained, they are made of RNA. The ‘light’ fraction is 
of viral origin, since cellular RNAs are poorly labelled, as 
shown in Fig. 1. However, the presence of cellular RNAs 
(transfer RNA or degraded ribosomal fragments) cannot 
be excluded in this peak, as suggested by the results of 
extraction from uninfected JLS V6 cells (Fig. 2). The 
size of this light component is too small to represent the 
intact viral RNA. It may represent either its product of 
degradation® or, eventually, sub-units of the viral RNA. 
On the contrary, the heavy fraction probably represents 
intact viral RNA for the following reasons: viral pellets 
were used for extraction and the low radioactivity found 
in ribosomal RNAs indicates the good quality of ‘the 
purification achieved by Moloney’s technique; the RNA 
extracted from uninfected cell culture supernatants did 
not give such a peak; finally, a 70, peak identical with 
that produced by the virus concentrated according to 
Moloney’s technique was obtained following centrifuga- 
tion in a caesium chloride gradient (which is known to 
yield an excellent virus purification). On the other hand, 
the -possibulity that the 70S component represents a 
ribonucleoprotein or an aggregate seems to be excluded. 
A ribonucleoprotein is unlikely because (a) double labelling 
experiments do not reveal protein and (b) it can be chroma- 
tographed on MAK, whereas a ribonucleoprotein would 
become irreversibly attached to the kieselguhr. An 
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aggregate seems to be excluded by the results of extractions 
performed in the presence of EDTA and by the behaviour 
of the 708 fraction in the presence of low ionic strength 
solutions. 

Another problem raised by this heavy fraction is that 
of its single or double-stranded structure. The results of 
base composition determinations, particularly the study 
of the ratios G/C and A/T, are not conclusive, but the very 
high sensitivity of 70S RNA to RNase (the significance of 
the small RNase-resistant fraction of the viral RNA is still 
unknown) is in favour of a single-stranded structure. 
Moreover, if such a molecule was double-stranded (a) it 
would have such a rigidity that it would be scarcely ex- 
tractable without any mechanical rupture, and (b) its 
estimated molecular weight would be inconsistent with the 
amount of RNA reported in the related Rous sarcoma and 
avian myeloblastosis viruses®?°, 

These facts seem to indicate that Rauscher virus RNA 
is single-stranded, and its molecular weight value cal- 
culated by Spirin’s expression! would be about 10’. 
This value is close to what has recently been reported by 
Robinson ef al.1? for Rous sarcoma virus, by Harel et al. 
for avian myeloblastosis virus, and by Duesberg et al.™ 
for Newcastle disease virus. Recently, Mora et al. have 
shown that the RNA extracted from the highly infectious 
plasma Rauscher virus is a single-stranded molecule of 
about 13 x 10° molecular weight. Further experiments 
are in progress to investigate the structure of this viral 
RNA. It can only be said at the present time that its 
behaviour under various ionic strengths at 20° C seems 
to be different from that of tobacco mosaic virust? and 
Rous sarcoma virus” RNAs. 
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LARYNGEAL MYOTATIC REFLEXES 


By Dr. M. A. ABO-EL-ENEIN* and Dr. BARRY WYKE} 


Neurological Laboratory, Department of Applied Physiology, Royal College of Surgeons of England, 
Lincoln’s Inn Fields, London, W.C.2 


| the course of an examination of the proprioceptive 
reflex innervation of the larynx, previous investiga- 
tions'-* in this laboratory revealed the existence of 
articular reflexes in the larynx. These reflexes, driven 
by low-threshold, rapidly adapting corpuscular mechano- 
receptors embedded in the capsules of all the laryngeal 
joints’»*.5.8, produce transient, reciprocally related changes 
in the tone of the intrinsic laryngeal muscles®-4:* whenever 
the laryngeal joints are moved in appropriate directions*-*. 
The afferent impulses evoking these articular reflex 
responses in. the laryngeal muscles are conducted rapidly 


* On leave from the Department of Anatomy, Al Azhar University, Cairoe 
+ Aided by nts from the Postgraduate Medical Federation of the 
University of London and the Camilla Samuel Fund. 


into the brain stem in large diameter, myelinated afferent 
fibres in the laryngeal branches of the vagus nerves*»3.5.6 
—by way of the ipsilateral internal laryngeal nerve in 
the case of the thyrohyoid, thyro-epiglottic and crico- 
arytenoid joints!?.°, and by way of the ipsilateral recur- 
rent laryngeal nerve in the case of the cricothyroid 
joint?,?»~°_from which they are polysynaptically relayed 
to the motoneurone pools of the laryngeal muscles!-*. 
These articular reflexes, however, are essentially phasic 
in character, producing transient adjustments in the tone 
of the laryngeal muscles only at the moment of joint 
displacement**. The laryngeal articular mechanorecep- 
tors thus have no sustained influence on the tone of the 
laryngeal muscles*—yet, in view of the precisely regulated, 
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continuous adjustments of laryngeal muscle tone that 
occur unconsciously during the respiratory cycle and 
during phonation®-*, a tonic proprioceptive reflex system 
‚must be present in the larynx!)*15-15, Such areflex system 
would require to be driven by very slowly adapting 
mechanoreceptors located in the larynx; and as appro- 
priate receptors are almost entirely lacking in the laryngeal 
joints?-*, we have examined the laryngeal muscles neuro- 
histologically and neurophysiologically for evidence of 
the presence therein of slowly adapting mechanoreceptors 
capable of provoking sustained alterations in the tone of 
the intrinsic muscles. 

Previous attempts to demonstrate such reflexes in the 
intrinsic muscles of the larynx in various species of 
animals, and in man, have either been unsuccessful!5-} or, 
at best, équivocal in their results'-45, This is ın spite of 
the fact that histological mvestigations in man, and in 
some animals, have suggested that certain of these muscles 
contain nerve endings the structure and location of 
which might qualfy them as slowly adaptmg mechano- 
receptors}$:16-19, ‘his article reports our identification of 
sustained laryngeal myotatic reflexes, distinct from the 
phasic articular reflexes that we have previously de- 
scribed’-*, that are provoked from mechanoreceptors 
located within the intrinsic muscles of the larynx. (A later 
communication will describe the structural features of the 
receptor endings in the laryngeal muscles that we believe 
to be responsible for the tonic laryngeal myotatic refloxes 
reported here.) 

Experiments were performed on twelve neurologically 
intact, adult cats (average weight 3:8 kg) under light, 
controlled (monitored) pentobarbitone anaesthesia. In 
eight experiments tracheostomy was not performed, and 
the animals were allowed to breathe an oxygen-enriched 
air mixture spontaneously through an mtrapharyngeal 
tube so that air flowed in and out through the larynx 
in the normal manner during the respiratory cycle: in 
this way, the influence of the myotatic reflexes on the 
oscillations of laryngeal muscle tone during the various 
phases of the respiratory cycle could be examined. In 
four experiments a low tracheostomy intubation was 
performed, so that the same gas mixture was breathed 
spontaneously in the absence of air flow through the 
larynx, thereby enabling the influence of the myotatic 
reflexes to be examined in the absence of respiratory 
oscillations in laryngeal air pressure. The pulmonary 
ventilation rate, tidal volume and laryngeal resistance 
to air flow were monitored continuously from meters 
on a small-volume Drager ‘Anaesthesia-Spiromat’ mach- 
ine, through which the animals breathed. (The ‘Anaes- 
thesia-Spiromat’ was provided by the Department of 


- Anaesthetics of the Royal College of Surgeons of England, 


through the courtesy of Dr. Denis Hill.) 

The animals were kept warm on a thermostatically 
regulated, heated operating table, and were supplied with 
isotonic fluid through a cannula in the right femoral vein 
that was also used for administration of the anaesthetic 
agent. Operating procedures on the larynx were per- 
formed with microsurgical mstruments and a Zeiss 
operating microscope. Throughout each experiment, all 
exposed tissues were submerged in a pool of warm mineral 
oul. 
The larynx was exposed through a mid-line anterior 
cervical incision. After removing the extrinsic muscles 
on the left side, the left lamina of the thyroid cartilage 
was exposed, and the laryngeal nerves were identified on 
both sides. After freeing it from the inferior constrictor 
muscle and the internal laryngeal nerve (which was 
preserved intact), the left thyroid ala was removed up 
to the mid-line—except for a small vertical fragment 
to which the anterior end of the left thyro-arytenoid 
(vocalis) muscle remained attached, and a thin hor- 
zontal strip to which the upper border of the left cricothy- 
roid muscle was left attached. These two cartilaginous 
strips were separated from one another, and from the 
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remainder of the thyroid cartilage, so that they could 
be moved independently. Possible adventitious reflex 
effects from movement of the left cricothyroid jomt?-§ 
were precluded by disarticulating it, after dividing the 
inferior cornu of the thyroid cartilage and freeing the 
attachment of the ezicothyroid muscle to the jomt capsule. 
The lumen of the larynx was not opened at any stage. The 
crico-arytenoid joirts, and their muscular attachments, 
were left intact to provide a source of articular reflexes 
for control purposes during traction on the laryngeal 
muscles attached to the arytenoid cartilages. The animals 
were immobilized in the supine position by fixation to a 
brass scaffold bolted to the operating table. 

Non-elastic traction threads were attached to the 
cartilaginous strip along the upper border of the left 
cricothyroid musele, to the cartilage fragment at the 
anterior end of the left thyro-arytenoid (vocalis) muscle, 
to the rostral end of the right sternothyroid muscle (after 
freeing ıt from its thyroid attachment), and to the prox- 
imal cut end of the lsft patellar tendon. The threads were 
passed over pulleys attached to the fixation scaffold, and 
graduated passive stretch was applied to each muscle in 
turn for varying periods through the threads, with the aid 
of weights ranging from 3 g to 25 g. The pulleys and 
threads were orientated so that traction was apphed 
to the left cricothyraid and right sternothyroid muscles in 
a caudal-rostral plane, and to the left thyro-arytenoid 
(vocalis) muscle in a postero-anterior plane; traction was 
applied to the left patellar tendon in the proximo-distal 
plane of the leg. 

Pairs of fine, stainless-steel recording electrodes (in- 
sulated except at their tips) were inserted into the left 
and right ericothyroid, left thyro-arytenoid (vocalis), 
right sternothyroid and left rectus femoris muscles in 
every experiment. In some experiments, additional 
paus of electrodes were inserted into the right thyro- 
arytenoid (vocalis) muscle (after removing part of the 
right thyroid ala) and into the left lateral and posterior 
crico-arytenoid muscles (after rotating the larynx to the 
right). Electromyograms were recorded simultaneously 
from all the muscles on a Grass polygraph, together 
with records of the animal’s respiratory movements 
in thorax and abdomen, and of its electrocardiogram. 
Recordings were run in the absence of stretch of the 
muscles to examine their resting activity; and con- 
tinuously before, during and after the application of 
each stretch to each muscle, the procedure being repeated 
at least three times in each mstance. 

The effects of varying degrees of general anaesthesia on 
the resting activity and on the stretch responses of each 
of the muscles were then examined, as were the effects 
of serial division of each of the laryngeal nerves (internal, 
external, superior, recurrent, ramus communicans) on the 
two sides—in different sequences in different experiments. 

Two types of myotatie reflex response were demon- 
strated in the laryrgeal muscles during their passive 
stretch——one: facilitatory and the other inhibitory. As 
with the laryngeal erticular reflexes*-*, these myotatic 
reflexes could only be elicited in the early stages of 
barbiturate anaesthesia: they were entirely absent at the 
stages of general anazsthesia customarily used for major 
surgical procedures. 

Facilitatory myotanc reflexes. These reflexes were 
evidenced by a sustained increase in the amplitude and 
frequency of motor unit discharge in the stretched muscle 
that began as soon as the stretch was applied, persisted 
throughout its application (for periods of up to 3 min), 
and disappeared as soon as the stretch was removed. The 
threshold stretch tension required for the production of 
such responses in the cricothyroid and thyro-arytenoid 
muscles was 5 g; and the magnitude of the response 
progressively increased. with increments in the degree of 
stretch, up to 15 g. But further increases in stretch ten- 
sion beyond 15 g (up to 25 g) converted the facilitatory 
response into an inhibitory reflex response (vid. enf.), 
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evidenced by a sustained decrease in the amplitude and 
frequency of motor unit discharge in the stretched muscle. 
The threshold tension for elicitation of the facilitatory 
response in the sternothyroid muscle was a little lower 
(3 g) than in the intrinsic muscles; and the degree of 
stretch required to convert the facilitatory response into 
an inhibitory response was higher (in excess of 20 g). 

Stretch applied either to the left cricothyroid or left 
thyro-arytenoid muscle was usually accompanied by 
equally sustained changes (either facilitatory or inhibitory) 
in the motor unit activity of other muscles on the same 
and on the opposite sides of the larynx, in patterns that 
varied with the degree of stretch and with the particular 
muscle being stretched. (These synergistic and reciprocal 
myotatic reflexes will be described in more detail in a 
later communication.) 

An additional facilitatory reflex effect was usually 
associated with application of stretch to the left thyro- 
arytenoid muscle, in that at the moment of application 
of the stretch (and also at the moment of its removal) a 
brief (less than 1 sec) high-amplitude burst of motor unit 
potentials was evoked in the stretched muscle, and (at 
lower amplitude) also in the ipsilateral cricothyroid muscle. 
These bursts of activity occurred only at the beginning 
and end of each sustained stretch reflex response, and 
increased in amplitude and duration (up to 1 sec) with 
increasing degrees of stretch—irrespective of whether the 
myotatic reflex response evoked thereby was facilitatory 
or inhibitory. - These ‘on-off’ transients have all the 
characteristics of the laryngeal articular reflex responses 
described previously*-*, and were selectively abolished by 
section of the ipsilateral internal laryngeal nerve (which 
innervates the crico-arytenoid joint!?»5, It is clear, then, 
that they are superimposed phasic reflex responses to 
stimulation of the rapidly adapting mechanoreceptors 
located in the capsule of the crico-arytenoid joints, 
resulting from movement of the arytenoid cartilage when 
tension is applied to, or removed from, the anterior end 
of the thyro-arytenoid muscle—the posterior arytenoid 
attachment of which is deliberately left intact in these 
experiments. ‘ 

In those experiments in which the animal was breathing 
through its larynx, cyclical fluctuations in the tone of the 
laryngeal. muscles were conspicuous in the alternating 
phases of respiration (they were usually absent, or barely 
apparent, in the tracheotomized animals). Sustained 
application of stretch to the cricothyroid or thyro-aryten- 
oid muscles in these circumstances produced greater 
reflex effects on motor unit activity in the resting than in 
the active phases of the respiratory cycle. Further, the 
degree of stretch necessary for the production of observable 
effects during the active phase was substantially greater 
than that needed during the resting phase; and often, no 
facilitation of the active phase could be observed in cir- 
cumstances when there was marked facilitation of activity 
during the resting phase. This is in marked contrast to 
the situation in the tracheotomized animals, in which 
reflex facilitation was evenly sustained throughout the 
period of stretch without respect to the respiratory cycle, 
and indicates that the myotatic reflex response to passive 
stretch is depressed or aborted by active contraction of 
the stretched muscle. This fact, which suggests that the 
mechanoreceptors responsible for the myotatic reflexes 
lie in parallel with the laryngeal muscle fibres (and not in 
series with them), is in accordance with an observation 
made elsewhere!®; namely, that slowly adapting dis- 
charges fired into the ipsilateral recurrent laryngeal nerve 
by stretching the thyro-arytenoid muscle are interrupted 
by active contraction of the muscle in response to its 
direct electrical stimulation. 

That these low-threshold facilitatory myotatic reflexes 
normally make a continuous (though varying) contribu- 
tion to the regulation of the tone of the laryngeal muscles 
is evidenced by the fact that motor unit activity in the 
left cricothyroid and thyro-arytenoid muscles was sub- 
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stantially reduced (in frequency and amplitude) when they 
were detached from the thyroid cartilage, in comparison 
with the homologous muscles on the right side—so long 
as these latter were not detached as well. Relevant in 
this respect are some previous reports! that sustained 
afferent discharges can be recorded from nerve fibres 
supplying the cricothyroid, thyro-arytenoid and posterior 
crico-arytenoid muscles n sutu; and a further observa- 
tion in the present experiments that graduated stretch 
applied to the left (detached) cricothyroid and thyro- 
aryterioid muscles could, if appropriately adjusted, restore 
their motor unit activity to a pattern identical with that 
in the normally attached homologous muscles on the right 
side. 

Inhibitory myotatic reflexes. These reflexes, manifested 
by a sustarned decrease in the amplitude and frequency of 
motor unit discharge in the stretched muscles, could be 
elicited also from the cricothyroid, thyro-arytenoid and 
sternothyroid muscles—but their production required 
greater degrees of stretch than the facilitatory reflexes. 
Thus, at the stage of anaesthesia at which 5 g stretch 
elcited clearly detectable facilitatory responses, at least 
15 g of stretch was required to convert this into inhibition 
in the cricothyroid and thyro-arytenoid muscles, and at 
least 20 g in the case of the sternothyroid muscle. Further 
increases in the degree of stretch above these values pro- 
duced greater degrees of inhibition in each of the muscles. 

As with the facilitatory responses, the reflex inhibition 
was sustained throughout the period of applied stretch, 
and showed no signs of adaptation within the periods used 
in these experiments. Further, the inhibitory effect was 
equally sustained in both the tracheotomized and the 
non-tracheotomized animals; and in the latter there was 
more marked reduction of motor unit activity during the 
active phases of the respiratory cycle than during the 
resting phases. Unlike the facilitatory reflexes, then, 
the inhibitory myotatic reflexes are not aborted (but are 
augmented) during active contraction of the stretched 
muscle; and this might indicate that the mechano- 
receptors responsible for the inhibitory effects are different 
from those evoking the facilitatory responses, lying in 
series with the muscles (and not in parallel) and having 
a higher threshold. 

The transient on-off bursts of articular reflex origin 
were still evoked in the thyro-arytenoid and cricothyroid 
muscles by the application of weights in excess of 15 g 
to the thyro-arytenoid muscle, and were more marked 
than with lesser weights. In these circumstances, how- 
ever, they occurred at the beginning and end of a period of 
sustained inhibition, instead of sustained facilitation. 

Effects of changing anaesthesia. Alterations in the degree 
of barbiturate anaesthesia had a number of significant 
effects on the myotatic reflex responses in the laryngeal 
muscles. 

Such reflexes were only elicitable in the early (that is, 
light) stages of anaesthesia, when the pulmonary ventila- 
tion rate of the animal was in excess of 600 ml./min and 
the corneal and swallowing refiexes were still present. 
A gradual increase in anaesthesia from this stage produced 
a rapid reduction in, and early abolition of, the facilitatory 
responses; and comparison of the stretch reflex responses 
in the intrinsic laryngeal muscles with those simultane- 
ously elicited in the rectus femoris muscle showed that the 
laryngeal myotatic reflexes were totally abolished at 
stages of anaesthesia at which there was very little 
alteration in the myotatic reflexes in the limb muscle. 

During gradually increasing anaesthesia, the myotatic 
reflexes in the laryngeal muscles began to diminish a 
little before the afticular reflex responses occurring in the 
same muscles—and the former disappeared before the 
latter. This relation is the reverse of that obtaining with 
the myotatic and articular reflexes in limb muscles®®, 
during increasing anaesthesia. Both types of reflex were 
abolished in the larynx at quite moderate degrees of 
anaesthesia, however, and at a point far short of that 
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required for abolition of the myotatic reflex ın the rectus 
femoris muscle. With gradual recovery from established 
anaesthesia, the reverse phenomenon occurred in that 
the myotatic reflexes in the limb recovered well before 
those in the larynx, and in the larynx the articular 
reflexes returned a little before, and recovered more 
quickly than, the myotatic reflexes. 

It was also noted that a small increase in anaesthesia 
abolished the facilitatory responses in the laryngeal 
muscles before the inhibitory reflexes elicitable in the same 
muscles. Moreover, in such circumstances the threshold 
of the inhibitory reflex system was reduced, so that 10 g 
(or even 5 g) of applied stretch elicited an inhibitory 
response in a muscle in which the same degree of stretch 
only produced facilitatory responses at lighter anaesthesia. 

Effects of sequential section of laryngeal nerves. Tho 
various effects of section of the different laryngeal nerves 
on the myotatic reflexes are still being investigated, but 
a few observations are pertinent here. 

For example, division of all the laryngeal nerves on tha 
right side of the larynx did not significantly alter the 
myotatie reflex responses in the muscle being stretched on 
the left side of the larynx. The same applies also to the 
articular reflex transients. In some experiments, division 
of the right external (or less often, the right recur- 
rent) laryngeal nerve diminished the resting activity 
in the left cricothyroid muscle, but the myotatic and 
articular reflexes could still be elicited therein at the 
same threshold. In other experiments, division of the 
right recurrent laryngeal nerve low in the neck (between 
the tenth and twelfth tracheal rings) similarly reduced the 
resting activity in the left thyro-arytenoid muscle; but 
again the myotatic and articular reflexes remained 
readily elicitable in the muscle. Thus, while the contra- 
lateral external (and in some cases, the recurrent) laryngeal 
nerve may contribute some motor fibres to the crico- 
thyroid muscle, and the contralateral recurrent nerve 
may contribute motor fibres to the thyro-arytenoid 
muscle, in neither case does a significant proportion of 
mechanoreceptor afferent fibres from these muscles appear 
to enter contralateral laryngeal nerves. 

On the other hand, section of the left internal laryngeal 
nerve was found in a number of instances to reduce 
markedly (or even abolish) the facilitatory myotatic 
reflex responses in the ipsilateral thyro-arytenoid (and 
sometimes the ipsilateral cricothyroid) muscle without 
altering its resting activity. The rapidly adapting articu- 
lar reflex responses in these muscles were always abolished. 
in such circumstances, whether or not the sustained 
myotatic reflexes were affected. This is in accordance 
with our earlier observation! ?»§ that most of the mechano- 
receptor afferents from the crico-arytenoid joint enter the 
ipsilateral internal laryngeal nerve; but, in addition, it 
now seems that in some (but not all) animals a proportion 
of mechanoreceptor afferents from the intrinsic laryngeal 
muscles may enter the same nerve—as has been suggested 
elsewhere on the basis of degeneration studies!*. 

In most animals, however, bilateral section of the inter- 
nal laryngeal nerves had no effect on the myotatic reflexes 
in the thyro-arytenoid and cricothyroid muscles—- 
although the articular reflexes from the crico-arytenoid 
joint were always abolished in these muscles by this 
procedure. It seems, therefore, that in most circumstances 
the myotatic reflex afferents from these two muscles do 
not traverse the internal laryngeal nerve. 

Additional section of the external laryngeal nerves 
(which contain the bulk of the motor fibres innervating 
the cricothyroid muscles), or proximal section of the 
superior laryngeal nerves close to the ganglion nodosum, 
in the same animals usually abolished the myotatic reflex 
responses in the cricothyroid muscle without affecting 
those in the thyro-arytenoid muscle-—-although the last- 
mentioned responses were abolished in turn by further sec- 
tion of the left recurrent laryngeal nerve (which, of course, 
contains most of the motor fibres innervating the thyro- 
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arytenoid muscle). It seems likely, then, that the myotatic 
reflex afferents from the thyro-arytenoid muscle usually 
(though not always exclusively) enter the ipsilateral 
recurrent laryngeal nerve, which also receives the mechano- 
receptor afferent fibres from the ipsilateral cricothyroid 
jointi?,4-6. This would accord with previous observa- 
tions!*.13 that traction on the thyro-arytenoid (or posterior 
crico-arytenoid) muscles provokes slowly adapting dis- 
charges in afferent Hbres in the recurrent laryngeal nerve 
that are interrupted during active contraction of the 
muscle. 

The myotatic reflex afferent pathway from the crico- 
thyroid muscle has not as yet been finally delineated in 
our experiments. In a few instances’ (vid. sup.) some 
afferent fibres from this muscle may enter the ipsilateral 
internal laryngeal nerve, but most do not. Whether 
they enter the external or the ipsilateral recurrent laryn- 
geal nerve cannot yət be decided; but the overall impres- 
sion from our findinzs to date is (surprisingly) in favour of 
the latter. This impzession receives support from a report!’ 
that no afferent impulses could be detected in fibres of 
the external laryngeal nerve when the criccthyroid muscle 
was stretched. 

We noted in some animals that section of the left internal 
laryngeal nerve might abolish the facilitatory myotatic 
reflex response in the ipsilateral thyro-arytenoid muscle 
(and occasionally in the cricothyroid muscle as well) 
without affecting the inhibitory reflexes in the same 
muscle. Furthermore, in some of these instances the 
threshold of the imhibitory reflex system was reduced 
(as happens also wth a slight increase in anaesthesia), 
so that the application of 10 g {or even 5 g) of stretch 
after nerve section evoked an inhibitory response in 
place of the facilitatory response that was elicited before- 
hand with the same degree of stretch. This observation 
raises the possibility that afferent fibres mediating inhibi- 
tory myotatic reflex effects on the laryngeal muscles 
may follow, at least in some cases, a different peripheral 
centripetal pathway from those mediating facilitatory 
myotatic reflexes in the same muscles. 

The following conelusions appear to be justified by the 
observations described in this article: 

(1) Myotatic reflexes are elicitable (by passive stretch) 
in the intrinsic as well as in the extrinsic muscles of the 
larynx. 

(2) The myotatic reflexes in the intrinsic laryngeal 
muscles are generated from low threshold, very slowly 
adapting, mechanoreceptors located within the muscles 
themselves, whence efferent fibres pass into the ipsilateral 
laryngeal nerve trunks—usually the recurrent nerve, but 
sometimes the internal laryngeal nerve. 

(3) The laryngeal myotatie reflex systems are of two 
types—facilitatory snd inhibitory, the former being of 
lower threshold than the latter. Whether this dichotomy 
is due to the operations of two types of mechanoreceptor 
ending of differing threshold in the laryngeal muscles, or 
whether it results fram the differing central effects of low- 
and high-frequency discharges from the same receptor, 
endings, is uncertain ss yet; but the findings:in the present 
investigation favour the former explanation. 

(4) The myotatic reflexes in the larynx are distinct 
from the laryngeal articular reflexes in their functional 
characteristics—the former being tonic reflexes provoked 
from very slowly adapting mechanoreceptors, whereas 
the latter are phasic reflexes operated from rapidly 
adapting mechanoreceptors. 

(5) The laryngeal myotatic reflex system seems to be 
polysynaptic and not monosynaptic, in view of its marked 
sensitivity to barbiturate narcosis, and resembles the 
laryngeal articular raflex system in this respect. The 
myotatic reflex system in the larynx thus differs markedly 
from the monosynaptic myotatic reflex system in the limb 
muscles. 

We thank Sir Victor Negus for his continuing interest 
in these investigations, Prof. Ruth Bowden, of the 
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facilities, and Mr. J. Kitau for technical assistance. 
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SENSITIZATION OF Escherichia coli TO RADIATION BY BROMOURACIL : 
EXCESSIVE POST-IRRADIATION BREAKDOWN OF DEOXYRIBONUCLEIC 
ACID WITHOUT CONCOMITANT SYNTHESIS 


By Dr. SUSAN AOKI, Pror. RICHARD P. BOYCE and Pror. PAUL HOWARD-FLANDERS 


Department of Radiology, Yale University School of Medicine, New Haven, Connecticut 


E COLI is known to excise thymine dimers froin its 
e DNA during incubation after ultra-violet irradiation. 
This excision of thymine dimers is accompanied by exten- 
sive breakdown of the DNA with the release of the pro- 
ducts into the acid-soluble fraction of the cell and into 
the medium. Moreover, both thymine dimer excision and 
DNA breakdown occur in wild-type strains of E. coli that 
are able to repair their DNA, but both processes are 
greatly reduced in certain mutants, notably strains 
Bs- and K-12 uvr-, which are unable to repair ultra-violet- 
irradiated T1 phage!-?. 

In addition to excision and breakdown, exposure of 
E. colt to moderate doses of ultra-violet light causes a lag 
in DNA synthesis, following which there is a resumption 
of synthesis at nearly the normal rate. In mutants unable 
to excise thymine dimers, however, the return of DNA 
synthesis is less than 10 per cent of that in the wild 
type? , 

According to the recently developed theories on the 
mechanism of the enzymatic repair of DNA following 
exposure to ultra-violet light!?, repair occurs by the follow- 
ing processes: (1) enzymatic release or excision of defective 
bases such as thymine dimers, leaving gaps in one of the 
two polynucleotide chains; (2) enzymatic widening of these 
gaps by local single-strand degradation and release of 
nucleotides; (3) reconstruction of the strand by insertion 
of nucleotides using the intact opposite strand as a tem- 
plate (repair synthesis); (4) completion of the DNA chain 
by rejoining the phosphodiester linkage. 

Bacterial cells which have 5-bromouracil (BU) in their 
DNA in place of thymine are very sensitive to ultra-violet 
light®, to X-rays’, to mitomycin C8, and possibly to other 
deleterious agents. It has been suggested that the 
presence of BU in DNA sensitizes by inhibiting post- 
irradiation DNA repair®?°. According to the ‘foregoing 
model, the inhibition of DNA repair by BU might be 
observed as the loss of ability to break down DNA or 
the failure to synthesize DNA after irradiation. In-the 
present work, radioactive thymidine was used to follow 
the processes of DNA breakdown and synthesis in BU- 
substituted Æ. colt after exposure to ultra-violet light. 
The results indicate that irradiated DNA containing BU 
is extensively degraded and that DNA synthesis is 
inhibited; thus, the DNA is not effectively repaired. 

The bacteria used were Æ. coli K-12 strain AB2416 
siyRihy-uert and AB2419 SirkthyuerB, which were 
derived from WS 110¥25 thy- obtained from Dr. Rivka 
Rudner. Cells were routinely grown. in a salts—glucose 
medium enriched with 2-5 mg/ml. casamino acids and 
thymine. This will be referred to as HM9. Plating 
medium consisted of yeast extract-tryptone agar. For 


the determination of post-irradiation DNA breakdown, 
overnight cultures in EM9 containing 2-5 ue./ml. MC- 
thymine (25 ug/ml.) were diluted five times and grown 
about two generations in EM9 containing 5 ug/ml. 
M4C-thymine alone, or 5 ug/ml. “C-thymine + 50 ug/ml. 
5-bromouracil. In a similar experiment, using *H-bromo- 
deoxyuridine and “C-thymidine (TDR), it was calculated 
that about 50 per cent of the thymine in the DNA was 
replaced by BU. Cells were collected and suspended in 
M9 for irradiation. For ultra-violet survival curves, or 
determination of post-irradiation DNA synthesis, cells 
were prepared as stated except that non-radioactive thy- 
mine was used. 

Cell suspensions in M9 transparent to 2537-A light were 
irradiated with a low-pressure mercury germicidal lamp. 
The dose-rate was 10 ergs/mm?/sec. For survival curves, 
irradiated samples were diluted into cold broth, plated, 
and colonies counted after overnight incubation at 37° C. 

To determine post-irradiation DNA. breakdown, samples 
were taken from the suspension of labelled cells at intervals 
during incubation at 37° C. These were acidified with 
perchloric acid to 0-5 N, maintained at 4° C for 30 min, 
and centrifuged with heat-killed cells as carrier; the radio- 
activity in a small sample of the supernatant was counted 
in a liquid scintillation counter. To measure the total 
radioactivity of each sample, the pellets were dispersed 
in the same supernatants, the tubes were heated to 90° C 
for 40 min, centrifuged, and the radioactivity in the super- 
natants again counted. After digesting the pellet in hot 
acid in this manner, more than 98 per cent of the radio- 
activity was in the supernatant. 

To measure DNA synthesis after irradiation, non- 
radioactive cells, previously grown in EM9 containing 
5 pg/ml. thymidine or 1 pg/ml. thymidine + 5 ug/ml. 
5-bromodeoxyuridine, were suspended in EHM9 con- 
taining 2 ue./ml. 4C-TDR (1-6 pg/ml.) and incubated at 
37° C with aeration for 4h. At 30-min intervals 0-1l-ml. 


~samples of the suspension were placed on Whatman 2-4 em 


filter paper disks. Immediately 0-04 ml. of 1 per cent 
sodium hydroxide was added to each disk and allowed to 
dry. Iced 10 per cent trichloroacetic acid (TCA) was 
then added, and when dry, the disks were washed in cold 
5 per cent TCA for 1 h, re-washed for 10 min, dried and 
counted in a liquid scintillation counter. 

Fig. 1 shows the effects of 2537-A light on the original 
parental wvrt strain and on a non-repairing (uvr-) mutant 
of #. coli grown in the presence and absence of BU. It 
is seen that in the uvrt parental strain, cells grown in the 
presence of BU for 1-5 generations are much more sensitive 
to ultra-violet light. In contrast, growth in the presence 
of BU has no effect on the fraction of uvr- ceils surviving 
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after ultra-violet irradiation. These results suggest that 
BU mhibits DNA repair in the wert parental strain, 
whereas in the uvr- mutant, which cannot excise thymine 
dimers, BU has no effect on the radiation sensitivity. 

Fig. 2 shows that after exposure to ultra-violet light, 
wort cells containing “C-thymuine labelled DNA release a 
large percentage of this radioactivity to the medium. 
Both the rate and extent of this release of radioactivity 
are markedly greater in cells labelled with BU. These 
results show that the presence of BU in place of thymine 
does not inhibit DNA breakdown after ultra-violet irradia- 
tion, but, on the contrary, enhances breakdown. 

Since BU does not inhibit DNA repair by preventing 
breakdown, experiments were carried out to determine 
the ability of normal and BU-substituted cells to synthe- 
size DNA after irradiation. Fig. 3 shows the rate at which 
4C-TDR ıs incorporated into normal and BU-labelled 
cells after ultra-violet irradiation. It 1s seen that cells 
containing BU show a striking loss of ability to synthesize 
DNA following ultra-violet irradiation. 

The foregoing results support the conclusion that in 
E. colt only normal and not BU-containmg DNA is 
effectively repaired. This inhibition is not due to any 
failure in the breakdown of DNA. As evidence for this, 
irradiated 4C-thymine-labelled cells containing BU showed 
a greater release of radioactive label into the medium 
during incubation than did normal cells. In DNA 
which had 50 per cent thymine replaced by BU, the 
probability of forming an ultra-violet-induced thymine 
dimer should be decreased by a factor of 4. If only thymine 
dimer excision initiates DNA breakdown, then it could 
reasonably be expected that breakdown in BU-labelled 
cells would be inhibited. That such 1s not the case 
suggests that BU photoproducts may also be excised. 
Wacker! has shown ‘that BU substituted for thymine in 
DNA is converted to uracil after ultra-violet irradiation. 
Smith’ has isolated five debrominated products after 
ultra-violet irradiation from Æ. coli DNA contaming BU. 
One product was uracil; the other products remain 
unidentified. Thus, uracil—uracil and uraciu—thymine 
dimers might be among the photoproducts formed in 
BU-containing DNA. The latter has been identified in 
normal ultra-violet-irradiated DNA, arising from cytosine- 
thymine dimerization followed by deamination of the 
cytosine moiety’. This photoproduct is excised from 
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Fig.1 Survival of colony-forming ability of E, coli K-12 4B2416 uvrt 
thy- and AB2419 uvr- thy- grown in normal and 5-bromouracil containing 
medium after ultra-violet irradiation, For details, see text 
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Fıg. 2 Release of cold acid-soluble carbon-14 from 1C-thymine labelled 
E. coh K-12 AB2416 vort thy- during incubation following ultra-violet 
irradiation. Washed sells grown in EM9, containing 5 ugjml, C- 
thymine (0 5 pe /ml.) oz 5 ug/ml. 'C-thymme plus 50 ag/ ml, BU, were 
divided into two sampes One sample served as the unirradiated con- 
trol, while the other was esposa to 1,000 ergs/mm? ultra-violet ght. Both 
samples were transferred to EMO contaimng 40 ug/ml. non-radioactive 
thymune and incubated at 37°C. Atimtervals the percentage of cold acid- 
soluble carbon-1+ was determined as deseribed m the text 
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material in normal and BU-containmg E. col: A.B2416 uvrt thy” after 
ultra-violet irradiation Non-radioactive cells grown in the presence or 
absence of BUDR were transferred to EMO contammg 2 ue jml 1O- 
thymidine (1:6 ug/ml.) afzer no treatment or after exposure to 500 ergs/ 
mm? ultra-violet light. The bacterial suspensions were adjusted to the 
same mitial optical density and incubated at 37° ©. At imtervals cold 
acid-insoluble carbon-14 was user ed per ml, of culture as deser:bed 
in the tex 


DNA?, and it 1s likely that uracil—uracil dimers would be 
similarly excised. 

In comparison with normal cells, those with BU m 
their DNA exhibit a marked loss of ability to incorporate 
4C-TDR into cold acid-insoluble material after ultra- 
violet irradiation. There is negligible incorporation in 
the first 4 h after exposure to ultra-violet light, showing 
that neither DNA. repair synthesis nor DNA. replication 
occurs to any appreciable extent. In comparable experi- 
ments with X-rays in place of ultra-violet light, it was 
found that DNA, breakdown in BU-containing cells was 
also greater than in zhe normal cells. After exposure to 
10 krads, the ability to incorporate TDR into normal 
cells is decreased by only 10-20 per cent, while in BU- 


688 


containing cells, ıt is depressed by about 60 per cent’. 
This is in contrast to the present results obtained with 
ultra-violet light. Nevertheless, a similar mechanism of 
sensitization may be operative that involves a failure of 
DNA repair synthesis. The intermediate level of TDR 
incorporation after X-irradiation does not prove the 
contrary, as it may be due to DNA replication rather than 
repair synthesis; this point will need further work for 
elucidation. 

In work with recombination defective mutants of Æ. 
coli, we have observed an interesting parallel in the 
ultra-violet-induced breakdown and synthesis in these 
strains and in normal cells containing BU as described 
here. This relationship will be pursued in future publica- 
tions. 

The loss of ability of BU-containing cells to synthesize 
DNA after ultra-violet irradiation may be closely related 
to the failure to repair DNA and to the abnormally high 
radiosensitivity. Indeed, the breakdown of 60 per cent 
of the DNA without concomitant DNA synthesis is 
indicative of the formation of two-strand breaks, which 
are presumably lethal. Since DNA repair synthesis 
follows post-irradiation breakdown in normal cells, it 
appears that the’ presence of BU primarily affects the 
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change-over from exonuclease to repair polymerase at the 
sites of action in the DNA, perhaps by altering the relative 
affinities of the two enzymes so as to favour continued 
breakdown. 

We thank Tessa Peruzzi and Eva Simson for assistance 
in this work, which was supported by grants CA-06519 
and AM—K6—9397 from the U.S. Public Health Service. 
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PRODUCTION OF ADDITIONAL SITES OF DEOXYRIBONUCLEIC ACID BREAK- 
DOWN IN BROMOURACIL CONTAINING Escherichia coli EXPOSED TO 
ULTRA-VIOLET LIGHT 


By Pror. RICHARD P. BOYCE 


Department of Radiology, Yale University School of Medicine, New Haven, Connecticut 


HE substitution of 5-bromouracil (BU) in place of 

thymine in the DNA of bacteria renders them highly 
sensitive to the lethal effects of various deleterious agents, 
including ultra-violet light!*, X-irradiation? and mito- 
mycin C (MC). Wild-type Escherichia coli (henceforth 
called wert bacteria) that are capable of repairing damaged 
DNAS undergo considerable breakdown of their DNA 
after exposure to ultra-violet light or to MC**. This 
breakdown. is thought to be initiated from single-strand 
gaps left by the defect excision enzymes controlled by the 
uvr genes, and to be part of the repair process’*. In 
uvr- mutants of E. coli that lack the ability to excise 
thymine dimers and which are unable to repair effectively 
DNA exposed to ultra-violet light or to MC, there is 
much less DNA breakdown’. The presence of BU in the 
DNA of wrt bacteria markedly enhances DNA break- 
down!*. This article provides evidence which shows that 
BU enhances DNA breakdown to about the same extent 
in uvr- strains of E. coli as it does in uvrt strains. This 
result indicates that ultra-violet light causes additional 
sites of degradation in DNA containing BU, which do not 
depend on the action of the excision enzymes. This 
effect occurs in addition to that already reported by 
Aoki, Boyce and Howard-Flanders'*, for example, that 
DNA degradation is uncontrolled in BU-containing 
bacteria. We shall also show that MC-induced DNA 
breakdown is enhanced in BU-containing wert bacteria, 
but that breakdown does not occur in uvr- bacteria, 
even if they contain BU. This observation provides 
additional evidence that the presence of BU in DNA of 
bacteria favours the continued release of nucleotides once 
this release is initiated by the action of the wr genes. 

The bacteria used were the following strains of E. cola 
K-12: AB2416 Str*thy-uert and AB2419 Str®thy-uvrB, 
both derived from WS110y25; 4B2497 thy-uert, derived 
from AB1157 wvrt; AB2498 thy-uvrC, derived from 


AB1884 uvrC; and, AB2600 thy-uvrA, derived from 
AB1886 uvrA. The last-named three thymine-dependent 
strains were isolated using the procedure of Stacey and 
Simson}. In referring to uvr- mutants, werd, uvrB, and 
uvrC are used to denote the genetic loci in mutant strains 
unable to repair ultra-violet-irradiated 71 phage. 

Cells containing BU and labelled with *C-thymine were 
prepared by growth for two generations in a salts—glucose 
medium containing 2-5 mg/ml. casamino acids, 5 ug/ml. 
4C-thymine plus 50 ug/ml. BU. 30-40 per cent of the 
cells grown in this manner were non-viable. When only 
4C-thymine labelled cells were desired, the BU was 
omitted. In some experiments, the tritiated nucleosides 
of thymine and BU were used. 

Cells were washed three times in Luria broth, suspended 
in Luria broth, and grown for 20 min at 37° to reduce 
radioactive precursors in the acid-soluble fraction. The 
cells were again washed, suspended in phosphate buffer 
to give solutions that were more than 55 per cent trans- 
parent to 2537 A light, and irradiated with a low-pressure 
mercury germicidal lamp. 

Exposure to MC was in a salts—glucose medium at 37° 
for 30 min, after which the MC was removed by centrifuga- 
tion. 

To determine DNA breakdown after exposure to ultra- 
violet light or to MC, cells were incubated in complete 
medium containing 25 ug/ml. non-radioactive thymine, 
and the percentage of acid-soluble carbon-14 of cells and 
of the medium was determined as previously described?®. 
DNA synthesis was determined by incorporation of 
14C-thymine into cold acid-precipitable material by the 
filter disk method previously described?!°, 

Fig. 1 shows that uvrt bacteria grown in the presence of 
“4C.thymine and exposed to ultra-violet light release 
twice as much carbon-14 into acid-soluble material as do 
uvrB bacteria. In contrast, the release of acid-soluble 
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carbon-14 is enhanced to about the same maximal level 
in either strain if thoy are grown in the presence of BU. 
These results show that ultra-violet-induced DNA break- 
down ın bacteria containing BU in their DNA does not 
depend on functional uvr genes. 

The kinetics of DNA breakdown for several doses of 
ultra-violet light in both wert and wwrB strains of E. coli 
grown in the presence of *H-thymidine and BUDR are 
shown in Fig. 2. DNA breakdown becomes almost 
independent of dose above 240 ergs/mm*. For doses up 
to 1,000 ergs/mm*, DNA breakdown ın the wvrB mutant 
strain exceeds that in the uvr+ strain by 20-30 per cent. 

The incorporation of 4C-thymine into acid-precipitable 
material by the same cells used in the experiment in 
Fig. 2 is shown in Fig. 3. Non-irradiated cells of both 
strains containing BUDR rapidly incorporate carbon-14 
into acid-precipitable materiel. Incorporation of 1C- 
thymine in either strain ceases after irradiation with 240 
ergs/mm?. Although this dose greatly inhibits DNA 
synthesis in uvr- bacteria containing thymine, it scarcely 
affects DNA synthesis in normal uvrt bacteria!?-5, These 
results show that during the incubation period, in which 
35-60 per cent of the DNA in BU-containing cells has 
been degraded, no DNA synthesis has occurred. Under 
these conditions, double-strand breaks must occur in the 
mm A. These would presumably be lethal to the bacterial 
cell. ; - 

Fig. 4 shows that the ultra-violet-induced release of 
acid-soluble radioactivity from ™C-thymine labelled 
bacteria increases the longer the bacteria are grown in the 
presence of BU. This result suggests that the amount of 
release is proportional to the amount of BU incorporated 
into the DNA. 

Wild-type wert bacteria containing BU are considerably 
more sensitive to the lethal effects of MC than are wor- 
bacteria‘. Fig. 5 shows that the presence of BU also 


. enhances DNA degradation in wert cells after exposure to 


MC. However, in contrast with the results obtained with 
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Fig. 1. Ultra-violet-induced release of cold acid-soluble radioactivity 
from normal and BU-containing E. coli K-12 AB2416 uvrtthy- and 
AB2419 uorBihy-. Washed cells grown in “C-thymine with or without 
bromouracil, as described in the text, were untreated or exposed to 1,000 
ergs/mm! 2537 A light. During incubation at 37° in complete medium 
containing 25 ug/ml, non-radioactive thymine per cent, cold acid-soluble 
carbon-14 was determined as previously described (ref. 10). Acid-soluble 
in all experiments includes the growth medium 
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Fig 2. Release of cold acid-soluble radioactivity from BUDR-containing 
E coli AB2416 uortihy and 482419 uvrBthy~ for various doses of ultra- 
violet light. Cells were grown in medium containing 5 ug/ml. thymidine- 
methyl H H-TDR) alone or 6 ug/ml. “H-TDRB plus 50 g/ml. bromo- 
deoxyuridme (BUDR) for two generations. Washed cells were éxposed 
to the doses of ultra-violet hght shown, meubated in complete medium 
containing 25 ug/ml. non-radioactive thymidine at 37°, and acid-soluble 
7H determined as previously described (ref. 10) 
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Fig. 3 Incorporation of *C-thymine mto acid-precipitable material by 
BUDR-containing F. cola K-12 uvrtthy~ and AB2419 uorBthy-. The 
same cell suspensions used for the experiment in Fig. 2 were all adjusted 
to OD 01 after ultra-violet irradiation. Equal volumes were trans- 
ferred to complete growth medium containing 2-2 ugjmi. “O-thy- 
mine and incubated at 37°. Cold acid-precipitable carbon-14 was 
determined by the filter disk method (ref. 10). The se:ntillation counter 
was adjusted to eliminate counts from tntium 
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Fig. 4. Ultra-violet-induced release of cold acid-soluble carbon-14 from 
E. colt grown for various lengths of time in “C-thymine-BU medium. 
Overnight cultures were diluted five times into a glucose-saits-casamino 
acid medium Sonne 5 zg/rml. “C-thymine and 60 he BU. At 
the times Indicated, £ samples were filtered and washed on membrane 
filters, suspended in Phosphate buffer to give a solution 80 per cent trans- 
parent to 2537 A light, and ultra-violet irradiated with an effective dose 
of 1,000 ergs/mm*. area post-irradiation incubation ın complete 
medium containing 25 ug/ml. non-radioactive thymine, the percentage 
of cold ecid-soluble carbon-14 was determined 


ultra-violet light, there is no breakdown of the DNA in 
uorB cells exposed to MC, whether or not these cells con- 
tain BU. This shows that MC-induced DNA breakdown 
in uvrt bacteria is enhanced by the presence of BU only 
after breakdown has been initiated by the uvr genes. 
These results also suggest that MC does not produce 
single-strand breaks that can serve for the initiation of 
breakdown in DNA containing BU. 

The ability of BU-containing cells to incorporate 
4C-thymine into acid-precipitable material is completely 
depressed by exposure of the cells to 5 ug/ml. MC, as 
shown in Fig. 6. Under these conditions normal bacteria 
still incorporate about 20 per cent of the amount of 
14C-thymine that the untreated cells incorporate. 

Uvr- mutants map at three widely spaced loci called 
uvrA, uvrB and eerC™ 14, Experiments so far indicate 
that all three genes are required simultaneously in the 
excision of defective bases!*. Table ] shows the percent- 
age release of acid-soluble radioactivity from thymine- 
dependent wwr, uvrB and uvrO mutants grown in 
4C-thymine and BU, exposed to ultra-violet light or to 
MC, and incubated for 2 h. All three mutant strains 
undergo & large amount of DNA breakdown after ultra- 
violet irradiation, whereas treatment with MC produces 
much less breakdown. The results in Table 1 confirm 
that all three genes are concerned with the same function. 

Normal uvrt bacteria are thought to repair damaged 
DNA through the following sequence of events: (1) 
excision of the defect in one strand of the twin polynucleo- 
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Fig. 5. Mitomycın C-induced release of cold acid-soluble radioactivity 
from normal and BU-containing E. coli K-12 AB2416 wortihy- and 
AB2419 uvrBthy~. Washed cells grown in “C-thymine with or without 
bromouracil as described in the text were exposed to 25 ug/ml MC for 
30 min at 37° After removal of the MC by centrifugation the cells were 
incubated ın complete medium containing 25 ug/ml. non-radioactive 
thymine, and the percentage of cold acid-soluble carbon-14 determined 
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Fig. 6. Incorporation of C-thymine into acid-precipitable material by 
BU-contaimng £. col, K-12 482416 uv tihy after exposure to MC. Non- 
radioactive cells were grown In the presence or absence of BU and exposed 
to MC for 30 min at 37°. The MC was removed by centrifugation, and 
the cells suspended in complete medium to give the same optical density. 
To 1 ml, of cell suspension was added 2 2 ze jm], }*C-thymune, and cold 
acid-preeipitable carbon-14 determmed by the filter disk method (ref, 10) 


tide; (2) exonucleolytic single-strand degradation, com- 
mencing at the site of excision; (3) reconstruction of the 
degraded strand by imsertion of nucleotides into the 
degraded region (repair synthesis); (4) the formation of 
the phosphodiester link to the next section of intact 
polynucleotide. Implicit in this model of repair is the 
idea that DNA degradation gives way to DNA synthesis 
in some controlled manner’, Aoki et ai.!° suggested that 
this controlled switch-over from degradation to synthesis 
is altered by the presence of BU m DNA so as to favour 
continued degradation that ultimately produces double- 
strand breaks. The results of the present experiments 
confirm that BU enhances ultra-violet-induced breakdown 


Table 1. RELEASE OF AGID-SOLUBLE RADIOACTIVITY FROM Æ. coli AFTER 
EXPOSURE TO ULTRA-VIOLET LIGHT OR TO MITOMYCIN C 


% Acid-soluble carbon-14 after 2 h 
incubation following exposure to 


Strain 1,000 ergs/mm* 
ultra-violet ight 25 ug/ml MC 
AB2497 uvrt iky“ 61 40 
AB2500 werd thy- 72 6 
AB2419 uvrB thy” 68 4 
A B2498 uvrC thy- 71 7 


Bacterial cells were grown for two generations in a glucose-salts medium 
containing 25 #gjml. casamuno acids, and a 10 : 1 ratio (wt./wt.) of BU to 
4Q-thymme. Washed cells were exposed to ultra-violet light or to MC, the 
MC removed by centrifugation, and incubated in complete medium contamng 
25 ug/ml non-radioactive thymine at 37° C. 
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in uvrt bacteria, but they also show that BU enhances to 
a similar degree DNA breakdown. in uvr- bacteria. Thus, 
excessive breakdown in. ultra-violet-irradiated bacteria 
containing BU ıs independent of the wwr genes, and 
suggests that major photo-defects exist in BU-containing 
bacteria after exposure to ultra-violet light, which are 
not removed by the excision enzymes. It 1s likely that 
these photo-defects are single-strand breaks”, and that 
DNA degradation is initiated from such breaks, as also 
presumably occurs in normal bacteria exposed to X-rays}. 

Besides producing additional sites of DNA degradation 
in. ultra-violet-irradiated E. coli, BU can also produce 
another effect. This is most clearly shown in the experi- 
ments with MC. Although MC induces enhanced DNA 
breakdown in BU-containing wort bacteria, 1t does not 
induce DNA breakdown. in wvr- bacteria, even when they 
contain BU This provides direct evidence that BU 
can enhance MC-induced DNA breakdown only after it 
has already been initiated by the action of the wwr genes. 
This result supports the idea that BU alters the postulated 
switch-over from DNA degradation to synthesis so as to 
favour continued breakdown. This interpretation 1s 
strengthened by the observation that BU-containing 
bacteria exposed to ultra-violet light or to MC lose their 
ability to synthesize DNA during post-treatment incuba- 
tion. In view of these results, the observed excessive 
DNA breakdown occurring in Æ. coli after ultra-violet 
irradiation can be interpreted in the following manner: 
the presence of BU in the DNA causes ultra-violet light 
to produce many single-strand breaks from which break- 
down can proceed; and, independent of how breakdown 1s 
initiated—-whether from the action of the wer genes or 
whether from single-strand breaks—the presence of BU 
favours’ continued DNA breakdown by altering the normal 
switch-over from degradation to synthesis. 

The alternative explanation, that in the wvr- mutants, 
the small amount of breakdown normally induced by 
ultra-violet is enhanced by the presence of BU, is rendered 
unlikely by the results obtamed with MC. In those 
experiments, there was only about a third more break- 
down caused by the presence of BU in wvr* bacteria. In 
contrast, ultra-violet irradiation produced a two- to 
three-fold increase in the DNA breakdown of BU-con- 
taining wert bacteria. 

Another possible explanation for the observed extensive 
breakdown in uvr- bacteria after ultra-violet irradiation 
is that the presence of BU restores the action of the 
defective wor genes, so that excision of ultra-violet photo- 
products can occur. This leads to uncontrolled break- 
down as would be postulated in the wort strain. This 
explanation 1s not so attractive as that given here, because 
it is difficult to explain why the presence of BU m DNA 
would restore the action of the wer genes for ultra-violet 
photo-products, but not for defects caused, by MC. 

The present results also show that BU-contaming 
bacteria exposed to ultra-violet light or to MC are unable 
to synthesize DNA. during a period ın which they suffer 
extensive DNA breakdown. If this approaches 50 per 
cent of thar DNA, ıt must result in double-strand breaks 
which presumably would be lethal to the cells, thus 
providing an adequate explanation for the increased 
sensitivity of BU-containing bacteria to irradiation, to 
MC, and possibly to other deleterious agents. 

For doses of ultra-violet hght of up to 1,000 ergs/mm? 
(the highest investigated), DNA breakdown in BU- 
contaming werB bacteria was 20-30 per cent greater 
than in the uvrt+ strain. A possible explanation for this 
difference is that, since breakdown is proportional to the 
amount of BU in the DNA (Fig. 4), the worB strain incor- 
porates more BU into ıts DNA than does the uvrt strain. 
Experiments using cells grown for two generations in the 
presence of 44C-BU showed that there was 40 per cent 
more acid-precipitable carbon-14 m the uvr- strain per 
unit mass (as judged by optical density at 650 mp) than 
in the wvr+ strain. BU excision, controlled by the wor 
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genes, might contribute to the cause for the relatively 
low amount of BU incorporated by the wort strain. 

The enhancement of DNA degradation by the presence 
of BU in wort bacteria treated with MC may reflect the 
extent to which BU alters the normal switch-over from 
DNA degradation to synthesis in the repair process. 
Such an alteration could possibly arise because the 
presence of BU in DNA renders it an unsuitable template 
for repair synthesis, or because the exonuclease responsible 
for degradation has a high affinity for DNA contaiming 
BU. Another possibility is that BU degradation products 
interfere with the normal switch-over from degradation. 
to repair synthesis. Experiments are at present being 
carried out to investigate these possibilities. 

An interesting parallel to the experiments reported 
here is found in some #. cols K-12 mutants deficient in 
recombination, called ‘Rec’ mutants?”?. Such mutants 
a'so manifest an apparent alteration in the controlled 
switch-over from ultra-violet-induced DNA breakdown to 
synthesis!*. 

In summary, these investigations support the inter- 
pretation that sensitization of bacteria to radiation 
resulting from the incorporation of BU into their DNA is 
due to an enhancement of DNA breakdown and failure to 
synthesize DNA. The results also indicate that in uvr- 
mutants ultra-violet hght causes strand breakage in DNA 
containing BU, whereas mitomycm C does not. 
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IDENTIFICATION OF A COMPONENT OF A TRANSPORT ‘CARRIER’ SYSTEM: 
ISOLATION OF THE PERMEASE EXPRESSION OF THE LAC OPERON OF 
Escherichia coli 


By Dr. ALAN R. KOLBER* and Dr. WILFRED D. STEIN 


Department of Biological Chemistry, University of Manchester 


VERWHELMING evidence is available suggesting 
that certain components of cell membranes are 
involved in transporting across a lipid-protein barrier 
substances which are not ordinarily soluble ın the hydro- 
phobic structure of these membranes. It has been demon- 
strated by various kinetic approaches, in many different 
types of cells and tissues, that the transport of several 
classes of substances appears to be ‘carrier-mediated’. 
Indeed, although these mobile reactive-sites (or ‘carriers’) 
have been inferred by that wealth of kinetic evidence, 
there remains as yet no single convincing demonstration 
of the characterization or identification of the elusive 
transport ‘carrier’, whether it be mdigenous to the mera- 
brane, or part of the cytoplasm. It has been postulated, 
on the basis of certain evidence of a peripheral nature, 
that the system responsible for the transport of mono- 
saccharides in the human erythrocyte is phospholipid in 
nature!, or again, protein’, but for this system the trans- 
port function has been shown to be confined to the 
plasma membrane’. The membrane-based sodium- and 
potassium-activated adenosine triphosphatase is clearly 
coupled with the transport of cations in a number of 
tissues’. Other evidence, of an even more indirect nature, 
suggests that the system for actively transporting 6- 
galactosides into Escherichia coli has a protein, or enzymatic 
nature’. The genetic characterization of the Lac operon of 
this bacteria, which has been shown to contain genes for 
only three separate elements’, and the fact that the 
manufacture of the products of the operon may be gratui- 
tously induced by certain thio-substituted 6-galactosides’, 
have enabled us to separate and identify the gene-product 
of the operon mapped for ‘permease’ functions. 


* Fellow of the U.S Natlonal Institutes of Health. 


We have used the following mutant strains of E. colt, 
all of the K12 variety, which were kindly supplied by 
Prof. F. Jacob of the Institut Pasteur: 200PS (Lact), 
200P (permease-less), and 2010 (galactosidase-less). 
Cultures of these mutants were re-isolated and sub-cultured 
on receipt, and were sub-cultured and maintained on 
nutrient agar slcpes every 2 weeks thereafter. When 
prepared for experiment, the cells were cultivated in 
minimal salts brosh®, to which were added certain growth 
factors (vitamin B, and arginine) when required, and 
0-2 per cent glycerol as a carbon source. The gratuitous 
inducer, §-thiomethylgalactopyranoside, was added (5 x 
10-4 M) when required. The cultures were grown at 37° C 
for about 14 h, collected by centmfugation, washed with 
tris-succinate buffer (pH 7-4, 0-01 M) and the bacteria 
resuspended in tha same buffer. 

‘Osmotically sensitive spheres’ (OSS) were prepared 
according to Sistrom®, and these were separated from the 
medium by highspeed centrifugation in the cold. The 
spheres were burst by the addition of a small volume of 
the dilute tris bucfer (usually 15 ml. per g wet spheres). 
Bacterial membrane ‘ghosts’ were separated from the now 
very viscous supernatant (cell cytoplasm) by high-speed 
centrifugation in the cold. In order to separate the cyto- 
plasmic proteins, aliquots of this viscous supernatant 
were applied to DEAE cellulose columns of varying 
dimensions. Best results were obtained when Whatman 
P./DE 100 C.2 DEAE cellulose (kindly supplied by 
Reeve Angel, Ltd.) was used. The columns were routinely 
eluted with a linear sodium chloride gradient (0-0 8 M} by 
the method of Bozk and Ling’. Effluent optical density 
(254 mu) was continuously monitored by means of an 
L K.B. (Sweden) ‘Uvicord’ recording system. Effluent 
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samples were assayed for protein (O.D. 280 my), B- 
galactosidase", thiogalactoside-transacetylase!*, and, in 
some cases, acid phosphatase}. 

The method used to separate the ‘permease’ gene 
product from the other cellular substituents of the crude 
bacterial extract involved double-isotopic labelling of the 
cellular proteins of a non-induced and induced culture 
with °H- and “C-labelled phenylalanine, one isotope to 
the former culture, the other to the latter. Tho uptake 
of C-labelled phenylalanine by growing cultures of 
E. colt, the optimal conditions for such uptake, and sub- 
sequent separation of the proteins of a resulting cellular 
extract have already been reported**. The tracer amino- 
acid was supplemented with non-tracer phenylalanine to 
104 M. 

The cultures were grown under the aforementioned 
conditions, and the two mixed together before centrifuga- 
tion. OSS and cell extract were prepared, and the cell 
extract applied to a DEAE cellulose column. 100 ul. of 
each effluent sample was applied to a paper disk (Whatman 
3M) which was dried and placed in a vial containing a 
scintillation solution (dimethyl 1,4-bis-2-(5-phenyloxa- 
zolylj-benzene (POPOP), polyphenol oxidase (PPQ)). 
Counting was done on a Nuclear Enterprises, G.B., Ltd., 
liquid scintillation counter. 

Electrophoresis of certain fractions of the DEAE 
cellulose chromatogram was carried out on a micro-scale 
using cellulose-acetate strips, and the protein fixed and 
stained with amido-schwartz dye (3 per cent trichloro- 
acetic acid). Conventional procedures were followed". 
Samples were prepared by concentrating pooled samples of 
the column effluent with powdered ‘Carbowax’ (a poly- 
ethylene glycol) in a dialysis bag. 

For the case with the FZact mutant, a large percentage 
of the protein manufacturing system of the cell is devoted 
to producing only those proteins coded for by the induced 
operon!*; thus, areas of considerable “C-enrichment in & 
protein-radio-chromatograph of the crude bacterial extract 
should be readily apparent. Fig. 1 illustrates the results 
of such a chromatograph. For convenience in interpreting 
this and subsequent figures of like nature, one line (rep- 
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Fig 1. Hffluent radioactivity and enzymatic activity of a cell extract 
of the FLact (200PS) mutant of E. coli chromatographed on DEAE 
cellulose. , Carbon-14 content; m- =e == =, tmtium content, 
Filled-in parts are carbon-14 enrichment (see text). Block diagrams 
represent indicated enzymatic activities drawn to an arbitrary scale. 
75 mi. of the cell extract, from a total volume of 10 mi., was applied 
to the column. 2 mi fractions were collected, assayed, and counted. 
Tritium ey was 075 per cent, carbon-14 efficiency was 10 per 
ceni. 0-40 mc. "H-phenylalanine was initially added to the non-induced 
culture; 0-01 me. ep benyinine Was initially added to the Induced 
Cuiture f 
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Fig. 2. Effluent radioactivity and enzymatic activity of a cell extract 
of the galactosidase-less (2010) mutant of E. coli chromatographed on 
DEAE cellulose. , Carbon-14 content; — — — —, tritrum cor- 
tent. Filled-in parts are carbon-14 enrichment. Block diagrams represent 
indicated enzyme activities drawn to an arbitrary scale. Galactosidase 
area is that portion of the effluent volume which, 1f compared with the 
ultra-violet and radioactivity records of the two other mutant strains 
investigated, would ordinarily contain the galactosidase enzymatic 
activity. No such enzymatic activity was found here 7-5 mi. of the 
cell extract from a total of 9 5 ml. was applied to the column. 2-5 mi. 
eluate fractions were collected, assayed, and counted. Tritium eri 
was 05 per cent, carbon-14 efficiency was 10 per cent. 0-20 me. °H- 
phenylalanine was initially added to the non-induced culture; 0-01 me. 
44C.phenylalanine was initially added to the induced culture 





resenting counts per unit time C alone, or °H. alone, of 
the effluents) was arbitrarily forced to coincide with the 
second line in an area of the chromatograph where the 
40:3H ratio was minimal, and. hence where no C- 
enrichment was to be expected. Thus, areas of “4C- 
enrichment can be identified by the 4C-line rising above 
the *H-line, and these areas are identified by the black, 
filled-in part of the figures (in Fig. 4, where the radio- 
active labels are reversed, the filled-in part indicates an 
area of tritium-enrichment). Results of analysis for 
enzymatic activity in corresponding samples appear as 
block diagrams beneath the lines representing the radio- 
activity. 

Figs. 1, 2, and 3 illustrate the results of identical 
experiments conducted with each of the three mutant 
strains. Fig. 1 (fact): there are three main areas of 
14C-enrichment present (the fourth, at the top of the centre 
peak, is created by one sample alone, has not been found 
in repeated experiments, and is considered by us to be 
probably a spurious record). Two of these areas are associ- 
ated with corresponding areas of enzymatic activity. 
Clearly, the peak of “C-enrichment in the area of Fig. 1 
associated with neither transacetylase nor 6-galactosidase 
activity is not present in the comparable area of Fig. 3 
(permease-less). But the two “C-enriched areas of Fig. 3 
associated with 6-galactosidase and transacetylase activity 
both appear in areas of the chromatograph comparable 
with those of Fig. 1. Only the first area is missing. Fig. 2 
illustrates the results for the mutant lacking galactosidase. 
Neither 8-galactosidase enzymatic activity nor “C- 
enrichment appears on that part of the figure correspond- 
ing to the “C-enriched areas of Figs. 1 and 3. However, 
Fig. 2 does possess the “C-enriched area not associated 
with §-galactosidase or transacetylase activity which 
appears in Fig. 1, but not in Fig. 3. 

In order to obviate the possibility that the areas of 
enrichment were produced by fortuitous *H-quenching, 
the experiment was repeated with the labels reversed. 
Fig. 4 illustrates the results using the permease-less 
mutant. Again, no enrichment is noted in the ‘permease’ 
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Fig. 3. Effluent radioactivity and enzymatic activity of a cell extract 
of the permease-less (200P) mutant of E. coh chromatographed on 
DEAE cellulose , Carbon-14 content; —--—-—- —, tritium con- 
tent. Filled-In parts arecarbon-l4enrichment Block diagramsrepresent 
indicated enzyme activities drawn to an arbitrary scale. 3-5 mil. of the 
cell extract from a total volume of 5 0 ml. was applied to the column. 
Tritium efficiency was 05 per cent; carbon-14 efficiency was 10 per 
cent. 0 20 mc. *H-phenylalanine was initially added to the non-:nduced 
culture; 001 me SN ar was initially added to the induced 
culture 
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Fig. 4. Reversed-label (200P) experiment. Effluent radioactivity and 
enzymatic activity of a cell extract of the permease-less mutant of 
E. coh chromatographed on DEAE cellulose. , Carbon-14 content; 
— — — —, tritium content. The filled-in parts are tritium enrichment 
(see text) Block diagrams represent indicated enzyme activities drawn 
to an arbitrary scale. 75 ml of the cell extract from a total of 19 ml 

was applied to the column Tritium efficiency was 0:5 per cent, carbon-14 
efficiency was 10 per cent. 0 02 me *H-phenylalanine was added initlally 
to the induced culture; 0 005 me. carbon-14 was initially added to the 

non-induced culture 





area, but the usual (now °H-) enrichment can be seen in 
each of the two areas identified with their respective 
enzymatic activities. 

We now knew where the ‘permease’ area was to be 
found on the DEAE chromatograph, and we predicted, 
from the fact that the enrichment of the ‘permease’ peak 
was so much greater than that of the other two areas, 
that the material present in this region should be pure. 
With this in mind, we attempted to test the composition 
of effluent from this area. Fig. 5 illustrates the effluent 
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tracing from a chromatograph of an induced culture of 
the FLact mutent, while Fig. 6 is the effluent record 
from a chromatograph of a non-induced culture of the 
permease-less mutant. The figures are taken from the 
continuously monitored’ column effluent (O.D. 254 my). 
The absence, in Fig. 6, of the first major peak of Fig. 5 
is clearly shown, and it is this area which, in the radio- 
chromatographs, was observed to have enrichment 
designated as the ‘permease’ area. 

The effluent samples from this ‘permease’ area of Fig. 5 
were pooled, concentrated, and electrophoresed. Although 
there was little material present absorbing at 280 my, a 
single faint band took up stain. These investigations were 
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Fig. 5. Continuous tracing of the optical density (254 my) of the effluent 

from a DEAE cellulose column chromatograph of a cell extract from an 

wnduced culture of the FLact (200PS) mutant of E. coli. 7-5 ml. of 

cell extract from a total volume of 17-5 ml. was applied fo a DEAE cellu- 

lose column and eluted with 300 ml. of a linear gradient sodium chlonde 
solution in 0 01 M tras buffer (see text) 
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Continuous tracing of the optical density (254 min of the 

effiuent from a DEAE cellulose column chromatograph of a cell extract 

from a non-induced culture of the permease-less (200P) mutant of 

E.coli 75 ml of cell extract from a total volume of 17 ml. was applied 

to a DEAE cellulose culumn and eluted with 300 ml. of a linear gradient 
sodium chloride solution in 0 01 M érts buffer (see text) 
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of a preliminary nature; they are at present being pursued 
further. 

The most direct conclusion which can be drawn from the 
results of the present investigations is that the enriched 
area of chromatographs 1 and 2; which has neither of the 
two enzymatic activities, 1s most likely to be the expres- 
sion of the permease gene of E. coli. It would seem that 
the amount of permease 1s less than the amount of 6- 
ga'actosidase formed, but somewhat greater than the 
amount of transacetylase formed. From the areas under 
the curves of Fig. 1, it can be computed that @-galactosi- 
dase is about 1] per cent of the total labelled soluble 
protein, the ‘permease’ is about 5 per cent, while the 
transacetylase is about 3 per cent. Nishi and Zabin!’ 
have shown that, in accordance with the theory of gene 
modulation, the amount of transacetylase formed 1s 
much less than the amount of 6-galactosidase, about 
0-13 per cent and 5-0 per cent, respectively, in bacteria 
grown. at 37° ©. Since the permease gene 1s mapped be- 
tween the other two genes of the operon, it follows from 
this theory that the amount of permease formed should 
be somewhere between the amounts of the other two 
products, and this prediction ıs confirmed by our results. 
Our results suggest that, indeed, only three protem pro- 
ducts are coded for by the three genes of the Lac operon, 
in accordance with the genetic predictions!*, 

While we recognize the anomaly that the material 
present in our ‘permease’ area is presumably cytoplasmic, 
thorough extraction of the membrane fraction by vigor- 
ous methods? has failed to yield any enrichment. 
Thus, either the carrier may be extracted from the 
membrane by our technique into the supernatant, or 
what we have identified may only be some part of the 
complete system associated with the transport function. 
In such an event, it is possible that the carrier itself may 
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not have been labelled by our technique. There is some 


indication that part of the cellular acid phosphatase. 


activity may reside in this enriched area, suggesting a 
possible energy-supplying role for this component. 

We are contmuing our investigations, and at the same 
time are attempting to prepare large quantities of the 
material contained in-this fraction of effluent. Moreover, 
we are seoking alternative procedures designed to label 
other classes of substances, particularly hpid and phos- 
pholipid, by a double-isotopic labelling technique. 

This work was supported by the U.S. Public Health 
Service (National Cancer Institute—5-#2-CA-17, 626-02), 
and by a grant from the Nuffield Foundation. 
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INDUCTION OF TUMOUR IMMUNITY WITH TUMOUR CELLS TREATED 
WITH IODOACETATE 


` By Dr. CHARLES A. APFFEL, Dr. BARRY G. ARNASON 
and 
Dr. JOHN H. PETERS 


fra T. Nathanson Research Laboratories, Pondville Hospital, Walpole, Massachusetts; Department of Neurology, Massachusetts 
General Hospital, Boston; and Department of Microbiology, Harvard University School of Public Health, Boston 


T is now clear that many lethal transplantable tumours 
ın mice are to some degree antigenic for isogeneie or 
otherwise compatible hosts and that immunization of the 
host animal is in many cases possible with prevention or 
retardation of tumour growth on subsequent challenge 
using virulent tumour’. In the case of allogeneic tumours, a 
homograft-type reaction by the host against the foreign 
tissue is thought to be responsible. In the case of 1sogeneic 
tumours, “tumour-specific antigens’ to which the host has 
reacted are held responsible. 

A major problem in the field, and in particular with 
isogeneic systems, has been to find an effective immunizing 
programme. Live, virulent tumour cells are not suitable as 
antigen since they may multiply and kill the host animal. 
Various methods have been used, therefore, to ‘delethalize’ 
tumour cells with preservation of their antigenicity. They 
have been processed by grinding, homogenizing, sonifica- 
tion, freeze-thawing, lyophilization and heat-killing, but 
all these techniques have led to destruction or severe loss 
of antigenicity? One moderately effective immunizing 
technique has been the use, for immunization, of heavily 
irradiated tumour cells which, though viable, are unable 
to divide*®. After an extensive course of immunization 


with cells thus treated, many mice will resist a lethal 
challenge with the corresponding tumour. 

We have found that pretreatment of tumour cells with 
sulphydryl alkylating agents, particularly iodoacetate, 
suppresses their ability to mduce tumours. This has 
occurred in all systems studied so far—allogeneic and 
iogeneic. The treated cells are viable; they respire at a 
subnormal rate. Mice treated with these cells develop 
intense immunity to the corresponding tumour, resisting 
challenge with doses of virulent tumour cells several trimes 
those which are uniformly lethal for control animals. 

The initial observations were made using Ehrlich’s 
ascites tumour in 3-month-old A-jax mice. In spite of 
its allogeneic nature, the Ehrlich’s ascites carcinoma is 
fatal for all control mice, whatever the strain, so that a 
successful immunization is unmistakable. Fresh, unwashed 
Ehrlich’s aseites tumour cells were incubated with 10-?, 
10-8, 10-4 and 10- M sodium iodoacetate or simply in their 
own ascitic fluid for 1 h at 37° C and pH 7-4. After incuba- 
tion, the tumour was diluted with physiological saline 
and groups of mice were injected intraperitoneally with 
the tumour cells. Each mouse was given 2-5 x 10° cells 
in. 0-05 ml. of suspending medium. All mice injected with 
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untreated cells or with cells incubated with 10-* M sodium 
10doacetate developed ascites and died. Tumour did not 
develop in mice given cells incubated in 10-2, 10-3, or 10-4 M 
sodium iodoacetate although the cells excluded the 
supravital stains, safranin O and eosin Y. 

Experimental mice were boosted twice at 14-day inter- 
vals with 2-5 x 10° freshly prepared, treated cells. 
Fourteen days after the second booster, all experimental 
mice plus virgin controls were challenged with 2-5 x 10° 
hve, fresh Ehrlich’s ascites carcinoma cells (several times 
the uniformly lethal dose). No animal pretreated with the 
10-2, 10-3, or 10-4 M iodoacetate-inactivated cells developed 
a tumour during the observation period of 6 weeks. All 
control mice developed ascites and died within 2-4 weeks. 
Attempts to protect mice by immunization with tumour 
cell homogenates. following the immunization schedule 
given. were unsuccessful. All mice given the equivalent 
amount of 10-? M sodium iodoacetate in saline died when 
later challenged. The results are summarized in Table 1. 


Table 1. EFFECT oF SODIUM IODOACETATE ON 'TUMOUR-PRODUCING AND 
IMMUNOGENIC CAPACITY OF EHRLICR’S ASCITES TUMOUR CELLS 


Immunizing material Mortality after Mortahty after 
immunization challenge 


Untreated tumour cells 20/20 ~ 
Homogenized tumour cells 0/10 10/10 
Jodoacetate-treated tumour cells 10-2 M 0/20 0/20 
i 35 ee » 10°M 0/20 0/20 
“a R oy 107M 0/20 0/20 
3} $Y +$ #3 16-5 M 10/10 pase 
Todoacetate 10°? M in saline 0/10 10/10 
No cells given — 20/20 


It was found that immunity developed within a few days 
of the initial immunization. Groups of mice were immun- 
ized intraperitoneally with 2-5 x 10° Ehrlich’s ascites 
tumour cells pretreated with 10-2 M 1odoacetate and chal- 
lenged with 2-5 x 10° virulent cells 2—21 days later. All 
mice challenged 2 or 3 days after immunization developed 
ascites tumours. Three of ten in each group afterwards 
overcame the ascites tumours and survived, but the rest 
died. Sixty-seven of seventy animals challenged between 
4 and 13 days after immunization were protected, but only 
five of twenty in which challenge was delayed for 21 days 
resisted challenge. Peripheral blood total and differential 
white blood cell counts were done on mice given 
iodoacetate-treated cells intraperitoneally. At 3 days 
there was a profound drop in lymphocytes and poly- 
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morphonuclears reminiscent of that seen in a severe 
systemic delayed typersensitivity reaction’. By 6 days, 
the polymorphonuelears had recovered to baseline levels 
and there was a considerable lymphocytosis. 

Table 2 gives our results in an isogeneic system. The 
MCT sarcoma was methylcholanthrene-induced im our 
own (Pondville) sud-line of C57BL in 1960 and converted 
to its ascites form în 1964. Its growth 1s restricted to the 
strain of origin in which it 1s uniformly fatal. It will not 
grow mm any other stram, not even in the closely related 
C57BL/6. Inactivation of ascitic MOT was complete at 
both concentrations used: immunization was effective 
but incomplete. Five of twenty-two mice succumbed 
eventually to the challenge with intraperitoneal tumour, 
but these five outlived all the controls. 

Several other kLost—tumour combinations have been 
studied also and these are given in Table 2. The #L4 
tumour was completely mactivated and the immunity 
achieved in a co-1sogeneic strain was as complete as ıt 
had been with Ehrlich’s ascites tumour. With Krebs-2, 
using the same schedule, tumour inactivation was com- 
plete but immunization was partial. In later experiments, 
using a single immunizing injection with challenge after 
7-10 days, a complete immunization was achieved. In 
this latter case, as well as with MCT tumour, incubation 
with 10-3 iodoacetate appeared to be more effective than 
incubation with 1¢-* M. 

We have found it possible to influence the growth of the 
subcutaneously implanted solid isogeneic MOT tumour 
described above by immunization with iodoacetate- 
treated cells of its ascitic form. Free MCT tumour cells 
in their ascites were incubated for 1 h in 10-* or 10° M 
sodium iodoacetate. Individual mice were immunized 
with 2-5 x 10° treated cells by intraperitoneal injection. 
Immunized mice plus a control group received subcutane- 
ous solid MCT tumour by trochar the same day. Twenty 
days later they were killed. The individual solid tumours 
were dissected free and weighed. The results are given in 
Table 3. The retardation of tumour growth ın both treated 
groups was highly significant although no treated anımal 
was completely free of tumour. ; 

In a second experiment, immunization was done with 
tumour cells prewashed in physiological saline before 
incubation with 10-* M sodium iodoacetate. Again, the 
depression in mean tumour weight of treated mice, when 
compared to untreated controls at 28 days, was highly 


Table 2, EFFECT OF SODIUM IODOACETATE ON TUMOUR-PRODUCING ANR ala CAPACITY IN ISOGENEIC, CO-ISOGENEIC AND ALLOGENEIC Host- TUMOUR 
YSTEMS IN MICE 





Tumour Host strain Relation of 


- Immunizing material 


Mortality after Mortality after 


tumour to host immunization challenge 
MCT C57 BL* isogeneic Sodium iodoacetate 107 M O/11 Til 
os 1 310- M o/11 4/11 
No treatment 10/10 se 
No cells mnane 10/10 
EL4 C57 BL/6 co-isogeneic Sodium iodoacetate 10~ M 0/11 0/11 
i3 a 10— M O/11 0/11 
No treatment 10/10 oe 
No cells mee 10/10 
Krebs-2 Swiss allogeneic Sodium iodoacetate 10° M 0/10 5/10 
{compatible} 7 es 10-4 M 0/10 8/10 
No treatment 10/10 — 
No cells aen 10/10 
Krebs-2 t Swiss Sodium iodoacetate 10 M 0/21 0/21 





* Pondville sub-line. 





+ Given one single immunizing injection and challenged 9 days later. All other groups immunized three times at 14-day intervals and challenged 14 days 


later 


Table 3. MCT TUMOUR WEIGHTS 20 DAYS AFTER CHALLENGE IN C57 BRE MICE GIVEN LODOACETATE-TREATED MCT Ascitic TumouR CELLS INTRAPERITONE- 
ALLY ON DAY OF CHALLENGE 








Mean Significance 
Treatment No of mice Tumour weight (g) tumour of difference 
1na group — <.<... ——__ ———. weight with respect 
0< 05 05<190 10<15 1-5 < 20 >20 (g) to controls 
16° M iodoacetate* 22 5 10 3 0 0 0 58 P 0-001 
10“ M rodoacetate 18 4 10 3 t 0 077 POOOL 
None 22, 0 1 7 10 4 1°77 


S E. = standard error. 
* Dialysed against Locke—Ringer’s solution after incubation 
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significant and in three of twenty mice no tumour could 
be found. In two of ten mice immunized with prewashed 
1odoacetate-treated tumour cells 14 days after subcu- 
taneous challenge with solid tumour, the established 
tumour had disappeared by 28 days. In several others, 
tumour growth was arrested. 

Certain other reagents active on sulphydryl groups 
have been tested for their efficacy as inactivators. Iodo- 
acetamide gave complete inactivation of Ehrlich’s ascites 
tumour at 2 x 10-*M but none at 1 x 10-*M. With 10- 
and 2 x 10-4, protection was complete; with 10-73, nine 
of ten animals resisted challenge. N-Ethylmaleimide 
brought about an almost complete inactivation at 10-3 M 
and immunity was complete. p-Chloromercuribenzoate 
was ineffective, All animals moculated with Ehrhch’s 
ascites carcinoma pretreated with 10 M p-chloro- 
mercuribenzoate developed tumours. 

We have found our alkylation technique to be a simple 
and effective means of unduemg tumour immunity in 
situations where immunity has till now been difficult to 
produce. The mechanism by which 1odoacetic acid and the 
other alkylating agents achieve their effect is uncertain. 
It would seem to be a direct effect on the tumour cell or 
on tumour cell antigens, rather than on the host, since 
iodoacetate alone failed to protect. It is well known that 
iodoacetate reacts primarily with sulphydryl groups; it 
may, in this way, inhibit enzymatic reactions essential 
for cell multiplication. Clearly, tumour growth was in- 
hibited in these experiments; the mice were immunized 
with antigenically mtact but harmless cells, and they 
responded to them. There is evidence that disulphide 
bonds are important in stabilizing the antigenic deter- 
minants of proteins’. Jodoacetic acid, by its action on 
sulphydryl groups, may stabilize tumour antigens as well. 

The results with MCT and Krebs-2 tumours implicate 
some factor in addition to tumour inactivation in the 
immunity achieved. Treatment of either of these tumours 
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with 10-4 M sodium iodoacetate led to less effective 
immunity despite complete tumour inactivation than did 
treatment with 10-° M sodium iodoacetate, suggesting 
that iodoacetic acid affects tumour cell antigenicity directly. 
Why excess iodoacetie acid should interfere, even though 
minimally, with immunization to Ehrlich’s ascites tumour 
cells is by no means clear. Conceivably, the excess iodo- 
acetate might impede phagocytosis of antigen®. 

An alternative explanation would be that iodoacetate 
acts to thwart the production of enhancing antibodies, 
thus permitting a free field to the rejection mechanism. 
Preliminary data argue against such a view and indicate 
that enhancing antibody is produced normally in mice 
treated with lyophilized tumour exposed to iodoacetate. 

Immunization with tumour cells treated with iodoace- 
tate appears to be a powerful means of inducing tumour 
immunity. This is evidenced by the large proportion of 
animals that are made resistant to challenge, by the speed 
with which immunity is established, and by the ability of 
the treated cells to slow and in some cases reverse the 
course of an established solid tumour in an isogeneic 
system. 

This work was supported in part by grant 1131-C-9 
from the American Cancer Society (Massachusetts) to 
the Massachusetts Health Research Institute. We thank 
Mr. William R. Braye and Mrs. Anne Asbjornsen for their 
assistance. 
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PASSIVE AND ACTIVE IMMUNITY TO FRIEND VIRUS DISEASE 


By Pror. E. A. MIRAND, Dr. J. T. GRACE, jun., and R. F. BUFFETT 


Roswell Park Memorial Institute, New York State Department of Health, and State University of New York 
at Buffalo, Buffalo, New York 


RIEND virus disease is characterized by proliferation 

of reticulum cell, erythroblastosis, hypervolaemic 

polycythaemia, leucocytosis, and hepatosplenomegaly?-, 

When virus is injected into young or adult mice, the disease 
develops within a matter of a few days. 

Earlier investigations showed that offspring from in- 
fected mothers developed the disease after a long latent 
period of more than 7 months‘. This suggested to us that 
infected mothers are not only able to transmit virus to 
their offspring, but also to transmit some form of resist- 
ance to Friend virus disease. Several experiments were 
therefore carried out. Adult females of the HA/ICR and 
DBA/\ mouse strains were immunized at intervals after 
the onset of pregnancy (as determined by vaginal plug) 
with: (1) live Friend virus; (2) formalinized Friend virus 
vaccine; (3) heat-killed Friend virus. The offspring of 
these mice were in turn challenged with live virus at 
various intervals after birth. Offspring from non-infected 
females were injected with the same preparations and at 
the same time intervals. 

Fig. 1 shows the results of challenge of offspring from 
Swiss mothers injected with live Friend virus on the 
second day of pregnancy. The ‘percentage of protection’ 
is the difference between the percentage of incidence of 
disease in offspring of non-infected mothers and the 
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Fig. 1. Resistance of Frend virus disease in offspring of HA/ICR 
Swiss mother mice infected with Friend virus, Mothers were immunized 
intraperitoneally on second day of pregnancy with 10°! J D.,,/0°1 ml. 
live Friend virus contained in a cell-free filtrate from spleens from Friend 
virus infected mice. Offspring were challenged subcutancously, day 1, 
and thereafter intraperitoneally at intervals with 10%? 2.D.59/0 1 mi. 
hye Friend virus. The same preparation was used throughout. Offspring 
from non-infected mothers were injected sinultaneonsly 
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percentage of incidence in offspring of infected mothers. 
There is evidence of protection against Friend virus disease 
when offspring are challenged 1-15 days after birth. 
There is very little evidence of protection when mice are 
challenged 20-40 days after birth. However, there is 
renewal of protection when mice are injected 45 or more 
days after birth. We attribute the initial wave of protec- 
tion to passive immunity, and the second wave to active 
immunity. 

Fig. 2 shows the results of challenge of offspring from 
Swiss mothers that were injected with live Friend virus 
on the twelfth day of pregnancy. Offspring show very 
little resistance to the development of Friend virus disease 
when injected in the early period after birth. However, 
mice injected 20-28 days after birth are highly resistant. 
The delay in the initial passive immunity may be due to 
the lower antibody-level at delivery, since the mother was 
injected on the twelfth day of pregnancy. However, as 
the antibody rises in the mother, the offspring are pro- 
tected by way of lactation. The second wave of active 
immunity occurs at approximately the same time as it 
did in the previous experiment. 

Fig. 3 shows the results of challenge of offspring from 
DBA/1 mothers that were injected with live Friend virus 
on the twelfth day of pregnancy. The results are similar 
to those obtained from offspring of Swiss mice (Fig. 2), 
but the degree of protection as the result of passive im- 
munity is much less in DBA/1 mice. This may be due to 
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Hig. 2. Resistance of Friend virus disease tn offspring of HA/ICR Swiss 

mother mice infected with Friend virus Mothers were immunized intra- 

poritoneniy on twelfth day of pregnancy with 10°* Z.D ,,/01 ml. live 

nend virus, Offspring were challenged subcutaneously, day 1, and there- 

after intraperitoneally at pata with 107° Z D,./01 ml live Friend 
rus 
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Fig.3 Resistance of Friend virus disease in offspring of DBAJ mother 
‘mice infected with Friend virus. Mothers were immunized intraperitone- 
ally on twelfth day of pregnancy with 1024 I.D.,,/0-1 ml. live Friend 
‘virus. Offspring were challenged subcutaneously, day 1, and thereafter 
intraperitoneally at intervals with 10°: 7 D ,./0-1 ml. live Friend virus 
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Fig. 4. Resistance of Fnend virus disease in offspring of mother mice 
receiving formalinized Friend virus vaccine. Swiss mother mice were 
injected three times, on fhe third, seventh and tenth days of pregnancy, 
with a formalinized vaccine prepared with 10%? J.D.5,/0 1 ml. live Friend 
virus. Enough formalin was added to cell-free filtrate from spleens to give 
a final concentration of 1: 600. The mixture was kept at 4° C and shaken 
manually daily for 30 dcys. Offspring were challenged subcutaneously, 
day 1, and thereafter pabioher onan at mtervals with 10°* 7.0.,,/0-1 
. live Friend virus 
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Fig 5. Resistance of Exiend virus disease in offspring of mother mice 
receiving heat-killed Friend virus vaccine. Swiss mother mice were In- - 
jected three times, on tie third, seventh and tenth days of pregnancy, 
with a heat-killed vaccine prepared with 10°% J.D.,,/0-1 ml. live Friend 
virus, Cell-free filtrate vas mactivated m a water bath for 2 h at 100° €. 


Offspring were challenged subcutaneously, day 1, and thereafterintraperi- 
toneally at mtervals with 102° Z.D.so/0 1 ml. live Friend virus 


the fact that DBA,1 mothers received one log dose less 
virus than the Swise mothers. However, protection due to 
active immunity, although delayed by about 20 days, is 
just as effective as in Swiss mice. 

In order to demorstrate that we are dealing with passive 
immunity, Swiss females were immunized with formalinized 
Friend virus vaccine. Mothers were injected three times, 
on the third, seventh and tenth days of pregnancy, and 
offspring were challenged at intervals after birth with live 
virus. 

Fig. 4 shows the results. Protection against the develop- 
ment of Friend virus disease by passive immunity was 
essentially the same as when mothers were injected with 
live virus on the second day of pregnancy. The experimént 
is still in progress. However, protection should not occur 
in the later time intervals after birth, since live virus was 
not present in the formalinized vaccine. 

Fig. © shows tae results with heat-killed vaccine. 
Mothers were injeczed three times, on the third, seventh 
and tenth days of pregnancy, and offspring were challenged 
with live virus at intervals after birth. Very little pro- 
tection. was obtained against development of the disease 
during the period of passive immunity. This suggests 
that the heat-killed virus was an inadequate antigen and 
did not elicit a good immune response in the mothers. 
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Table 1. RESISTANCE TO DEVELOPMENT OF FRIEND Virus DISEASE 


Offspring from infected mothers j Offspring from 
Unprotected animals non-infected mothers 
Week of % Average Average Average Average 
challenge* protection mortality spleen wt. mortality spleen wt. 
(days) (g) (days) (g) 
1 46 8 53 6 2 83 39 8 298 
2 33 5 645 2 85 36 0 3'4 
3 5-0 475 315 39-0 3 65 
4 13 0 37-5 8-5 415 8:5 
5 70 48 0 29 420 3 75 
6 60 48-0 31 39 0 27 
7 45:0 57 5 36 35 0 31 
8 47-5 55-0 27 43-5 37 
9 285 80 5 285 36 0 3 05 
10 455 54-5 23 87°5 32 
Average 52 6 2 94 38 9 38 
Range (38-65) (2:8-3 5) (35-44) (2:7-3 8) 


* Data pooled at weekly intervals. 
Tt Mothers injected on second day of pregnancy, 


Table 1 summarizes the data from offspring of Swiss 
mothers injected with live virus on the second day of 
pregnancy. Data are pooled at weekly intervals. As seen 
in the previous figures, the early period of passive im- 
munity and the later period of active immunity are clearly 
seen in the column “% protection”. The next column 
shows the average age of death of those animals that were 
not protected ; spleen weights are shown in the third column. 
The average age at death and spleen weights of infected 
offspring from non-infected mothers are shown in the last 
two columns. Offsprmg from this group showed virtually 
no resistance to the disease. It should be noted that, 
although spleen weights are relatively uniform throughout, 
there is a longer interval to death of offspring from infected 
mothers during periods of passive and active immunity 
than of offspring from non-infected mothers. Although 
these animals were not fully protected against develop- 
ment of the disease, they must have had some degree of 
resistance to progression of the disease. 

The data from all experiments are presented in Table 2. 
Data are pooled at weekly intervals. In all mstances, 
protection due to passive immunity was evident. The best 


Table 2. PERCENTAGE OF PROTECTION AGAINST CHALLENGE WITH FRIEND 


Pre-treatment of Week of challenge * 


pregnant mothers 1 2 8 4 5 6 7 8 9 10 

(I) Live virus 

a, Swiss, early pregnancy (2)+ 46 34 13 7 6 45 48 29 48 

òd, Swiss, late pregnancy (12), 24 7 0 . 12 —- 50 46 — 

c, DB Aj1, late pregnancy (12)t 15 27 12 0 0 -~ 13 38 — 
(IT) Formalinized virus 

a, Swiss (3, 7, 10) 71 45 36 20 
(TID Heat-killed virus 

a, Swiss (3, 7, 10) 16 5 0 7 


* Data pooled at weekly intervals. 
t Day of pregnancy 
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protection was obtained with formalinized vaccine. In 
all instances, passive ımmunıty is short-lived and disap- 
pears at 3-5 weeks after birth, or at about the time the 
animals are weaned. As shown in the previous figures, there 
1s a period when protection is essentially absent, following 
the period of passive immunity. This is followed later by 
protection which is presumably due to the development of 
active immunity. 

A young mammal derives its immunity passively from 
the mother either before, after, or both before and after 
birth’. It is interesting to note in the results presented here 
that transmission of passive immunity continues for about 
28 days after birth in the mouse, and stops abruptly. 
Our data seem to fit with those of others*®, indicating that 
the transmission of passive immunity in the mouse is most 
effective during the pernod of suckling. This is unlike the 
situation in the guinea-pig, rabbit and man (Table 3). 
However, passively acquired antibodies are transmitted 
postnatally, not prenatally, in the ox, goat, sheep, pig 
and horse, but for a period of only 36 h; in the dog, mouse 
and rat the time interval is longer. 


Table 3. TIMB OF TRANSMISSION OF PASSIVE IMMUNITY IN MAMMALS 
Species Transmission of passive immunity 


Prenatal Postnatal 

Ox, goat, sheep 0 + -+ + (36h) 

ig 0 +++ (86h) 
Horse 0 + + + (36h) 
Dog + + + (10 days) 
Mouse + + + (16~28 days) 
Rat + + + (20 days) 
Guinea-pig +++ 0 
Rabbit +++ 0 
Man ++ + 0 


In all instances, passive immunity is short-lived. The 
mechanism (or mechanisms) which causes the cessation of 
this capacity of the organism to respond 1s not well under- 
stood. 

We thank Robert Milanovich, Albert G. Mirand, Joyce 
Jividen, Helen Fox and André Bulba for their assistance. 
Studies were supported in part by grants from the U.S. 
Public Health Service and the Hartford Foundation. 
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POSSIBLE EFFECT OF MITOTIC RECOMBINATION ON GENE CONVERSION 
AND NEGATIVE INTERFERENCE 


By M. J. HARTLEY and Dr. W. J. WHITTINGTON 


School of Agriculture, University of Nottingham, Sutton Bonington, Loughborough 


N recent years it has become recognized from work with 
a variety of ascomycetes that segregation of gene loci 
may occur in ratios differing from 1:1. Extensive tetrad 
analysis!—> has established the occurrence of all the possible 
ratios—namely 5:3, 6:2, 7:1 and 8:0. The explana- 
tions usually put forward to account for these ratios, which 
imply gene conversion, have been based on copy-choice®:?, 
although the 7: 1 and 8: 0 ratios are difficult to account 
for in this way. 
. We here examine the possibility that these ratios can be 
explained by the occurrence of a mitotic recombmation 
immediately before meiosis. The model proposed assumes 
that mitotic recombination occurs by breakage and 
reunion after reduphcation of DNA in a diploid nucleus 
and, furthermore, that each chromatid contains at least 


four DNA strands. Recombination of two strands between 
two chromatids differing in a gene could account for the 
6:2 ratio (fig. 1). The remaining 5:3, 7:1, and 8:0 
ratios would result from recombination of one, three and 
all four strands respectively. If the initial break were 
between one double helix of each chromatid, then separa- 
tion. of the chromatids could result in further breakage of 
the same strand or perhaps—less frequently——of the sister 
strands (Fig. 2), An event of the former kind would lead 
to gene conversion for a hmited number of closely posi- 
tioned loci, while the remaimder of the genes would segre- 
gate normally. This is in fact the result usually observed. 

The exchange postulated here has an interesting effect 
on negative interference in that, provided that the breaks 
span a marker, a quarter of the strands in a nucleus affec- 


no so24 February 12, 1966 


ted by the mutotie exchange will enter meiosis in the 
double recombinant state. Clearly the effect of such 
previous recombination on the frequency of the double 
recombinant class will be considerably diluted by meiosis 
in unaffected cells. Consideration of the expected fre- 
quency of double crossing-over with different dilution 
factors shows that previous mitotic division could have a 
marked effect on coincidence, particularly where the genes 
are close together, and could give values greater than 100 
(Tables 1 and 2). It therefore appears possible that 
previous mitotic exchange could both determine gene 
conversion and contribute to negative interference. 

The proposed model is open to many obvious criticisms. 
The four-stranded chromatid was proposed because four 
is the smallest number which can account for the 5:3 
and 7:1 ratios. Yet recent evidence® has shown that 
ascospores may be heterozygous for their DNA which 
suggests that more than four strands of DNA may be 
present in each chromatid. In higher organisms there 1s, 
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Fig. 1. Derivation of 6.2 ratios for alleles A, a, from the breakage of 

only two strands of a four-stranded chromatid. The figure shows only 

the daughter cells from the appropriate segregation of the chromatids at 
the mitotie division 
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Fig 2 The derivation of double recombinant strands at a mitotic 
division. Each chromosome is composed of two chromatids, each of two 
double helices of DNA (1 chromatid=4 DNA strands) Each helix, 
which should also have spiral form, is represented by a single black or 
white Ine 1, The initial state. 2, Showing the pomt of breakage of two 
strands of DNA in each chromatid. 3, The separation of the chromatids 
causes break-backs for each pero 4, The double-recombinant 
and aBe 


NATURE 


699 


indeed, doubt as to the number of DNA strands in each 
chromatid. Electron micrographs have indicated that 
chromatids in the fern Todea barbara may have four 
strands’, with the two helices formed into a major spiral. 
Alternatively they may be multi-stranded’®. Experi- 
mental evidence from sea-urchin eggs! shows that the 
zygote nucleus is capable of dividing directly into four 
nuclei after only on2 replication of DNA, thus indicating 
that its chromatids consist of at least four strands. It is 
also well established that sub-chromatid breaks may 
occur!?. There 1s carly no certain evidence that fungal 
chromatids are fowr-stranded, but it is reasonable to 
assume that the leval of organization of the DNA may he 
between that of the bacterial cell and that of higher 
organisms. 

The majority of ascomycetes do not have a true diploid 
mitosis, fusion of anhke haploid nuclei only occurring 
immediately before meiosis. It is possible that fusion may 
occur earlier, thouzh infrequently, or that the diploid 
nucleus in the ascus initial may occasionally divide again 
before meiosis. Yet another possibility exists, for it has 
been shown that in the basidiomycete Schizophyllum 
commune recombmation between haploid nuclei apparently 
occurs’, Evidence has also been presented for haploid 
recombination in Neurospora crassa’, where it was found 
to occur between non-homologous chromosomes and 
would seem to be related to their organization during 
mitosis. There is, in fact, a growing body of evidence 
which is difficult ta reconcile with the generally accepted 
processes of recombination!5. Thus it seems possible to 
assume that mitotir recombination of the type assumed 
in our model may cceur between overlapping homologous 
chromosomes, particularly if division of the nuclei is 
synchronized. Th:s can happen only after the disap- 
pearance of a nuclear membrane at a time when DNA 
synthesis has already occurred. 

The frequency of aberrant ratios 1s low and ranges from 
approximately 0-1_-0:38 per cent in Neurospora‘, 0-042 
per cent in Aspergillus!®, and 0-01-0-07 per cent in 
Sordaria® to 0:002 per cent in Ascobolus!’. In yeast, on 
the other hand, which may have a true diploid phase, the 
apparent frequency of conversion is higher? although other 
explanations have been put forward for the abnormal 
spore ratios}. 

The model proposed here assumed that meiosis follows 
immediately after mitotic recombination. If meiosis is 
delayed by further mitotic divisions without recombina- 
tion, then potentiel 6: 2 ratios may become 8: 0 ratios, 
while potential 5 : 3 ratios may become first 6 : 2 and then 
8: Osegregations. The majority of aberrant ratios appear 
to be 6: 2 or 5: 3 events, with 8: 0 less frequent and 7: 1 
extremely rare. It would, therefore, appear that if 
mitotic recombinazion is related to gene conversion, if 
must occur soon before meiosis. 

Mitotic recombination within diploid nuclei is generally 
regarded as rare. If the results given here for the effect of 
mitotic recombinazion on conversion and negative inter- 
ference are to be valid, then the ratio of affected to unaffec- 
ted meioses should accord with previous evidence. The 
frequency of exchange has been estimated to be approxim- 
ately 1 in 500 mitcses!*, but this is based on the exchange 
of whole chromatids. It may be that the part chromatid 
exchanges would be more difficult to recognize genetically, 
although there is no reason to assume that they would be 
more frequent than whole chromatid exchanges. It is 
probable that in Tables 1 and 2 the dilution ratio of one 
affected to ten unaffected is too low, and that the ratio 
l to 100 is more likely. It will be noted that the greater 
dilution still gives comcidence values of 3-54 and 26-0 for 
genes 0-1 and 0-01 units apart respectively. On the other 
hand, in Fusarium oxysporum a frequency as high as one 
recombination in forty nuclei has been found?®®. On this 
basis a coincidencs value of about 100 might be obtained 
with genes 0:01 units apart, and this result would be 
similar to those already reported?!:??, It will be noted, 
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Table 1. -COINCIDENCE VALUES, PERCENTAGE OF EXPECTED ABERRANT 

RATIOS AND VARIATION IN PHROENTAGE OF PARENTAL, SINGLE AND DOUBLE 

RECOMBINANT CLASSES FOR GENES 1 UNIT APART, BASED ON A TWO-STRAND 
EXOHANGE MODEL 


Frequency 
Frequency from meioses 1 Mitosis: 1 Mitosis: 
from affected by 10 meioses 100 meioses 
Genotype unaffected previous dilution dilution - 
meloses mitotic factor factor 
exchange 1.1,000 1:10,000 
Parental 98 O1 78-51 07 985 98 0075 
Recombinant region 1 0-99 0:99 0 990 0:9900 
Recombinant region 2 0-99 0-99 0-990 0 9800 
Recombinant region 
1+2 0 61 24°51 0085 0-0125 
Coefficient of coincidence 3-333 1:244 
Aberrant ratios 0:06 0-005 


Xote: The dilution factor is calculated on the assumption that a mitotic 
recombination, will occur with (1/10)th or (1/100)th of the frequency expected 
for a meiotic recombination per unit length. 


Table 2. EBFECT or GENE DISTANGE ON COINCIDENCE VALUES AND 
PEROENTAGH OF ABERRANT RATIOS WITH RATIOS OF 1 MITOSIS PER 10 OR 
100 MEIOSES, BASED ON A TWO-STRAND EXOHANGE MODEL 


Dilution factor calculated as in Table 1 


Distance 1 Mitosis : 1 Mitosis : 
between genes g 10 meroses 100 meioses 
10 units Dilution factor 1: 100 1:1,000 
. Coincidence 12 1-02 
; Aberrant ratios 0°5 0-05 
“1 unit Dilution factor 1: 1,000 1: 10,000 
; Coincidence > 3:333 1:244 
Aberrant ratios 0-05 6-005 
0-1 unit Dilution factor 1: 10,000 1 : 100,000 
, Coincidence 2515 ” 3°54 
Aberrant ratios 0 005 0-0005 
OOlunit | Dilution factor 1: 100,000 1 : 1,000,000 
Coincidence 250-0 26-0 
Aberrant ratios 0-0005 0-00005 
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occurs before the first locus, the result of such an event 
in association with normal meioses, is some increase 
in negative interference. In fact, the more the cells 
are affected in this way, the more similar the situation 
becomes to that envisaged by Pritchard**. Thus some 
cels show meiotic recombination while others fail to 
do so because they are homozygous and not because 
pairing is ineffective. Positive interference is brought 
about when single mitotic recombination occurs between 
the sites, since these events change a proportion of the 
parental strands into one or other of the single recombinant 
classes. Finally, the less likely occurrence of multiple 


exchange would lead to positive interference for recom- - 


bination before A, B and A, C and negative interference 
for the remaining possibilities. The negative interference 
values would not be high, for although the double recom- 
bination frequency rises, so also does the frequency of single 
recombinants. ‘The results contrast with those obtained 
for part-chromatid exchange, where the double recom- 
binant group increases without alteration of the single 
recombinant values. 

It appears that other workers have not considered the 
possibility that mitotic recombination could affect meiotic 
segregation. This has probably been due not only to an 
almost exclusive interest in meiosis but also to the belief 
that mitotic recombination is too rare to be of interest. 
It is apparent from the foregoing discussion that mitotic 
recombination does offer explanations alternative to those 


Table 3. TAE EFFECT OF PRIOR MITOTIC RECOMBINATION OCCURRING IN DIFFERENT REGIONS OF A THREE-GENE MODEL ON THE FREQUENOGY OF THE 
PARENTAL (a), THE SINGLE RECOMBINANT (b, c) AND THE DOUBLE RECOMBINANT CLASS (d) OBTAINED AT SUBSEQUENT MEIOSIS 


Genetic classes 











Site before which prior mitotic recombination occurs 








obtained at 
meiesis None A B Cc AB AC BC ABC A 
Parental a @+3(b+e+d) | atbh Hetd @+e) | Hatb)4+ble+d) | Hat+ec}4+3(b+d) | Hatb+e+d) a+b+e+d) 
Recombinant in region 1 b E a a x“ ie 1% i G : ; uf i i a j3 
Recombinant in region 2 c te c+ d) g(a +e) etd) 4(a+¢)+3(b+d) a 5 
Recombinant in region 
2 d $d Bs 4{5 + d) » (6+) n yi 





however, that the frequency of aberrant ratios found for 
genes 0-01 unit apart at this dilution is at the lower limit 
of the distribution given above. 

Kitani et al.5 found a high frequency of exchange 
between the markers on either side of conversion event 
which was, however, more evident in 5:3 rather than in 
6:2 asci. They believed that this disparity was difficult 
to reconcile with previously postulated explanations of 
conversion. In the model under discussion the mitotic 
recombinations leading eventually to 5:3 and 6: 2 ratios 
produce at meiosis either a ‘heterozygous’ chromatid with 
two dissimilar DNA duplexes, or a ‘heterozygous’ chromo- 
some with two dissimilar chromatids. It is possible that 
the high frequency of recombination associated with gene 
conversion is due to instability between the strands, the 
effect being greatest where the chromatids are of mixed 
genetic constitution. 
return to Pontecorvo’s suggestion? that a high frequency 
of recombination may be associated with heterozygosity 
even though, in this instance, the heterozygosity is within 
the chromosomes rather than between them. 

The foregoing discussion has been concerned largely 
with part chromatid exchange. Pontecorvo!® was con- 
cerned with the exchange of whole chromatids rendering 
genes distal to the point of recombination homozygous in 
half the affected cells. In order to examine the possible 
effect of recombination before and between three genes 
on the coefficient of coincidence, an estimate was made 
of the results from such events (Table 3). In making 
the estimates it was assumed that recombination 
could initially affect any chromatid at random and that the 
separation of the chromatids after mitotic recombination 
was also at random. The results of the subsequent meiosis 
are presented in Table 3. Where mitotic recombination 


This may, therefore, represent a, 





already proposed for gene-conversion and negative inter- 
ference. The model is essentially simpler than many and 
it offers a real advantage over mechanisms which involve 
copy-choice. For, while the proposed model involves only 
one process of recombination, copy-choice also requires 
breakage and reunion to explain tetra-type asci. 

The hypothesis could be supported by further evidence 
and in particular from estimates of conversion in higher 
organisms where the longer diploid phase of growth should 
allow greater evidence of the effect of part or whole 
chromatid exchanges. 5 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Possible Luminescence Effects on Mercury 


A GROWING body of evidence leads to the conclusion 
that luminescence effects occur on the lunar surface. Large 
intensity fluctuations on the Moon have been observed 
photographically by Kopal and Rackham!, spectroscopic- 
ally by Spinrad?, and photometrically and polarimetrically 
by Gehrels et al.3. If the luminescence phenomena are 
induced by the solar wind (see Nash‘), we might do well 
to look to other bodies in the solar system, which are 
similarly unprotected by an atmosphere, for evidence of 
lumimescence. 

Fluctuations in the intensity of portions of the surface 
of the planet Mercury were recorded by Antoniadi®-’, who 
regarded the apparent obscuration of dark areas as the 
result of variable cloud cover. From his extensive observa- 
tions with the 33-in. Meudon refractor, Antoniadi con- 
cluded that the density and extent of the ‘clouds’ varied 
with the changing distance of Mercury from the Sun, 
probably reaching maximum at perihelion and mmimum 
after aphelion. 

The newly derived rotation period of Mercury reported 
by Pettengill and Dyce! casts some doubt on the long-term 
changes reported by Antoniadi because his conclusions 
were based on the assumed 88-day period. Antoniadi‘ 
also noted, however, that changes occur on Mercury in a 
few tens of hours, and these cannot be simply explained 
in terms of the shorter rotation period. Other observers 
have also reported short-period changes on Mercury’. 

In the interval 1958-64, I made an extensive series of 
observations of Mercury with telescopes up to 82 in. in 
aperture. Visual studies of Mercury are difficult owing 
to the proximity of the planet to the Sun, but my observa- 
tions generally confirm that variations in the intensity of 
certain of Mercury’s markings can occur in a matter of 
several hours or days. 

Fig. 1 shows four drawings of Mercury made in a nine- 
day period in 1963. Drawing A was made with a 36-in. 
reflector and the remainder with a 12-1n. reflector, all in 
fairly good seeing conditions. Between the first and last 
drawings in Fig. 1, a darkening at the south cusp is 
apparent. Later drawings made as the crescent waned 
show the south cusp darkening further until it was the 
darkest region on the planet. The apparent change in 
the interval of three days between A and B may be related 
in part to the higher resolving power of the 36-in. telescope 
used for A. 

The great similarities between the Moon and Mercury 
that have been pointed out by many investigators and the 





Fig. 1. Four drawings of Mercury. A, April 12, 1963, 2200 u.r; B, April 16, 1983, 2030 
V.T., C, April 20, 1963, 2330 V.T.: D, Apri] 21, 1963, 2830 v.t. South is at the top 


probable luminescence phenomena on the Moon may 
make it possible to interpret changes on Mercury as the 
effects of luminesceace of the surface materials. 
Dare P. CrurksHANK 
Lunar and Planetary Laboratory 
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University of Arizona. 
? Kopal, Z., and Rackham, ‘T., Icarus, 2, 481 (1963). 
* Spinrad, H., Iearus, 3, 530 (1964). 
* Gehrels, T., Coffeen, T , 2nd Owings, D., Astron. J., 69, 826 (1964). 
‘Nash, D. B., Trans. Aner, Geophys. Union, 46, 131 (1965) (abstract). 


* Antoniadi, E. M , La Plenéte Mercure et la Rotation des Satellites (Gauthier- 
Villars, Paris, 1934). 


s Antoniadi, B. M., J. Brit Astron. Asgoc., 45, 256 (1935). 
7 Antoniadi, E M , J. Brit. Aslon Assoc., 45, 801 (1985). 


è Pettengill, G. H., and Dyce, R B., paper presented at American Geophysical 
Union, April, 1985 (see Sky and Telescope, 28, 339; 1985). 
? McEwen, H., J. Brit. Astron. Assoc., 45, 240 (1935). 


GEOPHYSICS 


Night-time Electron Temperatures in the 
Upper F Region 


SATELLITE observations indicate that night-time elec- 
tron temperatures in the upper F region are larger than 
the neutral gas temperatures. Willmore! estimates that 
an energy input Q/t. = 1-5 x 10- eV sec- is required at 
650 km to maintam the temperature difference, and he 
suggests that bombardment by electrons of kilovolt 
energies mught provide a suitable source. This com- 
munication shows that his suggestion is consistent with 
an upper limit on the precipitated flux of fast electrons 
set by optical observations’. 

The rate of elecsron heating due to bombardment by 
fast electrons: is: 


Q=n di Unes eV cm~ sec (1) 
, dæ 

where dH#/da is the energy loss in eV per em path, p is 
the fraction of this loss converted to kinetic energy of the 
ambient electrons, and v 1s the velocity and ney the 
number density of the fast electrons. The energy loss due 
to collisions of fast slectrons, of energy E eV, with ambient 
electrons isë: 


(=), = a ne eV em~ for E > 3 eV 


Using (1) and (2) and taking p = 1, Q/ne = 
and E = 105, Willmore? obtained: 


Une = T x 10° cm? secu}. 


15 x 10-5 


The’ precipitated flux of fast electrons is: 


J = SEx M E vnet orgs cm~? sec? (3) 

where the factor 1-6 x 10-12 converts eV to 
ergs and where 9 is equal to 1 if the fast 
electrons are incident vertically and all 
effects of the magnetic field are neglected. 
With ọ = 1, H = 10 and vnes = T x 10° 
we obtain J = 10 ergs cm- sec. This 
eannct be correct, since? the optical observa- 
tions of N$ emissions indicate that J 
cannct exceed some 10-2? ergs cm? sec. 
We sonsider two effects which greatly 
reducs the value of J which is consistent 
with the suggested mechanism of ionospheric 
heating. 
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The energy loss due to excitation and ionization of 
neutral atoms of number density Ma is: 


(Se = ae Na eV em- for E > 500 eV (4) 


We are interested in altitudes for which, at night, 
Na ~ 100 ne. Comparing (2) and (4), we see that the fast 
electrons lose most of their energy in collisions with 
neutral atoms. About a quarter of this loss is accounted 
for by the kinetic energy of secondary electrons produced 
in ionizing collisions. The secondary electrons have 
E ~ 10eV. Dalgarno, McElroy and Moffett‘ estimate that: 

dE 

dæ /a (2) 
Comparing (2) and (5), we see that the secondary electrons 
lose most of their energy in collisions with the ambient 
electrons. We may therefore use (4) in (1) with p = 1/4. 
This gives vnes ~ 10° cem sec-}. 

The second effect we consider 1s the reduction in J due 
to magnetic field trapping of fast electrons. Assuming 
that kilovolt electrons are injected at equatorial latitudes 
with isotropic pitch angle distributions, the factor ¢ in (3) 
has been calculated on solving a Fokker—Planck type of 
diffusion equation, allowing for scattering and energy 
degradation processes. This calculation, which will be 
deseribed in detail elsewhere’, shows 9 to be of order 100. 
We therefore conclude that the electron heating can be 
explained with precipitated fluxes J as small as 10-* ergs 
em-? sec-? and hence that the discrepancy with the 
optical observations is removed. 

It is of interest to consider the ionization which would 
be produced by fast electrons. Since each ionization 
provides the ambient electrons with about 10 eV of 
kinetic energy, the electron production rate is qg = (Q/10) 
electrons em~ sec-}, Thus, with (Q/n-) = 1:5 x 10-5 eV 
sec- and ns = 104 cm~? we obtain g = 0-015. It may be 
noted that the value of Q determined from observations 
of electron temperatures sets a lmit on q which is more 
stringent than the limit set by optical observations. 

This work was supported by the U.S. Navy European 
Research Contracts Programme, contract N62558-4563. 
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Argon Retentivity of Nephelines 


NEPHELINE! is the most characteristic feldspathoidal 
mineral in alkaline rocks and occurs in volcanic, plutonic 
and metasomatic rocks. In particular, these nepheline- 
bearing rocks occur fairly widely in the Canadian Shield. 

The idealized formula of this framework silicate 1s 
NasK(A1,81,0,,), which corresponds to a potassrum con- 
centration of 6:69 weight per cent. Reported values? 
range from 3 per cent to 10 2 per cent, rendering nepheline 
potentially suitable for dating by the potassium—argon 
method. An investigation has therefore been begun to 
test this possibility by examining the retentivity of 
nephelines for argon. Some of the preliminary findings 
are presented here. 

All the samples have been collected from the Grenville 
province of the Canadian Shield, where muscovites, 
amphiboles and biotites are well known? to yield potas- 
sium—argon ages in the range 800-1,200 m.y. Samples of 
at least this age are necessary, since some minerals, for 
example some feldspars*> and glauconite*®’, while appar- 
ently reliable in the 0-100 m.y. range, are definitely 
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unreliable when found in older rocks. The retentivity has 
been tested by comparing the potassium-argon age 
obtained on the nepheline with that given by a co-existing 
biotite or amphibole, these two minerals being generally 
accepted as exhibiting high argon retentivity®’. 

Table 1 shows the initial findings of this programme. 
The immediate result which 1s clear from the data is that 
nephelne appears to retain argon extremely well over 
periods of at least 10° years, since ın no instance is the 
nepheline age less than that of the associated mineral. 
The nepheline and biotite from Princess Quarry agree 
exactly in age. In the four other examples reported, the 
nepheline actually yields a slightly higher age than the 
corresponding index mmeral. The age of the Goulding- 
Keene nepheline exceeds the average biotite age by 
4-6 per cent, and the replicate analyses performed would 
seem to indicate that this small difference is real. In the 
three remaining samples, the nepheline unambiguously 
indicates a higher age. Thus, for samples from Gill 
Quarry and Blue Mountain, the nepheline ages are greater 
than those of the biotites by 16 per cent and 12 per cent, 
respectively. The potassrum—argon age of the nepheline 
from the Bigwood Township nepheline syenite exceeds 
that of the amphibole (extremely fresh hastingsite) by 18 
per cent. 


Table 1. COMPARISON OF POTASSIUM-ARGON AGES OF NEPHELINES AND 
COEXISTING BIOTITES AND AMPHYIBOLE 
Potas- *Ar*/ 
Locality Mineral sium Ar ar* Age 
(%) (total) ppm (my) 
Princess Quarry, Buotite T55 0 92 0 6205 900 
Ontario Nepheltne +85 0 87 © 4011 904 
Goulding-Keene Biotite (coarse) 7 88 0 95 0 5904 855 
Quarry, 077 0 5742 836 
Ontario Biotate (fine) 5 96 0 87 0-4658 865 
Nepheline 476 0 95 0 3805 879 
0 76 0:3927 903 
Gill Quarry, Buotite 6 99 0 92 0 5422 859 
Ontario 0 88 0 5410 858 
Nephehne 483 0 64 0 4556 3,603 
0 93 0 4494 992 
Blue Mountain, Buotite 7 60 0 94 0 6240 9007 
Ontario Nepheline +85 087 0 4597 1,007 
Bigwood Twp, Amphibole 1:37 077 0:1260 983 
Ontario 0 99 0 1256 981 
Nepheline 471 0 86 G 5438 1,169 
098 05277 1,144 


* Radiogenic component 

| Measured by the Geological Survey of Canada (ref, 17). N 

Ae equals 0 584x10! yr., 7B equals 472x10- yr-*. VEK equals 
0 0119 per cent potassium, atomic. 


It could be argued that the data mdicate that potas- 
sium—argon ages determined with nephelines are anom- 
alously high. For example, argon may have been trapped 
by the framework structure as a result of metamorphism 
of the nepheline syenites during whieh nepheline reacts 
with feldspar’. However, this is not considered likely at 
present since in no case does the nepheline age exceed the 
typical values found by potassium—argon dating in the 
Grenville. Evidence is accumulating that uranium—lead 
and whole-rock rubidium—strontium ages are systematic- 
ally higher than potassium—argon mineral ages ın complex 
metamorphic terrains’)?, It is of more than passing 
interest, therefore, that the nepheline ages come closer to 
concordance with those measured by other means. How- 
ever, at the present time, 1t 1s not at all clear whether 
the divergences between the results of different methods 
are the results of errors in the various decay constants’, 
the differing responses of different mineral types and 
decay systems to later metamorphism, or whether the 
measured ages represent the different times of closure of 
the systems during uplift and cooling'4>, The high argon 
retentivity of nephelines having been established, how- 
ever, ıt does seem that a systematic potassium~—argon 
investigation of nephelines will shed some light on this 
fundamental problem in geochronology. 

In this work, potassium concentrations have been 
determined by flame photometry, using lithium as an 
internal standard and sodium as a buffer. Radiogenic 
argon-40 analyses were performed on an ‘MS10’ mass 
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spectrometer after dilution with argon-38. Inter-labor- 
atory comparisons have shown that any single age 
obtained is accurate to + 5 per cent’, 

We thank W. J. Kenyon for skilful assistance with the 
argon extractions. This investigation is supported by the 
National Research Council of Canada. One of us 
(R. M. M.) thanks the Canadian Commonwealth Scholar- 
ship Committee for support during the project. 
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METALLURGY 


T-phase Precipitation induced bythe Addition 
of Silver to an Mumin eee 
iloy 


RECENTLY attention has been directed to the effects of 
small amounts (approximately 0-1 atomic per cent) of 
silver on the structure and properties of certain age- 
hardening aluminium alloys, since the changes that occur 
are thought to have both fundamental and practical 
significance’-’. As part of this work, a detailed investiga- 
tion is being made of silver additions to a wide range of 
aluminium-—copper—magnesium alloys and some interest- 
ing results have been obtained for aluminium-—2-5 per 
cent copper-1-5 per cent magnesium (contents expressed 
in weight percentages). As reported previously®, the 
addition of 0-5 per cent silver to this alloy both accelerates 
the rate of ageing and causes increased hardening in the 
medium temperature range (120°-240° C) (Fig. 1). Reasons 
for these changes have now been sought using X-ray 
diffraction and transmission electron microscopy to 
investigate alloys which were solution-treated at 500° C, 
cold-water quenched, and aged at 200° C in a salt bath. 
Results are shown in Figs. 1 and 2. 

The ternary alloy age hardens in two stages. The first 
stage occurs very rapidly and is due to the formation of 
a uniform dispersion of G.P.B. zones throughout the 
matrix. The second rise in hardness is associated with the 
growth of clusters of the precipitate S (possibly 5’), 
which is lath-shaped and nucleated on dislocation lines 
generated during or immediately following quenching. 
The appearance of S at peak hardness is shown in Fig. 
2a. and other evidence indicated that G.P.B. zones were 
also present. Softening occurs by the growth of S and the 
disappearance of G.P.B. zones. These results are in accord 
with earlier observations made on similar alloys by 
Sileock* and Wilson and Forsyth”. 
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In the silver-containing alloy, two-stage ageing was 
again evident, but the morphology and dispersion of the 
precipitate particles were completely changed. For 
example, at peak hardness, the microstructure (Fig. 2b) 
was more characteristic of an aluminium—zine—magnesium 
alloy. In most regions precipitate particles were small 
(average size 100 au.) and uniformly dispersed; disloca- 
tions generally had only a minor effect on precipitation 
(A in Fig. 2b). X-ray work showed that G.P.B. zones were 
formed at very shert ageing times as for the silver-free 
alloy, but the second rise in hardness was associated with 
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Fig. 1. Precipitate struetures occurring at different parts of the hardness/ 
time curves of aluminium-—2°5 per cent copper-1-5 per cent magnesium, 
with and without 0-5 per cent silver, aged at 200° C 
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Fig. 2. Transmission «lectron micrographs showing the effects of 0-5 

per cent silver on the ncrostructure of alaminium-—2-5 per cent copper— 

1-5 per cent magnesium aged to peak hardness at 200° C: (a) No silver, 
aged 0-3 days; (b) @5 per cent silver, aged 0-15 days (x 37,500) 


appeare 


consy and were O ma h ‘finer than 


of. siver. in » promoting T’-phase precipitation 
k ted to the fact that small amounts of silver 
stimulate hardening i in aluminium—5 per cent magnesium 
by ponipitating an equilibrium T phase, approximately 
Ak Ag Mg,, as we have found, and which was reported 
recently by Wheeler et al.°. In the present work, using 
molybdenum radiation, the X-ray reflexions from the 
small particles were too diffuse to enable us to decide 
‘ whether the 7’ phase is this compound or Al, Cu Mg,. 
Another observation was that the peak hardnesses of 
the silver-free and silver-containing alloys were closer 
than might be expected from the marked contrast in the 
appearance of the precipitates. This hardness difference 
was even. less at longer ageing times when there was still 
E ed disparity between the size and dispersion of the 
-K8 particles. This suggests that the ability 
ns of this kind to retard dislocation movements 
¢ deformation is relatively insensitive to the 
ticles. The results may also have practical 
1 view of the fact that aluminium—2-5 per 
5 per cent magnesium is the age-hardening 
f several commercial alloys used for elevated 
applications. All these aspects are being 
1 in more detail. 
k Mr. B. E. Williams for his contribution to 
ental work. 
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Enhanced Diffusion Rates during the Fatigue 
of Metals 


Esasen diffusion rates during plastice straining or 
feign testing have been the subject of controversy for 

some timet. Conclusive evidence of this phenomenon, not- 
withstanding an estimate of the effect, has not yet been 
achieved. However, an investigation recently conducted 
on the fatigue properties of certain copper alloys at room 
temperature under unique conditions has allowed con- 
firmation of changes in diffusion rate and also a measure 
of this change. 
Fatigue tests have been conducted on oxygen-free high- 
conductivity copper specimens possessing a surface-alloyed 
layer of silver to a depth of 90 um; the silver concen- 
tration varied from approximately 4 per cent at the 
surface to zero at 90 um. Specimens were tested in a 
Wohler-type fatigue machine, operating at 2,880 c.p.m. 
at a stress-level giving a total life of 107 cycles. After 
fe sections were taken to allow measurement of the 
ribution of the silver by means of a ‘Cameca’ 
robe microanalyser. Comparison with blanks 
nder identical conditions, but not fatigue 




















‘the specimen been simply heated to 300° C for the 





of the test, namely, 60 h. Several microanalyser 
were taken in different grains to allow for the orient 
dependence of the diffusion process and the avere ged 
results are displayed in Fig. 1. : 
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Penetration curves for silver in copper before and after fatigue Ce 
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Fig. L 


Normally, long-range diffusion phenomena do not occur 
in copper at room temperature because the concentrat 
of vacancies in thermal equilibrium in the crystal lat 
and also the jump frequency are too low to facilita 
appreciable movement of the atoms. The explanation. 
this phenomenon would appear to lie in the abnormal. 
high vacancy concentration being produced during fatigu 
The presence of a concentration gradient of silver in. 
surface layer of the copper has given directionality to tl 
increased atomie movement and enabled a measure 
this effect to be made. z 

Previous attempts? to measure an enhanced diffi bls 
rate due to plastic deformation have been pursued in t 
at temperatures well above room temperature wh 
normal thermal diffusion rates have been appreciabl 
It is considered that the much larger rates of diffusior 
these tests overshadowed the changes produced due 
excess vacancy concentration and led to the confusi 
regarding the occurrence of this phenomenon. s 

The results obtained here are in keeping with observa- 
tions made in irradiated materials? where diffusion changes ee 
have been detected and the cause been attributed to. | 
excess vacancy concentration. Those measurements were. 
achieved by detecting changes in short-range phenomena, 
such as ordering in certain alloy systems, and showed a 
similar equivalent temperature dependence. | 

The importance of this type of measurement lies in the 
fact that this is the first method yet realized where 
measurement of the mobility of atomic defects, important 
to the fundamental mode of fatigue failure in metals, has 
been made possible and should allow eventually a physical _ 
description of the process leading to crack initiation 
during fatigue. 
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Crystalloluminescence 


RECENT advances in the analytical techniques applied 
to the study of faint light sources have made it possible to 
investigate the nature of the light emitted during processes 
as diverse as crystallization, nucleation, cracking and 
various chemical reactions. 

The crystalloluminescence observed during the nuclea- 
tion of alkali halides is now well understood as an impurity 
phenomenon associated solely with three-dimensional, 
that is, homogeneous, nucleation’. Each pulse, several 
hundreds of photons in size, is emitted as the result of a 
single nucleation event. A nucleus of critical size, which 
forms as a disordered, glassy aggregate, eventually ‘clicks’ 
over into erystalline form within a few nanoseconds. The 
energy released during this phase change is converted 

into fluorescent light with high efficiency provided that 
= suitable heavy-metal impurities are present to act as 
- fluorescent centres. The development of nanosecond 
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Fig. 1. Tribolumines-enee pulses observed during the crystallization of ~* ` 


benzanilide from alcohol 
=- 


or both. Thus we have found that the recently reported -~ 
luminescence during the formation of benzanilide from -“ 


Lj 


py 


pulse techniques has enabled this mechanism to be exam- 
ined in great detail. Crystalloluminescence, which thus 
accompanies the birth of a crystal, however, is a 
comparatively rare phenomenon, and it confirms the 
validity of Volmer’s equation of the rate of homogeneous 
nucleation as will be shown in a forthcoming publication. 
Another phenomenon, described as triboluminescence, 
is known to occur in numerous solid systems*. It is 
associated with electrical discharges across freshly formed 
gaps when certain solids are subjected to mechanical or 
thermal stress, the best-known examples, perhaps, being 
chlorates, bromates and mixed sulphates, all of which emit 


light on crystallization, and also ordinary sugar and 
- saccharin, which both show luminescence when crushed. 


The energy released on cracking need not, of course, be 
emitted entirely as the long, irregular pulses character- 


= istic of triboluminescence, but may also be converted 


_ to fluorescence and phosphorescence (random emission of 


single photons) in the presence of suitable impurities. 
Triboluminescence and the crystalloluminescence de- 
scribed in the foregoing are thus basically not related in 
any way to each other, the first being due to a corona 
discharge while the second is caused by a molecular 
rearrangement in which the released energy is converted 
into light by a mechanism akin to piezoluminescence. 
Crystalloluminescence shows marked regularities in time 
and pulse-size distribution depending on supersaturation 
whereas triboluminescence is invariably random in all 


ts. 

There is a further source of light emission, which some- 
times accompanies crystallization events and which 
appears to have caused some confusion in the past, 
namely, chemiluminescence. It is usually associated with 
free-radical recombinations (for example, it is easily 
observed during the homolytic oxidations of lucigenine, 
luminol and phenol) and it is also present in many autoxi- 
dations (for example, of benzaldehyde, aniline and oleic 
acid). Thus, the light observed many years ago during the 
crystallization of molten acetates? was not crystallo- 
luminescence but it was due to free-radical activity 
caused by the thermally produced acetyl radical and its 
fragments’. Furthermore, chemiluminescence has more 
recently been detected‘ in the course of some heterolytic 
reactions from which oxygen emerges in the diamagnetic 
singlet state. As a rule, chemiluminescence can readily be 
distinguished from both triboluminescence and crystallo- 
luminescence since the light is emitted randomly as single 
quanta. Nevertheless, it is often more difficult to separate 
chemiluminescence and low-level phosphorescence. 

During the crystallization of non-ionizing organic 


compounds, the energy changes involved are insufficient 


to cause genuine crystalloluminescence and the light that 
is observed occasionally in such systems can be shown to 
be due to either triboluminescence or chemiluminescence 


aniline and benzoylchloride® is essentially caused by the 
cracking of those crystals appearing first (cf. Fig. 1), which 
form colourless phosphorescent leaflets and which, since 
Tschugaeff’s time*, have been known to be tribolumines- 
cent. The groups of triboluminescent pulses shown in 
Fig. la and b were photographed on ‘Polaroid’ 10,000 
ASA using an oscillograph and associated amplifiers with a 
bandwidth of 75 Mc/s. The composite rise-time of the 
apparatus, including that of the multiplier photocell, was 
9nsec. The cell possessed a tri-alkali photocathode with a 
see? Rie from 1800 A to 6500 A and was cooled to 
—6 o K 

Fig. la and b indicate, respectively, the lower and 
upper limits of tħe size range of the triboluminescent. 
pulses obtained daring the crystallization of benzanilide 
from various organic solvents. The larger pulses seen in 
b exhibit the irregularities typical of triboluminescence. 
Owing to a maskiag effect, much of the triboluminescent 
light is converted into phosphorescence which does not 


appear in the photographs but which can readily be ~ 


observed at higher sensitivities. The fact that both types 
of pulses shown were due to triboluminescence (rather 
than to chemiluminescence, phosphorescence, or thermal 
emission from the photocathode) was confirmed by the 
detection of the electrostatic discharges, which are invari- 
ably associated with triboluminescence, by a method 
similar to that previously used by Belyaev et al.’.. During 
both crystallization of benzanilide from solutions and its 
formation from benzoyl chloride and aniline in ether the 
multitudes of pulses observed varied randomly in size 
from 10 to 10,000 quanta. 

The very high sensitivity of the techniques used in these 
laboratories allowed also the observation of a faint 
glow from the ethereal solutions of the two reagents as 
well as from pure esher itself. This weak light is, no doubt, 
due to very slight autoxidation of ether vapour, which may 
in turn induce secendary oxidation of the solutes. "a 

The many pitfalls for the casual observer, who is likely 
to confuse one type of light with another, can be avoided 
by the use of apparatus of sufficient sensitivity and the 
means of distinguishing between pulses arising from single 
quanta and those əf a more composite nature. 


V. A. GARTEN 
R. B. HEAD 
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Melbourne. 


! Garten, V. A., and Head, R. B., Phil. Mag., 8, 1793 (1963). 

* Trautz, M., Z. Phys. Chem., 53, 1 (1905). 

* Garten, V. A., and Head, R., B. (unpublished results). 

t McKeown, E., and Waters, W. A., Nature, 203, 1063 (1964). 

; so oO 3 . P., Shlyapictokh, V. Ya., and Entelis, 8. G., Nature, 205, 1203 


* Tschugaeff, L., Berichte 34, 1820 (1901). 
* Belyaev, L. M., Nabatow, V. V., and Martyshev, Yu. N., Soviet Physics — 
Crystallography. 7, No. 4, 464 (1963). pe npe 





“Kinetics of th Reactio itric 
with Molecular “Oxygen” oe 
THE results of detailed kinetic iavestinauions of ‘the 
reaction of nitric oxide with oxygen at a temperature of 
25° C and partial gas pressures of 1-50 mm mercury demon- 
strate. that this reaction does not exactly follow an 
equation of third Si The formal third-order rate 
constant keap = (d[NO,]/dt)/[NO}*-[O,] calculated from 
reaction rates near the ae ting point of the reaction 
(Ol [NOJS[NO,]) depends on the composition of the 
sytesm: it follows from experimental data that k ,, does 
not. depend only on the concentration of nitrie oxide 
({NO}) er that of oxygen [O,], but on their ratio [O,]/[NO] 
(Fig. 1).. The relation ke = kap ({Og]/[NO]) decreases 
monotonously: within [O,]/[NO] values of three orders 
Ko /ALOs//[NO}) < 0, that is, dh,,./2[0.| < 0 and kexp/ 
é[NO] > 0, which formally corresponds with a reaction 
order higher than 2 with respect to the concentration of 
nitric oxide and jower than l with respect to that of 
. This conclusion is in qualitative agreement with 
sulte published by Treacy and Daniels?. For [O,]/ 
€ 1, the limiting value of ke of 1-48 (+005) x 104 
2 sec was found; for [O,]/[NO]S> 1 this value is 
£ 0-05) x 1081. 2/mol® sec. 
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pendence of the formal third-order rate constant on the ratio 
of oxygen and nitric oxide concentrations 


awk mee mechanism ‘of the e P with 
n of kap to [(Os|//{NO] already mentioned, has 
sidered : 





ks, 
NO+NO = NO 
M ha i i 
(iI) N.O* + Ms NO+M 
Krug 
{TD N,O, + O, -—» 2NO, (2N.0,) 
ka 


(IV) NOl + O — 
Ra 


In reaction (1) the quasi-molecule of the dimer N,O% is 
formed, which is stabilized in reaction (II) by molecule M, 
represented in this case only by a molecule of oxygen, O., 
or nitric oxide, NO. Assuming a stationary concentration 
_ of the stabilized dimer N,O., the following equation can 
be derived for Kexp: 
Ck, iik ka [NO] + ky [0a] ] (1) 
ka [NO] + (hk ka) [O] °° 
where K, = kfk; kj, Kla and ky 
stants of reaction (ID with M = "NO, or M = O, re 
spectively. According to this equation, kexp is only really 
a function of the ratio [O,]/{NO]; it follows also from 
equation (1) that the values of the constants k”, and k, 


oe = 2K, 


, hk", are the rate con- 










e of. the ‘dimer g e made; e theo : 


i relatively low. value of the probability factor of the reat. o 


tion (I) must. be considered. It follows from the quantita- — 
tive evaluation of experimental data on the basis of the... 
mechanism suggested that reaction (IV) may be neglected. 00. 
The efficiency of the nitric oxide molecule in reaction (TE; — © 
that is in stabilizing the quasi-molecule, is approximately | — 
six times greater than is that of the oxygen molecule. 
According to the proposed mechanism, in the presence 
of the inert component M the constant k,,, would depend 
on the concentration of M and, in the case of a sufficiently 
high concentration, K. should be equal to 1-48 x 10: 
1.?#/mol® sec, regardless of the value of the ratio [O,]/[NO}]. 
This means that in a system with [O,]/[NO] > 1 the value 
kexp Should rise with increasing [M] to the value of 1-48 x 
10* 1.*/mol* see, whereas in a system with the ratio [O,]/ 
[NO] < l it would be actually independent of the ċon- +» 
centration of the inert component. This assumption < 
has been verified for M = CO,; the efficiency of the == 
carbon dioxide molecule in reaction (IT) is approximately =. 
forty times lower than that of the nitric oxide molecule. 
Therefore the positive effect of the inert component =~ 
may only actually be observed in the systems with ~~ 
[Osl/f NO] > l and [M] > [0,]. The high efficiency of 
the nitric oxide molecule compared with those of oxygen. Pa Be 
and carbon dioxide is probably due to the ease of energy > 
transfer in the exchange collision N,O7 + NO -+ NO + 
N Q; Se 
The proposed mechanism is therefore in qualitative 
agreement with the experimental data and does not lead 
to obvious discrepancies with known facts. An analogous 
mechanism with the intermediate ONOO instead of NO, 
leads to a kinetic equation which does not correspond with 
the experimentally found dependence of kẹ on the ratio > 
of [O,]/[NO]. age 
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Phase Determination in Flame-sprayed 
‘Nickel Aluminide’ Coating 

‘NICKEL Aluminide’ coatings (‘Metco 404’, Meteo Ine., 
Westbury, New York, patents pending on the material and 
process) are manufactured by introducing aluminium | = 
particles jacketed with nickel into the flame of a spray 00 
gun. This powder then undergoes an exothermic reaction, = 
and as a result of this heat evolution these coatings are self- o 
bonding to many other materials. The producers claim? °. 
that the coating, flame-sprayed according to thelr ihe- 
structions, consists mainly of NiAl, Ni,Al and mixtures of 
these two. They claim further that they also have found 
some ‘black oxide’ of aluminium in the pores and voids 
of the coating. : 

The investigation reported here has, however, odua 
quite another result. An electron-probe X-ray muero- 
analysis of such a coating revealed five distinct areas: 
(1) nickel metal phase; (2) aluminium metal phase; (3) 
a phase containing aluminium 12-17 weight per cent. and 
nickel 83-88 weight per cent; (4) a phase containing 
aluminium 17 weight per cent and nickel 83 weight per 
cent (Ni,;Al); (5) a phase consisting of aluminium 55-2 
weight per cent and no nickel (Al,O,) (especially around 
the edges of the pores as white ‘needles’). In the micro- 
graph (Fig. 1) the different phases are shown. 

An X-ray diffraction analysis has. further. ve the 
presence of the phases Ni,Al, nickel and. aluminium with 3 
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Fig. 1. ‘Nickel Aluminide’ coating after treatment 30 see in ‘Cara- 
pellas’ reagent ( x 200) 
Fig. 2. ‘Nickel Aluminide’ coating before etching ( x 200) 


traces of Al,O, only. The lattice gratings of nickel have, 
however, considerably widened and lead to the result that 
apart from the Ni,Al phase there exist phases consisting 
of a solid solution of aluminium in nickel. 

It has further been claimed! that ‘Carapellas’ reagent 
(ferric chloride and hydrochloric acid in ethyl alcohol) 
attacks only NiAl and leaves Ni,Al (see Figs. 1 and 2). 
In this investigation it has, however, been found that 
‘Carapellas’ reagent attacks part of the areas with com- 
positions up to the neighbourhood of Ni,Al with the result 
that this etchant attacks phases with aluminium in solid 
solution in nickel but not crystallized Ni,Al phases. 

It can thus be seen that the exothermic reaction between 
nickel and aluminium in flame spraying guns is far from 
complete and gives no NiAl phase. It does, however, pro- 
duce some Ni,Al phase and also to some extent nickel 
phases with aluminium in solid solution to a concentration 
of up to 17 weight per cent. 

SLAES I. HELGESSON 
Swedish Institute for Silicate Research, 
Gothenburg. 
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Detection of Magnetite as a Surface Impurity 
on Thin Foils of Ferrous Materials 


FursEy’ recently reported that oxide films stripped 
from the surface of a specimen of mild steel immediately 
after electropolishing and washing were of the form 
Fe,0,. These films were shown to be barely visible and 
featureless when observed under high magnification in 
the electron microscope. 

Over the past few months we have found that this 
oxide occurs on thin foils from a variety of low-alloyed 
steels and has also been observed on pure iron foils?, 
but not on stainless steels. Although the oxide is not 
visible its presence is quite definite from the diffuse 
electron diffraction spot patterns that it gives. Subse- 
quent examination of a 0-1 per cent niobium, 0-1 per 
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cent carbon steel which was accidentally @verheated in 
the electron microscope showed discrete particles on the 
surface of the ferrite matrix (Fig. 1). Diffraction analysis 
of these revealed the same pattern of reflexions as observed 
with the other steels but this time the reflexions were 
much sharper (Fig. 2). 

We did not enzounter the difficulty experienced by 
Fursey! regarding the identity of the diffracting medium. 
Although Fe,O, and y-Fe,O, have virtually identical 
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Microstructure of a 0-1 per cent niobium, 0-1 per cent carbon steel 
he electron microscope showing discrete oxide 
particles ( x 60,000) 


Fig. 1. 
after overheating in 











Electron diffracion pattern taken from the area shown in Fig. 1, 


Fig. 2. 
G, ħki-oxide; @. Aki-ferrite 





lattice parameters and crystal structures, since the latter 
has a defect spinel structure, reflexions forbidden by the 
true spinel lattice will occur. Of these the {011} should 
be approximately 4/9 as intense as the {220} according to 
the X-ray Powder Diffraction File of the American 
Society for Testing and Materials’. Fig. 2 shows no 
evidence of this. 
“The oxide pattern comes from more than one crystallo- 
graphic zone, namely (611] and [411]. The zone axis 
of this is thus some 15° from the [100] zone observed by 
Fursey', and this pattern shows four of the {311} reflexions 
observed by her. The other four {311} reflexions are 
observed when the zone axis is tilted further away from 
the [100] so that the [211] zone diffracts. Diffraction 
patterns are most commonly obtained from a range 
defined by the zone axes [611] and [211] (ref. 4). 

It-is likely that this oxide forms by atmospheric oxida- 
tion, the shortest exposure to air being sufficient to 
produce small areas. The diffuse spot patterns from it, the 
invisibility of it and its appearance on the overheated 
foil, suggest that it forms initially as a thin layer or as 
small disk-shaped particles, and that it will preferentially 
precipitate on ferrite grains which have a cube edge almost 
normal to the foil surface. The orientation relationship 
with the matrix will be published elsewhere*, It is reason- 
able to assume that the niobium steel already had a 
surface oxide layer before overheating in the microscope 
and that. the effect of the heat was to cause growth of the 
oxide to give the discrete particles shown in Fig. 2. 

. D. J. Dyson 
| S. R. Keown 
Research and Development Department, 
The United Steel Companies, Ltd., 
_ Moorgate, Rotherham, Yorkshire. 
+ Fursey, A., Nature, 207, 747 (1965), 
‘Trani, J. J. (personal communication). 
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-. Anodic Photocurrent and the Primary 
Process in Electrochemical Photoeffect 

_ Assopic photocurrents are often produced when polar- 

ed metallic electrodes covered with oxide or other semi- 

conducting material are illuminated in solutions?. The 
rimary process is here the generation of a pair electron- 
hole, which results from the absorption of a light quantum 

m the surface layer. 

A different kind of anodic photocurrent has been found 
in the case of a dropping mercury electrode illuminated by 
light not absorbed in the solution. This was observed in 
solutions of glyoxal, diacetyl, sodium oxalate, dimethyl 

oxalate, oxalic acid, pyruvic acid, glycine, Cl-acetic acid 

nd a series of «-hydroxy acids. The condition of activity 















“apparently the presence of a %5SC==O group in the 


molecule with a negative substituent on the neighbouring 
carbon atom. In solutions of compounds giving polaro- 
graphic anodic currents due to formation of complexes 
with mercury, such as ethylenediamine tetraacetic acid or 
ethylenediamine, the anodic photocurrent does not appear. 
In a similar fashion to cathodic photocurrents on the 
dropping mercury electrode?*, anodic photocurrents are 
direetly proportional to the surface of the electrode and 
to the intensity of light; the relation between the energy 
of the red limit of photocurrent and the potential of the 
electrode is linear (Fig. 1). However, unlike their effect 
on cathodic photocurrents, aqueous and ethanolic solu- 
tions yield anodic photocurrents of the same order of 
magnitude. 
Since the absorption of light in the bulk of the solution 
has been excluded in the present experiments and since 
the absorption by the metallic surface should lead to 
-eathodic photoemission of electrons, there is only one 
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Relation between the energy of red limit of photoeurrent and 

the electrode potential in: (a) 0-1 M sodium tartrate in water; (6) 0-1 M 

oxalic acid in ethanol: (o 1 M oxalic acid in water: (2) 0-1 M glycine in 
water, Potentials measured from the potential of zero charge 


Fig. 1. 


possible explanation—that the light-absorbing species 
responsible for the anodic photocurrent is a complex 
between the adsorbed organic compound and the surface 
of the electrode. 

The mechanism of photoexcitation of such a complex 
can be interpreted in terms of the charge-transfer-no-bond 
theory applied to adsorption’. The electrode plays the 
part of an electron acceptor, the organic molecules are 
electron donors, and the adsorption bend corresponds to. 
the ground state of the complex, On absorption of light 
quantum the electron is transferred from the adsorbed 
substance to the electrode. If the electron returns to the 
ground state, no direct current can be observed. The | 
occurrence of a photocurrent indicates, therefore, that. ~ 
the complex in its excited state has undergone some 
secondary irreversible change. In the example given here, | 
this change is probably an electrolytic oxidation of the 
dative state of the donor. 

In solutions of sodium oxalate, for example, judging 
from the photochemical behaviour of oxalate complexes 
of mercury®, it can be assumed that from the oxalate anion 
in the dative state the oxalate radical-anion C,O07 is 
formed which, as a strong reducing agent®’, is readily 
oxidized on the electrode to carbon dioxide, thus yielding 
the anodic current. 

The photoexcitation of a charge-transfer complex 
between the electrode and an adsorbed substance might 
also explain the primary processes in the cathodic photo- 
current in cases where direct. emission of electrons is not 
likely to occur, as it has been observed in aqueous 
sohitions?)’, 

I thank Imperial Chemical Industries, Ltd., and the 
British Petroleum Co. for grants. 

M. HEYROVSKÝ * 
Department of Physical Chemistry, 
University of Cambridge. 

* Present address: The J. Heyrovský Polarographic Institute, Czecho- 
slovak Academy of Sciences, Vlašská 0, Prague 1, 

? Veselovskij, V. L, ZA. fiz. Khim., 22, 1427 (1948); Trudy Soveshchaniya po 
Elektrokhimii, 47 (zdat. Akad. Nauk S.8.S.R., Moscow, 1953}, 

* Heyrovský, M., Nature, 208, 1356 (1965). 

* Heyrovský, M. (in preparation). 

4 Matsen, F. A., Makrides, A. ©., and Hackerman, N., J. Chem. Phys., 22. 
1800 (1954). 

5 Bisikalova, N. A.. Ukrain. Khim. Zh., 17, 815 (1961). 

® Saffir, P., and Taube, H., J. Amer. Chem. Soe., 82,13 (1960). 

T Abel, E., Monatsh. Chem., 88, 695 (1962). 








vo.soza February 12, 1966 NATURE `” - S909 
BIOCHEMISTRY +200 


Anomalous Dispersion of the Faraday Effect 
in Haemoglobin and Myoglobin 


THE Faraday effect, namely, the magnetic rotation of 
the plane of polarization of light, was discovered in 
1846 (ref. 1). However, except for Shashoua’s studies? ® 
the anomalous dispersion of the Faraday effect in the — 400 
polyatomic molecules has not been extensively investi- 
gated. Valuable information concerning the nature 
of electronic levels of molecules and macromolecules, and 
their configuration and conformation, can, in fact, be 
obtained from the anomalous dispersion of the Faraday -800 
effect’. The Faraday effect is closely connected with the 
Zeeman effect (see, for example, ref. 9); it is well known 
that the Zeeman effect plays an important part in spectro- 
scopy, in the investigation of the structure of atoms and 
other polyelectronic systems. There are good reasons for — 1,200 
suggesting that the anomalous dispersion of the Faraday 
effect is very susceptible to any change of the molecular 
structure. — 1,400 

We used as the first substances for our investigation 
horse haemoglobin (Hb) and the dolphm myoglobin oe ~~ 2 (mp) oe ane 
(Mb). The ultimate purpose of this work was to study the Beco: Anoman derenin OE the Farday cieti 
co-operative properties of Hb considered as the model of Ae absorption { - - - -) for Mb (@) and MbO: (O) 
an allosteric enzyme. Earlier we studied the anomalous 
dispersion of the natural optical activity ın the absorption 
bands of Hb, Mb and their oxygenated forms”. + 4,000 

We used a spectropolarimeter with an autocollimative 
quartz monochromator, utilizing polamzing prisms made 
from Iceland spar with a layer of molten quartz. The +3,000 : 
modulation was performed in a Faraday cell with the 4 
molten quartz rod. A magnetic field. strength of 11,500 - 
gauss was used, and the path length in the substance +2000 
was 100 mm. The slit width was 0-2 mm. The light = 
source used for emission in the long wave-length region 
was an incandescent lamp, and in the short-wave-length 
region a xenon lamp. The mean standard deviation in the 
measured rotation angles was + 0-001°. 

The substances were studied in 0-1 M phosphate buffer, 
pH 7-0. The concentrations for the measurements in the 9 
long wave-length region varied from 0-09 to 0-16 per cent, 
and for the short wave-length region from 0-018 to 0-031 
per cent. 

In Fig. l are shown the curves for the anomalous dis- 
persion of the Faraday effect together with absorption 
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Optical density 


curves for Hb and oxygenated Hb (HbO,) in the long wave- 
length region. In Fig. 2 analogous curves are shown for 
Mb and MbO,. In Figs. 3 and 4 the same data are given 
for the short wave-length region——for the Soret band. 
(The natural optical activity?® has already been sub- 
tracted.) Hb ıs characterized by a complex curve of the 
A (mp) anomalous dispersion of the Faraday effect with two 

Fig, 1. Anomalous dispersion of the Faraday eifect (——) and hght minima in the absorp tion. band 556 ae It is difficult to 
absorption (----) for Hb (@) and HbO, (O). [e] $ —specife mag- make any definite conclusions concerning the type of the 
netic rotation at 10,000 gauss two components of this complex curve before a more 
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Fig. 4. The same curves asat Fig. 2 but for the Soret band 


detailed analysis has been performed. However, the 
negative value of rotation in the whole region from 500 
to 600 my suggests that both simple curves correspond to 
the symmetrical type, that is: 


As 
(v 1° ‘isla v2}? 
In the Soret band a much: stronger effect is observed-—an 
asymmetrical curve of anomalous dispersion of the 
Faraday effect corresponding to: 
[B4| 
y r cai y2 


8; = (1) 


(2) 


Gens 


The amplitude of the anomalous dispersion of the natural 
optical activity in this band is also much greater than in 
the long wave-band!. 

Without carrying out investigations on the temperature 
dependence of the anomalous dispersion of the Faraday 
effect it is difficult to say whether this kind of dispersion is 
determined by the paramagnetism of the molecule or by 
the electronic transition corresponding to the para- 
magnetism, independent of the temperature (the Van Vleck 
term in the diamagnetic susceptibility). Investigations 
of the anomalous dispersion of the Faraday effect makes 
1t possible, in principle, to determine the magnetic proper- 
ties of the electronic levels of the molecules. 

The oxygenation of Hb means the transition from the 
paramagnetic into the diamagnetic form. In all three 
absorption bands—a, B and Soret band—of HbO, the 
symmetrical curves of type (1) are observed. This is the 
Macaluso~Corbino effect*® 14, which corresponds to the 
simple Zeeman effect and therefore to the usual diamag- 
netism!:®, 

The curves of the anomalous dispersion of the Faraday 
effect for Mb and MbO, are qualitatively similar to-the 
corresponding curves for Hb and HbO,; however, well- 
pronounced quantitative differences are observed. It is 
possible that their interpretation, which will be done later, 
will give important information concerning the difference 
of the properties of the haem group included in the 
molecules of Mb and Hb, and MbO, and HbQ,. 

If Mb is transformed by oxidation into the ferri-com- 
pound, the anomalous dispersion of the Faraday offect in 
the Soret band changes in a regular way. On one hand, the 
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Mininum near 440 mu becomes smaller, while on the other 
the minimum near 410 my increases. In this way investi- 
gations of the anomalous dispersion of the Faraday effect 
make it possible to study the kinetics of the oxidization 
of the haem-containing protein and also of the oxygena- 
tion. Similar results were obtained by Shashoua’, who 
studied cytochrome c. 

We thus seo that the anomalous dispersion of the Fara- 
day effect is really very susceptible to changes in the 
molecular structure. 

Further quantitative studies of the anomalous dis- 
persion of the Faraday effect in Hb and Mb are in progress. 
We thank Prof. M. I. Kornfeld and Dr. B. P. Atanasov 
for valuable help. 
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Nature of the Free Amino-acid Pool in 
Avian Tissues 


In an earlier report from these laboratories! we demon- 
strated significant diurnal changes in protein, nucleic 
and seven free amino-acids of liver during the active 
involvement stage of a mild Newcastle disease virus 
(NDV) infection in chicks. The investigations have now 
been extended to include a comparison of liver and serum 
lie of these parameters during the incubation stage of 
NDV. 

Procedures for the care and NDV inoculation of some 
400 4-week-old chicks, fed a standard diet, and biochemical 
determinations of the tissues were the same as those 
previously described?. Killing and tissue sampling of 
control and infected chicks started at the time of inocula- 
tion and continued at specific intervals over the 72-h 
incubation period of the NDV. Statistical analyses were 
those of Snedecor’. 

All values for the liver were first computed in terms of 
umoles/mg DNA as an estimate of cellular levels. For 
comparative purposes, the sum total of the seven liver 
free amino-acids determined were designated the ‘free 
amino-acid pool’ and the percentage of each free amino- 
acid in the pool was calculated. In the case of the sera, 
the percentage of each free amino-acid in the total of the 
seven was computed from values expressed in terms of 
umoles/ml. 

Fig. 1 shows the data for the liver. Within and between 
the control and infected groups there were significant 
(<0-05-0-01) changes in free amino-acid pool size which 
were related to sampling hour and to infection. In spite 
of these fluctuations in pool size, there was a remarkable 
constancy in the percentage of each of the individual 
components. For example, while pool size for the controls 
changed as much as 40 per cent, the value for lysine 
remained between 10 and 12 per cent of the pool. How- 
ever, these slight changes were significant (< 0-01). 
Examination of the values for individual birds showed 
that variability in pool size was greater between chicks 
within sampling periods than variability in percentage of 
the individual amino-acids in the fluctuating pools. It 
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is of interest that the two non-essential amino-acids had 
somewhat higher variability. 

Except for the first sampling period, 7 h after NDV 
inoculation, pool sizes of the control and infected groups 
showed significant (<0-05-0-01) divergence at certain 
sampling hours. The daily average of the pool size over 
the 72-h period in the controls showed no trend, whereas 
in the infected groups there was a linear decline. 

Similar data on the free amino-acids in the sera of the 
control and infected chicks are shown in Fig. 2. Here 
again there were significant (<0-01) within-day changes 
in the total quantity of free amino-acids. The curve of 
the infected groups was slightly higher than the controls, 
but fluctuations in both curves were related to sampling 
time and not to infection. As in the liver, the percentage 
of the individual amino-acids in relation to the total 
of the seven determined in the sera was remarkably 
constant. 

Roberts and Simonsen! showed that in a given healthy 
species at a particular stage in its development, each 
normal tissue has a highly specific pattern of free amino- 
acids. The data presented here support these findings 
and, in addition, indicate that in spite of wide daily 
fluctuations in pool size not only the pattern but the 
quantity of free amino-acids in the pool is very uniform. 

The data are further evidence that most phases of 
metabolism are maintained in balance by a homeostatic 
mechanism(s). This would be expected unless unusual 
stress occurs, since the free amino-acids reflect the average 
of the various pools which provide the prima materia to 
the different codes governing the synthesis of proteins. 
However, calculation of previously reported data? 
obtained during the active involvement stage of a severe 
NDV infection showed that NDV can change the make-up 
of the free amino-acid pool(s). In this case there were 
significant changes in the percentages of some amino- 
acids in the pool(s) which correlated with an increase in 
degree of disease involvement and a significant depression 
of body-weight. 
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Ubiquinone (Coenzyme Q) and the 
Respiratory Chain 


UBIQUINONE (coenzyme Q, Co Q), a lipid soluble benzo- 
quinone which is localized principally m mitochondria}, 
has been shown to undergo cyclic oxidation-reduction 
during the oxidation. of substrates of the citric acid cycle’. 
Kinetic investigations’ of the redox reactions, however, 
have shown that its rate of reduction is insufficient to 
account for the total electron flux through the system. 
Treatment of mitochondrial particles with acetone, which 
extracts ubiquinone, has been claimed to result in a loss 
of electron transport activity which could not be restored 
without the addition of ubiquinone or one of its homo- 
logues®. These experiments showed that ubiquinone 
functions as an electron carrier in the respiratory chain, 
but while the kinetic data suggest that it has a position 
in a branch pathway’, the extraction-reactivation experi- 
ments have been taken as proof of its obligatory involve- 
ment in a single sequence of electron transfer components®. 
In the course of a detailed investigation of the acetone 
extraction technique we have now obtained direct 
evidence that electron transport can occur in mitochondrial 
particles from which all the ubiquinone has been re- 
moved. This provices additional support for the concept 
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that electron transfer occurs through a branched cham 
system with one pathway dependent on ubiquinone and 
at least one other pathway ın which ubiquinone does not 
participate. 

The mitochondrial preparations used in these investi- 
gations were of the Keilin and Hartree type and were 
prepared from the pig heart-muscle by a method pre- 
viously described’. In some cases the preparations were 
also made deficient in cytochrome c (ref. 10). The particles 
were suspended in 0-1 M Na/K phosphate buffer, pH 7-4, 
and extracted with acetone. Dry acetone was cooled to 
— 15° and 75 ml. measured into a 100 ml. centrifuge tube. 
The mitochondrial particle preparation (3 ml.) was then 
added by drops to the acetone and the mixture stirred for 
1-5 min. After centrifugation (3,000g for 10 min) the 
residue was extracted agam with a further 75 ml. portion 
of acetone. The centrifugation and extraction were 
repeated and the residue was washed four times with 
0:02 M Na/K phosphate buffer, pH 7:4. The final residue 
was suspended in 0:1 M Na/K phosphate, pH 7-4, using a 
Potter—Elvehjem homogenizer. Although it was found 
that the two extractions with acetone were sufficient to 
remove all the detectable ubiquinone in most experiments 
three extractions were made. 

The complete absence of any detectable ubiquinone in 
these preparations was demonstrated. The lipids were 
extracted by the methods of Pumphrey and Redfearn!! 
(including the treatment with sodium hydroxide to ensure 
complete dissociation of any tightly bound ubiquinone) 
or of Folch et al.” and then examined spectrophoto- 
metrically. The extracts were also subjected to a thin- 
layer chromatographic procedure capable of detecting 
amounts of ubiquinone of the order of 0-25 pg, but in 
large-scale extractions the lipid extract was chromato- 
graphed on alumina before the spectrophotometric analysis 
and thin-layer chromatography. Although no trace of 
ubiquinone could be detected by any of these procedures, 
a small amount of a substance with absorption maximum 
at 276 my was isolated (Fig. 1). The slow disappearance 
of this peak on treatment with sodium borohydride and 
the lack of the appearance of a maximum at 290 mu, 
coupled with its thin-layer chromatographic behaviour, 
ruled out the possibility that this substance was 
ubiquinone. 

The reliability of the extraction and assay procedures 
was tested by adding to an acetone-extracted preparation 
an amount of ubiquinone equivalent to 0:18 ug per mg pro- 
tein; it was found that more than 90 per cent of the added 
ubiquinone was recoverable. In a typical determination 
a three-times acetone-extracted preparation equivalent to 
3 g of protein and containing originally 10 mg of ubiquinone 
was extracted but no ubiquinone was found. Since the 
method used was capable of detecting 0-1 per cent of the 
10 mg of ubiquinone originally present and assuming 
that there is normally a ten-fold stoicheiometric excess of 
ubiquinone over the other respiratory chain components, 
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Fig 1. Ultra-violet absorption spectrum of 276 mu material a, oxidized 
form; b, after reduction with sodium borohydride. Solvent, ethanol 
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Fig. 2. Suecinate oxidase activity of a three-times acetone-extracted 

heart-muscle preparation. Effect of addition of ubiquinone-15 and cyto- 

chrome ¢. Oxygen uptake measured polarographically with a Clark 
electrode at 20° 


if any ubiquinone remained after acetone-extraction, it 
would be less than one-hundredth of the stoicheiometric 
equivalent amount. 

Measurement of the succinate oxidase activity of the 
acetone-extracted preparations showed there was little or 
no activity. On the addition of cytochrome c, however, 
an appreciable activity was obtained (Fig. 2). The 
activity was further stimulated by the addition of a 
ubiquinone homologue such as ubiquinone-15 (Q-3). The 
oxygen uptake obtained in the presence of cytochrome c 
alone was completely sensitive to antimycin A and was 
equivalent to up to about 40 per cent of the activity 
after the addition of the ubiquinone homologue. These 
results are a clear indication that electron transport 
activity is proceeding in heart-muscle particles which are 
devoid of any detectable ubiquinone. D. Æ. Green and 
his colleagues have already shown that acetone-extraction 
induces a requirement for added cytochrome c, but in 
their experiments succinate oxidase activity could only be 
recovered by the addition of both cytochrome c and a 
ubiquinone homologue. 

The demonstration that electron transfer could occur in 
ubiguinone-free mitochondrial particles raised the question 
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as to which of the respiratory chain components were, 


involved in this process. Spectrophotometric determina- 
tions indicated that both cytochrome c, and b become 
reduced on the addition of succinate to the acetone- 
extracted preparation (Fig. 3). There is, however, little 
or no reduction of cytochromes a and a,. Addition of 
ubiquinone-15 to the preparation increased considerably 
both the rate and extent of reduction by succinate of 
cytochrome b. The results of an experiment on a three- 
times extracted preparation are given in Table 1. In this 
experiment, 13 per cent of the chemically reducible cyto- 
chrome b has been reduced by succinate. In the presence 
of ubiquinone-15 the extent of reduction increases to 
26 per cent. Cytochrome c, appears to be much less 
affected by the addition of ubiquinone-15, but occasionally 
the rate and extent of reduction are increased. In the same 
experiment, the amount of cytochrome c, reducible by 


succinate in the absence and presence of added ubiquinone ~ 


were 63 and 71 per cent, respectively. Cytochromes a and 
a, were reduced very slowly in the presence of added 
ubiquinone-15. 
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Fig. 3. Spectrophotometric determination of cytochrome reduction in a 
three-times acetone-extracted heart~-muscle preparation. Difference 
spectra measured in a Unicam S.P., 800 recording spectrophotometer at 
20°. 2, Spectrum after addition of succinate, 3, 1-25 min after addition 
of ubiquinone-15, 4, 6-25 min after addition of ubiquinone-15, 5, after 
addition of sodium dithionite. Inset shows rates of reduction of cyto- 
chrome b and cytochrome cı, before (a and e) and after (b and d) addition 
of ubiquinone-15, Rates measured using Aminco-QChance dual wave- 
length spectrophotometer at 20° 


Measurement of succinate-cytochrome c reductase act- 
ivity showed that the rate of reduction of added cyto- 
chrome c was not the limiting step ın the succinate 
oxidase system since the rate was higher than the overall 
oxygen uptake (Table 1). This suggests that the treatment 
with acetone has also caused some damage or disorganiza- 
tion in the cytochrome oxidase region of the chain. 

In a recent article, D. E. Green! has stated that “‘the 
extraction and reactivation experiments provide unequi- 
vocal evidence for the obligatory participation of Co Q 
in the succinoxidase electron transfer chain”, and he 
assigns a position for ubiquinone mediating electron 
transfer between the non-haem iron associated with the 
flavoproteins and the cytochrome b of the b-non-haem 
iron-c, complex. The present experiments, which have 
clearly indicated that electron transfer can occur in mito- 
chondrial -particles which are devoid of ubiquinone, 
invalidate this conclusion. It is clear from the present 
investigations that although ubiquinone is undoubtedly 
involved in the electron transfer process, it cannot be 
regarded as a component of a single sequence of com- 
ponents. In fact, there is already a considerable body of 
evidence from kinetic investigations*> that ubiquinone is 
on a branched pathway of the electron transfer system. 
The activity obtained in the presence of cytochrome c 
alone probably represents a ubiquinone-independent path- 
way that is operating in the intact physiological system. 
It could be argued, however, that the acetone extraction 
has brought about an extensive structural disorganization 
so that artificial pathways are created. If the latter were 
the case, it is likely that the more drastic extraction pro- 
cedure used by the Madison group would produce greater 
structural damage. The fact that they were unable to 


Table 1. EFFECT OF ADDED UBIQUINONE ON MAXIMUM RATES OF CYTO- 
CHROME REDUCTION AND OXYGEN UPTAKE IN A THREE-TIMES ACETONE- 
EXTRACTED PREPARATION 


Rate of reduction 


Cytochrome (amoles/min/mg protein) 
‘ n absence of CoQ In presence of CoQ 
b 0:00077 0:0019 
Cy 0:0024 0:0039 
6 : 0:08 0-26 
Oxygen uptake * 0-014 0 046 


The rates of reduction of cytochromes b and e, were measured in the 
Aminco-Chance dual wave-length spectrophotometer using the wave-length 
pans shown in Fig. 3. Cytochrome ¢ reduction was measured by the rate of 
nerease of extinction at 550 my of added cytochrome c. Oxygen uptake was 
meanen poste menically with a Clark electrode. All rates were determ- 
ined a ee 

* Expressed as watoms oxygen/min/meg protein. 
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obtain activity with cytochrome c addition alone, and 
that no cytochrome b reduction could be observed in some 
of their extracted preparations'4, would suggest that the 
ubiquinone-independent pathway had been destroyed. 

These experiments have again raised the question of 
the precise function of ubiquinone. The relative abundance 
of the quinone, its lipid solubility, the kinetics of its redox 
reactions and now the evidence that electron transfer can 
occur in its absence, sugzest the possibility that ubiquinone 
may have another major function in addition to its role 
as an electron carrier. 

This work was supported by grants from the U.S. 
Public Health Service (4147-06858) and the Department 
of Scientific and Industrial Research. 
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Collagenase Aczivity of Immature Fasciola 
hepatica 


AN essential phase in the life-cycle of many animal 
parasites involves extensive migration through the host 
tissue, and the concept of enzymatic mechanisms playing 
some part in this process is now generally accepted. This 
subject has been extensively reviewed by Lewert?. 

The mechanism of helminth migration is very similar 
to that following becterial invasion, particularly Clos- 
tridium welchit, the toxin of which was shown? to con- 
tain a collagenase enzyme. The method for detecting 
collagenase activity developed by these authors is based 
on the release of bound dye from azocoll and has been 
applied successfully by Lewert and Lee? in their search 
for this type of enzyme in helminths, such as Schistosoma 
mansoni and Strongyoides raitit. 

Until the present investigation a collagenase-type 
enzyme had not been. demonstrated in the actively migrat- 
ing immature fluke, although Boscardi and Coltorti* were 
able to show that the mature fluke does not possess mucin- 
ase, an enzyme sometimes associated with collagenase in 
helminths. However, from the evidence advanced by 
Dawes® on the tissue-feeding habits of young migrating 
flukes, it might be expected that these would have a need 
for a powerful external tissue-liquefying mechanism, which 
would not be necessary for the adult flukes since they are 
non-migratory residents of the liver bile ducts. 

The need for immature flukes, in the work reported 
here, required a host animal from which they were readily 
available and, therefore, one in which they could be 
detected easily at a suitable stage in their development. 
For this reason the mouse was selected as the host, since 
it was found by Taylor and Parfitt® that this animal 
satisfied such requirements for short-term infections. A 
series of experiments was therefore performed in which 


mice were each infected orally with 10 metacercariae fo 
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varying periods of time ranging from 14 to 28 days. 
Ib was found that with the longer period of infection mice 
started to die after 23 days, very few surviving for more 
than 26days. After 17 days most of the flukes had reached 
the liver and at this stage were approximately 2-3 mm in 
length; this appeared to be an ideal time for removing the 
flukes, since a shorter period of infection resulted in a 
reduction in the number recoverable. 

After the mice were killed the livers were removed 
immediately and transferred to warm saline, where they 
were dissected by pulling the tissue apart rather than 
cutting, so as to minimize damage to the flukes. All 
those immediately visible were removed and washed with 
saline and in the meantime, provided that the residual 
liver tissue was maintained at 37° C, any flukes which 
remained unexposed initially soon migrated into view. 

Originally, immature flukes collected in this way were 
extracted in 0-] M sodium phosphate buffer pH 7-4 in an 
M.S.E.—Mullard ultrasonic apparatus, at 0° C for a period 
of 4min. After removal of the fluke debris by centrifuga- 
tion, the clear supernatant was tested for collagenase 
activity by incubating at 37° C with the azocoll substrate, 
prepared according to the method described by Oakley 
et al.*. Experiments were later carried out in which 
living Immature flukes were incubated with azocoll 
immediately after removal from the host to determine 
whether enzyme activity was demonstrable without any 
previous physical extraction. This was an attempt to 
decide whether or not collagenase was actually excreted 
by the live organism into its environment. 

The amount of dye released into solution from azocoll is 
proportional to the amount of collagenase activity present 
and Fig. 1 illustrates such a relationship resulting from the 
action of sonic extracts from varying numbers of immature 
flukes and similarly by living immature flukes on azocoli. 
The release of approximately equivalent amounts of dye 
brought about by known amounts of a Cl. histolyticum 
collagenase preparation (Sigma Chemical Co.) is also 
shown for comparison. 

These results indicate that although an increase in 
either the amount of fluke extract or the number of whole 
flukes used gave a corresponding increase in dye release, 
this relationship was not linear and may be due in part 
to the amount of substrate being a limiting factor, since 
24 whole immature flukes were sufficient to completely 
lyse 10 mg of azocoll in 2 b. The finding that an ultra- 
sonic extract from a corresponding number of flukes did 
not produce such a high level of activity may be due to 
direct stimulation of the secretory glands of the living 
fluke by the azo dye, resulting in a more active enzyme 
complex being secreted into solution, as compared with 
physical extraction. Stirewalt? was able to demonstrate 
that immersion of Schistosoma mansoni cercariae into 
‘Pelikan’ india ink induced a similar secretion of material 
from the acetabular gland complex. 
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Fig. 1. Activity against azocoll’ 10 mg azocollin 3-8 ml. 0 1M phosphate 
buffer at pH 7-4, incubated 3h at 37° C. O, Live flukes; @, sonic 
extract of flukes; x, Cl. histolyticum collagenase 
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On the other hand, the reduced level of enzymatic 
activity when sonic extracts were used may have been 
brought about by enzyme inactivation as a result of oxida- 
tion effects produced by the ultrasonic vibrations, a 
phenomenon which has been investigated by Santamaria 
et al.8 with mucinase activity, and which they prevented 
by including reducing agents. 

The demonstration of collagenase activity in immature 
flukes would seem to indicate the presence of an efficient 
enzymatic penetrating mechanism, at a stage in the life- 
cycle when it requires to actively burrow through tissue. 
From the time it emerges from a cyst in the host’s intestine 
until it reaches the bile ducts, the fluke first penetrates 
the intestinal wall and finally the liver mass, a journey 
which is accompanied by considerable tissue damage and 
inflammatory reaction®. There is evidence that the colla- 
genase-like enzymes of Schistosoma mansoni cercariae 
are inhibited by substances present in the host’s serum?” 
and whether such inhibitors are produced as a result of a 
definite antibody response towards the parasite or, more 
simply, are non-specific substances arising from tissue 
damage remains uncertain. However, from his observa- 
tions on the invasiveness of Fasciola hepatica weakened 
by X-irradiation, Dawes" is inclined to the view that local 
tissue reactions may be directed more towards the repair 
of damaged tissue than against the invading parasite. 
Further investigations on the anti-collagenase effect of 
such tissue reactions might help to elucidate whether this is 
antibody in nature or non-specific and, in addition, may 
reveal any significant reduction in the collagenase activity 
of the immature fluke, thereby preventing, or at least 
retarding, its migration. 

This work was supported by a Ministry of Agriculture, 
Fisheries and Food Post-graduate Scholarship. 
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Liquid lon-exchange Extraction of some 
Physiologically Active Amines 


Some long-chain alkyl phosphoric acids and long-chain 
alkylamines can be used as liquid ion-exchangers in & 
process analogous both to conventional ion-exchange with 
solid resins? and liquid-liquid extraction. The liquid ion- 
exchanger is dissolved in a water-immiscible liquid and 
partitioned with an aqueous solution of the ions to be 
separated. Extensive use has been made of this tech- 
nique in the separation and recovery of inorganic cations, 
particularly heavy metal ions such as uranium. 

Khim? has shown that nucleic acids and nucleoside 
phosphates can be extracted from aqueous buffer solutions 
by high molecular weight alkylamines in solvents such as - 
amyl acetate and dibutyl ether. Dolinsky and Stein? have 
used a similar technique in an analytical procedure for 
extracting colouring matters from foods. This communi- 
cation is concerned with the extraction of some organic 
bases from aqueous media using di-(2-ethylhexyl) phos- 
phoric acid (DEHPA) in chloroform solution. There 
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appear to have been no reported separations of organic 
bases by this technique. 

We have examined a series of physiologically active 
amines dissolved in citric acid/sodium phosphate buffer 
solutions‘ using 0-1 M DEHPA im chloroform. The 
results indicate that by appropriate variation. of the pH of 
the buffer solution, mixtures of similar amines could be 
separated by the liquid ion-exchange process. The pH 
range of 4-8 was chosen to fall between the pKa values of 
the bases (9-11) and that of DEHPA (3-2), thus ensuring 
almost complete ionization of all the molecular species 
involved in the reaction. 

The concentration of each amine in the aqueous solution 
before and after the ion-exchange reaction was compared 
by measuring the optical density at the Amax for each 
compound. Each amine was dissolved in buffer solutions 
(diluted 1: 10 to ionic strength 0-033) previously equilib- 
rated with the DEHPA/chloroform solution, at three 
different pH values. The concentrations used were 0-1 
mg/ml. for compounds having phenolic hydroxyl sub- 
stituents and 1 mg/ml. for non-phenolic phenylethyl- 
amines, which produced optical densities in the range 
1-0-2-0 at the Amax for each amine (a Perkin-Elmer 350 
ultra-violet spectrophotometer was used). An aliquot of 
each of these solutions, usually 5 ml., was shaken for 30 
sec with an equal volume of 0-1 M DEHPA in chloroform, 
the phases separated by centrifuging for 5 min, and the 
change in concentration of the amine in the aqueous phase 
determined spectrophotometrically. Thus the concentra- 
tion of amine extracted into the organic phase could be 
calculated over a range of pH values. The results (Fig. 1) 
indicate the existence of a linear relationship between the 
pH of the aqueous solution and concentration of amine 
extracted into the organic phase. It is possible at pH 5 
to separate phenylethylamines, p-hydroxyphenylethyl- 
amines and catecholamines from each other by a very few 
stepwise partition reactions. 

The amines can be readily converted to the aqueous 
phase by changing the pH; for example, more than 95 per 
cent of a sample of ephedrine was recovered from DEHPA 
solution by a single extraction with buffer at pH 2, and 
similarly noradrenaline at pH 3. 
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Table 1. PERCENTAGE OF BASE EXTRACTED BY DEHPA 


pu 5 6 8 
Dopamine 4 51 838 
Isoprenaline 19 48 98 
Adrenaline 85 39 89 
Noradrenalice 6 24 52 


The general tendency toward greater ease of extraction 
into DEHPA solution from catecholamines through tyr- 
amine to phenylethylamine (Fig. 1) may be explained by 
the possibility of intermolecular hydrogen bonding 
between phenolic kydroxyl and amino nitrogen groups 
which would stericslly hinder the extraction of catechol- 
amines and decrease the effective electron density on 
the amino nitrogen atom. The degree of extraction of 
each of the four catecholamines investigated was very pH- 
dependent, these drugs being not appreciably extracted at 
pH 5 and almost completely at pH 8 (Table 1). 

The greater affinity for DEHPA of tyramine compared 
with dopamine may be further explained by the slight 
base-weakening effect of the meta-hydroxyl group dis- 
cussed by Lewis’ and Clarke and Perrin®. The addition of 
an alcoholic B-hydroxyl group in the side-chain reduces 
the basic strength o7 the amino group‘, which explains the 
relative ease of extraction of phenylethylamine (pKa 9-86) 
compared with ephedrine (pKa 9-49) and dopamine (pKa 
10-63) compared with noradrenaline (pKa 9-78). 

We thank Smith Kline and French Laboratories 
(Australia), Ltd., for financial support, and Prof. R. H. 
Thorp for his encouragement. We also thank the Stauffer 
Chemical Co. for a gift of DEHPA. 
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PHYSIOLOGY 


Responses of Thalamic Neurones to 
lontophoretically Applied Drugs 


CLINICAL observations concerning the role of anti- 
cholinergic drugs? and ventrolateral thalamotomy? in 
the treatment of Darkinson’s syndrome, together with 
histochemical inveszigations of the distribution of acetyl- 
cholinesterase in the thalamus’, particularly in those 
nuclei relaying ascending reticular afferent fibres, suggest, 
a possible transmitter-function for acetylcholine (ACh) in 
the ventrobasal thalamic nuclei. 

To examine this question five-barrelled micropipettes 
were used to study the responses of 1,038 cells in the 
thalami of eleven cats. The centre barrel was filled with 
4 M sodium chloride and recorded the electrical activity 
of single thalamic neurones extracellularly. One of the 
other four barrels usually contained 0-1 N hydrochloric 
acid for inducing lesions‘ and the remainder contained. 
saturated solutions of the drugs to be tested by ionto- 
phoretic release into the immediate vicinity of individual 
neurones. 

Cats were anaesthetized with pentobarbital sodium, 
fixed in a stereotaxic frame and the overlying brain tissue 
of one cerebral hemisphere was removed by suction to 
expose the fornix and floor of the lateral ventricle. Local- 
ization of the thalemic recording sites was accomplished 
by using as markers two stereotaxically oriented micro- 
pipettes inserted just beyond the lateral-most extent of the 
thalamus in the frontal Horsley-Clark planes F11 and F8 
(ref. 5). These pipettes were inserted to a depth of 10 
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mm below the surface of the fornix, were cut, and left in 
situ to serve as markers during the experiment and for 
subsequent histology. Serial sections of the brain between 
and in the plane of the markers permitted precise local- 
ization of recording sites in relation to small hydrochloric 
acid lesions (Fig. 1b) placed at critical situations along 
most of the 63 micropipette tracks traversing the thalamus 
in these experiments. 

The responses of thalamic neurones to iontophoretic 
application of ACh, using currents ranging from 10 to 
120 n.amp, are summarized in Fig. Ia. Tho number of 
neurones fired by ACh in this way ranged between 1 
out of the 43 cells identified ın the n. lateralis dorsalis 
(LD) and 63 out of 101 neurones in n. ventralis postero- 
medialis/ventralis medialis (VPM/VM). It can be seen 
in Fig. la that neural excitation by ACh predominantly 
occurs in. the ventrobasal thalamic nuclei, particularly 
in the ventral half of n. ventralis lateralis (VL), the medial 
part of n. ventralis postero-lateralis (YPL), and in VPM/ 
VM. With the cell totals observed m each nucleus (see 
legend to Fig. 1) differences of approximately 10 per cent 
are statistically significant. The latency of the ACh- 
induced excitation. was usually less than 15 see (Fig. lc), 
even. in the case of the least sensitive neurones in which 
larger currents (60-120 n.amp) were used to apply the 
drug. There were many cells especially in the deepest 
thalamic nuclei which responded with high-frequency 
discharge at very short latency even to the minute amount 
of ACh released when the backing current was switched 
off. ACh-excited units generally occurred in vertical 
chains of several sensitive cells, but not infrequently 
ACh-insensitive neurones were encountered so close to 
ACh-sensitive cells that two clearly separable unit spikes 
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Fig. 1. a, Transverse section of cat brainstem through #10 6 (diagram 
and abbreviations after Jasper and Ajmone-Marsan (ref. 5)) Numbers 
on right-hand side are percentages of cells sensitive to ACh in various 
nucle: of the thalamus. Data from n centrals lateralis (CL) and n 

medialis dorsalis (MD) and also from n ventralis postero-medials (VPM) 
and n ventralis medialis (VM) have been combined (since these last two 
nuclei occupy approximately corresponding ventro-medial locations 
through contiguous a.p. sections from #8 to F11). A broken line 1 5mm 
above the Horsley-Clark zero has been used to divide the VL nucleus. 
Percentages are based on the following total number of cells in each case’ 
LD—43; VA-116; LP-73, CL/ALD-142; VL (above)-195, VL (below}-191; 
VPI-122; VPM/VM-101. b, Photomicrograph of VIL and VPE nuclei 
rm. the region indicated by the boxed outline ina. The four lesions were 
formed by passing hydrochloric acid from the micropipette by 1onto- 
piorar c£, Recording of electneal activity of a unit 3004 below third 
esion in b, showing response to 40 n.amp glutamate (upper) and 10 n amp 
ACh (lower) applied iontophoretically. The white line beneath unit 
records indicates the period for which the drug was applied. Time mark 

in sec 
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of these opposite ACh sensitivities were recorded from one 


site. A type of response frequently found in cells excited > 


by ACh comprised rhythmic burst discharges—similar to 
those described by Andersen et al.* as characteristic of the 
majority of thalamo-cortical relay neurones when stimu- 
lated either ortho- or anti-dromically. 

Other drugs were used in assessing the nature of the 
excitant action of ACh on thalamic neurones. These 
included carbaminoylcholine, acetyl-B-methylcholine, pro- 
pionylcholine, butyrylcholine, nicotine, eserine, prostig- 
mine, ‘Tension’, dihydro-fB-erythroidine, hexamethonium, 
atropine and hyoscme. The most effective cholino- 
mimetics were carbaminoylcholine and acetyl-B-methyl- 
choline, and rather less excitation was produced by 
propionyleholine and butyrylcholine. Prostigmine and 
“Tensilon’ potentiated the effects of ACh, and in large doses 
they often excited. Excitation of most cells by ACh 
was effectively blocked by atropine or hyoscine; but 
dihydro-§-erythroidine was effective in preventing ACh- 


excitation in only six out of thirty cells tested. Hexa- ™ 


methonium also blocked the ACh-excitation of some cells. 

From the pharmacological properties already described, 
most of the thalamic neurones excited by ACh seemed to be 
predominantly muscarinic in their responses. The few 
neurones which exhibited a more nicotinic response were 
often found to be less deeply situated in the ventrobasal 
thalamic nuclei. 

It seems clear that a high proportion of neurones m the 
ventral basal thalamic nuclei VL, VPL and VPM/VM are 
excited by ACh. Andersen and Curtis‘ have also described 
the excitation of cells in the VPL nucleus by ACh and 
suggested that this might be related to a synaptic process. 

The data presented in this report would be consistent 
with the presence of cholinergic synapses on cells in the 
ventral thalamic nuclei. Cholinergic afferent fibres may be 
derived from the ascending projection of cholinesterase- 
staining reticular fibres described by Shute and Lewis’. 
In addition, the presence of cholinergic cerebellar efferents 
in the thalamic nuclei 1s suggested by the observation that 
potentials evoked in the VL nucleus by stimulation of the 
brachium conjunctivum, which contains cholinesterase- 
staining fibres®, have been abolished by atropine’. 
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Prolonged Survival of Isolated Frog Muscle 
and its Sensitivity to Acetylcholine 


In adult muscle fibres the membrane sensitivity to 
acetylcholine is restricted to the neuromuscular junction 
and its immediate surrounding!; but if the muscle is 
deprived of its motor innervation the entire muscle fibre 
surface becomes sensitive to acetylcholine*:’. 

It has recently been shown‘ that mammalian muscle 
can survive in organ culture, and that the fibres develop 
the generalized chemosensitivity even when kept in a 
completely synthetic medium. It was desirable to find 
out if similar results could be obtained from frog muscle 
as, for many experimental purposes, frog fibres are more 
convenient than mammalian fibres. One important draw- 
back is that the development of acetylcholine-sensitivity 
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_in denervated frog muscle kept in situ is very slow, several 

“weeks having to elapse before the whole fibre becomes 
reactive to acetylcholine®. Our first step, therefore, was 
to find if frog muscle could survive ın isolation for such a 
long period. 

Frog sartorius muscles were dissected under aseptic 
conditions and mounted lightly stretched on nylon holders. 
Immediately after mounting, the muscles were placed 
vertically in individual culture chambers and immersed 
in about 25 ml. of culture fluid. The medium used was the 
chemically defined 7'C-199 (Difco) diluted to 50 per cent 
normal strength and with cation concentrations adjusted 
to: Nat 115 mM, K+ 2:67 mM, and Catt 1:8 mM, Anti- 
biotics added were chloromycetin 2 mg/100 ml. or penicillin 
50,000 v./100 ml. and streptomycin 50 mg/100 ml. The 
medium was not oxygenated or stirred, and it equilibrated 
with air by way of a sterile cotton wool filter. The whole 
flud was changed at approximately weekly intervals to 

„ counteract the effects of evaporation. The temperature 
was maintained near 20° C. 
Muscle fibres kept in the culture medium were examined 
with intracellular microelectrodes, and were found to 
maintain normal resting and action potentials for about 
2 weeks (Fig. 14). A small segment of the motor nerve 
was usually left attached to the muscle, ın order to test 
the state of the nerve-muscle junction. Neuromuscular 
transmission ceased after approximately 8 days: in situ 
controls kept at the same temperature failed at about the 
same time. After 3 weeks of culture the resting potential 
began to decline, reaching about 75 mV 1 month after 
isolation. The amplitude of the action potential also 
declined, but it still had an ‘overshoot’ and many fibres 
propagated action potentials and gave twitches (Fig. 1B) 
even at the longest culture period attempted so far 
(1 month). The muscles looked normal when examined 
„ under the light microscope and showed well-preserved 
“fine structure under the electron-microscope. 

The spatial distribution of acetylcholine-sensitivity was 
tested by micro-iontophoretic application of the drug to 
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Fig.1 Action potential and twitch recorded from frog sartorius muscle 
maintained in organ culture. A, Top trace, action potential evoked by 
intracellular stimulation, after 12 days of matntenance. Two pulses of 
different intensity were given. ‘The first was just subthreshold, while 
the second evoked an action potential, bottom trace, stimulating current 
monitor. B, Muscle twitch after 27 days of maitenance 
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Fig. 2, Depolarization produced by micro-iontophoretic application of 

acetylcholine to a fibre in = musele maintained In isolation for 27 days. 

The upper trace records intracellular potential while the lower trace 

monitors the current which flows through the acetylcholine pipette and 

Teleases the drug Acetylcholine was appled at a point about 3 mm from 
the pelvic tendon, a region not normally sensitive to the drug 


different parts of the fibre surface. The end-plate remains 


* highly sensitive throughout the culture period. The regions, 


away from the end-plate, which normally are very insen- 
sitive to acetylcholine’ developed the generalized sen- 
sitivity characteristic of denervated muscle. For example, 
in two muscles cultured for 27 days at 20° C, all the fibres 
tested at about 3 mm from the pelvic tendon were sensitive 
to acetylcholine (Fig. 2). The corresponding region had 
very low sensitivity m the normal control muscles. The 
mean sensitivity in the muscle kept in the culture medium 
was not very different from that of the corresponding 
region in denervated muscle kept in situ for the same time, 
and at the same temperature. 

In contrast to the widespread distribution of acetyl- 
choline sensitivity the cholinesterase remained visible 
with histochemical techniques, and had a normal distri- 
bution, being highly concentrated at the end-plate and 
myotendinous regions. 

These experiments confirm the earlier observation 
that muscles are intrinsically capable of developing 
acetylcholine sensitivity and that the induction of 
acetylcholine receptors is not dependent on the participa- 
tion of other organs in the body. 


A. J. Harris 
R. Mrreptr 


Department of Biophysics, 
University College, London. 
i Miledi, R., J. Physiol., 151, 24 (1960). 
2 Axelsson, J., and Thesleff, 5.. J. Physiol ,147, 178 (1959). 
* Miledi, R., J. Physiol., 151, 1 (1960). 
* Miledi, R., and Trowell, O. A., Nature, 194, 981 (1962) 
t Katz, B., and Miledi, R., J. Physiol ,170, 379 (1964) 


Effect of a ‘Fast’ Nerve on ‘Slow’ Muscle 
Fibres in the Frog 


KUFFLER et ali have shown that m the frog there are 
two very distinct types of skeletal muscle fibres; one, 
the more common, 1s eapable of generating spikes and 
giving twitches; while the other is not. Further differences 
are that fibres of the spike type are innervated by fast 
nerve fibres and give ony a transient contraction to main- 
tained depolarization. On the other hand, when similarly 
stimulated, the non-spike type of muscle fibre produces a 
prolonged contraction. These ‘slow’ muscle fibres are 
multiply innervated by slow nerve fibres. 

The question arises whether the different characteristics 
are imposed on the muscle fibres by the type of nerve 
fibre they receive. Buller, Eccles and Ecclest have already 
shown that the contractions of slow and fast mammalian 
muscles alter when their fibres are cross-innervated with 
nerves of the opposite type. In contrast, Feng et al.® 
have recently reported that a fast muscle of the chick 
does not change its speed of contraction when mnervated 
by the nerve of a slow muscle. 
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The muscle fibres in the frog sartorius are fast (twitch) 
fibres, while the iliofibularis contains some slow fibres 
mized among the twitch ones. In the experiments reported 
here, the mixed iliofibularis muscle was connected to the 
sartorius nerve, which normally innervates only fast 
fibres. To accomplish this, the sartorius muscle was 
removed from the left leg. The iliofibularis muscle from 
the right leg was then dissected, together with a small 
segment of its nerve, and placed in the left leg instead of 
the removed sartorius. The proximal stump of the sartorius 
nerve was then joined to the distal segment of the ilio- 
fibularis nerve in the transplanted muscle. With this 
operative procedure the possibility of innervation by 
aberrant motor nerve fibres is reduced to a minimum since 
the only muscle nerve cut in the left leg is the small sartorius 
branch. The muscles were examined 6-18 months after 
the operation. At this time the transplanted iliofibularis 
muscle contracted when the sartorius nerve was stimulated, 
and with intracellular microelectrodes most fibres ex- 
amined were found to be innervated: they responded with 
an end-plate potential or an action potential to stimula- 
tion of the sartorius nerve. The regenerated neuro- 
muscular junctions showed the properties previously 
described®. 

The normal iliofibularis and the remaining sartorius 
muscle were also isolated, and together with the trans- 
planted iliofibularis they were set up for isometric tension 
recording. Prolonged depolarization of the normal 
ihofibularis muscle, with acetylcholine, produced the usual 
well-maintained contraction. On the other hand, in the 
iliofibularis innervated by the sartorius nerve, only a 
transient contraction was evoked. In two cases, the time 
course of this contraction was similar to that obtained in 
the normal sartorius muscle. In four others, as in Fig. 1, 
the contraction in the transplanted iliofibularis was 
somewhat more prolonged than in the fast sartorius muscle; 
but still clearly shorter than that of the iliofibularis 
innervated by its original nerve. 

The absence of maintained contraction in these experi- 
ments could be interpreted as being due to a transformation 
of the slow fibres into twitch-like fibres due to the influence 
of the fast sartorius nerve; however, it could also be that 
the slow muscle fibres degenerate when the iliofibularis 
is innervated by the sartorius nerve. This second possi- 
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Fig.1 Isometric contraction of transplanted thofibularis innervated by 

sartorius nerve (dots): normal iHofibularis (circles), and normal sartorius 

(orosses). 13 months after operation done in August 1962. Abscissa. 

time after immersion of the muscle in a solution containing acetyl- 

choline 2 x 10 g/ml. Initial tensions were 0-6 g and 0°65 g im trans- 
planted and normal Hiofibularis, respectively 
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bility ıs ruled out because electron-microscopic investiga- 
tions of the transplanted muscles revealed normal muscle 
fibres which show the lack of M line in the thick filaments, 
and the special structure of the Z line both characteristic 
of slow fibres’-*. It is interesting to note that these 
structural features were still observed even 15 months 
after innervating the iliofibularis with the sartorius 
nerve. 

In conclusion, the iliofibularis muscle can be transplanted 
and innervated by the fast sartorius nerve. The contrac- 
tion due to prolonged action of acetylcholine is reduced 
in duration, but the electron-microscopical appearance 
of the M and Z lines in the originally ‘slow’ muscle fibres 
is not altered. Thus the ability of slow muscle fibres in 
maintaining tension for long periods does not seem to 
depend on these structural features. 
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PHARMACOLOGY 


Synergism of Three Antimicrobial Drugs 


COMBINED therapy with two or more antibacterial drugs 
may be useful in the treatment of an individual case, and 
in discouraging the development of resistance!. A formula 
was previously presented which could be used in evaluating 
the combined effect of two drugs?. An organism, highly 
resistant to penicillin alone and streptomycin alone, is 
often not affected by a combination of both, when they are 
combined at their attainable blood levels. In this instance 
addition of a third antibiotic may yield an inhibitory 
combination at concentrations of their respective blood 
levels. 

Experiments were carried out with Staphylococcus 
aureus type 80 and Oxford strain, 46422. Each small test- 
tube contained 0-2 ml. “Trypticase Soy Broth’ (Baltimore 
Biological Laboratory), and was inoculated with 105 
organisms. Presence or absence of growth was recorded 
after 18 h incubation at 37° C. In each experiment, three 
antibiotics were titrated separately, and simultaneously 
in different combinations. Results are summarized in 
Table 1. 


Table 1. MBEAN INHIBITING DOSES OF SINGLE ANTIBIOTICS * 


No. of Single inhibitive Combined inhibitive 
Strain experi- dose doses Synergism 
ments Pen, Strep. Tet. Pen, + Strep. + Tet. 
80 30 125 992 25 8+ 8-87+4 4 29295 
46422 20 22-5 6,125 66 67 5 88+11:764+2 94 325372 


Pen., penicillin; Strep., streptomycin; Tet , tetracyn. 
* Units (Pen ) or ug (Strep. and Tet.) per ml. 


We have endeavoured to determine the smallest amount 
of streptomycin needed (because of its toxicity) in com- 
bination with penicillin and tetracyn (tetracycline 
hydrochloride) for Staphylococcus 80. Penicillin and 
tetracyn were combined at fixed concentrations, 20 per 
cent below their attainable blood levels, with different 
concentrations of streptomycin. From thirty experi- 
ments the growth inhibitive combination was found to 
consist of: 8 u./ml. penicillin, 8-87 ug/ml. streptomycin 
and 4 pg/ml. tetracyn. For strain 46422 dilutions of the 
blood-level concentrations of the three antibiotics were 


A, 
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taken. The inhibitive combination proved to be: 5-88 
v./ml. penicillin, 11-76 ug/ml. streptomycin and 2-94 
ug/ml. tetracyn. All three antibiotics were effective in 
combination at 58-8 per cent of their respective maximum 
blood level concentration. 

In line with former notation? it is assumed that a 
result of one indicates additive action, smaller than one 
antagonism, and preater than one synergism. In a mixture 
of three drugs, the dose of drug ‘one’, in combination, 
D y PNE is usually smaller than its inhibitive dose, Dap» 


when acting alone. Thus the expression: 


€ Ta Da, cont.) 
D 


Ay 


is a measure of the space which is occupied by drugs ‘two’ 
and ‘three’. As there are many possible partitions of this 
space between the two complementing drugs, a simpler 
approach was followed. 

The full inhibitive dose forms the basis of all calcula- 
tions. ‘The combined effect of penicillin, streptomycin 
and tetracyn on Staphylococcus 80 should serve as an 
illustration. This organism is inhibited by 125 w./ml. 
penicillin, when acting alone, or by 8 v./ml. penicillin, 
when acting in combination with streptomycin and 
tetracyn. Thus streptomycin plus tetracyn reduce the 
need for penicillin to 8/125 = 0-064 of the inhibitive dose; 
likewise, the share of streptomycin in this combination is 
8-87/992 = 0-00894 of the inhibitive dose, and the share 
of tetracyn is 4/25 = 0:16 of the inhibitive dose. All three 
drugs in combination exert a full inhibition by only 
0-064 + 0-00894 + 0-16 = 0-23294 of the inhibitive dose. 
The reciprocal of this figure, 1/0-23294 = 4-29295, indi- 
cates the efficacy of the combination. 

In general, let D a, Dap Da, .--Da, be the inhibitive 
doses of drugs, when acting ee and Da, on»? PAs comp? 
Dag comp? > Da, om? When acting in combination. The 


action of drig i in combination is estimated from: 


1 
Da Da Da 


2 comb 3 comb 
Se ee 


De Da, Pees Fe 


1 n 


A 
1 comb 
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The foregoing expression leads to a conservative estim- 
ate, as 1t is most influenced by the drug, which is reduced 
least in a combination; in the example given, by tetracyn. 
The expression also makes it possible to estimate the 
efficacy of a combination with any number of participating 
drugs. 

We thank Dr. R. L. Vollum, director of the Bacterio- 
logy Laboratory, the Radcliffe Infirmary, Oxford, for 
sending us strains. 
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Pharmacology of Akinesia—Investigations on 
3,4-Dimethoxyphenylethylamine 


Axinesi4 in Parkinson’s disease is a complex phen- 
omenon which resembles catalepsy and includes a 
reduction in motor activity as well as a certain degree of 
catatonia (maintenance of a fixed passively imposed 
position). Akinesia as a clinical sign may be connected 
with changes in the metabolism of dopamine (DA), a 
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substance involved in the pathogenesis of Parkinson’s 
disease’. Experimental investigationsinanimalsstrengthen 
the evidence for a relationship between catecholamines 
and control of motility. Fisher and Lopez Amaifara? 
found that epinephrme (E) and norepinephrine (NE) 
caused a motor depression, while Ernst? produced a 
striking akineto-rigid syndrome in cats with injections of 
two possible dopamine metabolites: 3,4-dimethoxy- 
phenylethylamine (DIMPEA) and 4-methoxyphenylethyl- 
amine (4-MEPEA), both structurally related to mescaline 
(3,4,5-trimethoxyphenylethylamine). These investiga- 
tions gained further significance with the identification 
of DIMPEA in the urine of schizophrenic patients by 
Friedhoff and Van Winkle‘ and others since®. This same 
compound was found by Barbeau et al. in high con- 
centration in the urine of clinically akinetic parkinsonian 
patients’. 

In order to study zhe pharmacology of akinesia and 
its production by compounds related to dopamine, objec- 
tive and quantitative tests were chosen for their ability 
to measure, in experimental animals, the elements of 
‘fixity’ and of spontaneous activity. ‘Fixity’ was evaluated 
with the ‘traction test": a mouse holds a horizontal bar 
with the forepaws, while the rest of the body is suspended 
by the tail. When the iail is released by the experimenter, 
the lower part of ths body springs forward; normal 
animals grasp the bar with the hindlimbs within 5 sec, 
while paralysed, catatanic or excited animals take a longer 
time, or fall. Total motor activity was measured in 
groups of five mice with an open field actophotometer 
(Woodard Research Corp.) equipped with six converging 
light beams. 

Pilot studies with intraperitoneal injections of DIMPEA 
(K. and K. Laboratories) in doses ranging from 2 to 
200 mg/kg body-weigat produced akinesia in six rats, 
twelve mice, eight rhesus monkeys and four rabbits. This 
reaction was recorded by cinematography and resembled 
Ernst’s observations in the cat?. Our animals slowed down 
for approximately 5-10 min after the injection and 
hesitated to initiate = change in position, yet reacted 
normally to stimuli. The speed of the actual movements 
was reduced as well. At doses of less than 100 mg/kg the 
animals were never sleepy. Catatonic activity in mice, as 
measured with the traction test in 15 groups of twenty 
animals, was evident at doses approaching 80 mg/kg. 
This phenomenon. started 15 min and lasted, 60-150 min 
after an intraperitoneal injection. At higher doses the 
animals were excited, cccasionally trembled and most fell 
off the bar before completing the test. At doses above 
200 mg/kg many animals convulsed and died. 


Table 1. Errecr or DIMPEA on MOTILITY 


(Counts/10 min) 
N (groups '? Drug/ 

Group of 5 mice) a g S* placebo P 
Placebo 12 844-9 2602 78:0 — — 
1mgjkg 12 8738 2782 788 0°60 N.S. 
10 mg/kg 12 742-0 299-2 86 4 1:32 NLS. 
50 mg/kg 12 395 2134 B16 427 <0-01 
100 mg/kg 12 283-4 220 0 862-8 §°17 <0 01 


Further experiments were designed to evaluate the 
effect of DIMPEA on motor activity. Twelve groups of 
five mice were randomly injected with each of five dosage 
schedules. Immediate-y after the injection the animals 
were placed in the actophotometer and, 5 min later, 
their activity was measured for a period of 10 min. 
Spontaneous activity was significantly reduced (P < 0-01) 
following injections of 50 and 100 mg/kg of DIMPEA 
(Table 1). The decrease in activity preceded the catatonic 
effect. The animals were slower within 5 min but could 
perform the traction test up to about 15 min after the 
injection. 

Similar investigations were carried out at the standard 
dose of 100 mg/kg with a number of metabolites of 
dopamine (Table 2). For each drug, twelve groups of five 
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could not perform the traction test properly, mainly <. 


randomly selected mice were used. Dopamine decreased 
because they were so excited that they fell off the bar. .: 


the motor activity of mice at 100 and 25 mg/kg. The 


metabolites behaved in various ways: 3-methoxytyr- 
amine was inactive when compared with a saline placebo, 
while 4-MEPEA caused a depression of motor activity 
quantitatively simular to that caused by DIMPEA. 
3,4-Dihydroxyphenylacetic acid (DIMPAC) (the pre- 
sumod oxidation metabolite of DIMPEA) is inactive as 
measured by this test. 3,4-Dihydroxyphenylalanine 
(DOPA), @ precursor of dopamine, also produced a sig- 
nificant slowing of the animals. At doses above 200 mg/kg 
(not shown in Table 2) the animals receiving DOPA were 
excited, aggressive, but moved only in slow steps. Al- 
though DOPA given alone markedly reduced the activity 
of mice in the actophotometer, ıt also effectively pre- 
vented the cataleptic and akinetic effects of DIMPEA 
when given 30 min previously. This phenomenon was 
better observed in monkeys. The animals given DIMPEA 
after DOPA pre-treatment could easily initiate a move- 
ment (contrary to what is observed with DIMPEA alone), 
yet the movements were still slow in execution. 


These animals were not akinetic. After similar time 
intervals, the animals injected with DIMPEA or 4- 
MEPEA were slow and markedly akinetic in the traction 
test. 

Chronic injections of DIMPEA at doses of more than 
10 mg/kg/day over periods extending to 6 months im 
rats, rabbits and monkeys elicited a persistent akinetic 
syndrome. Histopathological study of the six chronically 
injected rhesus monkeys did not reveal lesions in the 
liver or brain, particularly the substantia nigra, striatum 
and globus pallidus. A diffuse discoloration of the brain 
was seen with the Kliiver stains. Specific colour reactions 
for 8-phenylethylamines’ demonstrated a diffuse penetra- 
tion of such a substance into the brain presumably 
across the blood-brain barrier. Mescaline, which 1s 
structurally related to DIMPEA, is known to cross the 
blood-brain barrier in a similar diffuse manner®. Thus, 
DIMPEA and 4-MEPEA appear to cross the blood- 
brain barrier in greater quantity than either E, NE or 


Table 2, ACTIVITY OF DOPAMINE DERIVATIVES 
(Counts/10 mm, mean + SE.) 





Experiment A-1 A-Z C-1 C2 E F 
Placebo 549 +67 549 + 67 658 + 40 637 + 55 637 +55 690 + 45 790+19 608 + 54 
DA 100 mg/kg 366 + 48 
DA 25 mg/kg 426 + 45 
HVA 100 mgjk 705 + 68 
DOPAC 100 mg/kg 632 + 51 
3-MEPEA 100 mg/kg 549 + 55 
4-MEPEA 100 mg/kg 264 + 23 
DIMPEA 100 mg/kg 269 + 4 
IMPAC 100 mg/kg 502 + 67 
Student’s ‘£; drug/placebo 26 0-8 10 it 54 57 6-4 
P < 0:05 N.S. N.S Ws <001 <0 01 <0 O01 





N equals twelve groups of five mice per dose 


Similar experiments could not be carried out with E 
and NE at equal doses because of their toxicity; but we 
confirmed that an intraperitoneal mnjection of 0-3 mg/kg 
of body-weight of these catecholamines produced a 
slowing of motor activity lasting 10-20 min, as previously 
reported. However, long-term observations ın the acto- 
photometer (Fig. 1) revealed that the action of these 
compounds was biphasic. After the initial depression of 
movements, there was a recrudescence of activity. The E- 
and DA-injected animals were more active after 30 min 
and 1 h than the placebo-injected controls. The NE- 
injected animals were very active at 30 min after the 
initial slowness, but resembled the control group at 1 h. 
In contrast, the animals receiving DIMPEA or 4-MEPEA 
remained constantly slower than the controls. At 30 min, 
l, 1-5 and 3 h the animals injected with E, NE or DA 
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Fig. Il. Long-term actophotometer observation with catecholamines, 
——, Placebo, ~~--, norepinephrine, —— ° * se... —, epinephrine; 
Pepto , dopamine 


DA. The knowledge of this difference ıs important for 
the understanding of akinesia. 

Indeed, akinesia, best defined as a difficulty or mncap- 
ability of initiating movements, should not be equated 
with the so-called ‘psychomotor depression’ previously 
described with the catecholamines*. The actual effect of 
parenterally injected catecholamines on motility, as indi- 
cated by long-term observation in the actophotometer, 1s 
excitation. This is consistent with their selective pene- 
tration through the blood-brain barrier and their stimu- 
lating effect on the ergotropic systems in the hypo- 
thalamus and brain-stem reticular formation. The 
decrease of motor activity in the rmmediate post-injection 
period is not accompanied, in our experiments with the 
traction test, with ‘fixity’. Probably it is related to a 
peripheral (non-brain) mechanism, perhaps a state of 
rigidity. In contrast, injections of DIMPEA or 4-MEPEA 
are always accompanied by both fixity and decreased 
motility. 

If the phenomenon produced by DIMPEA and 
4-MEPEA, can be equated to akinesia, then akmesia 
would possess both a central and a peripheral component. 
In this light it is interesting to note that Smythies and 
Sykes? have recently shown that DIMPEA inhibits the 
conditioned avoidance response in rats. Motor activity 
measurements are thus not sufficient as a quantitative 
evaluation of akinesia or catatonia and, in further investi- 
gations, more attention should be directed to tests able 
to delineate the phenomenon of ‘fixity’ with its central 
components. It is our opinion that DIMPEA and 
4-MEPEA. are related to the symptom of akinesia in 
Parkinson’s disease and that this action probably takes 
place through competition with the normal metabolism 
of dopamine in the central nervous system. 

The investigations reported in this communication were 
carried out with the help of grants 604-5-124 and 604-5-125 
from the Ministry of Health (Canada). We thank Dr. G. 
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.. Ledoux and Mr. A. Moreau, of Poulenc (Canada) Ltée, 
and Dr. L. Poirier, of the University of Montreal, for 


- their assistance. 
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HAEMATOLOGY 


A Naturally Occurring Foetal Haemoglobin 
Hybrid 

RECENT evidence? has shown that abnormal haemo- 
globins can result from the mutation of genes controlling 
the synthesis of «-, 8- and -chains in the adult as well as 
y-chains in the foetus. According to this concept, it 
should be possible for an individual to inherit simul- 
taneously a gene for an «- as well as a $-chain abnormal- 
ity. Such a person could possess eight haemoglobins: 
two completely normal (Hb-A and A,), the abnormal 
-chain with a normal 6-chain («,*B,), the normal «-chain 
with the abnormal $-chain («,B*,), both abnormal chains 
(a,*Bx,), the abnormal «- with the normal §-chain 
(%.*8*), and finally the abnormal a- with a normal y- 
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Fig. 1. Starch-gel electrophoresis of selected haemoglobin samples at PH 
8'1 (tris-EDTA-borate buffer); benzidine stain 
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graphy. Slit width 0-1 mm, 1 em cuvette, (1) Pure Hb-F; (2) pure Hb-A; 
(3) isolated slow foetal fraction Y under discussion 


chain (a%%y,). One cf us? has already discussed the occur- 
rence of minor haemoglobins of cord blood and the rela- 
tionship of Hb-H and Bart's to each other and to Hb-F. 

We have investigated, using routine starch-gel electro- 
phoresis, 1,373 haemoglobin samples from new-born 
Negro babies. Fifty-two (5 per cent) had Hb-Bart’s, 
forty-three (3-1 per cent) had Hb-S trait, twenty-four 
(1-7 per cent) had Hb-C trait, while one each had Hb- 
Gower Il, Hb-H and a slow-moving component resembling 
Hb-Alexandra. Les than fifty cord bloods were obtained 
on Caucasian babies and no abnormalities were seen. 
Because of the presence on starch-gel electrophoresis of 
a slower moving anodal component, in addition to the 
usual pattern F + A (Fig. 1), the following observations 
were made. 

Comparison with Known haemoglobin variants on starch 
gel at pH 8-0-8-6 (ref. 3) disclosed that this component 
was slower than Hk-S and only slightly faster than C, E 
or A,. At pH 6-7 (phosphate buffer 0-1 M) this fraction 
moved rather like 8. Hb-O (ref. 4) Alexandra’ and the 
foetal component of Da St. Louis’ are the only variants 
known to occupy æ position intermediate between C/A, 
and $S at an alkaline pH. On DEAE cellulose chromato- 
graphy*, this slow-moving component occupied a position 
between Hb-A and 5. By agar electrophoresis*, only two 
spots corresponding to the positions of F and A were 
obtained, while a concentrate of the isolated fraction 
revealed only one spot at the position; such a position 
serves to distinguish it from Hb-D, which does not separate 
from Hb-A. 

Foetal haemoglobin, as determined by alkali denatura- 
tion of the total haemoglobin haemolysate, was 61 per 
cent, approximately equal to the sum of the slow-moving 
fraction under investigation (17 per cent) plus the isolated 
pure Hb-F (42 per cent). The ultra-violet spectrum of 
the fraction under ‘nvestigation showed the same trypto- 
phan band at 289u as Hb-F (Fig. 2). Quantitation of the 
amino-acid fractions of an acid hydrolysate by means of a 
five-column Technicon ‘Autoanalyser’ revealed an iso- 
leucine : methionine ratio of 2: 1. 

The babies presented no clinical or haematological 
abnormalities. Of the parents, the father was normal, 
while the mother possessed a slow-moving haemoglobin 
shown to be Hb-D and, by further investigation, to be 
identical to Hb-Da St. Louis (Fig. 1). 

Hybridization’ of the slow-moving component in the 
mother with isolated Hb-F resulted in the formation of a 
component similar to the slow-moving foetal fraction 





"Ou seein eebeey suggest that this Foetal component is 
similar to that- deseribed by Fessas' as Hb-Alexandra, 
where only one normal parent was available for study, 
and with a component described by Vella et al.* in Malaya. 
In the latter case, the haemoglobins of both parents were 
said to be identical on starch-block electrophoresis 
although, in our experience, Hb-A, and B, may remain 

undetected if present in quantities less than 1 per cent. 
Recently, Minnich et al.” reported a foetal form of Hb-Da 
St. Louis which resembles the component under discus- 
sion. However, the degree of separation of the compon- 
ents by starch-block electrophoresis was incomplete as 
shown in their illustrations. It seems probable that Hb- 
Alexandra, the foetal form of Hb-Da St. Louis and our 
component are identical, but until all three components 
can. be investigated in the same laboratory, a dogmatic 
assertion is not possible. 

The tentative name Hb-F« D St. Louis is suggested 
for this foetal haemoglobin in accordance with the 
. nomenclature of abnormal haemoglobins. 

We thank Dr. Charles C. Randall, Mr. James Goodman 

and the Department of Medical Illustration for assistance. 






Rosertr B. THOMPSON 
Ricuarp L. WARRINGTON 
J. ODOM 


WARREN N. BELL 


-Hemoglobin Research Laboratory, 
e of Clinical Laboratory Sciences, 
S . University of Mississippi Medical Center, 
os Jackson, 
Mississippi. 


ee ngram, Y. M, (Columbia University Press, New York, 1963). 
aR orton, B. Thompson, R. B., Dezy, A.. Nechtman, C., Nichols, E., and 
t ` Hulsman, T. -d.s Blood, 20, 302 (1962), 
smpson. R. B., 
aematol., 83 186 (1965). 
mot, B., Fisher, S., Remez, D., Schneerson, R., Kahane, D., Ager, J. A. M. 
T, md. "Lehmann, H., Brit. Med. J., i, 1262 (1960), 
as, Pi Mastrokalos, N., and Fostiroponlos, G.. Nature, 188, 30 (1959). 


olis; V. J., Heller, P., Josephson, A. M., and Singer, L., Amer. J. Clin. 
rath, re 28 (196 A 















i Fat J. A. M., and Lehmann, H., Nature, 183, 32 (1959). 


, Cordonnier, J. K.. Wiliams, W. J., and Moore, V., 


vin , Blood, 19, 
“137 ü 962), 


IMMUNOLOGY 


Formation of lsohaemagglutinins in the 
Marmoset, Tamarinus nigricollis 


Tue small South American primates of the Hapalidae 
family, the marmosets, are unique in that twin births 
» are an almost consistent occurrence’. This twinning 
- phenomenon further is unusual in that all twins appear 
“to be fraternal, and placental vascular anastomoses 

result in haematopoietic chimerism of the young. Blood 
chimerism in adult male and female marmosets has been 
demonstrated by sex-chromosome analyses of cells in 
metaphase and also by examination of peripheral blood 
leucocytes for the drumstick-bearing neutrophils?®:. 
Sex-chromosome analysis of lymph node, spleen and bone 
marrow cells has also revealed chimerism: thus all haema- 
topoletic tissues are involved’. Erythrocyte chimerism, 
although presumed to exist, has not yet been demonstrated 
owing to the unavailability of blood-grouping reagents 
in this species. Although previous investigations have 
indicated the presence of human A- and B-like antigens 
on the marmoset red cells, differences among marmosets 
of these human blood group substances are not apparent*~*. 
‘Tests for naturally occurring isohaemagglutinins in these 
a -aiimnals have thus far been negative. The natural blood 


ae twinning phenomenon woul 


make exceedingly difficult successful red 

tions since both donor and recipient could conceivably 
have two (or more) major genetically distinct blood-group 

antigens. In a random-bred colony without any breeding 
records, therefore, the prior knowledge of chimerism in 
any one animal (as determined by sex-chromosome 
analysis) could be of considerable value. Thus, if on the 
basis of sex-chromosome analysis one could find an 
animal that is definitely a heterosexual chimera, yet in 
only a small proportion (10-20 per cent), its red cells 
would be more desirable for immunization purposes in 
making specific reagents than those of an animal with a 
relatively high degree of chimerism, or one in which the 
degree of chimerism is not known. This procedure would 
have merit only if the degree of chimerism as determined 
by sex-chromosome analysis of dividing white cells is also 
representative of the chimerism of the erythropoietic 
system, an assumption that must be made until evidence 
shows otherwise. In an analysis of the dividing white 
cells of the peripheral blood of twenty-six marmosets 
found to be heterosexual chimeras, two male animals had 
12 per cent (No. 21-11-5) and 18 per cent (No, 21-1-1) 
chimerism of female cells, the lowest observed in our 
colony. These were then used as red-cell donors for 
isolmmunizations. 


The immunization procedure was as follows: the antigen Ee 2 


inoculum for each day consisted of 0-1 ml. unwashed 
packed red blood cells suspended in 0-1 ml. complete 
Freund’s adjuvant (Difco Laboratories, Detroit, Michigan). 
Six injections were given on alternate days over a period 
of 10 days. The first, second and fourth were given intra- 
muscularly in the thigh, the third and fifth subeutaneously 
in the inguinal area, and the last intraperitoneally. 
Previous attempts at immunization with Freund's adju- 
vant injected into the footpad of the hind limbs resulted in 
deep ulcerations approximately 14-21 days after injection. 


These invariably led to death of the animals. Slight... 
intramuscular | 


ulcerations were also observed after 
injections. In the present series, one animal (26-3-2) 
was removed from the experiment after the third injection 
for use in our breeding programme and another (23-5-1) 


was substituted in its place. ‘This animal (26-3-2), however, 


later (1 month later) developed a severe ulceration on one. 


thigh at the site of the intramuscular injection and was. > g 


killed to prevent further suffering. 
The isoagglutinin responses obtained in five animals at 


varying intervals after the last injection are indicated in. 
Table I. Each serum was tested in vitro in saline with the 
specific cells used for immunization and also with the cells —— 
An excellent agglutinin response Lee 
5 after immunization 


of a second marmoset. 
was obtaimed with marmoset 26-3-5 


with red cells from marmoset 21-l-i. This serum also 


reacted strongly with cells of 21-11-5, although later < 


bleedings showed a faster decline in antibody reactive 
with these cells than with the immunizing cells. Marmoset 
27-4-4 became ill (from an unknown eause) 16 days after 
the last injection and was killed as death appeared certain. 
His serum contained agglutinating antibody to the specific 
immunizing cells only. Marmoset 26-3-2, which was 
removed from the experiment after only three injections 
of red cells, also formed specific agglutinins. 
was the response of marmoset 21-7-2, which, although 
immunized with celis of 21-1-1, failed to develop agglutin- 
ins reactive with these cells, but instead formed agglutinins 
reactive with cells of 21-11-5. This development would be 
difficult to explain except: for the blood chimerism of these 
animals. It is possible that the 18 per cent chimeric | 
portion of red cells of marmoset 21-1-1 has antigenic 
determinants common with the 88 per cent chimeric 
portion of the red cells of 21-11-5, and immunization of 
marmoset 21-7-2 may have been effected through the 
minor population of red cells present in donor 21-1-l. = 
Consequently, in the in vitro test, the antibody formed is = 
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zglutination of all cells, j 
Animal became H and was killed by cardiac puncture. 


uscular injection. 


ident when tested with cells of marmoset 21-11-5, since 
percentage of cells having the specific antigens avail- 
or reaction would be greater. The smaller proportion 
y specific antigenic cells of 21-1-1 may not have been 
ient to detect any in vitro agglutinating activity of 
eakly reactive antibody. That there is some com- 
antigenicity between red cells of marmosets 21-1-1 
21-11-5 was most evident when the reaction of 
1 26-5-5 was tested in vitro with these cells. A clearer 
erstanding of this interpretation should be forthcoming 
the blood-group relationships of the immunized 
nts and cell donors beeome established using 
ts that are being developed in this laboratory. 
y investigations show that: it is feasible to develop iso- 
mageglutinin reagents in the marmoset, even though 
lood chimerism exists. The rationale for the experimental 
mmunization procedure, that is, the use of animals known 
o have a low degree of such chimerism, can now be 
tended to testing of such immune reagents in vitro 
th red cells of animals also assumed to have a low red- 
cell chimerism. My present efforts are directed toward 
ch panel testing of cells from our colony of marmosets 
with the hope of detecting suitable antigenic differences 
‘o permit further isoimmunizations. The delineation of 
blood groups in these animals. will subsequently permit 
the evaluation of the erythrocyte chimerism as well as 
that. of the white cells. Certainly, the haematopoietic 
shimerism of the marmoset makes it a most interesting 
-laboratory primate for studies in haematology, immuno- 
. logy and radiation effects’. 
_. This investigation was supported by Public Health 
_ Bervice Research grant R 01 AM09289-01 Al B. from 
the National Institutes of Health. 
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' Reactions performed at room temperature after gerial dilation of serum in saline. 


‘Animal received only three injections of antigen and was killed by cardiac puncture on day 50 after development of severe ulceration at site of int f 
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—, Indicates no macroscopic agglutination; 4+, indicates complete 


Immunoelectrophoretic Examination of Aviz 
erum Esterases T 
Ir has been recognized for some time that imm 


chemical properties provide a useful criterion for differ- — 


1en immunoelectrophoretic a 





entiating enzymes. | : 
was used in investigations of esterases in sera of birds it: 
showed that greater variations occurred in their re 
ties than has been revealed by simple agar electrophore- 
sis!~3, a : 
Two species were more extensively investigated, nar 
duck and quail, aad other Gallinaceae were us 
comparison; sera of individual birds were analys 
storage at either ~12° C or +4° C for from 1 day 
year (as the esterases in the plasma were the same as- 
the sera, the analyses were in some cases performec 
early as 1 h after bleeding). ae 
The routine method used, based on that of. 
involved photographically recording lines of precipi 
usually after 48 h, washing in saline for 6 days, p 
graphing again, and then drying; the esterases wer 
revealed by a suitable substrate and the result was record 
photographically; fer the detection of proteins, th 
could be later stained with amido black. A duplicat 
was stained with Sudan black te detect the lipids p 
Using such techniques the avian sera disclosed sever 
esterases which differed in electrophoretic localization, 
antigenic specificity, biochemical characteristics, behaviour 
during storage, and intraspecific variability. pose. 
The total number of esterase-active components detect- 
able in a serum depends on the immunoserum (large differ 
ences have been foand in the number and levels. of anti 
bodies produced between identically immunized rabbits 
and on the substrate used to reveal enzyme activity (some 
antigen-antibody complexes 


+ 








acetate, while in simple agar electrophoresis these sub- 
strates appear to bə hydrolysed to the same extent), — 
On the whole, six active components were observed; 










two 8,-globulins, ome «,- and one «,-globulins; the rema 
ing two esterases could not be assigned a definite 
migration, as the lecalization of one of them varie 
sample to sample between a, and a-regions, an 
other from a, to a very rapid p (Fig. 1). E 
All these esterases were antigenically indep 
and this was demonstrated by the crossing of precipitatio 
or activity lines when their electrophoretic localizatio 
was sufficiently clese (Fig. 2). One of the 8,, the aa. 
and the a,-p esterases are lipoproteins (Fig. 3). 














preferentially hydrolyse. 
the ®-naphthyl acetate or butyrate, others the indoxyl © 
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and the acceleration of the migration rate of p 
esterase by lipase or heparin is significantly 
enhanced by further incubation with tauro- 
cholate. 

Previous results disclosed differences in the 
number of esterases present in sera of birds 
of the same species*. The interpretation given 
to these electrophoretic findings might, how- 
ever, be incorrect due to the aforementioned 
differences in the rate of migration of the a—p 
esterase, which in fresh serum samples may mask 
the ‘true’ «-esterase or suggest its presence when 
it is actually absent. For this reason, use of the 
antigenic characters makes possible a more 
reliable confirmation of the presence or absence 
of a given component. 

Taking into account the state of the serum 
analysed, the quality of the immunoserum and 
the kind of substrate used, the following ester- 
ases were found in all sera examined: (1) the 
non-lipo-6,; (2) the a —a, lipo-esterase ; (3) the 
a—p lipo-esterase. The three other components 
seem to be individual features, either as genetic- 
Pig. 1. Precipitation lines (1, 2, 3) and corresponding esterase staining (4, 5, 6) for ally determined factors or as expressions of a 
quail serum, 1 and 4, Fresh sample; 2 and 5, scrum stored for 8 days; 3 and 6, serum physiological or pathological alteration. 

stored: foe tmonth The esterase—antibody complexes are gener- 
ally detected as precipitation lines exhibiting 
hydrolytic activity towards suitable substrates. With 
some antisera, however, the precipitation line of «—p does 
not react with the usual substrates*, or, if it does, only very 
weakly; this might be due to the presence of neutralizing 
antibodies. On the other hand, the «,-esterase is exclu- 
sively revealed by incubation with the substrate: its 
coloured are could not be attributed to any of the visible 
precipitation lines nor could it be stained with amido 
black®.* (Fig. 4). One possible explanation of this finding 
is that the total amount of protein contained in the 
antigen-antibody complex is too low to form a visible 
precipitate or even to take up the strain. Attempts to 
increase this amount or to modify the antigen-antibody 
proportions have so far been unsuccessful. 

The avian serum esterases are, finally, characterized 
by species-specific antigenic properties similar to other 
serum proteins: for example, using the anti-quail anti- 
serum, the a—p esterase was detected in sera of turkey, 
chicken, pheasant, guinea-fowl; a weaker reaction was 
observed with duck and goose sera. 








Fig. 2. Precipitation lines and corresponding esterase staining for duck 

serum. Serum A contains the a,-esterase (note the visible precipitation 

line); serum # shows the a,-esterase (no corresponding line can be seen) 
crossing the e—g esterase 


Changes in the migration rate of the p lipoprotein in 
duck sera have already been reported!*}’ to be approxim- 
ately proportional to the length of time it is kept in 
storage. The immunoelectrophoretic results confirm 
these observations and reveal, for fresh samples, an are 
in the «,-position (Fig. 1); in older samples the line is 
progressively displaced towards the anode and, in sera 
stored for 1 month, it is definitely faster than albumin 
(Fig. 1). The line is then long and straight, which indi- 
cates that the molecular charges are very heterogeneous; 
however, the enzymatic and lipidice properties of these 
samples do not appear to be significantly altered 
(Fig. 3). 

Effects analogous to those autolytie modifications were 
obtained with various agents: (1) digestion of serum by 
poreine pancreatic lipase; (2) intravenous injection of 
heparin to the animal 15 min before bleeding; (3) ineuba- 
tion with sodium taurocholate. The biochemical altera- 
tions induced by these agents are not, however, identical, Fig. 3. Precipitation lines and lipid staining for quail scrum 
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Fig. 4. Comparison of precipitation lines and esterase activity revealed 
by two immunosera: with A the a-ọ line does not react with the substrate, 
the a, esterase gives a strong reaction; with B the a-o line is active but 
the a,-esterase is scarcely visible 
I thank Mme. M. Jeanne-Rose for her assistance in this 
work. 
Marre KAMINSKI 
Laboratoire de Photobiologie 
du Centre National de la Recherche Scientifique, 
4 Avenue Gordon-Bennett, 
Paris 16. 
t Kaminski, M., and Gajos, E., Prot, Biol. Fluids, 11, 137 (1963). 
* Kaminski, M., Experientia, 20, 286 (1064). 
3 Kaminski, M., Bull. Soc. Chim, Biol., 46, 555 (1964). 
t Uriel, J., Ann. Inst. Pasteur, 101, 104 (1961). 


* Kaminski, M., Bull. Soc. Chim. Biol. (in the press). 
* Kaminski, M., Prot. Biol, Fluids, 12, 143 (1964). 


Fluorescent Antibodies in the Fluid of the 
Conjunctival Sac of Trachoma Patients 


THE indirect fluorescent antibody technique was used 
to investigate the possible presence of antibodies in the lac- 
rimal fluid or, to be more exact, the fluid of the conjuncti- 
val sac of 21 patients with active trachoma (Stage TI-IT), 
nearly all of them children, 9-14 years old. In most in- 
stances, the small quantity of fluid normally present in the 
conjunctival sac, or produced by slight mechanical irrita- 
tion rather than freely flowing tears, was examined. The 
fluids, obtained with the aid of sterile pipettes used for 
white blood-cell count, were diluted 1:10 in phosphate 
buffered saline pH 7-4. Trachoma elementary body 
antigens were prepared and examinations were carried 
out by techniques previously deseribed'-*. Commercial 
fluorescein isothiocyanate labelled anti-human y-globulin 
(Microbiological Associates, Bethesda) and rhodamine 
were used for the purpose of staining. Fluorescence with 
trachoma antigen was observed with the conjunctival 
fluids of ten from the twenty-one cases of trachoma. 
The conjunctival fluids from twenty-two trachoma-free 
children gave negative results. 

In the positive samples, elementary bodies stood out 
clearly with a minimum of non-specific background 
staining. 

A number of experiments were carried out to examine 
if specific antibodies were involved in the reactions. 
Conjunetival fluids which gave a positive reaction with 
elementary bodies of trachoma strains failed to react 
with elementary bodies of psittacosis (6BC strain) pre- 
pared by the same technique. Heating positive conjuncti- 
val fluid for 30 min at 56° C did not abolish fluorescence. 
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After digestion of positive conjunctival fluid with trypsin 
solution (twice recrystallized, 1 mg/ml. in saline phosphate 
buffer pH 7-4 kept for 150 min at 37° C) fluorescence with 
trachoma antigen was no longer observed, 

The high degree of specificity, thermostability and 
sensitivity to trypsin observed with positive conjunctival 
fluids suggests that true antibodies were responsible for 
the fluorescence reactions. 

In sixteen trachome patients, antibody determinations 
by the indirect fluorescent method were simultaneously 
performed in conjunctival fluids and blood serum. Table 1 
presents the results for nine positive cases and demon- 
strates that in some instances antibody titres were higher 
in the conjunctival fluids than in the serum. Blood and 
conjunctival fluids were obtained from these patients 
repeatedly during a 6-week period. Similar antibody 
titres were observed en each oceasion. It was also found 
that similar antibody titres were present in the conjunc- 
tival fluids of both eyes from the same patient. 

The relationship of antibodies in the conjunctival fluid 
to those in the serum remains to be clarified. Flemming 
and Allison reported that no serum proteins were present 
in the tears of four healthy individuals‘. Normally 
antibodies in the serum do not seem to pass into th 
conjunctival fluid. No fluorescent antibodies were 
observed in the conjanctival fluid of two rabbits hyper- 
immunized against trachoma and possessing serum anti- 
bodies in titres greater than 1 ; 10,000, determined by the 
indirect method. Inflammatory processes may lead, 
however, to an increased permeability of the capillary 
walls. Thus, antibodies may appear and possibly become 
concentrated extravasally at the infected site. The 
higher titre of antibodies in the conjunctival fluids than in 
the blood, observed in a number of our cases, may be due 
to such a mechanism. The possibility of locally produced 
antibodies must alse be considered. Large numbers of 
lymphocytes and plasma cells are present in the trachoma- 
infected conjunctiva. These cells, as well as local lymph 
nodes, might furnish the necessary apparatus for antibody 
production. It seerms less probable that antibodies are 


produced in the lacrimal glands. ; 


a 


ae 












Table 1. FLUORESCENT ANTIBODIES IN CONJUNCTIVAL FLUIDS AND SERA 
OF TRACH@MA PATIENTS (INDIRECT TEST) 
Patient Conjunctival 

No. fluid Serum 

1 sv) 20 

2 20 <fh 

3 40) 5 

4 120 40 

5 10 40 

6 10 <$ 

7 10 30 

8 30 160 

9 20 40 


The practical importance of these generally low-titred 
antibodies in conjunctival fluids of trachoma patients 
remains to be demonstrated. The chronic character of the 
disease points to a lew efficiency of the immune response. _ 
It is also known, however. that the isolation of trachoma 
agents from the conjunctiva of patients and the demon- 
stration of Halberstaedter-Prowazek inclusion bodies 
succeed only in the early stages of the disease. The 
gradual elimination of the agent from the infected tissues 
may be due to low-titre antibodies present in the con- 
junctival fluids, ~ 

Preliminary results indicate that it is possible to raise 
the antibody titre in the serum and the conjunctival 
fluids of some trachoma patients by a single injection of 
an inactive trachoma vaccine. The effect of optically 
applied antigen is under investigation. It will also be of 
interest to examine whether antibodies can be produced 
in the conjunctival fluids of normal individuals and 
whether passage of serum antibodies into the conjunctival 
sac can be elicited by a local inflammatory reaction. 

This investigation was supported by grant NBO284 
from the National Institutes of Health, U.S. Public Health 
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PATHOLOGY 


Carcinogenic Activity of N-Methyl-N- 
nitroso-N’-nitroguanidine 


; N-Metuyt-N-NITROSOURETHANE (MNU) (I) and its 
ethyl homologue have been found to be effective carcino- 
= gens, which can induce stomach, oesophageal, intestinal 
and lung tumours with one or a few doses'!-*, As urethane 
itself is carcinogenic it seemed of interest to test the 
related N-alkyl-N-nitroso-N’-nitroguanidines, in order to 
assess the role of the ethoxycarbonyl-group in the carcino- 
genic action. 


CH,—N—N=—O CH;—N—N=0 CH,—N—NO 
bo LNH _0 
dom, NHNO, bn, 
(I) (II) (III) 


The commercially available crystalline compounds, 
N-methyl-N-nitroso-N’-nitroguanidine (MNG) (II), N- 
ethyl-N-nitroso-N’-nitroguanidine (ENG), and N-methyl- 
N’-nitroguanidine (MG) were tested in rats by intra- 
gastric administration. For this purpose, the compounds, 
which are very sparingly soluble in water or in ethanol, 
were used as suspensions in 30 per cent aqueous ethanol, 
and were given by stomach tube to young male and female 
white rats, weighing 50-100 g. The number of doses varied 

> between 3-5; each represented about 50-100 mg/kg 
body-weight. The doses were given at several months’ 
intervals and amounted to 10-50 mg per rat in toto. The 
- animals tolerated the treatment well; their growth rate 
did not significantly differ from that of control rats. All 
the animals were maintained under uniform conditions, 
and were given food (MRC diet 41B) and water ad libitum. 

So far, four male and four female rats killed between 
12 and 24 months after the first dose of MNG had tumours 
of the fore-stomach. The tumours were mostly multiple ; 

= when still small they appeared to have multicentric 
origin. Some formed narrow, elongated, tongue-like 
projections into the stomach lumen, others formed nodules 
containing keratin pearls in the centre. The larger tumours 
formed co-fluent masses of erupting keratinizing nodules 
covering the whole squamous part of the stomach and 
spreading among the muscle bundles of the stomach wall 
and also under the mucosa of the glandular part. One rat 
had numerous metastatic nodules in the peritoneal 
cavity (Figs. 1 and 2). Among these rats no tumours of 
the glandular stomach were seen, though abnormalities 
and hyperplasia of the glandular mucosa were present 
in some. Among the rats killed after similar time and 
having been given similar doses of N-ethyl-N-nitroso-N’- 
nitroguanidine and of N-methyl-N’-nitroguanidine no 
stomach tumours have as yet been seen. 
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The finding that N-methyl-N-nitroso-N ’-nitroguanidine 
is an effective carcinogen for the rat fore-stomach provides 
additional evidence that the carcinogenic activity must ” 
be connected with the N-alkyl-N-nitroso- groups of this 
class of compound (Magee and Schoental®). The ethoxy- 
carbonyl- (in the case of the urethanes, I), the amido (in 
the case of the very carcinogenic urea compound, ITI (ref. 
6)) and the carbimino-amine group (in the case of guani- 
dine, II) appear to affect the rate of interaction of the 
respective compounds with cell constituents. N-Methyl- 
N-nitroso-N’-nitroguanidine (L) is an effective mutagen’, 
resembling also in this respect N-methyl-N-nitrosoure- 
thane (I) (ref. 5). Jn vitro, MNG (like MNU?) interacts 
with sulphydryl compounds at neutral pH, and nitrogen 
is evolved in the process (Schoental, unpublished results). 
The relatively low toxicity and lack of necrotizing action 
of MNG may be related to its low solubility and possibly 
to a slower rate of its interaction with tissues. Although 
nitrogen of the N-nitroso-group is evolved as gas in this 


process, it still remains to be shown whether the diazoal- , 


kanes or the ‘active alkylenes’ are the effective agents in 
the carcinogenic action of the N-alkyl-N-nitroso com- 
pounds. 

The induction of squamous carcinomata in the fore- 
stomach of rats by intragastric administration of MNG 
provides additional evidence that the carcinogenic action 





Fig. 1. Stomach of a female rat, killed 154 months after the first of three 
doses of MNG (30 mg/rat in foto) with numerous metastatic nodules ~e 





. Squamous carcinoma of stomach found in a female rat 


FE 
Bto 


, killed 
nths after the first of three doses of MNG (26 mg/rat in toto). 


(Haematoxylin and eosin, x e. 22) 


" 
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of the N-alkyl-N-nitroso compounds is related to their 
vege pee Me I Caldwell for his technical assistance. 
R. ScHOENTAL 
Toxicology Research Unit, 
Medical Research Council Laboratories, 
Carshalton, Surrey. 
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Lactate Dehydrogenase Isoenzymes in 
Malignant Tissues 


Previous reports from this laboratory have shown that 
the electrophoretically fast lactate dehydrogenase iso- 
enzymes, LD, and LD,, of human and animal tissues 
exhibit high activity with 3-3 mM 2-oxobutyrate as 
substrate relative to that with 0-7 mM pyruvate’. 

Values for the ratio, activity s-oxobutyrate/Activity pyruvate, 
approach unity in tissues such as heart muscle in 


which LD, and LD, predominate and fall to about 0-3 in 


skeletal muscle in which LD, and LD, are the prin- 
cipal isoenzymes. By comparison with those of normal 
tissues, the proportions of the slow isoenzymes LD, and 
LD, in certain malignant tissues have been shown by 


 DEAE-‘Sephadex’ chromatography* and by electrophoresis 


on agar-gel* and cellulose acetate? to be increased. We 
therefore considered it of interest to determine whether 
such a shift in the isoenzyme pattern occurs in tumours 


_ generally and if so whether it is reflected by a change in 
6 the activity >-oxobutyrate/ activity pyruvate ratio. 


Portions of tumours and of contiguous normal tissues 
removed at operation or at autopsy were extracted 
immediately or after storage at —15° overnight. The 
tissues were homogenized in a Potter-Elvehjem homo- 
genizer in 10 volumes of 0-067 M Sørensen phosphate buffer 
at pH 7-4, and the homogenates were centrifuged at 5,000g 
for 10 min at 0°-5° ©. Dehydrogenase activities in the 
supernatant fractions were then determined spectro- 
photometrically in a Unicam SP500 or a Unicam SP800 


spectrophotometer at 25° with 0-7 mM pyruvate® or 


3-3 mM 2-oxobutyrate' as substrate and 0-12 mM reduced 
nicotinamide-adenine dinucleotide as coenzyme. 
Lactate dehydrogenase isoenzymes were separated by 
electrophoresis on either cellulose acetate’ or in acrylamide- 
gel*. The isoenzymes were located by the MTT tetrazolium 


‘staining technique’, and a quantitative assessment of the 


relative amounts was made by scanning cellulose acetate 
electropherograms with a ‘Chromosean’ (Joyce, Loebl and 
Co., Ltd.). 

The isoenzyme pattern observed in a lymph node tumour 


shows a marked shift towards the slow isoenzymes relative 


to that of a normal lymph node extract (Fig. 1). There is 
admittedly some doubt concerning the purity of the con- 
trol specimen, which shows greatest activity at LD,, but 





LD, LD, LD, — Anode 
te dehydrogenase cence bo rugs gel normal = neo- 


Fig. 1. 


LD, 
1. Lacta 
plastic lymph node extracts separated by 
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Fig. 2. Diagram of lactase dehydrogenase ionnas parana of normal 

and neoplastic human tissues and rat tissues separated by acrylamide gel 

electrophoresis. 1, Normal colon; 2, neoplastic colon; 3, normal colon + 

neoplastic colon; 4, no rectum; 5 and 6, rectal tumours; 7, fresh ret 
tumour; 8, rat tumour 10 days old 


the tumour which appeared to be free from contaminating 
tissues showed most activity in LD, LD, and LD,. 
Similar observations were made with tumours of other 
tissues, including breast, rectum, colon, stomach, testis 
and lung. Some of the isoenzyme patterns obtained are 
illustrated in Fig. 2. 

Although visual impressions of the changes in isoenzyme 
distribution were supported by scanning electropherograms 
run on cellulose acetate foil, it must be borne in mind that P 
several possible sources of error are inherent in the use of 
staining techniques. Since isoenzymes differ in their 
substrate affinities. certain components may function 
under optimal conditions while others may not be fully 
saturated or may even be inhibited by excess substrate. 
Moreover, the more active fractions may utilize all the 
substrate in their immediate environment and consequent- 
ly tend to be somewhat under-estimated relative to the 
weaker fractions. 

In an attempt tc overcome these objections, activity,- 
oxobutyrate/@ctivitypyruvate ratios were determined and 
the results are given in Table 1. In every case in 
which it was possible to make a comparison, the tumour 
showed an activity ratio lower than that of the correspon 
ing normal tissue. The differences are more pron 
when the tumours originate in tissues which no | 
contain a predominance of fast isoenzymes with relatively 
high activity ratios. but the changes are apparent even in 
those tissues normally characterized by moderately low 
activity ratios. å 

These quantitative investigations confirm that the shift,” 
in the isoenzyme patterns in malignant disease deteeted 
by other techniques*-* applies to neoplasms generally, 
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Table 1. LACTATE DEHYDROGENASE ACTIVITIES OF NORMAL AND MALIGNANT 

HUMAN TISSUES e= 

Enzyme activity (25° C) (LU. /mg N) s 
Organ No Mannon ~ 
HBD* LD} HBD/LD HBD L HBD/LD 

Rectum 0-027 051 0-53 0-038 0-79 Oe - 
Rectum 0-058 (117 0-50 0-072 0-182 040 
Rectum 0-031 0-064 0-45 0-029 0-065 0-44 j 
Colon 0-026 0-043 O61 0-034 0-058 05s ‘ 
Colon 0-024 0-038 0-63 0-029 0-051 05? > 
Colon 0-036 0-053 0-67 0-039 0-071 0-56 
Breast 0019 0-024 0-79 0-014 0-029 048 
Breast 0-013 0-016 0-81 0-016 0-039 0-42 
Stomach 0:035 0-090 0-39 0-045 0125 0-26 
Lungs 0-028 0-057 0-49 040 0-098 O41 
Lymph node 0-051 0-078 0-65 0-025 0-048 0-52 


*Dehydrogenase activity determined with 3:3 mM 2-oxobutyrate 
substrate. 


+Dehydrogenase activity determined with 0-7 mM pyruvate as substrate. 


but it was necessary to exclude the possibility that the 
change might be due to the presence of necrotic cells in 
the tumours. We therefore compared the lactate dehydro- 
genase isoenzyme patterns and activity ratios of experi- 
mental tumours (Walker 256) in the rat 4-5 days after 
implantation with those observed in a second series of 
rats 10 days after implantation, by which time the tumours 
had become necrotic. Similar isoenzyme patterns and 
similar (low) activity ratios were found in both fresh and 
necrotic tumours. It seems unlikely, therefore, that the 
presence of necrotic cells plays an important part in caus- 
ing the shift in the isoenzyme pattern. 

We thank Dr. D. H. Mackenzie and Dr. K. Lewin for 
the human tissues and Dr. D. Burston for the rat tumours 
used in this work. The investigation was carried out 
during the tenure of a World Health Organization fellow- 
ship awarded to one of us (H. P.-L.). 
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$ J. H. WILKINSON 
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Department of Chemical Pathology, 
Westminster Medical School, 
London, 5.W.1. 
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Collagenolytic Activity in Gingivae of Man 


RECENT investigations by Gross et al.'-* indicate that 
substantial quantities of collagen are lost from the tail 
fin of tadpoles during metamorphosis. They have also 
noted that the back skin, gill and gut, but not muscle, 
notochord, kidney, gonads, heart, liver and spleen from 
tadpoles are able to lyse collagen gels when cultured in 
vitro. This collagenolytie activity can be accounted for at 
least in part by an enzyme active against native collagen 
which is produced by these tissues'". Collagenolytic 
activity has also been reported in the uterus and healing 
wounds’. 

Since considerable remodelling of periodontal tissues 
- normally occurs, and since large amounts of collagen are 
lost during the course of periodontal diseases, we have 
investigated the possibility that these tissues also secrete 
ubstances active against native collagen. 

More than one hundred specimens of gingivae were 
obtained from various periodontists who had removed the 
tissues for the treatment of periodontal diseases. Gingivec- 
tomy specimens were placed directly into Tyrode’s solution 
to which had been added 100 v. penicillin/ml., 100 ug 
streptomycin/ml., and 100 vu. ‘Mycostatin’/ml. Tissues 
were shaken briefly, left standing at room temperature 
for about 30 min, and then placed in another vessel con- 
taining Tyrode's solution with antibiotics for a few minutes 
i in order to disperse and remove micro-organisms. Tissues 
were then removed from the solution, diced into 1-2 mm 
cubes, and incubated in the Tvrode’s solution plus anti- 
bioties either on the surface of a collagen gel or without. 

In order to test the ability of the tissues to lyse collagen 
gels, collagen was prepared from salt and acetic acid 
extracts of rat skins’. In general. collagen gels were 
prepared according to the method of Gross and Lapiere*, 
and Lapiere and Gross‘. Satisfactory gels were obtained 
with 0-25 per cent collagen in 0-4 M phosphate buffer. 
The collagen solutions were poured into 35 or 55 mm 
plastic Petri dishes to a depth of about 3 mm and incubated 
at 37° C until firm. The collagen gel was equilibrated with 
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Tyrode's solution with antibiotics for 30 min and dramed. 
Diced tissues were placed on the gel and incubated at 37° 
for 30 min in a moist chamber to ensure their sticking to 
the surface of the gel. 1 ml. (55 mm Petri dish) or 0-5 ml. 
(35 ml. Petri dish) Tyrode's solution with antibiotics was 
added to the surface of the collagen gels. The cover was 
sealed with silicone grease to prevent loss of carbon dioxide 
and resulting pH change during the incubation period of 
72-96 h. 

After 24 h, clearing around gingiva! tissues (indicating 
collagenolysis) was generally evident, and clear zones 
increased with time (Fig. 1). Clearing was not observed 
around small pieces of rat pancreas, heart, intestine and 
kidney incubated under comparable conditions for as 
long as 1 week. Substitution of Eagle's medium with 
added antibiotic for Tyrode’s solution did not appear to 
affect the extent of lysis*. Application of crystalline trypsin 
to the gels did not produce visible clearing. Collagen gels 
were readily lysed in the region of 3-mm rings of filter paper 
soaked in purified collagenase from Clostridium histoly- 
ticum (0-5 mg/ml. 0-01 M tris buffer, pH 7-4, containing 
10 calcium ions) and incubated overnight at 37° C. 

Collagenolysis could be observed best in stained prepara- 
tions. Van Gieson’s stain and the following procedure are 
favoured. A few millilitres of 10 per cent formalin are 
placed on the tissues and the collagen gel for a few hours. 
The formalin is poured off, and the gels with tissues im 
situ are stained with Van Gieson’s mixture (5 ml. 1 per 
cent acid fuchsin added to 95 ml. saturated picric acid) 
for a few minutes. The excess stain is rinsed off. Collagen 
lysis is evident as clear zones. Alternatively. the gels 
with attached tissues may be stained for a few minutes 
with an aniline blue solution (0-05 per cent aniline blue m 
aqueous 0-5 per eent hydrochloric acid) followed by 
rinsing. 

Various observations indicated that cellular activity 
was required for collagenolytic activity; namely, (a) 
tissues frozen and thawed, and incubation under conditions 
which otherwise would result in clearing of the gels failed 
to manifest activity; (b) clearing of the gels was not 
observed in gingival cultures to which puromycin (25 
ug/ml.) had been added. Similar observations have been 
made with tadpole tissues!~*. 

The possibility that bacteria were present in the cultured 
gingival tissues was examined by placing specimens 
exhibiting collagenolytie activity into heart-brain infusion 
and thioglycollate broth. No growth was observed after 
one week. These and previous investigations carried out 
by one of us (W. G.) indicate that bacterial contamination 
does not constitute a problem with gingival cultures 
prepared in this manner. 

In other experiments, excised gingivae were treated with 
Tyrode's solution with antibiotics, diced intoapproximately 





72-h gingival culture on a collagen gel afterwards fixed and 
Note clear zone around incubated tissue 
Similar tissues frozen and thawed 


Fig. 1. 

stained with aniline blue. 

indicating collagenolytic activity. 

before culture, as well as tissues incubated with puromycin failed to mani- 
fest collagenolytic activity 
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2 ar cubes and cultured for 1 week in 2 ml. Tyrode's 
solution with antibiotics in sealed 55-mm Petri dishes at 
37° C. Tissues were then separated from the culture 
media by centrifugation at 18,000g. The ability of the 
supernatant to reduce the viscosity of collagen solutions 
was studied in Ubbelohde viscometers at 20° C in 0-1 M 
tris buffer at pH 7-4. Calcium chloride was added to main- 
tain the collagen in solution. Under these conditions, the 
viscosity of 0-25 per cent collagen solutions was reduced 
14-35 per cent as compared with control solutions. This 
activity was precipitable with 50 per cent ammonium 
sulphate and largely inactivated by boiling. 

These experiments indicate that diseased gingival tissues 
produce a heat-labile collagenolytie factor when cultured 
tn vitro. Inasmuch as large amounts of collagen are lost 
during the course of periodontal diseases, the contingency 
that this factor, possibly an enzyme, is concerned with the 
process is intriguing. 
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ANATOMY 


Double Central Canal in Spinal Cord of Rat 


WHILE studying the morphology of thiamine pyrophos- 
phatase (TPPase)-positive Golgi complex in the central 
nervous system, it was observed that two central canals 
(Figs. 1 and 2) were present in the mid-thoracie region of 
the rat spinal cord. 

Frozen cryostat sections, 10u thick, were post-fixed in 10 
per cent formalin. The central canal was in the normal 
position (Fig. 1). The second canal was observed a short 
distance in front of the grey commissure in the midline in 
the anterior white commissure (Figs. 1 and 2). This second 
canal was elongated anteroposterially similarly to the 
central canal at the same level (Fig. 2), and the canals were 
of equal length (anteroposteriorly). 

When we observed some of the sections of the spinal 
cord above this level, it appeared at first that the central 
canal was greatly lengthened in an anteroposterior direc- 
tion. Then we observed the separation of this lengthened 
canal into two parts within the grey commissure itself. 
Observations of additional sections in the same region 
revealed that the anterior segment of the separated canal 
gradually extended farther and farther from the central 
canal and was finally to be seen in the anterior white 
commissure. Thus the second anterior central canal 
originally observed in the anterior white commissure was 
derived from the central canal and was directly continuous 
with it. 

The caudal part of the spinal cord was discarded before 
this double canal was seen and, for that reason, we do 
not know how it terminated—whether blindly or by re- 
joining the central canal. There are numerous reports of 
the occurrence in human beings of a double spinal cord 
with a central canal in each division’, usually in associa- 
tion with various anomalies in the vertebral column, and 
with signs and symptoms of nervous system involvement. 
But there is no report of a double spinal canal in a normal 
spinal cord. The animal described in this report did not 
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Fig.1. Low-power photomicrograph of the spinal cord of the rat showing 

two central canals, One central canal (a) is found in the centre of the grey 

matter as observed in nermal spinal cords. The second central canal 

(b) is found in the anterior white commissure. Note that both these 
cana s are placed in the midline. (xe. 100) 


Fig. 2, Higher magnification of Fig. 1 showing double central canal 
Cr b) more clearly, Both figures are thiamine pyrop hatase 
TPPase) tions. Note the TPPase-positive Golgi mate found 


re 
at the ap cal Nondern of the ery 9 cells surrounding the lumen 
xe, 2 






have a double spinal cord and the vertebral column was 


normal; there were no signs and symptoms of nervous 


system involvement. It would be of interest to know 
similar double central canals are found in other species 
animals, including man, and how commonly they occur. 


It is interesting that the ependymal lining of both these 


central canals were cytologically similar. They had 
diserete granular, vesicular, and comma-shaped TPPase- 
positive Golgi compex, supranuclear in position. Further 
details on the TP 2ase-positive Golgi complex of the 
ependymal lining as compared with the choroid plexus 
and ciliary process will be published elsewhere?-*. 

This work was supported by grants from the National 
Institute of Neurological Diseases and Blindness (NB- 
01914), the National Institutes of Health (FR-00165 and 
FR-05235), and the National Heart Institute (HE- 
05691). 
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RADIOBIOLOGY 


Factors influencing the Staining of Histones 
in Irradiated Rat Thymocytes 


Tue most striking cytological event which accompanies 
the death of thymic lymphocytes is the complete loss of 
nuclear structure (pyenosis), as seen in fixed and stained 
preparations or in unstained cells with phase contrast 
optics'*, Irradiation strongly accelerates this pheno- 
menon and structurally homogeneous nuclei begin to 
accumulate in thymocyte cultures between 0-5 and 1-0 h 
after irradiation with doses between 500 and 1,500 r. 
According to Whitfield et al.1:*, the loss of nuclear struc- 
ture is accompanied by marked changes in the localization 
and extractability of histones with hot trichloroacetic acid 
(TCA). The histones, which are normally localized in the 
condensed chromatin aggregates of the healthy inter- 
phase nucleus, come to be evenly distributed throughout 
the ed nucleus while some escape into the cyto- 
plasm. The histones which do remain in the nucleus 
become abnormally extractable with hot TCA. 

Other workers have not observed the presence of 
histones in the cytoplasms of either irradiated or unir- 
radiated cells containing pycnotic nuclei. In the present 
communication we will show that this discrepancy is 
mainly due to differences in the methods of mounting 
stained cells for microscopic examination. 

The detailed method of preparing suspensions of 
thymocytes from the thymus glands of 27-day-old 
Sprague-Dawley rats has already been described!. The 
suspensions were irradiated at 37° C with 1,500 r. of 
300-kV X-rays from a Seifert ‘Isovolt’ X-ray machine 
operating at 10 m.amp. The dose was delivered at a rate 
of 135 r. per min. The details of the irradiation procedure 
have been given previously’. After irradiation, the 
cultures (contained in 25 x 150 mm tubes) were rotated 


i about their long axes at 40 r.p.m. in an incubator at 37° C. 


The media used were medium 199 (Burroughs Well- 
come) and a serum-salts medium. The serum-salts 
medium was similar to that used by Whitfield and Rixon* 
and consisted of 50 per cent foetal calf serum and 50 per 
cent Krebs-Ringer solution. The pH of cultures in both 
media was maintained at 7-2 by flushing their gas phases 
with a mixture of 10 per cent carbon dioxide and 90 per 
cent air. 

The optimal fixation procedure for thymocytes consisted 
of placing a few drops of suspension on a slide, mixing 
them with a drop of foetal calf serum and then drying 
the resulting film in a current of air heated to 37° C. The 
dried films were then fixed in 10 per cent neutral formalin 
or at least 30 min. The histones were stained by first 
: ting the nucleic acids from the cells with hot (100° C) 
5 per cent TCA and staining in a 0-1 per cent aqueous 
solution of fast green FCF at pH 8-2 for l min (ref. 6). 
The stained preparations were then either dehydrated 
with alcohol and xylol and mounted in Canada balsam 
or they were directly mounted in the water mounting 
medium ‘Aquamount’ (made by Edward Gurr, London). 
Cytoplasmic histones were specifically demonstrated by 
incubating formalin-fixed cells for 1 h at 37° C in distilled 
water at pH 6-0 containing 300 ug of erystalline ribo- 
nuclease (Nutritional Biochemicals Corp., Cleveland, 
Ohio) per ml. This was followed by staining in 0-1 per 
cent fast green (pH 8-2) for 1 min and mounting in 
‘Aquamount’. 

The reason for using hot TCA in the fast green technique 
is to remove the nucleic acids to which the histones are 
bound. Once the nucleic acids are removed, the reactive 
groups of the histones can then be stained with alkaline 
fast green. The enzyme ribonuclease should act in the 
same way to unmask any histones which escape from 
the nucleus and become bound to the cytoplasmic RNA. 
We have found this to be true; extraction of the formalin- 
fixed damaged cells with RN-Aase followed by staining with 
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- 
A 15 min TCA; medium 199; mounted in ‘Aqua 
mount’ 

B RNase; medium 199; mounted in ‘Aquamount’ 
C 5 min TCA; medium 199; mounted in “Aquamount’ 

5 min TCA; serum-salts medium; mounted in 
D “Aquamount’ 

5 min TCA; serum-—salts medium; mounted in 
E Canada balsam 
Fig. 1. Diagrammatic representations of the localization of histones in 


the X-irradiated rat thymocyte which has lost its nuclear structure. The 
effect of different mounting proosduros on the cell size and histone local- 
ization can be seen. The ee stained with alkaline fast-green 


alkaline fast green and mounting in ‘Aquamount’ produced 
the same green-stained crescentic forms as did TCA-fast 
green procedure (Fig. 1B). This observation strongly 
supported our previous conclusion that a considerable 
fraction of the histones leave the radiation-damaged 
nucleus, enter the cytoplasm and there combine with 
RNA! *, 

When irradiated thymocytes cultivated in medium 199 
were fixed in neutral formalin, extracted for 15 min with 
TCA and stained with fast green (at pH 8-2), the damaged 
cells with structurally homogeneous (pycnotic) nuclei 
always appeared as heavily stained green crescents. The 
homogeneous nuclei of these cells were totally unstained 
and the stained crescents were found to be the crescentic 
cytoplasmic masses which surrounded the eccentrically 
located nuclei! (Fig. 14). These observations were 
invariably obtained with stained preparations which were 
mounted in ‘Aquamount’. If the same stained prepara- 
tions were then dehydrated with alcohol and xylol and 
re-mounted in Canada balsam, the cytoplasmic stain was 
totally extracted and the cells were shrunken. Examina- 
tion of stained preparations before and after mounting 
in ‘Aquamount’ showed that this procedure caused no 
changes whatsoever in the histone localization of apparent 
cell size. 

The histones in cells (both normal and damaged) 
cultivated in the serum-salts medium used by Rixon® 
and Whitfield and Rixon* were much more easily extracted 
by hot TCA than those in cells cultivated in medium 199. 
Extraction of such cells (again both normal and damaged) 
with TCA for 15 min rendered them totally unstainable. 
It was necessary to reduce the extraction time with TCA 
from 15 to 5 min in order to stain the cells. When such 
cells (extracted with TCA for 5 min) were stained and 
mounted in ‘Aquamount’, the homogeneous nuclei of the 
damaged cells were lightly but diffusely stained with 
fast green while their cytoplasms were intensely stained 
(Fig. 1D). This picture was identical to that obtained 
with cells cultivated in medium 199, extracted with TCA 
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for 5 min and mounted in ‘Aquamount’ (Fig. 10). When 
these stained preparations were then dehydrated and 
remounted in Canada balsam, the cell diameter was 
reduced, the cytoplasmic stain had been totally extracted 
and the shrunken nucleus was intensely stained (Fig. 12). 
This picture of the damaged cell agreed exactly with the 
one described by Rixon* and with the structure of pycnotic 
follicle cells of the guinea-pig described by Alfert*. 

We conclude from these observations that the optimal 
procedure for investigating the histone changes in radia- 
tion-damaged cells with the fast-green technique of Alfert 
and Geschwind’ requires that the stained cells be mounted 

in a water-mounting medium such as ‘Aquamount’ and 
that dehydration with alcohol and xylol be avoided. De- 

hydration causes severe shrinkage of the cell and it extracts 

the stain from the cytoplasm. The water-soluble mounting 

medium, ‘Aquamount’, does not change the cell size or 

the degree of staining of any part of the cell. The shrink- 

age of the nucleus by dehydration is largely responsible 
for the impression that pyenotie nuclei are severely 
condensed and hence heavily stained; in reality they are 
not severely condensed. 

Dehydration, after staining with alkaline fast-green, of 
other types of mammalian cells also extracts the stain 
from cytoplasmic structures containing basie proteins. 

iminary observations on the localization of basic 
proteins in fixed and stained normal L strain mouse 
fibroblasts have shown that the cytoplasmic basic proteins 
located in perinuclear fibrillar structures ean be strongly 
_ stained with alkaline fast-green provided the stained cells 
_ are mounted in ‘Aquamount’. However, if the stained cells 
_be dehydrated with alcohol and xylol and mounted in 
Canada balsam, only the nuclei are stained while their 
Cytoplasms are completely unstained. 
| J. F. WHITFIELD 
T. YOUDALE 
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BIOLOGY 


‘Erythroblastosis Foetalis’ in the Primate, 
Tamarinus nigricollis 


Fortat and neonatal haemolytic anaemia, erythro- 
blastosis foetalis, occurs naturally in man and is a major 
cause of human intrauterine and post partum death. 
However, it occurs spontaneously in few other species; 
in the equines especially after cross-breeding between 
horses and donkeys, and in some pigs after anti-viral 
immunizations’. It has been experimentally produced in 
dogs and rabbits by isoimmunization with paternal erythro- 
cytes’. To our knowledge it has not previously been 
reported as occurring naturally or experimentally in 
imates other than man. The present report offers both 
topathological and serological evidence suggesting iso- 
immunization during pregnancy in the primate, Tamarinus 
nigricollis, a New World monkey of the marmoset family. 
Although this marmoset has been successfully bred in 
our laboratory, many pregnancies have terminated in 
spontaneous abortion, stillbirths and premature deliveries. 
_ These misfortunes had been attributed entirely to unknown 
inadequacies of the laboratory environment until after a 
_ recent delivery of a stillborn foetus and its twin that lived 
| 16 days. Pathological examination suggested that a 
_ disease similar to erythroblastosis foetalis was present in 
both. Similar histological evidence of the disease was 
also obtained in twins that died near term in utero after 
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the traumatic death of their mother. Unlike the disease in 
man*, foetal hydrops and icterus neonatorum were not 
evident but severe hepatic haemosiderosis was present, as 
shown by positive Prussian blue staining of the hepatic 
parenchyma (Fig. 14). Although small foci of extra- 
medullary erythropciesis are not uncommon in late 
embryonic and foetal life, these animals showed many 
enormous erythroblestic islands in distended hepatic 
sinuses (Fig. LB) and dilated blood vessels of the placental 
trabeculae (Fig. 1C). The placentae of single-born young 
that have survived de not show these foci (Fig. LD). The 
young with the disease show smaller erythroblastie foci 
in the adrenal glands, myocardium and lungs. The bone 
marrow did not show generalized erythropoietic hyper- 
plasia, but focal areas were seen. The fact that the 
pulmonary capillaries of the marmoset are not as rich in 
erythroblasts as are those of the human with erythro- 
blastosis may be due to the more effective filtration of the 
blood by the double placental circulation shared by these 
chimeric twins*. As in the human disease few other 
organs show any effects, there being typically only 
parenchymal hepatic atrophy, and lymphoid degeneration 
and atrophy in the spleen, thymus and lymph nodes. 
Independent serolegical investigations in both deliveries 
served to substantiate the pathological interpretation of 
haemolytic disease in these animals. Thus, in the first 
case, following the death of the second twin, the serum of 
the mother was tested for antibody to the paternal cells. 
As shown in Table 1, both saline and Coombs reactive 
antibodies were found, the latter having a log, titre of 9. 
In the second case, the cells of both foetuses showed a 
Coombs positive reaction on direct test, one showing @ 
definite 1 + agglutmation, the other a 2 + reaction. 
The maternal serum also yielded a positive Coombs 
reaction when tested with the paternal cells. This 
agglutination, however, as shown in Table 1, was only 
weakly positive (1+) over a series of serum dilutions. 
In view of the blood chimerism known to exist in these 





Fig. 1. Photomicro 


graphs showing: A, haemosiderin granules revealed 
the Prussian blue reaction in ee Renee in a marmoset 
6 da bular hepatic 


w died 1 pow um; B, anin 
tended with exythre lasts in various stages of maturation in a marmoset 


animal; and D, the op of 
placental vessels in a surviving single birth ( x 450) 
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Table 1. DETECTION OF MATERNAL ANTIBODIES TO PATERNAL CELLS IN 
Two Cases OF HARMOLYTIC DISEASE OF THE NEW-BORN 


Serum dilution (log,) 
Agglutinin tyne: 2 3 4 5 8 7 & 9 10 
Case 1 


Saline 3+ 3+ 83+ l+ a = = 

Incomplete * 4+ 3+ 3+ 3+ 2+ 2+ 2+ 1+ = 
ase 2 

Saline _ = 


Incomplete 1+ i+ 14 1+ lė + s ue ad 


o * Detected by Coombs test with rabbit-anti-marmoset immune serum. 


animals, this finding may be interpreted as being due to 
the existence of two genetically different populations of 
red. cells in the father, only one of which is reacting with 
the maternal antibody. This interpretation may also 
apply to the reactions observed with the direct Coombs 
test. of the foetal cells noted here. 
The present studies also indicate the existence of strong 
antigenic blood group differences in the marmoset, con- 
firming an earlier report by Gengozian on successful 
isolmmunizations in these animals'. Whether the blood 
group antigen(s) responsible for the haemolytic disease 
of the new-born is similar or related to the Rh—Hr system 
of humans’ is not known, although previous attempts to 
: detect such factors on marmoset red cells have failed. 

Only the presence of human A- and B-like antigens on their 
_celis has. been established thus far*-*. In any event, the 
neation of isoimmunization during pregnancy in these 
imals indicates antigenic determinants on their red 
cells capable of reacting in a manner analogous to the Rhy 
factor of humans. As in humans, the transmission of 

maternal antibody to the foetus occurs ¿n utero, although 
a significant effect may be exerted through the colostrum 
following birth. This role of colostrum is suggested by the 
* death of the infant 16 days post partum, where patho- 
logical findings suggest that the severe haemolytic process 
in this animal continued after birth (Fig. 14). 













The natural occurrence of haemolytic disease of the new-- 


born in this species is of particular interest in view of 
the nature of twinning among these primates. Thus, the 
marmosets are unique in that (a) fraternal twin births are 
an almost consistent occurrence*®, and (b) placental 
vascular anastomoses result in foetal haematopoietic 
chimerism!*!, The trabecular rather than villous 
truecture of these placentae also affords many areas of 
ntimate contact of maternal and foetal tissues that could 
‚potentiate isoimmunization of the mother. This anatomi- 
eal structure combined with consistent fraternal twinning 
“and blood chimerism would seem to improve the chances 
of this disease occurring naturally. This primate, there- 
fore, would appear to offer many experimental approaches 
to the study of the prevention and cure of this disease. 
Also, one obvious way to promote a successful breeding 
_ programme would be the selection of suitable male- 
“female pairings for mating, and we are presently attempt- 
ing this. 
© “This investigation was supported by U.S. Public Health 
Service Research grant F 01 AM09289-01 AIB, from the 
National Institutes of Health. 
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Specificity of Male Sex Attractants in some 
-~ Australian Scorpion Flies 

Species of the Australian genus Harpobittacus (Bitta- 
cidae, Mecoptera) have a complex mating habit not 
recorded elsewhere in the Insecta (Bornemissza‘'). It 
involves the release of a sex pheromone by two intertergal 
vesicles on the abdomen of the males which lures females 
to its vicinity. Mating follows, during which the male | 
presents to the female a nuptial meal consisting of a 
previously captured insect*. Of the six known species 
of Harpobittacus, the mating behaviour of four has 
been investigated and found to be essentially identi- 
cal. 

Species of Harpobittacus (in contrast with those of the 
world-wide Bittacus (see Setty*)) are allopatric in distribu - 


tion. Both they and their sub-species are readily dis- 
tinguishable although, rather surprisingly, difficulty 


arises with the females of H. similis E.P., which is 
restricted to an area within 100 miles of Perth, Western 
Australia, and of H. australis (Klug), occurring only in the 
eastern States. Riek? considers, on morphological grounds, 
that these two taxa may be only sub-specifically distinct. 
In view of the probability that the western shield has been 
isolated from the eastern part of this continent since the 
Middle Cretaceous’, it was of interest to determine whether 
the two populations had become reproductively isolated 
also. The investigation was broadened by the inclusion 
in the tests of a coastal species from New South Wales, 
H. tillyardi E.-P. | 

Two types of laboratory experiments were conducted: 
(a) For each sex of each species, small numbers were 
housed in rectangular gauze cages. Pairs of such cages 
were arranged so that the airflow from an electric fan 
passed first through one containing males, and then 
through one containing females; the reaction of the latter 
to the male pheromone was recorded. (6) Different sex 
pair combinations of the three species were placed in 
transparent cylindrical containers closed with nylon 
mesh, and their behaviour noted. 

In all cases, caged females responded to the pheromone 
emanating only from the males of the same species by 
congregating on the side of the cage nearest to 
them. 

Caged pairs of the same species mated normally, but 
when pairs consisting of different species were confined 
attempts at mating rarely occurred, Mating attempts 
(which never resulted in impregnation of the female) 
occurred only when the female present was H. australis, 
and then only in one of fifteen replicates of male H. similis 
and in one of ten replicates of male H. tillyardz. 

In the field, free-flying H. australis females responded to 
caged males of the same species | 0 metres distant, but 
ignored cages containing H. tillyardi. 

These results indicate a high order of specificity of 
the sex pheromones (although to the human sense all 
three have a uniform butyric-musty odour), and suggest 
that H. australis and H. similis are valid species, exhibiting 
both geographical and reproductive isolation. 

Despite the lack of overt reaction by unmated females 
to the pheromones of other species, the males appear 
to be highly sensitive to them. When caged pairs were 
exposed to the pheromone of a second species, production 
of pheromone and even mating by the former ceased 
abruptly. Due to the allopatry of Harpobittacus 
spp., interference under field conditions could not 
arise. 

The males of Bittacus, according to illustrations by 
Setty? and Tjeder*, have apparently similar intertergal 
vesicles. It is reasonable to assume that these vesicles 
produce sex pheromones similar to those of Harpobittacus. 
It would therefore be of considerable interest to investigate 
the phenomena of sex attraction and mating in dense 
sympatric populations of Bittacus spp., such as occur in 
North America (Setty*). 
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- Temperature Optima for Algal Development 
-in Yellowstone and Iceland Hot Springs 
IN analysing the influence of specifie environmental 
_ factors on growth, it is desirable to study habitats where 
only a single factor varies. Hot springs provide suitable 
_ habitats where temperature is the only variable, so that 
relation of temperature to biological development 
can be measured directly. 
‘ellowstone National Park has probably the largest 
ber of thermal features for a comparable area of any 
nin the world. The numerous springs and hot pools 
been well characterized in the classic monograph of 
nd Day). In general, the hot springs are con- 
ted in basins, each often containing numerous 
l features differing in size, temperature, chemical 
cteristics and water flow. Although some springs 
ighly variable, others are remarkably constant in 
mal, chemical and hydrological properties. Indeed, 
ve found the thermal characteristics of some springs 
y Allen and Day in the ’twenties to be unchanged 
-and there is good reason to believe that they have 
tally remained constant for many centuries. Thermal 
ty at Yellowstone is thought to pre-date the last 
ial age. 
The Yellowstone springs vary in chemical composition, 
and three types have been recognized: alkaline springs, 
id springs, and travertine-depositing springs which are 
high in calcium carbonate. These three types of springs 
also differ considerably in biological characteristics. We 
have concentrated our work primarily on the alkaline 
-springs because these are the most numerous, exhibit 
the greatest biological development, and because they 
yield the largest amounts of water. Most alkaline springs 
“of any antiquity have built up large cones composed 
primarily of siliceous sinter: these deposits are laterally 
flat and have a remarkably gentle and uniform longitudinal 
physical descent from the source. Source water overflows 
and descends across the sinter cone in one or a few narrow 
channels or in broad sheets of water, cooling as it flows, 
and in a favourable situation one can find a constant and 
“uniform thermal gradient from a temperature in the high 
‘80’s or low 90’s down to 25°-30° C. Along this thermal 
‘gradient, blue-green algae proliferate, and much of the 
attractive colour of Yellowstone springs is due to these 
organisms (bacteria are also present, but, by microscopic 
observation, it is estimated that they comprise less than 
-5 per cent of the total biomass). Thermal activity usually 
“prevents terrestrial vegetation near the springs so that 
there is no shading, and organisms along the thermal 
yradient are equally exposed to light. It is not difficult 
find pools where the water of the overflow is derived 
single source, so that the initial chemical composi- 
the water flowing over all the organisms along the 
gradient is identical. 
gh we have made casual observations in many 
the Park, the quantitative investigations 
ere were performed on Firehole Pool and two 
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unnamed springs locatec slong the Firehole Lake Loop 
Road in the Lower Geyser Basin. The extent of algal 
development in any spring is strongly influenced by the. 
amount and rate of water flow, and since the springs 
differed in this factor, they also differed in algal content, 
but all exhibited similar thermal gradients. To eliminate 
flow rate as a variable all samples from a single outflow 
were taken as nearly as possible from areas which had the 
same amount and rate cf water flow. Temperature was 
measured either with a conventional mercury thermo- —— 
meter or with a Yellow Springs Instrument Co. model 42 _ 
thermistor. Duplicate samples of the algal mat and 
underlying siliceous sinter were taken with a brass coring 
device 2-27 cm? in area. Preliminary experiments showed 
that essentially all the chlorophyll-containing material 
was above the sinter, even where very loose sinter was 
encountered; therefore a core depth of 1-2 em, which 
included 0-5 em or more of underlying sinter, was routinely 
used. One sample at each temperature was placed in a 
15 ml. polypropylene tube and within an hour was 
covered with 3 ml. of asetone. Within 12 h these cores: 
were homogenized in the tubes with a ‘Teflon’ homogen- 
izer. The tubes were centrifuged at 5,000 r.p.m. for 5 = 
min and the pellets treated once or twice more with ~~ 
acetone until all the chlorophyll was extracted and the 
siliceous sinter (which was an excellent abrasive) had beet 
converted to a fine powder. All the extracts from a cor 
were combined, the vokime determined, and the chloro 
phyll content estimated by reading the optical dens 
at 665 mp with a Basch and Lomb ‘Spectronic 20 
colorimeter. (In all cases, it was ascertained by reading at 
other wave-lengths that the peak absorption was at 665 
my.) Chlorophyll A was estimated from the optica 
density readings with the relationships given by Odum - 
et al.?, Se 

The pellet from the acetone extraction was then treated . 
with 5 ml. of 0-5 N perchloric acid at 90° C for 20 min; 
centrifuged, and the supernatant retained for RNA assay 
using the orcinol* metkod. DNA could not be assayed: 
because of some material interfering with the diphenyl- 
amine colour reaction. The pellet was suspendec 
5 ml. of 1 N sodium hydroxide and heated at 90° © 
20 min. After centrifugation, this supernatant °w 
assayed for protein by the method of Lowry et al.“ using: 
crystalline lysozyme as a standard. Control samples of- 
sinter, taken from water at 93° C and free of living organ-. 
isms (by microscopic ebservation), were treated in the 
foregoing manner and these gave essentially no colori- 
metric readings, showing that the assays of experimental 
samples had biological meaning. The other sample at 
each temperature was preserved in 4 per cent formalin — 
and assayed several weeks later in the laboratory, using 
the procedures already outlined. In general, there was 
good agreement between the values for the duplicate 
samples, and only the data for the samples extracted 
directly into acetone are given. 

Fig. 1 shows the relationship between temperature of 
sample and biochemical content per unit area for one of 
the springs. In general, there was a good correlation —. 
among the contents əf chlorophyll, nucleic acid and — 
protein for each sample. Each curve exhibits a character- 
istic sharp optimum at a temperature of 54° C. A sharp 
temperature optimum in another spring (Firehole Pool) 
was found at 51° C, whereas in the small unnamed spring 
just east of Pink Cone Geyser, the optimum was 56° C. 
The three springs differed considerably in the maximum 
amount of algal development, probably due to differences. 
in flow rate, but in each ease the temperature optimum - 
was quite similar. Microscopic investigations showed 
that the number and composition of species changed as 
one moved down the gradient, as has also been observed 
by others5, but these changes are of no consequence in 
our investigations, since we assume that the organisms 
found at a given temperature are those best adapted to 
that temperature. . p E a . 
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The fact that the optimum temperature for algal 
development in these alkaline springs is 51°-56° C can be 
readily verified by mere visual inspection in a variety of 
springs where quantitative sampling is not feasible, since 
the marked algal growth in this temperature range leads 
to the appearance of the brilliant colours so characteristic 
of these alkaline springs. (The bulk of the colour seen is 
not chlorophyll, however, but an orange pigment which 
has an absorption peak about 450 mu.) Indeed, even 
the casual tourist, armed with a thermometer, can verify 
the optimum shown by our quantitative data. 

Hot springs are found in large numbers in only two other 
areas, Iceland and New Zealand. We have made prelimin- 
ary investigations in Iceland which essentially confirm the 
Yellowstone results. The geology of hot springs in Iceland 
has been described in detail by Barth". Hot springs are 
much more scattered in Iceland than in Yellowstone and 
are in general less accessible, so that it has not been 
possible to find many springs which provide complete 
thermal gradients. We have performed quantitative 
studies on only one spring in the Geyser group, and the 
results are shown in Fig. 2. In this spring sharp optimal 
temperatures for chlorophyll, protein and RNA were 
found at 48° C. These optima are slightly lower than those 
found in Yellowstone, but the maximum temperature for 
wth is also lower, about 60° C. The pH of this spring, 
9-1, is higher than those of the Yellowstone springs, and 
this may account for the lower maximum and optimum 
temperatures. We have also investigated an acid spring 
at Yellowstone (Roaring Mountain, pH 2-2) which visually 
shows an optimum temperature of about 45° C; however, 

the algal development in this spring is so sparse that we 
were not able to perform quantitative assays. Clearly, 
the temperature optimum will differ in various environ- 
ments and may be influenced by such other factors as 
light, nutrient supply, hydrostatic pressure or pH. 
Probably the most noteworthy aspect of these results 
is the fact that in all cases the optimum temperature is so 
high. The factors limiting photosynthetic efficiency have 
_ been discussed by Daniels’, and he points out that in 
terrestrial environment the concentration of carbon 
dioxide is usually the limiting factor, rather than light. 
tn If the concentration of carbon dioxide is raised so that it 
- is not limiting, then “the bottleneck in increased photo- 
3 synthesis i is the rate of using the photochemical products 







in the later thermal reactions’. In the alkaline hot 
springs, where neither light nor carbon dioxide would be 
expected to be limiting, it seems likely that temperature 
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is the limiting factor for photosynthetic growth. Only 
when the temperature reaches values so high that it is 
probably affecting protein stability or the stability of 
enzyme-substrate complexes is a further decrease in 
biological development seen. 

The senior author (T. D. B.) is a research career develop- 
ment awardee of the U.S. Public Health Service (grant 
AI-—K3-18, 403). The work on Iceland was supported by 
a grant from the Surtsey-Iceland Research Committee, 
as administered by Duke University. We thank Pat 
Holleman for her assistance in this work and Dr. John 
Wright for providing space in his field laboratory at West 
Yellowstone. We also thank Mr. John Good, chief 
naturalist, and the U.S. National Park Service for granting 
permission to sample in Yellowstone hot springs. 
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Autoradiography as a Tool in Microbial 
Ecology 


THE importance of micro-organisms as agents of bio- 
chemical transformations in natural environments is well 
established. But micro-organisms are small and thus 
their environments are also small, so that micro-organisms 
can be investigated directly in Nature only by the use of 
the microscope. Although the microscope can be used to 
see where various organisms are situated in a micro- 
environment and how organisms are disposed with relation 
to one another, one cannot, however, study microscopically 
many of the characteristics of an organism which are of 
greatest ecological interest: that is to say, nutritional 
requirements, responses to envirommental changes, pro- 
duction of metabolites and growth rate. The usual approach 
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for the study of these latter phenomena has been to 
isolate micro-organisms in pure culture and attempt to 
infer from the behaviour of the pure culture the behaviour 
of the parent organism in Nature. However, it is 
clear that the behaviour of the pure culture reveals the 
potentiality of the organism in Nature, but does not 
show what the organism was actually doing, since the 
organism has undoubtedly adapted to the cultural con- 
ditions used. Further, even if the laboratory conditions 
precisely mimic the natural conditions, the laboratory 
environment cannot reproduce the natural environment, 
since the natural environment contains the additional 
elements of competition and co-operation with other 
o i 
The technique of microscopic autoradiography pre- 
sented here rectifies in part some of these difficulties, and 
enables the investigator to obtain some idea directly in 
Nature of the growth and function of micro-organisms. 
The technique makes use of the fact that if a micro- 
organism has assimilated into its protoplasm a radioactive 
substance with which it is supplied, the presence of this 
radioactive substance within the microbial cell can be 
ascertained. The main limitation of this technique is 
that it must be possible to recognize microscopically in 
some ecologically relevant way the organisms of interest. 
After the organisms have assimilated the radioactive 
material, they are fixed in some way which does not 
make them morphologically unrecognizable, and they are 
then affixed to microscope slides. In certain cases, histo- 
logical procedures may first be needed to make the 
preparation suitable for microscopy. For example, a 
plant part or soil sample might be embedded and sec- 
tioned. The prepared slides are thon dipped in liquid 
photographic emulsion, (We have used Eastman Kodak 
‘NTB-2’ nuclear track emulsion, but others may be more 
desirable for certain purposes, and Prescott? should be 
consulted for details.) After a suitable exposure, which 
depends on the amount and specific radioactivity of the 
substance supplied, the extent of radioactivity of the 
organisms, the nature of the isotope, the thickness of the 
specimen, ete., the slides are developed and examined 
phase microscopically. (We have found that a very con- 
venient lens for this examination is the Carl Zeiss Water- 
Immersion lens, normal aperture 0-75, which can be used 
directly in a drop of water without a cover slip.) Both 
radioactive and non-radioactive micro-organisms can be 
identified, the former being distinguished by the silver 
grains which appear adjacent to or on top of them. To 
obtain the best morphological definition, it is essential 
that the number of silver grains per unit area of organism 
is not so great as to obscure completely the cell. With a 
micro-organism of sufficient size, it is often possible to 
see that one portion of the organism is radioactive, whereas 
an adjacent portion is not, indicating a functional differ- 
entiation within a cell or filament. If fixatives are used, 
it is probable that radioactivity not present in macro- 
molecules is lost, but in the usual situation the material 
lost is probably a minor proportion of the total, and can 
be ignored. Techniques are available for visualizing the 
radioactivity which is present in a cell in soluble form? 
if required. 

This technique can be used in a wide variety of ways 
to answer a wide variety of questions, and this com- 
munication briefly mentions several of them. 

For example, in the usual oceanographic or limnological 
investigation of primary productivity, the photosynthetic 
fixation of carbon dioxide by aquatic algae is studied by 
supplying “CO, to the mixed natural population, and 
after a given time period the whole population is removed 
from the water and its radioactivity determined. In this 
way it is not possible to determine which organisms in 
the mixed population were actively photosynthesizing at 
the time of examination. But this question could be 
answered if a sample of this incubation mixture were 
examined autoradiographically. 
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The assimilation by micro-organisms of any other com- 
pound available in radioactive form, such as a nutrient 
or a pesticide, could also be investigated. It should be 
emphasized that the radioactive compound will be diluted 
with non-radioactive molecules of the same substance 
which might. be present in the environment, so that it is 
essential to know the actual specific radioactivity of the 
compound in the envronment before any quantitative 
significance can be attached to the result. The rate of 
incorporation of the radioactive material can be estimated 
by preparing a series of parallel samples incubated for 
various times. We have used this technique to measure 
the assimilation of “C-glutamate by bacteria epiphytic 
on marine algae, and a representative photograph is 5 
shown in Fig. 1. Carben-14 $-rays have too much energy 
for high-resolution work, and consequently the morpho- 
logy of an organism is masked, but the localization of 
regions of microbial colonization is made easier. For 
example, the dark area at the axillary region represents & 
micro-colony of bactera, while the linear band of silver 
grains seen in the adjacent area derives from a filament a 
of Leucothrix mucor. This picture illustrates another ; 
feature frequently observed: the heaviest colonization of -~ 
marine algae is frequently in axillary regions, presumably 
where diffusion is restricted and organic matter can 
accumulate. 

It is frequently of interest to know whether a miero- 
organism is actively multiplying (as opposed to merely 
assimilating substrate) in a particular environment at & 
given time. Indeed, it can be argued that it is those 
environments where an organism can multiply which are 
of most interest, sirce in many other environments the 
organism may be found in viable form, but may not be 
able to reproduce. We have approached this question 
with the use of tritiated thymidine. It is well known that 
cells undergoing divisien duplicate their DNA, whereas 
non-growing cells do not. Therefore, cells which are 
multiplying will incorperate the DNA precursor tritiated 
thymidine, and will become radioactive, whereas non- 
dividing cells will not become radioactive. We have used =~ 
this technique to study the growth of filamentous bacteria 
of the species Leucothrix mucor growing epiphytically 
under natural conditions on marine scawoeds. We find a 
that in a given area of an algal frond, certain L. mucor 
filaments incorporate tritiated thymidine very rapidly, 
but other filaments in the same region are completely 
non-radoactive, even though both radioactive and non- 
radioactive filaments appear morphologically similar. In 
many cases, we find that even within a single L. mucor 








Fig. 1. 


Autoradiograph of red alga incubated with “C-glutamate. 
Incubation, May 1, 1965, 6.00-7.00 p.m., Long Island Sound, Woodmont, 


Connecticut, Red alga fronds taken directly from Nature, placed in a 
vial with 1 ml. sea water coataining 1 ye./ml.'*C-glutamate (27 me./ 
mmole), incubated in situ (temperature 9° C). Sample fixed overnight 
in 4 per cent formaldehyde, then washed in water, and affixed to slides 
with Ulrich’s adhesive. Kodak *N7'B-2" liquid emulsion. 


Exposure 
time, 7 days 
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Fig. 2. Autoradi h of Leucothrizx mucor filament epiphytic on red 
alga incubated with °H-thymidine. Incubation, ay, 2, 1965, 3.00—4.00 
.m. , Polysiphonia lanosa, 


ei tt Bay, Quahaug Rock. Red al 
taken directly from Nature, placed in a vial with 1 ml, sea water con- 


taining 1 xc./ml. *H-thymidine (6-7 c./mmole), incubated in situ, tem- 
C. Sample fixed 3 days in 4 per cent formaldehyde, then 
treated as in Fig. 1 


ament, growth is localized, and Fig. 2 shows an example 
of a filament where growth is occurring in four or five 
localized bands. Thus we can determine by this technique 
the proportion of filaments, or of cells within filaments, 
which are growing. This same technique could be used 
with any other organism which is able te incorporate 
exogenous thymidine into its DNA. 

We believe that the present technique has extremely 
wide application in microbial ecology, and can be adapted 
to a variety of problems where it is required to know 


- something about the physiological or biochemical aspects 


at 


of the organism—environment relationship. Although we 
have used it in the aquatic habitat, there is no reason 
why it could not also be applied to soil, the animal body, 
or the plant root. The effect of environmental changes, 
seasonal cycles, alterations of temperature, pH, and other 
factors on the biochemical functions of micro-organisms 
can now be studied for the first time directly in the 
natural situations which are the primary interest of the 
investigator. No longer need the microbial ecologist be 
sati with merely looking and covnting. This tech- 
nique provides a means for directly studying in Nature 
the behaviour of micro-organisms with only minimal dis- 
turbance to the system by the investigator. 
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Effect of Growth Rate on the Lipase 
Activity of a Rumen Bacterium 


In 1961 Hobson and Mann! reported the isolation of 
lipolytic bacteria from the sheep ramen. The predominant 
lipolytic bacteria were anaerobic, Gram-negative, vibrio- 
shaped organisms which were not named. Since this time 
other strains of these bacteria have been isolated and one 
(strain 5S) is being used in a detailed investigation of the 
lipolytic enzymes. Lipase activity was found to be 
associated with growing cells in batch culture and so the 
enzyme activity of the cells grown in continuous culture 
was tested so that the optimum activity might be obtained 


NATURE 


anaerobically in a medium as previously described* 
in a chemostat essentially similar to that described by 
Hobson’, but of larger vessel volume and fitted with a 
pH control system. In the results described here fructose 
(concentration 29 ymol/ml.) was the limiting nutrient, and 
the culture pH was controlled at 6-1-6-2, but similar results 
were found when glycerol was the limiting nutrient. The 
organism had previously been shown to hydrolyse glycerol 
esters of short-chain and long-chain fatty acids (tributyrin, 
triolein and linseed oil) but a more rapid enzyme assay 
was obtained using the method of Nachlas and Seligman‘ 
in which hydrolysis of the naphthyl esters of acetic, 
lauric and stearic acids is followed. The results are taken 
from a continuous culture run of 1,100 h, and when the 
culture had stabilized at each growth rate a sample (10 ml.) 
was taken from the culture vessel and centrifuged to 
compact the cells. The supernatant was pipetted off 
and the cells resuspended in 1-0 ml. of Veronal buffer, 
pH 6-8, containing 0-02 per cent (w/v) sodium sulphide. 

A suitable volume, 0-2 ml., of the cell suspension or 
0-5 ml. of the culture supernatant was then added to a 
test-tube containing the substrate and buffer in the 
proportions specified by Nachlas and Seligman* and the 
tube incubated at 38° under a stream of nitrogen which 
served both to keep the cells suspended and to keep the 
system anaerobic. The naphthol released was determined 
by a colorimetric method after incubation for 45 min or 
30 min for the laurate and acetate and 90 min for the 
stearate. The percentage hydrolysis of the substrate was 
then corrected in each case to that which would be 
produced by a culture of standard turbidity. 

The results for stearate and acetate substrates are shown 
in Fig. 1. The dilution rates shown were not taken in 
ascending order but were taken at random to obviate 
any continuous change in constitution of the cells caused 
by growing them at a steadily increasing growth rate. 
The results for laurate were essentially the same as those 
for stearate, and a determination at a growth rate of 0-03 
h-? showed practically no enzyme activity. From the 
relative hydrolysis produced by cells and supernatant 
the organism would seem to produce two enzymes, an 
esterase associated mainly with the cells and a lipase 
which is mainly secreted into the culture medium. 

The activities in the supernatants relative to the cells 
are higher than shown on the graph, as the cells equivalent 
to 2 ml. of culture were used in the activity digests, 
whereas only 0-5 ml. of culture supernatant was used. 
What is unusual about these results is the pronounced 
dependence of enzyme activity on growth rate. Super- 
imposed on the graphs of enzyme activity is a graph of 
culture turbidity at the dilution rates corresponding to 
various steady states, from which the maximum growth 
rate of the bacteria in this medium can be seen. The 
culture turbidity has been shown to be proportional to 
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for further investigations. The bacterium was grown 
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céntration of foal as med d ri y wt (ref, 2). There 
ik of enzyme ac optimum growth 
when. energ } of the substrate is 
< beng. used ‘optimally. for cell fi mation and not for 
= maintenance requirements, and this might be expected, 
~ but there seems to be no explanation of the second peak of 
enzyme activity, unless two separate enzyme systems are 
_ being formed. This will be further investigated. 

The optimum growth rates for lipase and esterase 
activities correspond, although that the lipase and esterase 
activities are due to two different enzymes is suggested 

by the different distribution of activities shown here: 

< the apparently different pH optima for activity, and the 
-fact that when the cells are grown at a constant dilution 
=- rate of 0-1 h-! the specific activity of the lipase seems to 
< be much more dependent on the pH at which the culture 
as growing than does the esterase activity. 


P. N. Hopson 
R. SUMMERS 
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VIROLOGY 


arly Diffuse Chromosome. Alterations in 
onkey Kidney Cells infected in vitro with 
: Herpes Simplex Virus. 


-RPES simplex virus induces chromosomal alterations 
ltures of Chinese hamster cells'* and human cells‘. 
have observed numerous mitoses, with chromatid 
hromosome gaps as well as breaks, in primary cultures 
ikey cells inoculated with herpes simplex virus; 
irus-cell ratio of about 1: 8, 25 per cent of mitoses 
such lesions 19 h after the viral inoculation; this 
tage rose to 60 per cent at 27 h. Besides mitoses 
me or few gaps and breaks, diffuse metaphase 
mosomal alterations were observed, but only after 
and then in only a very small number of cells’. 
order to investigate more. accurately the time of 
arance of the chromosomal lesions, cells were infected 
a high multiplicity of virus. Primary cell cultures of 
jo papio kidney cells were made on 6 x 32 mm cover- 
in Leighton tubes in a medium consisting of 47-5 
‘Hanks’s solution, 47:85 5 parts. Parkers medium, and 
_. 5 parts heat inactivated calf serum. After 5 days, the 
oS average number of cells was 2:5 x 10° per tube. 
- Herpes simplex virus (H FY Sor strain, American Type 
Culture Collection) propagated in our laboratory in KB 
- cells was then added; each tube received 0-3 ml. of virus 
He ‘suspension containing 10%% 7.C.0.D. 50, giving a virus- 
a cell ratio of about 10: 1. 
- = Control tubes received the same dose of virus previously 
- inactivated with ultra-violet irradiation. Other controls 
received 0-3 ml. of supernatant from uninfected KB cell 
cultures. 
Microscopic observations were made at hourly intervals 
to estimate the gross cytopathic effect. Two replicate 
tubes from each of the three groups were sampled at 
_ Intervals from 30 min to 4 h after inoculation, i in order to 
examine the mitoses. 
‘Colchicine was added to most tubes (see Tables 1 and 2), 
1 the cultures were incubated for an additional period 
h. The coverslips were then removed, immersed in a 
tonie solution, fixed in Carnoy’s solution, air dried, 
ained with Unna-blue. Mitoses were observed using 
ersion and photographed. ‘In order to detect early 
‘ions and. to recognize any artefact due to colchicine 
tubes were incubated with colchicine for 30 
: ry hor received no: > colchicine at all. 
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The aeua tubes showed no eytopathie effect until 
the tenth hour. At that time, the cytopathic effect appeared 
and inereased rapidly, and the whole cell layer was des- 
troyed by the twenty-fourth hour. In contrast, controls 
appeared intact at 24 h. 

Tables 1 and 2 show the number ana percentage of 
abnormal mitoses observed at early times of inoculation. 
In the infected tubes, the lesions were of two types: (a) 
distinct gaps and breaks, usually in one chromatid more - 
often than in both; (6: diffuse lesions of many or most 
chromosomes. These ciffuse lesions are similar to. those 
reported by several authors‘ ®?, some of which appeared 
to be due to a partial despiralization of the chromosome. 

The distribution of the cells in cultures was not-uniform | 
along the length of the coverslips, as the Leighton tubes 
were incubated in a tilted position, and it was observed 
that the percentage of camaged. metaphases of both types 
was much higher where the cells were more sparse. The 
results given in Tables I and 2 are those relating to regions 
with a low density of cels. Gaps and breaks slowly became 
more numerous in the infected tubes whereas the number 
of diffuse lesions appeared to be very high as early as the 
second hour, since only one such figure was seen in the = 
controls. Comparison of the results with those from cover- ` 
slips not treated with eolchicine showed that. no. artefact 
is due to the alkaloid. | 

In tubes not exposed to colchicine, a possible colċhic ne 
like action of the infect: ous virus was noted. The. chrome 







aad condensed, whereas the. figure: for cells oer | o 
virus a. EAE nage ultra-violet. PAT ms 38 i 





The chromosomal lesions: ‘described here are | ae 
ig eee virus infection: ett were not observed 










fon KB ceils was added alone ote had a alrondy te ben | 
that few or no lesions are seen if the virus is in: 
by heat or neutralized by a specific antiserum. d 
results are Aeee with, ae Soe cea A repo 
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‘Table 1. ABNORMAL MITOSES AFTER IN OCULATION WITH INFECTION 


Time of incubation with ne 
oe mitoses 7 








Fe eo ea virus {h} No. of oo - 
Before After mitoses Few. . 
Total addition addition examined gaps % Diffuse a. 
time of of andjor alterations: 
colchicine colchicine breaks 
t 0-5 05 186 R 4-3 | a: : 
15 5 I 112 3 2:7 a 
2 0-5 15 147 8 P5 28 RB 
2 1 1 164 12 73 34 B08 
3 1 2 140 8 4:3 E S BOR 
3 2 1 183 20 10:9. -48 B43 
4 3 2 112 9 8 BB: be? 
4 $ 1 147 25 16-9 45 B4-H 
OS 0-5 100 1 1 Q i 
1 1 No 109 4 3-6 ü a) 
15 15 colchicine 194 3 29 ü ü 
2 2 added 160 16 10 31 13-1 
3 3 132 i9 i44 26 TET 
4 4 147 9 TT 41 28:3 
Table 2. ABNORMAL MITOSES IN CONTROL TUBES 
Time of incubation (h) Abnormal mitosis 
Control Before After No.of Few | | ; 
series Total addition oi al mitoses gape = % .° 
time of a ‘examined and/or. 
colchicine colchicine - breaks 0 > 
Ultra-violet- 1 t5 OD 2z 5 a4 
inactivated 2 1 1 -90 i se 
virus 3 a 126 7 Bed 
4 2 2 166 3 18 
Ultra-violet- j} le No Pray; ed 4 p4. 
inactivated 3 3 <olchicine 110 - 2 t8. 
virus 4 4 added 128 =~ G +t. 
Uninfected i 05 OB 444 7 OL 
KB culture 2 I 1 108 3 29. 
4 2 2 48S 4 39. 


supernatant - 
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The early appearance of such gross lesions is noteworthy : 
they were obvious at 2 h, that is, when.about 80 per cent 


of the virus had been absorbed to the cells''. According 


to Roizman, these first 2 h correspond to the stage at 
which herpes simplex virus induces the preliminary syn- 


. thesis necessary for the initiation of viral DNA duplica- 
tion’, 


These diffuse chromosomal lesions could be noted 1-5 h 


: before formation of the earliest type-A intra-nuclear 


inclusion bodies in interphase cells’, 2 h before the onset 
of virus DNA synthesis’, and 4 h before new particles 
could be detected inside the nucleus by electron miero- 
scopy". 

The occurrence of early diffuse chromosome fragmenta- 


ne tion may help to explain the apparent inhibitory effect. of 







herpes simplex virus on mitoses". Experiments are now in 
progress to determine whether other strains of herpes 
simplex virus induce the same chromosomal lesions. 
This work was supported in part by a U.S. Public 
Health Service research grant (RF 21) from the National 
Institutes of Health. 
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Inhibition of Adenovirus 12 Oncogenicity in 
Hamsters by Simultaneous Inoculation with 
Adenovirus 5 


TRENTIN ef al.) demonstrated that hamsters inoculated 
at birth with adenovirus 12 develop a high incidence of 
malignant tumours, and that viral multiplication does not 
seem to occur under these conditions. On the other hand, 
adenovirus 5 is apparently not oncogenic for hamsters’, 
but it has been reported to induce a lethal infection in 
new-born animals including lesions of liver cells similar 
to those observed in cultured human epithelial cells in 
which the virus is multiplying’. Further investigations‘ 
have recently shown that the pathogenicity of adenovirus 
5 for new-born hamsters depends on the virus doses inocu- 
lated, no pathological symptoms being observed below 
10% T.O.I.D. 50. 

This communication presents results indicating that the 
oncogenicity of adenovirus 12 for hamsters can be reduced 
by simultaneous administration to new-born animals of 
both adenovirus 5 and 12. 

Adenovirus 12 (strain Huie) and adenovirus 5 (strain 
Adenoid 75), supplied by the American Type Culture 
Collection, were inoculated on KB cells grown as mono- 
layers in Roux bottles in a casein hydrolysate medium 
supplemented with 5 per cent calf serum and antibiotics 
(penicillin, streptomycin, kanamycin). 

When all the cells exhibited typical cytopathic effects, 
they were freeze-thawed three times in dry ice~aleohol, 
and the cell-supernatant mixtures were centrifuged at 
2,000 r.p.m. for 5 min to remove cellular debris. Super- 
natants, considered as virus stocks, were placed in 2-ml. 
vials stored at — 20° C, and used for all the experiments 
described here. 
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Virus assays were carried out in KB-cell tul ee 
final reading was made on the tenth day following viri 






inoculation, and T.C.I.D. 50 was calculated by the method 
of Kiarber. | a 

The titres of the virus stocks were, respectively, 10% ` 
T.C.I.D. 50 per 0-1 ml. for adenovirus 12 and 10%5 T.C.1.D. 
50 per 0-1 ml. for adenovirus 5. | 

Litters of 1-3-day-old, male and female, non-inbred 
golden hamsters (Cricetus auratus) from a closed colony 
established in our Institute were randomly distributed 
prior to inoculation. 

All animals were inoculated by the subcutaneous route 
in the dorsal region with an unvarying volume of 0-3 ml. 
The following series were established: (a) animals mocu- 
lated with adenovirus 12 (0-2 ml.) adjusted to a volume of 
0-3 ml. with Hanks’ solution; (b) animals inoculated with 
adenovirus 12 (0-2 ml.) mixed immediately before inocula- 
tion with adenovirus 5 (0-1 ml.), mixing of both viruses 
being carried out at room temperature in a vial by means 
of pipetting; (c) animals inoculated with adenovirus 12 
(0-2 ml.) mixed under the same conditions as above, with 
0-1 ml. of uninoculated KB cell extract. 

The effects of diluting or inactivating adenovirus 5 
prior to mixing with adenovirus 12 were investigated in a 
complementary experiment. Adenovirus 5 was diluted 
10- and 10~* in Hanks’ solution, or inactivated by heating 
to 100° C for 15 min. Ae 


The hamsters were examined twice a week. Tumours ~ 


were detected through palpation and confirmed at autopsy 
and by histological investigations. A preliminary experi- 
ment was undertaken with the view of detecting an even- 
tual pathogenicity for new-born hamsters of adenovirus 5 
T.CI.D. 50 used in our experiments. No clinical mani- 
festations of disease were found in fifteen hamsters observed 
for over 1 year. 

Table 1 shows a summary of the results of three inde- 
pendent experiments which were performed under identical 
conditions, in which adenovirus 5 was mixed undiluted 
with adenovirus 12. These results indicate that significant 
decrease of the percentage of adenovirus-12 induced 
tumours in hamsters can be achieved by simultaneous 
injection of adenovirus 5 into new-born animals. a 

Table 2 shows the results of experiments in which - 
adenovirus 5 was diluted or inactivated prior to mixing .— 
with adenovirus 12. | E 
Table 1. INHIBITION OF ADENOVIRUS 12 ONCOGENICITY IN HAMSTERS BY 

SIMULTANEOUS INOCULATION WITH ADENOVIRUS 5 


No. of 


viral Observa- Lumorous 


tion hamsters Tywmorous Statistical 





Composition of infective AA tie 
Experi- inocuhnn doses period Injected hamsters evalta«. 
ment inoculated (days) hamsters (3%) tion + 
(T.CLD. * 
50) 
1 Adeno12(0-2 ml) 632 19/23 82-6 
-4 
Hanks’ (0-1 ml) 
Adeno 12 (0-2 ml.) 632 380 4/12 33:3 P= OL 
+ 
Adeno 5(0-1 ml.) 3-16 x 10° 
2 Adeno 12(0-2 ml.) 632 7/8 BTS 
-+ 
Hanks’ (0-1 ml.) 
Adeno 12 (02 mi.) 632 240 1/8 16-6 P = O43 
fe 
Adeno 5(0-1 ml.) 3-16 x 10° 
3 Adeno 12(0-2 ml.) 632 9/16 56-2 
4- 
Hanks’ (0-1mi.) | 
Adeno 12 (0-2 ml.) 632 210 0/13 i) P = (005. 
+ oe 
Adeno 51i mi) 3:16 x 10° 
4 Adenol2(O-2mi.) 632 7/8 87-5 
(controls) + 
Hanks’ (0-1 ml.) 
Adeno i2 (0-2 mł.) 632 240 7/8 87-5 
+ 
Uninoculated KB 
cellextract (0-1 ml.) 


* Numerator indicates No. of hamsters which developed tumours and 


denominator No. of hamsters surviving at weaning (3 weeks). 
+ Corrected y” tests. 





FECT OF INACTIVATING OR DUTTING ADENOVIRUS 5 ON THE 
INHIBITION OF ADENOVIRUS 12 -ONCOGENICITY 






No. of viral 
infective Tumorous 
Co doses  Obgerva- hamsters Tumorous Statistical 
gee en on of. inoculated tion fnjected hamsters evaluation 
tnoeulum (T.C.i.D. period hamsters (%) t 
50) (days) 
Adeno 12 (0-2 ml.) 
832 210 Ti8 87-5 =~ 
Hanks’ (œi mi.) 
Adeno 12{02 mi) 632 M 
+ 210 78 87-5 P > 005 
Adeno 5(0-ITml.) 0 (virus 
l inactivated) 
Agano 42 (0-2 ml.) 632 . . 
2 210 8/11 72-7 P > 0-05 
“Adeno 5{0-1 ml.) 3-1 
Adeno 42(0-2 mi.) G32 i 
210 4/10 40 P > 005 
Adeno 501ml.) 3,160 
Adeno 12 (0-2 ml. 632 
f ) 210 1/6 166 P = 0-08 


Adeno 5{(01 mi.) 3,160,000 


Cioe Numerator indicates No. of hamsters which developed tumours and de 
nominator No. of hamsters surviving at weaning (3. weeks). 

A Each series of animals inoculated with adenovirus 12 and various adeno- 
virus 5 doses was compared with the series: of animals inoculated with 
A adenovirus 12 and Hanks’ fluid by means of corrected y" tests. 







* Itc can be seen that: (a) High doses of adenovirus 5 
(3x 10° T.C.1.D. 50) are apparently required to afford 
protection from tumour development. (b) Lower doses of 
adenovirus 5 are not effective in preventing the induction 
-of tumours. (c) Protection from tumour growth cannot 
be: btained by inoculation of heat-inactivated adenovirus 
















čxperiments are now being ca vried out in our labora- 
to determine whether the protection afforded to 
sters is linked with adenovirus 5 virions or with a 
ble factor present in adenovirus 5 cultures. If the 
ormer hypothesis is correct, several explanations can be 
ked, such as a direct interference phenomenon or an 
nological mechanism. 
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VETERINARY SCIENCE 


A New Sterilizing and Hereditary Defect 
(the ‘Dag Defect’) located in the Bull 
Sperm Tail 


HITHERTO, cases of sterility in the bull, where the 
abnormal sperm population shows a dominant sperm 
defect mainly or exclusively located in the spermatozoan 
tail, have only rarely been reported. 

Hancock and Rollinson! found in the Guernsey breed the 
so-called ‘decapitated sperm defect’, a congenital defect 
showing 95-100 per cent of the spermatozoan heads 

. detached from the still motile spermatozoan tails. Accord- 
ing to Jones’, this defect is hereditary within the Guernsey 
~ breed. 

co Wiliams? found in man what he called a ‘centriolar- 
mitochondrial defect’ in less than 0-5 per cent of his cases of 
sterility, often involving the entire sperm population. 
The defect is characterized by a prolongation or thicken- 
ing of the mitochondrial sheath and is often combined 
with a lack of the main piece of the tail. Savage and Isa‘ 
and Coubrough and Barker? have found similar cases of 
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spermatozoan tail defects in bulls of different breeds, but 
so far there is no‘report of any of these cases being of 
congenital nature. 

A characteristic sterilizing abnormalit ty, the ‘corkscrew 
sperm defect’ located in the middle piece, was demon- 
strated in bulls of the RDM breed®. A more detailed 
investigation of this defect showed an irregular distribu- 
tion of the mitochondrial sheath in smaller or bigger. 
lumps along the middle piece’, This also provides an 
explanation for the high incidence of persistent proximal 
droplets in many of the affected sperms. The defect. has 
since been demonstrated also in the Jersey, Frisian and 
Aberdeen Angus breeds, and usually the bulls in question 
have shown a normal spermiogram and normal fertility 
up to the age of 5-10 years (unpublished observations). 

Swanson and Boyd! have reported in detail their in- 
vestigations of three bulls of the Jersey breed which showed. 
a high percentage (50 per cent or more) of coiled, looped 
or bent spermatozoan tails. Their illustrations, and 
moreover the fact that spermatozoan material taken from 
cauda epididymidis post mortem showed practically normal 
tails, seem to indicate that in these cases the prevailing 
tail defect: was the well-known secondary sperm defect: 
bent tail®. Usually the bent tail defect takes the form of a 
single bending of the tail at the distal end of the middle 
piece, with or without the presence of the distal eyto- 
plasmie droplet within tke loop. 

Also in a recent case of akinesia of bull sperm reported 
by Gustafsson’ the dominating type of sperm abnormality 
seems to have been the simple bent tail, and electron- 
microscopical investigations did not show any patho- 
logical changes in the ultrastructure of the sperm. 

The case histories reported here refer to two ‘full- 
brother’ bulls of the Jersey breed, both sub-fertile and 
both showing the same abnormal spermiogram character- 
ized by a high percentage of defective spermatozoar 
tails. 

A semen sample from ball A (“Dag’, 11 months old) was 
received from an artificiel insemination (A.I) centre for 
routine brucellosis control in October 1963. It was the first 
time that the bull had been used, and the sample (3 ml.) 
was normal in most respects (concentration about 1 million 
spermatozoa/mm*) except that motility was very low and 
the spermiogram showed a very peculiar picture. There 
were very few defects among the spermatozoan heads, but 
about 40 per cent of the spermatozoan tails were strongly 
coiled, folded together or split up into fibres. Such a high 
rate has not been seen before (Fig. 1). After retesting 
several times during the next two months, when similar 
results were obtained, the A.I. centre was informed that 
the bull would probably show a lowered fertility and 
therefore could not be recommended for A.I. Conse- 
quently the bull was sold so a private breeder for natural 
service within his own herd. During the spring of 1964 
it was used for 30 cows and heifers (2-3 matings each) with 
very little success (only one cow conceived). Finally, 
the bull was taken over by the laboratory for final investi- 
gation. 

As members of the Jersey Committee of the A.I. centre 
were still very interested in the sire~-dam combination of the 
bull ‘Dag’, his full-brother {case B), who was born during 
November 1963, was purchased for the centre. When this 
younger brother was about 11 months old, the first semen 
samples were collected and sxamined, with the astonishing 
result that they showed almost the same quality semen as. 
that of bull A: Sperm concentration, about 0-7 million — 
spermatozoa/mm$ or slightiy lower; motility, low (10-15. 
per cent) with weak sperm movements; morphology, 40-50. 
per cent strongly coiled, folded or broken sperm tails — 
(Fig. 3). A total of eight ejaculates (including IT and TII 
ejaculates) from bull B were examined, all with the same 
result. The semen was used for insemination (dilution 
1:10) of sixteen cows anc heifers, with rather limited 
success (only three conceptions were recorded). The 
bull was slaughtered when 13 months old. 
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Bull 4 was kept at the experimental farm of the 
laboratory until it was 2} years old. A total of eleven 
ejaculates were examined from this bull during the 
observation period, and no improvements in the semen 
quality were observed. 

Post-mortem examination of the genital organs of the 
two bulls gave the following results: testis + epididymis 
normal in shape and size; weight: bull A, 370 + 380 g, 
and bull B, 340 + 330 g. Histology of testis was normal ; 
no signs of degeneration or inflammation could be demon- 
strated in the spermiogenic epithelium. 

Sperm concentrates from ampulla ductus deferentis 
and cauda epididymidis were collected. In bull A, a 
haemocytometer count of the cream-like fluid from 


ampulla ductus deferentis showed a concentration of 


9-10 million spermatozoa/mm*. Slides were prepared 
from these concentrates and stained in the same way as 
the ejaculates by the eosin-nigrosin and indian ink 
methods. In both bulls the differential counts of the 
ampulla ductus deferentis and the cauda epididymidis 
material gave similar results to those already recorded 
for the ejaculates, namely, 40-50 per cont of all the sperm 
tails were strongly coiled, folded or broken (Figs. 2 and 4). 
In some not too crowded areas of 5u sections from the 
cauda epididymidis, it was also possible to demonstrate 
the typical coiled or folded sperm tails. 

It wouid be of the greatest interest to trace a number of 
bulls closely related to bulls A and B, and to investigate 
their spermiograms. The sire of the two bulls is still in 
use at a Danish A.I. centre. That animal has been 
examined once a year during the period 1959-64, and has 
always showed a normal semen picture. No period of 








Fig. 2 


Figs. 1 and 2. Photographs showing the typical spermatozoan tail defect 

in smears from bull A. Fig. 1 has been prepared from the first ejaculate 

examined of the bull. Fig. 2 shows the morphology of the sperm-concen- 

trate from ampulla ductus deferentis at slaughter 16 months later. 
(Eosin-nigrosin stain, x 1,000 


NATURE 


February 12, 1966 © vo.. 209 





Fig. 4 


Figs. 3 and 4. Photographs showing the typical spermatozoan tail defect 

in smears from bull B. Fig. 3 shows the defects in an indian ink prepara- 

tion from ejaculated semen. Fig. 4 demonstrates an eosin-nigrosin 

smear from the contents of canda epididymidis at slaughter, 2 months 
later (x, 1,000) 


infertility has been observed. Half-brothers to bull A 
and B are also in use at different A.I. centres (two on the 
sire-side and two on the dam-side) and all four are normal 
so far as semen and fertility are concerned. 

The two cases reported are especially remarkable 
because they are found within the Jersey breed where so 
far congenital and hereditary defects have only rarely 
been found. It would appear that a fundamental defect 
in the sperm tail structure has occurred as the result of 
the specific sire-dam combination used, and a closer 
investigation by means of the electron microscope would 
probably provide a more detailed explanation. 

These findings seem to indicate that ‘strongly coiled and 
folded tails’ should always be included in the group of 
‘primary sperm abnormalities’® in the morphological 
sperm examination for fertility in the bull. 

Thanks are due to Dr. J. Miiller, head of department, 
for his assistance in preparing the photo-micrographs. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, February 14 


UNIVERSITY oF LONDON (at the Middlesex Hospital Medical School,” 


Mortimer Street, London, W.1), at 6.15 p.m.—Prof. Theodor Bücher 
(University of Munich): “Dynamics of Liver Metabolism”. (Further lecture 
on’february 17.)* 

UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W.C 1), at 5.80 p.m.—-Dr. James D. Ebert (Carnegie 
institution of Washington). ‘Interacting Systems in Development: I. 
Beyond the Ribosome’”’.* 


a Tuesday,- February [5 


SOCIETY OF CHEMIOAL INDUSTRY, AGRICULTURE Group (at 14 Belgrave 
Square, London, 8.W.1), at 10 30 a.m.-—Meeting on “Barley”. 


OPERATIONAL RESEAROH SOCIETY (at the Royal Aeronautical Society, 4 
Hamilton Place, London, W.1), at 4.80 p.m-—Dr. ElHott Jaques: “The 
Nature of Decision-Making”’. . 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 530 pm.—Dr. 
J. R. May: “Colonial Morphology, Antigens and Pathogenicity of Haemo- 

hilus Infiluenzae”. (‘Tenth of fifteen lectures on “The Scientific Basis of 
edicine” organized by the British Postgraduate Medical Federation.)* 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W C 1), at 5.30 pm —-Dr. James D. Ebert (Carnegie 
Institution of Washington): ‘Interacting Systems in Development: TI. 
Piconomiaiiy and Physiology of the Developing Heart”, (Further lecture on 

ebruary 


UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-34 Gordon 
Square, London, W.C.1), at 5.45 p.m-—Dr. Vassos Karageorghis: “Recent 
Excavations in the Archaic Necropolis of Salamis’”’.* 


INSTITUTE OF SCIENCE TECHNOLOGY, LONDON BRANCH (in the Chemistry 
Lecture Theatre, Queen Elizabeth College, Campden Hill Road, London, 
W.8), at 6.80 p.m.—Scientific Films. 


Wednesday, February 16 


SOCIETY OF CHEMICAL INDUSTRY (joint maou ag of the Fine Chemicals 
Group and the Microbiological Group, at Imperial College of Science and 
Technology, Prince Consort Road, London, S.W.7), from 3 p m. to 6.45 po 
Meeting on "The Cephalosporin Story: Biosynthesis—-Chemistry-—Pharma- 
ceutical Aspects”. Lecturers: Dr. G. G. F. Newton, Dr. A. G. Long and 
Dr. P. W. Muggleton. 


UNIVERSITY OF LONDON (at the Institute of Dental Surgery, Eastman 
Dental Hospital, Gray’s Inn Road, London, W.0.1), at 5.80 pm,.—Dr. J. A. 
Fraser Roberts. “The Genetic Element in the Causation of Disease”. (First 
of three lectures on “The Scientific Basis of Dentistry” organized by the 
British Postgraduate Medical Federation.}* 


INSTITUTE OF INFORMATION SCIENTISTS (at the Whitehall Hotel, Blooms- 
bury Square, London, W.C.1), at 6.15 pm-—Mr. J. McDaniel: “Recent 
Developments in Mechanical Translation”. 


OIL AND COLOUR CHEMISTS’ ASSOGIATION, LONDON SECTION 
Physics Block, Imperial College of Science and Technology, London, 
at 6.30 p.m.—Dr. M. 
Unsaturated Acids”. 


m w 
F. Ansell: “Recent Advances in the Chemistry of 


Thursday, February I7 


SOOIETY OF CHEMICAL INDUSTRY, COLLOID AND SURFAOH CHEMISTRY 
GROUP (joint meeting with the Road and Building Materials Group, at 14 
Belgrave Square, London, 8.W.1), at 2.80 p.m -—Meeting on “Aspects of the 
Surface Chemistry and Practical Application of Bitumen Emulstons’’. 


ROYAL Soorery (at Burlington House, Piccadilly, London, W.1), at 4 36 
p.m-——Mr. A. Q. Atkins and Dr. D. Tabor, F.R.S.: “Strength Properties of 
Solids at Very High Temperatures’; Mr, J. W. Steeds: ‘Dislocation Arrange- 
ments in Copper Single Crystals as a Function of Strain”. 


LINNEAN SOOIETY OF LONDON (at Burlington House, Piccadilly, London, 
W.1), at 5 p.m.—Symposium on “Intertidal Studies at Scoilt Head, Norfolk”. 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—Scientifie Papers. 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m —-Prof. J. Dieudonné: 
“The New Algebraic Geometry”. i 


INSTITUTION OF OIVIL ENGINEERS (at Great George Street, London, S W.1), 
at 5.80 p.m.——Informal Discussion on ‘Mechanized Permanent Way Main- 
tenance”, introduced by Mr. F, Fawcett and Mr. A. O. Edrich. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, VoD at 5.80 pm—Dr. 
J. F. Soothill: “Quantitative Disturbances of Plasma Proteins in Disease”. 
(Eleventh of fifteen lectures on “The Scientific Basis of Medicine”, organized 
by the British Postgraduate Medical Federation.)* 


Soorery FOR ANALYTICAL CHEMISTRY, PARTICLE SIZE ANALYSIS GROUP 
(at the Chemical Society, Burlington House, Piccadilly, London, VW.1), at 
7 p.m.—Inaugural Meeting, followed by Scientific Papers. 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting with 
West Ham College of Technology Chemical Society, at the West Ham College 
of Technology, Romford Road, London, 5.15), at 7.80 p.m-—Mz. W. G. 
Busbridge. “The Use of Radioisotopes”. 


ROYAL SOOIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W.1), at 7.30 pm.—Dr. G. Webbe and Dr. P. 
Aken “Recent Advances in the Knowledge of Schistosomiasis In East 

rica”. 


UNIVERSITY OF LONDON (at Wye College, near Ashford, Kent}, at 8.15 p.m. 
aa v. Russell: “The Application of Agricnitural Science to Tropical 
Agriculture”. 


NATURE. 


real 


Thursday, February {7—Friday, February 18 


ASSOCIATION OF APPLIED BIOLOGISTS, AND THE BRITISH MYCOLOGIĞAT: 
SOCIETY (at the Royal Society of Arts, John Adam Street, Adelphi, London, 
W.C.2), af 11 a.m. dally--Symposium on “Phystology -f Parasitism”. 


Friday, February I8 a 


BRITISH INSTITUTE GF RADIOLOGY (in the Reld-Knox Hall, Institute 
House, 32 Welbeck Strees, London, W.1), at 2 p.m.-~-Radioblology Meeting. 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 


` 10 Upper Belgrave Street, London, §.W.1), at 5 30 p.m.—Captain A, Wepstér: - ° 


“Navigation in Main Western European Rivers’. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 pm.— 
Prof. E. J. Denton, F.RS.: “The ‘Mirrors’ of Fishes”. Å 


r 


Saturday, February I9 


INNER LONDON EDUDATION AUTHORITY (at the Horniman Museum, -| 
London Road, Forest Hill, London, 8.E.23), at 3.30 p.m.—-Mr. Frank W. 
rene. Ehe Elements Rage—Storm, Flood and other Forms of Violence in 

ature”, 


Monday, February 21 


ROYAL GEOGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, 8:W.7). 
at 5 p.m.-—Lt. Col. J. A. Simson, M.G., and Mr. C. J. Sweeney, 0.B.E.: “The 
Ordnance Survey and Land Registration”. 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S.W.1), at 5.80 p.m.— Mr, J. C. Wood: “Developments in 
the Control of EctoparasiSes of Livestock”. 


UNIVERSITY oF LONDON (in the Botany Theatre, University College 
Gower Street, London, W.C.1), at 5.30 poo To F. Bourlière (University o 
Paris): “The Ecology of Herbivores in the African Savanna and Forest”. 
(Further lecture on February 23.)* 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or before the _ 
dates mentioned: 

GEOLOGISTS (4) (40 or nnder, with a degree, or equivalent with a pass In 
geology at final examination) IN THE GEOLOGICAL SURVEY OF THE DEPART-- 
MENT OF INDUSTRY AND CoanreRnce-—The Secretary, Civil Service Commission, * 
45 Upper O’Connell Street, Dublin, 1, Republic of Ireland (February 17). 

ASSISTANT LECTURER or LECTURER IN THE FIELD OF STATISTICS IN THE ` 
DEPARTMENT OF MATHEMATIOS—The Registrar, University of Essex, Wiven- 
hoe Park, Colchester, Essex (February 19). p 

CHEMIST (with a degree or equivalent qualification in chemistry and» : 
preteeay a knowledge of chromatographic techniques) to assist in develop- ~ 

ng and applying analytical techniques for insecticide residues associated 
with studies on the behaviour of insecticides in soils and plants—The Sec- 
retary, National Vegetable Research Station, Wellesbourne, Warwick 
(February 18). 

EXPERIMENTAL OFFICER or SENIOR EXPERIMENTAL OFFICER (with a 
university degree or H.XLC. and preferably a special knowledge of digital 
electronics and data harding systers) IN THE DEPARTMENT OF PEYSIOS 
OF THE FACULTY OF SCIENCE, to take part in the experimental programme in 
nuclear physics associated with the Heavy Jon Linear Accelerator and other 
accelerators—The Registrar, The University, Manchester, 18, quoting Ref. 
17/66 (February 23). 

LECTURER (preferably with a veterinary qualification and interested in 
chemica} pathology) IN THE DEPARTMENT OF PaTHOLOGY~——-The Secretary, 
The Royal Veterinary College (University of London), Royal College Street, 
London, N.W.1 (February 25). : 

ELECTRON MICROSCOPISY (with experience in the use of the electron miero- 
scope in biological research, and preferably with a degree or equivalent 
qualification) IN THE DEPARTMENTS OF BIOLOGIOAL CHEMISTRY AND PHYSI- 
OLOGY, to take charge of the electron microscope serving these two depart- 
ments and, for the preser-t, certain others--The Secretary, The University, 
Aberdeen (February 26). 

LECTURER or ASSISTANT LECTURER IN STRUCTURES IN THE DEPARTMENT 
OF ENGINEERING IN THE FACULTY OF SCIRENCE—The Registrar, The Uni- 
versity, Manchester 13, quoting Ref. 19/66/Na (February 26). 

READER IN MIOROBIOLGGY IN THE DEPARTMENT OF BOTANY; and a LEC- 
TURER (preferably with a special interest in enzymology) IN BIOCHEMISTRY 
~The Registrar, University College of Swansea, Singleton Park, Swansea, 
South Wales (February 26). 

UNIVERSITY LECTURERS (2) IN THE DEPARTMENT OF METALLURGY—The 
Secretary of Faculties, Uriversity Registry, Oxford (February 26). 
aera ee Secretary, The University, Southampton 

ebruary 28). 

ENTOMOLOGIST (under 43) on the sclentific staff of the Royal Horticultural 
Society at Wisley, for duties which are principally advisory and instructional, 
but may include ee on insect pests affecting horticultural plants— - 
The Secretary, Royal Horticultural Society, Vincent Square, London, 8.W.1, 
marking envelope “Confidential” (february 28). on 

JUNIOR LECTURER/LECTURER IN CHEMISTRY af Rhodes University, 
Grahamstown, South Africa—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (South Africa 
and London, February 28). 

LECTURER or ASSISTANT LECTURER (preferably with a special Interest in 
operational research and’or statistics) IN THE ELECTRONIC COMPUTING 
LABORATORY—The Registzar, The University, Leeds, 2 (February 28). 

LECTURER TO SPECIALIZE IN ANIMAL NUTRITION IN THE DEPARTMENT OF 
PHYSIOLOGICAL CHEMISTRY—The Registrar (Room 39, O.R.B.), The 
University, Reading (Febraary 28). 

LECTURER (with special qualifications in the teaching of biology, and if 

osaible teaching experienze in other subjects) IN EHpucatTion—tThe Regis- 
teas Kiige ; College (University of London), Strand, London, W C.2 

ebruary 28). 

READER IN INORGANIC DHEBISTRY; and a SENIOR LECTURER/LECTURER 
IN ANALYTIOAL CHEMISTEY—The Staff Officer, The College of Advanced 
Technology, Gosta Green, 3irmingham, 4, quoting Ref 451/2 (February 28). 

SENIOR RESEARCH OFFIORR (with a higher degree in biochemistry -or 
chemistry and several years’ experience in research) IN MOLECULAR BIOLOGY 
to be engaged full-time 1m research in the fleld of protein chemistry—The 
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** Victoria. Párade, Fitzroy, N.6, Victoria, Australia (February 28). 
_-- STEMPORARY LECTURER or TEMPORARY ASSISTANT LECTURER IN MATEN- 
- Z MaTicg—The Registrar, The University, Keele, Staffs (February 28). 

» VETERINARY OFFICER (member of the Royal College of Veterinary Sur- 
g “geons and preferably with experience of exotic as well as domestic animals), 

to be-In"Charge of a well-equipped animal hospital, and to collaborate with 
‘-Guratorg over all matters of animal welfare and husbandry—The Secretary, 
oN Zoological Society of London, Regent’s Park, London, N.W.1 (February 


_~ , ASSISTANT LECTURER IN THE DEPARTMENT OF MEDIOAL PHysics-—The 
~; Secretary, Royal Free Hospital School of Medicine (University of London), 
+; 8 Hunter Street, London, W.C.1 (March 1). 

- is, DIPERIAL CHEMIOAL INDUSTRIES RESEARCH FELLOWS (normally below the 
.* age of 30 with the degree of Ph.D. or with equivalent research experience) 
, IN CHEMISTRY, PHYSICS, METALLURGY, ENGINEERING, GEOLOGY, AGRICUL- 

‘- STURAL SOIENOE OR RELATED SUBJECTS—The Registrar of the University of 
wc. Wales, University Registry, Cathays Park, Cardiff (March 1). 

„iid LECTURER or ASSISTANT (Assistant Lecturer) IN ELECTRON MICROSCOPY 

„~IN THE DEPARTMENT OF GENETIOS—Secretary of the University Court, The 
-e University, Glasgow (March 1). 

"vi SEORETARY (with a good professional qualification in physics and experience 
in administration) oF THE INSTITUTE OF PHYSIOS AND THE PHYSICAL 
i” Soorety—Sir James Taylor, M.B.E., F.Inst.P., Honorary Treasurer of The 

“Institute of Physics and The Physical Society, 47 Belgrave Square, London, 
S.W.1, marking envelope “Personal” (March 1). 
.S ‘WHITLEY PROFESSOR OF BIOOHEMISTRY—The Registrar, University 
>, Registry, Oxford (March 3). 
-7 T SENIOR LECTURER or LECTURER IN MATHEMATICS at the University of the 

‘ West Indies, St. Augustine, Trinidad—The Secretary, Inter-University 

<a sia Higher Hducation Overseas, 33 Bedford Place, London, W.C.1 
ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF ZOOLOGY— 
The Registrar, The University, Leeds, 2 (March 5). 
= > POST-DOOTORAL RESEAROH FELLOW IN THE DEPARTMENT OF CHEMISTRY, 
- University of Ibadan, Nigeria, to carry out studies on the comparative 
physical chemistry of haemogiobins—The Inter-University Council, 33 
Bedford Place, London, W.C.1 (March 7). 

io RESEARCH FELLOW IN THE DEPARTMENT OF STATISTICS of the Research 

2, , school of Social Sciences, Institute of Advanced Studies, Australian National 

*~ University, to work in the field of mathematical statistics and its applications 

to other sciences-—The Association of Commonwealth Universities (eaan 
Office), ‘Marlborough House, Pall Mall, London, 8.W.1 (Australia and 
London, March 11). 

} . «’ RESEARCH ASSISTANT (graduate, or equivalent, in physics, engineering or 

‘> ‘textile technology) to work on the development of woven, knitted and othe: 

fabrics in the Department of Textile Technology—The Regist 


roe \ $ s 
‘_ Direetor of Research, Dr. P. Edman, St. Vincent’s School of Medical Research, 


rar, Manchester 
_, College of Science and Technology, Sackville Street, Manchester, 1 (March 15). 
“~ \ RESHAROH ASSISTANT (graduate or person of equivalent status) IN THE 
_ SOHOOL OF CHEMISTRY to be responsible for the maintenance of a mass 
,. Spectrometer, type MS9, and for recording and interpreting spectra-—-The 
. “ Rogistrar, University of Bristol, Senate House, Bristol 2 (March 15). 
: SENIOR LECTURER (with a higher degree in pharmacology, physiology, 
medicine or pharmacy) IN THE DEPARTMENT OF MACOLOGY-~The Clerk 
tothe Council, School of Pharmacy (University of London), 29/39 Brunswick 
«Square, London, W.C.1 areh 25). 
ASSISTANT or ASSOCIATE PROFESSOR IN THE DEPARTMENT OF PHYSICS—~ 
` J : 7 Boe Chairman, Physics Department, University of Ottawa, Ottawa 
i BioLroarsrt (with a good honours degree and preferably some research 
; experience) to join a small team carrying out research in the flelds of protein 
-, chemistry; and a PHYSICAL CHEMIST or a PHYSICIST (graduate) to take part 
“= in research and development work connected with the production and 
properties of powders—-The Director of Research, The Research Association 
eee se ee, Cereals Research Station, Old London Road, St. 
ns, Herts. i 
CHAIR OF GEOGRAPHY ——The Registrar, University Senate House, Bristol, 2. 
_ Heap (sultably qualified and experienced to supervise teaching and 
ancillary staff and 150 students following a full-time pharmacy course) OF THE 
NEW ZEALAND BOHOOL OF PHARMACY—The High Commissioner for New 
Zealand, New Zealand House, Haymarket, London, 8.W.1; or The Directo 
of Education, Private Bag, Wellington, New Zealand. 
MASTER TO TEACH MATHEMATICS UP TO ADVANCED AND SOHOLARSHIP 
mt Rector, The Edinburgh Academy, Henderson Row, Edinburgh, 


MASTER TO THACH PHYSIOS AT ALL LEVELS UP TO UNIVERSITY SCHOLARSHIP 
—The Headmaster, Mill Hill School, London, N.W.7. , 
RESEAROR ASSISTANT for a research programme entitled “An Investigation 
of Plant Indicators of Mineralization” being conducted by Prof. Monica M. 
Cole, Head of the Department of Geography at Bedford egg fe ag 
eeceiety Bedford College (University of London), Regent’s Park, Condon, 


SENIOR RESEAROK OFFICER with primary duties in field research, but 
also some lecturing, etc.--The Director, Edward Grey Institute of Field 
Ornithology, University of Oxford, Oxford. i 

VISITING PROFESSOR (with a degree from a university in Great Britain, 
member of a professional institution and relevant industrial experience) OF 
‘FERROUS PRODUCTION METALLURGY at Banaras Hindu University, Varansi, 

o India—The Recrustment Division, The British Council, 65 Davies Strect, 
**London, W.1, quoting Ref. D20/65/UNT/8. 


REPORTS and other PUBLICATIONS — 


_ (not included in the monthly Books Supplement) 
“Great Britain and Ireland 


Bulletin of the British Museum (Natural History). Entomology. Vol, 
17, No. 6: Fulgoroidea from Southern Chile (Hemiptera). By R. Q. Fennah, 
Pp. 231-272. 17s. Geology. Vol. 10, No. 9: Dechenellid Trilobites from the 
British Middle Devonian By Dr. Edwin Brian Selwood . 317-838 + 
plate 1. 118. Zoology. Supplement 1: Marine Molluscs in the Cuming 
Collection, British Museum (Natural History), described by Wiliam Harper 
Pease? By E. Alison Kay. Pp 96+14 plates. 75s. (London: British 
Museum (Natural History), 1965.) 12 

The National Central Library. 49th Annual Report of the’ Hxecutive 
Committee for the year ending 31 March 1965. Pp. 24. (London: The 
National Central Library, 1965 } 812 

Commonwealth Mycological Institute. O.M.I. Descriptions of Pathogenic 
Fungi and Bacterla, Set 7, Nos. 61-70. Pp. 20. (Kew, Surrey: Common- 

= wealth Mycological Institute, 1965.) 5s. {812 


_ Research, 1865.) 
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Department of Education and Science. Building Bulletin No. 27: Boarding 
Schools for Maladjusted Children. Pp. v+16. (London: H.M. Stationery 
Office, 1965.) 4e. net. {812 

Ministry of Aviation; Ministry of Defence (Army Department); Ministry 
of Defence (Navy Deparment) ; Inter Service Metallurgical Research 
Council. Fibre Reinforcement of Metals: a Critical Review. By A. Kelly. 
Pp. v+26. (London: H.M. Stationery Office, 1965.) 4s. net. _ [812 

Philosophical Transactions of the Royal Society of London. Series A: 

thematical and Physical Sciences, No, 1092, Vol. 258 (2 December 1965): 
The Effect of a Sudden Change of Shape of the Bottom of a Slightly Com- 
pressible Ocean. By O. C0. L. Selis. Pp, 495-528, 12s. 6d.; 1.85 dollars. 
No. 1093, Vol. 258 (2 December 1965): Flow Properties of Mineral Oils in 
Elastohydrodynamic Lubrication. By A. Sydon. Pp. 5629-564. 138. 6d.; 
2 dollars. No. 1004, Vol. 258 (2 December 1965): The PVT Properties of 
Water. 1: Liquid Water in the Temperature Range 0 to 150° C and at 
Pressures up to 1 kb. By G. S. Kell and E. Whalley. Pp. 565-617. 19s.; 
2.85 dollars. (London. The Royal Society, 1965.) [812 


Other Countries 


Skogshogskolan, Stockholm. Studia Forestalia Suecica, Nr. 28: Om 
Variation och Stickprovstorlek vid Uppmitning an Frofall, Observation av 
Kottsittning och Taxering av Flantuppelag. (Variation and Size of the 
Random Samples when Measuring Seed Fall, Cone Setting, and Stocking ) 
Av Stig Hagner. Pp.18. 3kr. Nr. 29: Samband Mellan Personvarlabler och 
Prestation vid Huggningsarbete. (The Relationship Between Individual 
Characteristics of the Worker and Output of Work in Logging Operations.) 
Av Jan-Erik Hansson. Pp. 90. 15 kr. Nr. 30: Distribution of the Costs of 
Jomt Forest Roads According to Crosswise and Lengthwise Road Function. 
(Kostnadsfordelning för Enskilda Skogsblivigar, Grundad på Vigens Längs- 
och Tväársfunktioner.) By Uif Sundberg. Pp. 22. 6 kr. (Stockholm: 
Svenska Skogsvardsforeningen, Box 16316, 1966.) 812 

Commonwealth of Australia: Department of External Affairs. Australian 
National Antarctic Research Expeditions. ANARE Interim Reports, 
Series A. Publication No. 76: List of Publications Resulting from the Work 
of Australian National Antarctic Research Expeditions (to December 1964). 
Hse (Melbourne Antarctic Division, Department of External an rs 

Institut Royal Metborolagique de Belgique. Bulletin Mensuel, Observa- 
tions Ionosphériques, Septembre 1965. Pp. 26. (Uccle-Bruxelles’ Institut 
Royal Météorologique de Belgique, 1965.) (812 

List of Papers pubtiened by the Members of the Research Institute for 
Tron, Steel and Other Metals, Tohoku University, 1964, Pp. 21. (Sendai, 
Japan’ Tohoku University, 1965. 812 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 46 

azards. The Voting 


e 

(September 1965): Competitive Sports and Their H 

Population and Presidential Elections. Married Population May Reach 100 

Million in 1970. Gains in the Control of Epilepsy. Pp. 12. (New York: 

Metropolitan Life Insurance Company, 1965 ) [812 
United States Department of the Interior’ Fish and Wildlife Service. 

Bureau of Sport Fisheries and Wildlife. Circular 220: Wildlife Research— 

Problems, Programs, Progress. (Activities in the Division of Wildlife Re- 


search of the Bureau of Sport Fisheries and Wildlife for the calendar year 
1964.) Pp. vit+86. (Washington, D.C.: Government Printing Ofer 


85) 

United States Department of the Interior: Geological Survey. Geo- 
pee Abstracts, No. 226 (November, 1965). By James W. Clarke, 

orothy B. Vitaliano, Virginia 5. Neuschel, and others. Pp. ili+ 868-046. 
(Washington, D.C.: Government Printing Office, 1965.) 35 cents. [812 

Annals of the New York Academy of Sciences. Vol. 128, Article 2: 
Medical Schools and Teaching Hospitals: Curriculum, Programming and 
Planning. By Walter H. Blucher and 38 other authors. Pp. 457-720. 
(New York: New York Academy of Sciences, 1966.) 5 dollars. [812 

Annals of the Transvaal Museum. Vol. 25, No. 1: Stiidafrikanische Disco- 
cp pec rbd ha Von Hans John. Pp.19. Vol. 25, No. 2: Sur Queiques 
Histeridae (Coleoptera) Préservés au Transvaal Muséum, Par Jean Thérond. 
Pp. 14. (Pretoria: Transvaal Museum, 1965.) {812 

Koninklijk Nederlands Meteorologisch Instituut, De Bilt. Mededelingen 
en Verhandelingen. No. 82: Forecasting Crop Infection by the Potato Blight 
Fungus. By G. A. de Weile. Pp. 144. 14.60 F. No. 83: Fenologisch en 
Faunistisch Onderzoek over Boomgaardinsekten. (Phenological and Faun- 
istic Investigations on Orchard Insects.) Onder redactio van H. J. de 
Fluiter, P. H. van de Pol and J. P. M. Woudenberg. Pp. 226. 9.26 F. 
No. 84: Generalized Theory of Adjustment of Observations, with Applica- 
tions in Meteorology. By Dr. D. J. Bouman and Dr. H. M. de Jong. . 89. 
11 F. No. 85: Results of Current Observations at the Netherlands Light 
‘Vessels over the Period 1910-1939. Part 1: Tidal Analysis and the Mean 
Residual Currents. By L. Otto. .56 86.25 F. No. 86: An Analysis of Dust 
Measurements in Three Cities in the Netherlands. By Dr. F. H. Schmidt. 
Pp. 68. 5.50 F. (’S-Gravenhage: Staatsdrukkerij-en Uitgeverijbedrijf, 1905 


and 1965.) 
Colony of Fiji. Annual Report of the Department of Agriculture for the 
Pp. 39. (Council Paper No. 27 of 1965.) (Suva: Deparimeni ct 


year 1964. 

Agriculture, 1965.) l 
Aldrich Chemical Com any. Inc. 1966 Catalog 12. Pp. xvii+729: 

(Milwaukee, Wis.: Aldri emical Company, Inc.; Reading: Raiph N. 

Emmanuel, Lid., 4 Gasworks Road, 1965.) [812 
Nuevos Conceptos sobre Astrofisica. Por Francisco Soler. Pp. 30. 

(Caracas, Venezuela: Francisco Soler, Apartado 6082, 1965.) [812 
India: Council of Scientific and Industrial Research. Fourth Five Year 

Plan, Part 1. Pp. v+74. (New Delhi: Council of Scientific and eas 
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THE IMPACT OF SOCIETY ON SCIENCE 


N his presidential report to the Carnegie Institution of 
Washington for 1964-65*, Dr. Caryl P. Haskins once 
again sustains the sweep and balance, the insight and 
judgment, which have made these annual presidential 
surveys as welcome and as stimulating in Europe as they 
are in the United States. 

Dr. Haskins begins by announcing his primary concern 
with the future of science in the United States, the nature 
of its growth, its place in society, the quality of its 
evolution and its rank among the deepest values of the 
American people. Any examination of such questions, 
with the penetration and perspective that have charac- 
terized Dr. Haskins’s reports, inevitably is of considerable 
interest and validity far beyond the national scene with 
which it is primarily concerned: his address is once again 
of deep interest to all concerned with science, whether 
with the evolution of science itself over the next two 
decades or with the relations of science to modern society. 

Dr. Haskins’s report might well be described—and with 
some justification—as an essay on the impact of society 
on science. He adopts a historical approach, treating the 
past history of science as a prologue and using as illus- 
trations the work of Galileo Galilei and Mendel. The 
great disciplines, for which the anniversaries of Galileo’s 
birth and Mendel’s paper commemorate major turning 
points, are once again so transforming our visions, both 
of our outer universe and of our inner worlds, as to con- 
stitute in our time what may be reckoned as a contem- 
porary scientific revolution fully comparable with earlior 
ones that are now classic. No later scientific revolution, 
he observes, has stood apart from the source-stream of 
that dramatic Greek period when science may literally 
have been born. In substance as in philosophy, each 
later burst of scientific growth has been deeply nourished 
by its heritage of earlier discovery and concept, trans- 
mitted in a continuous, if often tortuous, flow. 

He holds, moreover, that, however fragmented the 
course of science may appear when viewed in any of its 
detailed reaches, it has, in its deeper and more general 
features, preserved a striking unity over the centuries. 
He is not, in truth, greatly concerned with the structure 
of scientific revolutions, and it will be apparent that he 
is far asunder from Prof. R. S. Kuhn and that his treat- 
ment is simpler. He stands rather with Dr. S. Toulmin, 
noting that while the evolution of the substance of 
science is—of its very nature—free and untrammelled 
and not to be confined within the bounds of detailed 
forecast, the methods of probing Nature have vared 
widely among different branches of science, sometimes 
even being in opposition. He shows that, even within a 
single discipline, the philosophy of approach may change 
drastically as the field evolves. 

Dr. Haskins notes, moreover, a further point which 18 
of special importance at the present time, and this he 
develops as a main theme. Each burst of scientific growth 
has been closely linked with the technology of its time, 
sensitive to the technical needs and demands of its 
society, profoundly influenced by them, and profoundly 
affecting them in turn. It is in the context of these 


* Carnegie Institution of Washington. Report of the President, 1964~1965. 
Pp. 73. (Washington, D C.: Carnegie Institution of Washington, 1965.) 


profound interactions that he considers the relations 
between science and technology and the implications and 
the dangers attendart on the passage of the patronage 
of science to Government agencies and ultimately to the `~ 
general public which supports those agencies. Both the 
magnitude and the proportion of the support which 
science draws from Government sources are often almost 
indistinguishable from support for technology. In effect, 
this support is ultimately apportioned according to the 
public will and is likely to increase still further. 

Already, however, science in the United States, as m 
Britain, is materially endowed at a level which is unique 
in the history of man, and at a level also that already 
seriously taxes our human resources. That is the real 
reason why widespread understanding of the nature of 
science, of its distinction from technology, and of the 
requirements for healéhy scientific growth is of increasing 
and critical importance. Only to a minor extent is support 
for science to-day drawn from the kind of patrons to 
whom it had become adjusted during its long formative 
centuries, and who in turn had become adjusted, in a 
considerable degree, to its demands and needs. 

Dr. Haskins points out that in the past the great suc- 
cesses of science have depended not only on the abilities 
of scientists themselves but also on the understanding, 
patience and percept-veness of supporting patrons. The 
demand for such understanding is now made not on the 
few but on the many, on an infinitely greater scale and 
on & plane far more difficult and more powerful. Meeting 
this demand is ultimately a problem of education and of 
communication, of marshalling our developing resources 
in those two fields to meet our pressing obligations 
effectively and urgently. Dr. Haskins’s two vignettes 
are well chosen to show just how, in this way, the future 
of science as a dynamic cultural force in society will be 
determined. 

In the first place, these vignettes well illustrate the 
pace of change and the limits of our ability to predict the 
implications of sciensific advance and of the impact of 
science on society. We are scarcely aware, for example, 
of the potentialities of many of the new tools developed 
in the past decade. By far the most easily projected 
visions of the future are those concerning technology and 
scientific application. and these, precisely because the 
consequences of advances in science itself, are less pre- 
dictable. Danger arises in the failure to distinguish be- 
tween science and technology. There are also, indeed, 
wide differences in tha contours of advance and strategies 
of attack between different branches of science. Dr. 
Haskins observes that in many important respects the 
development of strategy, and indeed of detailed philos- 
ophy, has been almoss opposite in the physical and in the 
biological sciences. Concepts and approaches that have 
proved unsuitable in the past in one area have on occasion 
been highly evocative in another. 

Furthermore, strasegies of investigation and foci of 
interest have often shifted radically during the evolution 
of a single science. He quotes Sir Peter Medawar’s view 
that the sheer factual content of specific scientific fields 
is likely to diminish with their growth, rather than pile 
up over the years to yield even greater and more un- 


744 > 


assimilable masses. The great frames of investigation, 
like astronomy and the biological sciences, however, have 
continued to build steadily over the centuries. To-day 
they are frontiers as vital as ever and it is almost mcon- 
ceivable that they will not maintain that vitality into 
the foreseeable future. 

Dr. Haskins notes one aspect of the critical periods of 
fundamental change wrought by science which has char- 
acterized them since that period of Greek thought in 
which the scientific mode originated: their remarkable 
brevity. He suggests that one of the more important 
lessons of the past is that the eras of major change char- 
acteristically ran swift and deep and were incredibly 
dynamic. Furthermore, periods of intense change have 
tended, on the whcle, to alternate with quieter periods of 
consolidation. An important factor here is possibly the 
real need, following a time of violent change, to pause 
and consolidate, to re-weave the torn fabric of unversal 
ideas. If this factor was and is really significant, Dr. 
Haskins suggests that, as the pace and variety of scientific 
advance increase, we may well look for important shifts 
of pattern. Major sweeps in our ideas about the nature of 
the universe may not coincide precisely with periods of 
major growth in our ideas about, for example, the nature 
of life. We may come to live almost continually, not 
only with technical change itself but also with a plethora 
of revolutionary ideas. 

That might almost be our present situation and it 
carries psychological hazards of which we should be 
sensitively aware. In any event, mankind is undoubtedly 
an the midst of an era of change in total outlook fully 
comparable with that of the classic scientific revolutions. 
Our technological society, however, shows little awareness 
of the real implications in its efforts to develop institutions 
to meet our changing needs. The extraordinary degree 
to which both the substantive content and the character 
of development of the earlier revolutions reflected and 
responded to the predominant and technical environments 
and the social and technical demands of their times is 
seldom considered. Nor is it always remembered that 
science seems to have flourrshed most, and made its 
richest contributions, in an atmosphere that combined 
the elements of a maximum freedom of enquiry with 
those of a lively—though often incoherent—stimulus of 
social demand and need. 

It is in this context that Dr. Haskins considers the 
nature of the predominant claims made on the contem- 
porary scientific revolution and of the stimuli given to 1t 
by our own environment in the years ahead. Both for 
science and technology the intricate social miheu of our 
day is, in many respects, a world society, but Dr. Haskins 
suggests that it is already apparent that in the future the 
environment created by humanity itself, the environment 
of human social forms, of individual human needs, must 
rank high in our reckoning and may equal or surpass 
more traditional concerns in its relevance and import. 
This predominant feature of our world must clearly have 
a profound influence in defining new sectors to command 
scientific attention, and could be a dominant factor in 
the internal growth of science. 

The development of science in its relations to the 
society it serves, and of which it forms an integral and 
decisive part, is another matter, and Dr. Haskins suggests 
that this influence of society on science is made trebly 
important by the dynamic growth of our civilization and 
by its changing concerns and character. He sees science, 
indeed, as one of the cultural elements of our age, but he 
also recognizes that the effects on society of, for example, 
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automation raise large questions of social and intellectual] 
satisfaction for individuals, Dr. Haskins sees that science 
will not make its full contribution to the growth and 
welfare of society unless the nature and purpose of science 
are far more widely and deeply understood. There is a 
genuine social peril in the popular notion of the frag- 
mentation of science, when the distinction between 
method and goal is not understood and the picture of 
fragmentation is extended to the modes of the search for 
knowledge. 

Dr. Haskins notes the consequences for science itself if 
the idea that the whole search for truth leads not to a 
single coherent vision but to fragmentation. He suggests 
that we may come to think of scientific truth as being 
above all else a measure of the coherence of systems of 
thought and of their capacity to communicate among 
themselves; as a property primarily of interchangeability 
both among observers and among scientific propositions 
relating to differing situations in Nature. Ifthe primary 
task of science remains the search for truth in such a 
definition, we may well conclude that the highest aim of 
scientific enquiry is to make knowledge communicable in 
all possible situations and that the measure of the validity 
of such knowledge may be the degree of its coherence 
among such situations. In striving towards such an 
objective, the fear of losing overriding purpose loses its 
reality in a scientific content. 

There remains, however, a considerable hazard for the 
relation of science to our changing society, to which 
Dr. Haskins now directs attention. If the world remains 
free from major military conflict, what is likely to happen 
to the public understanding and evaluation of the 
scientific outlook in a materially opulent society, which 
provides generously for the individual wealth and leisure 
of its citizens? There is a widespread disposition to 
equate science and 1t8 purposes primarily with the two 
great technical areas of military defence and protection 
against bodily ills. The public esteem of science is strongly 
coloured by these identifications, and Dr. Haskins asks 
whether public concern for the military aspect of tech- 
nology may not wane in long years of freedom from the 
threat of military conflict, and wonders how this will 
affect popular concern with science itself. Furthermore, 
the tendency to confuse the objectives of technology in 
general with those of science, although a natural miscon- 
ception, is too prevalent. In the United States, tech- 
nology and science have from the beginning served in the 
closest partnership, the one being indispensable to the 
other, and throughout the modern world, wherever tech- 
nology 18 strong and well-developed, there is also science. 
Where one is weak the other cannot be strong. Yet their 
objectives differ in some important respects and the 
perception of these distinctions is fundamental to a 
genuine understanding of science. 

At this pomt, Dr. Haskins looks again at the past, 
where the primitive roots of science and technology once 
lay far apart. A well-developed technology could and did 
flourish, for example, in the India and China of Lao-tse, 
Confucius and their contemporaries, but a scientific 
evolution was not possible in that philosophical climate. 
This difference between science and technology remains 
to-day, and is epitomized by their widely divergent 
objectives. At one extreme of the spectrum from science 
through technology. the essential purpose of science is the 
broadening of knowledge, the deepening of understanding. 
At the other extreme of the spectrum, the ultimate 
merit of technology is the effectiveness with which it 
can bend the knowledge won by science to rea! social use. 
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In this comparison, the attitudes and goals of tech- 
nology, its procedures and its practical scale of values, 
may approach the general daily working philosophy of 
society as a whole, rather than the philosophy of science 
itself, In fact, the characteristic processes and goals of 
technology are commonly far more visible to a society 
than are those of its science. This immediate visibility 
of the aims of technology is enhanced by the circumstance 
that technology, unlike science, normally produces con- 
spicuous and useful products, which, devised as they 
ordinarily are with the aid of the knowledge that science 
provides, are liable to be popularly attributed tio science 
itself. This gives rise to the danger with which Dr. Haskins 
is fundamentally concerned in his review; in a society as 
technologically polarized as our own, public misunder- 
standing of the nature of science and the requirements 
for healthy scientific growth could, in the long run, 
seriously jeopardize the quality of science itself. Under 
such conditions the approaches and goals of science 
could be subjected, however gently or subtly, to assess- 
ments and demands formulated primarily in those 
terms. 

Dr. Haskins’s plea for special vigilance on this score in 
the years ahead, as both the magnitude and proportion 
of the support of science from Government sources—often 
almost indistinguishably bound up with support for 
technology, and in effect ultimately apportioned according 
to the publie will—increase still further, is substantiated 
by developments in Britain in the past 2 years. It may 
as yet be too soon to judge whether the Ministry of 
Technology is really closer to industry than the Depart- 
ment of Scientific and Industrial Research, but there is 
little evidence that the creation of a Ministry of Education 
and Science in place of a Ministry for Science offers any 
advantage. On the contrary, there is evidence to justify 
the uneasiness of the universities, if not also of the 
University Grants Committee, particularly in the absence 
of effective action to remedy weaknesses in the old 
arrangements which persist into the new. 

It is only too clear that the warning addressed by Dr. 
Haskins to the United States could apply to many other 
countries. It is quite possible—some might suggest it is 
already happening—for the fabric of science to be subtly 
distorted over the long term by public support unwisely 
or improperly administered, by the lavish granting of 
funds for this and the withholding of funds for that, on 
the judgment of a collective patron insufficiently know- 
ledgeable or politically biased. Equally serious is the 
real danger that any long persistence of such a situation 
could corrode the inner structure of science by presenting 
& strong and lasting temptation to disregard scholarly 
and objective standards, or at least to lower them. Such 
a situation could cause science to hold out to its public 
patron arresting technical prospects and thereby acquire 
additional means to conduct some of the supporting 
research, or even to add a whole sector of undirected 
scientific research that could not otherwise have been. 
undertaken. 

Dr. Haskins believes that there are contemporary ex- 
amples of this situation and that it can threaten the very 
essence of the scientific way itself. It can favour in 
practice the effective promoter, whose primary value may 
be the conventional and tired goal of operation for its 
own sake, over the investigator whose efforts and atten- 
tion are more deeply committed to winning new know- 
ledge. Even worse, it can further compromise the future 
by playing on, and thus deepening, the confusion between 
scientific and technical processes and goals. 
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Such circumstances give, in Britain, special force to the 
recommendation of the Parliamentary and Scientific 
Committee to the Select Committee on Procedure that a 
new select committee should be set up to examine the 
annual reports of tke Research Councils, the Atomic 
Energy Authority and other similar bodies and also 
such scientific and technological matters as were under 
consideration in Government Departments as a basis 
for legislation and formulation of policy. The Select 
Committee on Procedure, in its fourth report last July, 
embodied this proposal in a wider one which was not very 
favourably received for the Government by the Lord 
President of the Council. Nevertheless, the proposal] is 
important and deserves further consideration. Examina- 
tion in this way of she annual reports of the Research 
Councils, for example, could wel! contribute to informed 
public discussion on the balance of Britain’s research 
effort. It could ecually bring to light departmental 
shortcomings, and it is clear from recent reports from the 
Estimates Committees that select committees do not 
regard with favour = tendency to put administrative or 
departmental convenience before the public interest. The 
lukewarm reception of the proposal by the Government 
should be a further reason for its sympathetic and 
immediate examination. 

Dr. Haskins’s warring is thus one to be heeded seriously 
in Britain. It is a part of the problem of the communica- 
tion of ideas, of the emerging science of science. No 
doubt, it will be noted by Prof. Blackett and his col- 
leagues in the Royal Society in considering what part | 
that Society should play in the future in the mechanism 
of scientific advice and in determining the balance of 
Brituin’s scientific effort. But the debate must range 
wider, and the very reluctance of the Ministry of Tech- 
nology and of the Department of Education and Science 
to report on their activities makes public debate the 
more imperative, bath within and outside Parliament. 
The recent plea of the Chairman of the Parliamentary 
and Scientific Committee deserves the strongest support 
for the reasons whieh are so lucidly displayed in Dr. 
Haskins’s review. 


A STRAND OF ACADEMIC HISTORY 


300 Jahre Physik und Astronomie an der Kieler 


Universitat 
Von Charlotte Schmidt-Schénbeck. Pp. 261. 
Verlag Ferdinand Hirt, 1965.) 15 D.M. 


HE University of Kiel was founded in 1665 as part 
of the reconstruction after the Thirty Years’ War 
and was initially intended for the training of clergy and 
state officials. During its first hundred years its expansion 
was checked by dependence on the resources of an 
impoverished duchy; thereafter it flourished for a 
century under Danish rule until 1863, when it passed, 
with Schleswig-Holstein, to Prussia. Under the German 
Empire the Universizy enjoyed its heyday and scientific 
and medical studies came into prominence. It was 
devastated during the Second World War, but has since 
made a remarkable recovery as a national institution. 
300 Jahre Physik und Astronomie an der Kieler Uni- 
versitat traces the fortunes of physical and astronomical 
studies at Kiel throuzh the past three centuries by pre- 
senting a series of briaf biographical studies of forty-seven 
of its most distinguished teachers in these fields. These 
notices are grouped according to the special sciences and 
the periods covered, and each section is prefaced with an 
account of the relevant developments in the wider field 


(Kiel : 


746 


of European science. Introductory to the whole book 
are a brief history of the University and an outline of the 
rise of the physical sciences from antiquity through the 
Middle Ages and up to the point at which Kiel began 
to play its not inconsiderable part in their further advance- 
ment. 

It is of particular interest to note the points at which 
revolutions in scientific thought began to be reflected in the 
courses of instruction given at this little University. 
On the physical side, Kiel appears to have lagged behind 
the advance of European science in general. Founded 
some twenty years before Newton’s Principia appeared, 
the University courses had assigned no secure place to the 
Copernican theory by 1700, and it was not until about 
1800 that they embraced Newtonian physics. However, 
about the middle of the nineteenth century there was a 
great advance on this state of affairs when Kiel established 
links with more progressive German Universities; there- 
after, teachers of the calibre of Heinrich Hertz, Max 
Planck and Hans Geiger were attracted. The twentieth 
century brought financial stringency and political per- 
secution, but now, once again, the omens for this historic 
academy seem favourable. 

During the seventeenth and eighteenth centuries, no 
sharp distinction was drawn at Kiel between physics and 
astronomy. In the mid-nineteenth century, however, 
the two sciences drew apart following the foundation 
of the Kiel Observatory and the creation of various 
physical institutes. Thereafter, the progress of these two 
disciplines receives separate treatment in Dr. Schmidt- 
Schonbeck’s pages. The Observatory was completed in 
1876, though equipped at first only with old instruments 
brought from the disused observatory of Altona. Under 
its first director, ©. A. F. Peters, the resources of the new 
institution were chiefly applied to the time-honoured 
problems of positional astronomy—the precise determin- 
ation and cataloguing of star places and motions—while 
contributing also, latterly through the labours of Elis 
Strémgren, to the refinement of planetary and cometary 
orbits. The publication of the Astronomische Nachrichten 
long remained a responsibility of the Kiel astronomers. 

This useful handbook presents an immense amount of 
information which has hitherto not been available, 
based on a bibliography occupying thirty-seven pages and 
illustrated with numerous portraits and pictures of historic 
instruments and institutions. Though primarily concerned 
with the fortunes of one provincial ‘Hochschule’, in one 
aspect of its work, the book possesses a wider interest, for 
the developing situation at Kiel was typical of the cir- 
cumstances encountered by several other small German 
universities. A. ARMITAGE 


EDUCATIONAL RESEARCH 


Innovation and Research in Education 

By Michael Young. (Institute of Community Studies.) 
Pp. vii+184, (London: Routledge and Kegan Paul, Ltd., 
1965.) 35s. net. 


Student Guidance 
By Claude Palmer. (Education Today.) Pp. xvii+108. 
(London: Longmans, Green and Co., Ltd., 1965.) 10s. net. 


NNOVATION and Research in Hducation was written 

by Dr. Young before the report of the Heyworth Com- 
mittee on Social Studies was published, in order to clear his 
own mind as to priorities in educational research. Since 
its publication, however, the Government has announced 
its decision to establish a Social Science Research Council 
and Dr. Young has been appointed its chairman. Accord- 
ingly, the book derives further interest as an indication 
of Dr. Young’s own attitude towards research in the social 
sciences in general. It is described by him as an invitation 
to teachers in schools and in training, as well as to admini- 
stration, to join in a common endeavour to promote 
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research and innovation in education. He argues that 
the social sciences will be greatly advanced when the 
entanglement of the social scientist in society is better 
understood and that this understanding will be promoted 
if the social scientist deliberately seeks to become involved 
in action rather than to keep clear of it. Only by linking 
innovation and research will the methods of the social 
sciences be greatly improved. Progress will be made 
not so much by seeking to copy the natural sciences as 
by recognizing that the social scientist is closely involved 
with his material and that the problems he has to examine 
are proposed by his social environment, by his research 
community, or by other people. Dr. Young strongly 
emphasizes the importance of the research worker as a 
variable in any social research, and he insists that, with- 
out recognizing the interaction of the research worker 
and his material, there can be no growth in precision. 
Unless research workers are more precise, they will 
not know the grounds of disagreement, and unless dis- 
agreement between workers is reduced there can be no 
cumulative advance of the kind the social sciences need 
if they are ever to match the progress of the natural 
sciences. On this view, the most important initial task 
is to endeavour, with the help of control groups, to measure 
the effect of observation on its field and that here the 
vital question is of method. 

Dr. Young believes that education offers the greatest 
scope for advance along these lines in social science 
research, and points to the closer co-operation between 
people with different kinds of training which would be 
generated by experiments along the lines that he sug- 
gests. In successive chapters he thus considers the influence 
of fashion in research, the problems presented by innovation 
in the classroom, by families and pupils, and in co- 
operation between home and school. In his final two 
chapters he discusses methods of research and the organi- 
zation of research in education. Appendixes are provided 
describing the extent of research in Departments and 
Institutes of Education, the organization of educa- 
tional research in the U.S.S.R., by Dr. W. D. Wall, 
and finally 8. S. Dunn assesses educational research 
in the light of Australian experience. Apart from an 
unhappy opening sentence, the book is well written and 
Dr. Young argues his case clearly and cogently; education, 
he maintains, needs innovation more than it needs 
research, and he points out thatall-important social changes 
are made on inadequate evidence and probably always 
will be. He considers the possibilities of innovation in 
examinations as well as in the classroom itself, and in 
co-operation between home and school. In educational 
research, he concludes that, in the near future at any rate, 
progress is most likely to be made by setting up some 
experimental schools and by backing small-scale research 
run by teachers and research workers in co-operation. 
He maintains that the Social Science Research Council, 
which he takes for granted, should be concerned with 
rather more fundamental research into education, while 
the Department of Education should be concerned more 
with the applied aspects. No organization, however 
efficient, will itself produce research of first quality; 
that depends, he reminds us, not on committees but on 
people with a sense of commitment and with a flair for 
choosing the most hopeful pathway into a problem. He 
does not overplay the administrator and his hope is 
that a more scientific approach to education will do 
something to make it more human. Dr. Young’s criticisms 
are searching but they are fair and open-minded, and the 
tone of the book, for all its uncomfortableness, is healthy 
and refreshing. 

Minor support for Dr. Young’s argument is forthcoming 
from Mr. Palmer’s book, which gives a detailed account 
of his experience as student adviser at the Barnet College 
of Further Education. It goes to the root of many student 
failures and provides convincing evidence that if students 
are to do themselves justice in further education some 
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form of student guidance must be an integral part of 
our educational system in the foreseeable future; it 
will remain an important element in our social services 
for young people so long as adolescence remains a time 
of increasing strain and difficult decisions. The value of 
such an appointment is fully demonstrated, on the grounds 
of its contribution to student welfare, to improving their 
intellectual efficiency, and thus adding to the amount 
of the talent available to the nation as a whole—and to 
minimizing the diversion of ability into anti-social channels. 
In the long run, it offers a saving in time and emotional 
strain to other members of the staff which it affects, 
improving teaching and making education in these colleges 
more efficient, which, in the terms of results achieved, 
more than repays the financial outlay. Student Guidance 
provides an example of exactly the kind of innovation 
desiderated by Dr. Young, but Mr. Palmer also pleads for 
a great expansion of research in all fields of education 
with as much freedom as possible for the research workers. 
Likewise, he emphasizes the importance of some indepen- 
dent sources of finance. Some of Mr. Palmer’s observa- 
tions are provocative, and he reminds us that teachers and 
administrators and many employers can all be a source of 
frustration. Emphasizing the importance of the teaching 
of English—failure to master which he regards as an 
integral part of the overall failure of the student to cope 
with his or her environment—he observes that we are 
wasting the talents of thousands of our bright boys and 
girls, young men and women, for just this neglect. Here 
he comes near to echoing Dr. Young’s own remark that 
teachers need to concentrate on their proper function 
of encouraging the desire to learn. In his open-mindedness, 
he also comes near to reaffirming Dr. Young’s further 
remark that research on the raising of the school-leaving 
age and what is involved is unlikely to go far if the 
investigators are already firmly convinced that the extra 
year is in itself a good thing, or at the least can do no 
harm. For such open-mindedness, as is shown by these 
remarks alone, both books are timely and stimulating. 
R. BRIGHTMAN 


MOLECULAR GENETICS 


The Evolution of Genetics 

By Arnold W. Ravin. (Academic Paperbacks.) Pp. 
x+216. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1965.) 22s: 9d.; 
2.95 dollars. 


P one way The Evolution of Genetics is an excellent 
book, in another it is depressing. The trouble arises 
from its title, which leads one to expect some cogent 
illustration of the way in which contemporary genetics 
has evolved, an expectation to which the author adds 
when he complains in his preface that “the debt of modern 
genetics to the past is easily overlooked”. 

Yet with what are we presented? 32 pages on the legacy 
of classical genetics, 147 pages on modern molecular 
genetics, and 23 pages on the future of genetics. In these 
first 32 pages we have as the main legacy of classical 
genetics the concept of a unit of inheritance—the gene 
(Mendel); the concept of relation between genes and 
metabolic blocks (Garrod); the concept that genes are 
chromosomal (Sutton); linkage (Morgan); proof of 
chromosome exchange in crossing-over (Stern); the origin 
of theoretical population genetics (Hardy-Weinberg; 
Fisher, Haldane, Wright); and proof that the cytoplasm 
counts too (anon). 

In the rest of the book we find that, prior to 1940, 
Griffith had discovered transformation and Muller and 
Stadler had discovered the mutagenic effects of radiation. 
Furthermore, and here we come to the crux, we are told 
(p. 87) that “The very power of the microbial system 
led to a breakdown of one of the tacit assumptions of 


NATURE 


147 


classical genetics. The gene, it had been presumed, was 
a unit of the genetical material that functioned as a 
single entity in cortrolling some phenotypic character 
and responded as a whole to mutation and to recom- 
bination”. “It was Seymour Benzer who brought this 
conclusion emphatically home” using phage. 

Opinions of which were the key points that led to the 
opening up of moleeular genetics may vary; but none 
could omit any of the following. The introduction of micro- 
organisms to genetics by Dodge and Lindegren and to 
biochemical genetics by Beadle and Tatum; the demon- 
stration by Avery that the transforming factor is DNA; 
the production of a genetically intelligible structure for 
DNA by Watson and Crick; and—the point which the 
author rightly describes as basic—the discovery that 
genes defined as segregational units, as recombinational 
units, as mutationel units and as physiological units 
are not necessarily 2oextensive. But this discovery did 
not depend on micro-organisms. Well before Benzer’s 
work began, Fisher, Goldschmidt, Darlington, and Mather. 
among others, were aware that different definitions of 
the gene were not synonymous, and the demonstration 
that physiological units were complexes that could be 
broken down by recombination was made primarily 
with Drosophila (Lewis, Pontecorvo). To say this is not 
to minimize Benzer’s contribution. It is merely to con- 
tradict the central point in this account of the evolution 
of genetics. i 

As an account of contemporary molecular geneties, 
the book is simple, siraightforward, well written, and has 
much to recommend it, and the concluding section is a 
thoughtful account of the views of the author of the 
problems geneticists must face in the future. It is a pity 
the author, in his title and preface, should have suggested - 
he was trying to show how molecular genetics arose, a 
task which, had it been well done, would have been very 
well worth doing. J. M. THopay 


A MOLECULAR BASIS OF 
EVOLUTION 


Evolving Genes and Proteins 

Edited by Vernon Bryson and Henry J. Vogel. (A 
Symposium held at the Institute of Microbiology of 
Rutgers, The State University, with support from the 
National Science Foundation.) Pp. xxi+ 629. (New 
York: Academic Press, Inc.; London: Academic Press, 
Inc. (London), Ltd., 1965.) 156s. 


HIS well-preserted though expensive volume makes 

available a detailed account of the proceedings of a 
symposium held at Rutgers University in September 
1964. An impressive array of scientists delivered papers 
which are collected into nine parts, eight of which begin 
with a chairman’s introductory remarks and which end 
with open discussion. There are two parts dealing with 
the evolution of biochemical pathways and three each 
with the evolution af proteins and genes. 

Dedicated to the Iate D. M. Bonner, Evolving Genes and 
Proteins starts with a list of participants, a short preface 
by the editors, and a3 welcome by J. O. Lampen, At the 
end of the book there is a complete author index and a 
sensible subject indəx. ; 

An opening address was delivered by E. L. Tatum, who 
attempted to place the present knowledge about the 
molecular basis of evolution in perspective within the 
framework of the rapidly developing discipline of molecu- 
lar biology. 

In the first section, N. H. Horowitz surveyed the 
evolution of biochemical syntheses. He proposed a 
process of retro-evo-ution whereby evolution started with 
an end-product of a biosynthetic pathway and worked 
backward stepwise towards the beginning of the reaction 
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chain. Thus the first enzyme should carry a memory of 
its origin. Next H. J. Vogel showed how a biochemical 
characteristic such as the lysine pathway could be useful 
to observe evolutionary relationships among a variety of 
lower organisms. 

Part 2 started with K. Bloch’s discussion of the evolu- 
tionary patterns observed in an examination of the lipids 
from a variety of organisms. S. Granick then proposed 
how the biosynthetic chains involved in respiratory and 
photosynthetic functions developed to produce haem and 
chlorophyll. He also described the recent evolution of a 
haem oxidative enzyme and its controls when animals 
progressed on to land. 

The first section on the evolution of proteins began 
with a long description of evolutionary divergence and 
convergence in proteins by E. Zuckerkandl and L. Pauling. 
They assumed that the most important thing to do in the 
life sciences is to uncover the molecular mechanisms which 
underlie the observations of classical biology. Next, J. 
Buettner-Janusch and R. L. Hill discussed the interplay 
between molecular and organismal aspects of evolutionary 
events through an investigation of the haemoglobin of man 
and his primate relatives. Indeed, the differences and 
similarities among primate haemoglobins reflect to a great 
extent present ideas of phylogeny. Finally, in this section, 
G. Braunitzer and his colleagues surveyed amino-acid 
composition and sequence data of selected respiratory and 
viral proteins. 

The first two papers in the second section on proteins 
dealt with the structural and functional aspects of pro- 
teins presumed to be biologically ubiquitous. ‘Thus 
phosphoglucomutase and cytochrome c were studied by 
P. Handler’s group and E. Margoliash and E. L. Smith 
respectively in the hope of identifying a protein which is 
the expression of a homologous gene, thereby exemplifying 
the common ancestry of life on this planet. N. O. Kaplan 
then described methods whereby structural and functional 
relationships among dehydrogenases from different organ- 
isms can be compared. He showed that there has been 
little or no evolutionary change in the structure of co- 
enzymes and discussed the significance of alterations in 
enzymes. The final paper of this section by W. J. Rutter 
analysed the molecular features of functionally related 
proteins derived from various biological sources to provide 
evidence for the interpretation of basic evolutionary 
mechanisms. 

P. H. Abelson, in his mtroduction to the final section on 
proteins, gave an example in which phylogeny based only 
on protein structure yielded a pattern clearly inconsistent 
with the taxonomy of the zoologist. The results of 
detailed studies in the laboratory of the late D. M. Bonner 
on the tryptophan synthetase systems from Æ, coli and 
N. crassa supported the proposal that the interaction 
between catalytic units might be followed by conversion to 
single polypeptide systems. The next paper described 
work in W. D. McHilroy’s laboratory and compared 
luciferase preparations from various species of firefly. 
E. Freese and A. Yoshida then reviewed the role of muta- 
tions in evolution and suggested that rules concerning the 
preferred types of spontaneous mutations can be used to 
deduce the nucleotide sequences of normal and mutant 
genes from the amino-acid sequences of the corresponding 
proteins. After a summary by S. E. Luria of the evolution 
of the lactose utilization gene system in enteric bacteria, 
the final paper in this section was delivered by 8. W. Fox. 
He described ın viiro experiments which suggest that 
proteins evolved before cells and genes. 

An evening lecture by T. M. Sonneborn on the degen- 
eracy of the genetic code has been expanded for inclusion 
in this volume. He proposed that natural selection should 
operate to minimize nonsense and maximize sense. 

Part 7, the first section on the evolution of genes, began 
with a survey of the synthesis of polydeoxynucleotides by 
A. Kornberg, who suggested that a reiterative copying 
process might operate occasionally in vivo with reference 
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to the natural evolution of DNA. Next E. K. F. Bautz 
pointed out that RNA. species with no coding function 
have fixed nucleotide compositions whereas those with 
coding properties can exhibit extensive variations as 
reflexions of the DNA’s characteristic of particular organ- 
isms. Using data from analytical studies of mRNA made 
on T4 DNA as template, he was able to make the much 
anticipated but important observation that in vitro 
replication and i vivo transcription have the same 
polarity. Finally, in this section, J. Marmur’s group 
described defective bacteriophage particles found in 
B. subtilis and suggested that such particles might repre- 
sent an evolutionary stage close to temperate phages. 

A. Rich started the following section on genes by sur- 
veying the details available about the mechanism of 
protein synthesis. With reference to the evolutionary 
history of the protein synthesizing mechanism, he envis- 
aged an early stage when the genetic code was not uni- 
versal, H. Harris then reported on the nature of the 
short-lived RNA of the cell nucleus. He thought that 
most of the messenger type RNA produced in the cell was 
quickly degraded but occasionally mutations occur in the 
unstable mRNA conferring stability on it, thus allowing 1t 
to function in the cytoplasm should it produce an evolu- 
tionary desirable protein. To close this session N. Sueoka 
discussed the evolution of informational macromolecules. 
He also suggested that the accepted scheme for the 
translatory mechanism was established before the rami- 
fication of organisms. 

M. Demerec commenced the final session and concluded 
that genes might be homologous with respect to their 
function yet differ in their molecular structure. Next, 
V. Moses and M. Calvin discussed the possible evolutionary 
significance of molecular regulation with particular 
reference to the consequences of differential mRNA 
stability. Studies.of the relation of rRNA to the genome 
carried out by S. Spiegelman and 8. A. Yankovsky are 
reported in detail. They concluded that a multiplicity of 
cistrons exists for rRNA and also located Drosophila DNA 
complementary with rRNA in the region of the nucleolar 
organizer. The work of R. B. Roberts and his colleagues 
was discussed with reference to the evolution of poly- 
nucleotides. Finally, the symposium ended with R. 
Sager pursuing the possible paths of the evolution of 
genetic material from the consideration of work on the 
recombination of non-chromosomal genes. 

Clearly the mass of data collected together in this 
volume makes it a necessity for specialists in this field and 
provides a background for those wishing to enter the field. 
It will be readily understood by graduates trained in 
biochemistry. Because of the range of articles, which 
includes reviews and the presentation of new results, I 
have commented only on what I consider to be the more 
interesting points made by the various speakers. No 
modern library for biological chemistry should be without 
it. B. F. ©. CLARK 


SENSORY DEPRIVATION 


Inside the B'ack Room 
By Dr. Jack A. Vernon. Pp. xvii+ 203. 
Souvenir Press, Ltd., 1965.) 21s. net. 


pe DE the Black Room is an attempt to give a popular 
account of the work done on sensory deprivation by a 
number of research workers at Princeton, and was first 
published in the United States in 1963. The project was 
made possible by grants from the Office of the Surgeon 
General of the U.S. Army and from the National Science 
Foundation, and the type of research followed was that 
previously initiated by Dr. D. O. Hebb and his associates, 
working at McGill University, where the term ‘black 
box’ was first incorrectly used to indicate the room in 
which the experiments were conducted. At McGill 
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the cubicle in which the subjects were confined was 
lighted but rendered semi-soundproof: at Princeton the 
room was lightproof and soundproof. 

Jixamination of the effects of sensory deprivation was 
originally intended to throw light on the reduction of 
variability and quantity of sensory stimuli as a potential 
hazard in space flight, but even before these experiments 
unusual sensory effects had been recorded with radar 
observers and other workers engaged in very monotonous 
and routine jobs. As observations multiplied, so the whole 
subject became connected with what was called ‘brain- 
washing’ and this was the main point dealt with by the 
experiments at McGill. 

Dr. Vernon’s arrangements were more severe than 
those of Dr. Hebb, although both used only male subjects, 
those assisting Vernon being about one hundred Princeton 
graduates aged between twenty and thirty-two. Con- 
finement was usually continued up to ninety-s1x hours, 
although the subject could obtain release at any time 
should he find the situation intolerable by pressing a 
button, although no continuation of the test was permitted 
once he had left the cubicle. The usual arrangements were 
made for providing food and toilet facilities. 

As a result of the experiments a number of facts relating 
to conditions of sensory deprivation were found. About 
one out of five subjects used the release button before 
their time was up; and although they were forbidden 
to smoke they found to their surprise that they no longer 
wanted to do so. It was found that, using the body-sway 
test, suggestibility could be increased and the under- 
estimation of time was a marked characteristic. Effects 
on thinking varied: in some cases it remained clear, but 
for most subjects connected thought became weaker the 
longer confinement was continued. 

As regards physical effects, it was found that confine- 
ment had an undesirable effect on some simple motor 
tasks, although no effect on reaction time was observed. 
Sensitivity to pain was increased, and what was more 
unexpected was a loss of weight due to the fact that the 
subjects did not consume enough to prevent it. i 

Dr. Vernon’s study is a clear and interesting exposition 
of the general effects of sensory deprivation under certain 
well-defined conditions. But what is now clear is that 
much more work will have to be done, including tests with 
less educated and with female subjects and with persons 
of widely differing age groups. It seems that man does 
not well endure such conditions, since they afford no 
variation in the few stimuli presented to him. Even the 
simplest stimulus ıs received with pleasure and becomes 
a subject for study. If the results of sensory deprivation 
are to be accepted, then the dependence of modern man on 
the external world and the limitations of his own self- 
sufficiency have been exemplified. E. J. DINGWALL 


PARASITES OF FRESHWATER FISH 


Key to Parasites of Freshwater Fish of the U.S.S.R. 
Compiled by I. E. Bykhovskaya-Pavlovskaya et al. 
Translated from the Russian. Pp. viii +919. (Jerusalem : 
Israel Program for Scientific Translations; London: 
Oldbourne Press, 1964.) 180s. 


Ke to Parasites of Freshwater Fish of the U.S.S.R. 
was originally published in 1962. The book contains 
keys to the identification of 1,211 species of parasites 
from freshwater fish of the U.S.S.R. The parasites belong 
to seven phyla and fifteen classes of invertebrates. The 
keys are constructed on a dichotomous pattern, and require 
comparisons of characters of the parasite to be made. 
A description of each species of parasite is given. 

The Protozoa occupy 231 pages of the translation; the 
Coelenterata, 2 pages; the Platyhelminthes Mono- 
genoidea, 207 pages; Cestoidea, 66 pages; Trematoda 
(Digenea), 104 pages; the Nemathelminthes Nematoda, 
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67 pages; Acanthocephala, 45 pages; the Annelida 
Hirudinea, 13 pages; the Mollusca, 4 pages;. the 


Arthropoda Crustacea, 57 pages; and Arachnoidea,.5 
pages.- There is a twelve-page index of common and 
Latin names of the fish, followed by a thirty-nine-page 
list of parasites of the freshwater fish of the U.S.S.R., 
arranged under species of host. The bibliography gives 
references to 249 Rassian and 116 foreign (non-Russian) 
publications. A list entitled “Basic Manuals, Keys and 
Papers on Fish Parasites? contains thirty titles, all by 
non-Russian authors. 

The index of Latin names of the parasites is photo- 
graphically reproduced from the original publication 
and occupies the fmal thirty-three pages of the book. 
Unfortunately, the page numbers of the original book are 
given, and although these are shown at the margins of the 
text of the translation, the index is inconvenient to use at 
first. Thus the text cf p. 665 of the Russian original appears 
on pp. 784 and 785 of the translation. 

According to the introduction, the book is for the use of 
persons of biological background who are not necessarily 
parasitologists. Each section commences with an introduc- 
tion which describes the morphology, biology, phylogeny 
and epizootological significance of the parasites being 
considered. This is an excellent feature, but I am doubt- 
ful if a person inexperienced in the study of some of the 
groups of parasites would be able to find and correctly 
interpret some of tne structures. It is strongly recom- 
mended that identifications made by inexperienced 
workers be referred to an expert for confirmation. This 
comment is not intended to condemn the selection of key 
characters, or the coastruction of the keys. It is a warning 
that identification is not necessarily an easy process, and 
that incorrect determinations can be easily made no matter 
how good the keys. 

The descriptions given for each species of parasite are 
brief and to the point. The illustrations are largely from 
the world literature. although some are original. On the 
whole they are good, but some have suffered in quality 
owing to their manner of reproduction in the trans- 
lation. 

The book is a kev to the parasites of the fishes of the 
U.S.S.R., and species not found in the U.S.S.R. are 
omitted. This is an obvious point, but, as the translation 
will be used outside the U.S.S.R., it is an important one. 
If the keys do not work for a parasite, it must be remem- 
bered that it may be a species not recorded from the 
U.S.S.R. 

The translation from the Russian appears to be accurate. 
A. comparison of the part of the book dealing with the 
class Cestoidea was made with a translation of the same 
part prepared by the Translations Section of the National 
Lending Library}. The comparison was favourable, as 
the two translatiors were identical in factual content 
and interpretation of the Russian original. 

The editor and authors of the original publication are 
to be congratulated on the excellent compilation. As they 
point out in the foreword, the authors are under no illusion 
that the work is zomplete, or free from deficiencies. 
They invite critical remarks and supplementary material 
for incorporation in future editions. The translators should 
also be complimented on the production of the English 
version in the relatively short time since the appearance 
of the original. 

While not everyone will agree with the taxonomic 
treatment given to some of the groups of parasites, this 
in no way affects tne value of the book as a key-work. 
The book is highly recommended, and should be an 
invaluable aid to the identification of freshwater fish 
parasites. The keys were tested with a variety of parasites 
from several groups, and the correct identifications 
achieved. JAMES C. CHUBB 


1 Pubinina, M. N., Class—Tapeworms. Translation of pp 384-438 Opredelitel 
Parazitov Presnovodrich Rib SSSR. Akad. Nauk S S.S.R Moscow- 
Leningrad (National Lending Library for Science and Technology, 
December, 1964) ' 
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‘The Works of William Harvey, M.D. 
Translated from the Latin with a Life of the Author by 
Robert Willis. (The Sources of Science, No. -13.) Pp. 
xevi +624. (New York and London: Johnson Reprint 
Corporation, 1965.) 25 dollars. 


To Johnson Reprint Corporation are publishers of 
an excellent series, “The Sources of Science”, in 
which they reprint the original work of pioneers, such as 
Boyle, Newton, Kepler and Grew. This compendious 
volume contains the works of William Harvey; a reprint 
of De Motu Cordis, De Circulatione Sanguinis and De 
Generatione Animalium, which were prepared for the 
Sydenham Society by Robert Willis and published in 
1847. Willis also included some of Harvey’s letters to 
foreign medical correspondents, the report on Thomas 
Parr, a transcript of Harvey’s will and a memoir of 
Harvey. 

Robert Willis, M.D. Edinburgh, was Librarian of the 
Royal College of Surgeons from 1828 to 1845. After this 
he was in general practice at Barnes. A good linguist, he 
translated Wagner’s Physiology from the German and 
Rayer on Skin Diseases from the French. He died in 
1878. 

Willis had had & classical education, and his translations 
of Harvey’s works were an improvement on those of 
previous translators. Harvey wrote excellent Latin, pace 
Aubrey, but his English translators, including Willis, are 
not sufficiently accurate for those doing either historical 
or experimental research. Willis’s translations of De Motu 
Cordis and De Circulatione Sanguinis have been super- 
seded by the scholarly translations of Prof. Kenneth J. 
Franklin (now obtainable in the Everyman edition). 
Prof. Franklin has exceptional gifts for translating ‘the 
works of Harvey, being a physiologist, classical scholar 
and medical historian. This reprint of Willis’s English 
translation is, therefore, chiefly of historic interest, 
although until Prof. Franklin’s translation is published 
it is the best available of De Generatione. 

ARTHUR MaoNartry 


Le Message Héréditaire 
Par Jean de Grouchy. Pp. xi+196. 
Villars, 1965.) 26 franes. 


N the past ten years molecular genetics has advanced in 

a spectacular way, and several people have felt the 
urge to communicate these developments to a wider public. 
There has been a spate of books written at various levels 
which should ensure that the present generation of sixth 
formers and undergraduates can easily assimilate the 


(Paris: Gauthier- 


major developments. Even the youngest of the masters, | 


James Watson, has recently given us a stimulating and 
informative summary, The Molecular Biology of the 
Gene. A 

Le Message Héréditaire is written at an intermediate 
level, suitable for students in general biology, and—with 
its several examples from human disorders-——for medical 
students. It follows the general pattern set by Dr. de 
Grouchy in 1958 with his L’Hérédité Moleculaire. Com- 
parison of the two books is instructive because it reminds 
us how radically views have changed during the past seven 
years. During this time the roles of transfer-RNA, messen- 
ger-RNA, polyribosomes, enzymatic transcription and 
coding have all been clarified, and a beginning has been 
made in the analysis of mechanisms controlling expression 
ofgenes. Dr. de Grouchy conveys his message with simpli- 
city and clarity, quoting most of the classical examples 
from microbial and human genetics. Even controversial 
subjects such as control mechanisms are handled tactfully. 
The Jacob-Monod system is fully presented, but some 
recent microbiological evidence which has led to con- 
clusions at variance with the Parisian orthodoxy are 
mentioned. Suggestions that a number of human dis- 
orders are due to abnormalities of control mechanisms are 
quoted, even though one does not, unfortunately, know 
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in any single case whether this 1s the correct explanation 
of the observations. 

The material is adequately illustrated and systematically 
presented, so the absence of an index is no great handicap. 
The book is accurate and well written, and it will doubtless 
be widely read by French students; but the language 
barrier, and the fact that excellent alternatives are 
available in English, will probably limit its use in Britain 
and the United States. A. ©. ALLISON 


Outline of Endocrine Gland Syndromes 

By Prof. T. S. Danowski. Pp. ix+374. (Baltimore : 

The Wiliams and Wilkins Company, 1965. Distributed 

Pa the U.K. by E. and §. Livingstone, Ltd., Edinburgh.) 
s. net. 


(jes of Endocrine Gland Syndromes provides a 
synopsis of present knowledge regarding the aetio- 
logy, clinical features, differential diagnosis, prognosis 
and therapy of endocrine diseases with the exception of 
diabetes mellitus which is discussed in a companion 
volume. Although the style of writing is in places some- 
what cryptic, most of the relevant information is presented, 
the sections dealing with the thyroid, parathyroids and 
adrenal cortex being more comprehensive than those 
concerned with the anterior and posterior pituitary and 
the gonads. The bibliography on purely clinical topics is 
generally adequate and includes many recent references. 
However, the value of hormone assay procedures in the 
diagnosis and management of endocrine diseases is not 
greatly emphasized, and it is to be hoped that in later 
editions of the volume this aspect of the subject will 
be expanded. The book in its present form should 
prove valuable not only to the clinical endocrinologist 
but also to the general physician who is anxious to acquaint 
himself with recent developments in this speciality. 
JOHN A. LORAINE 


Bibliography of Statistical Literature 

1940-1949. By Dr. Maurice G. Kendall and Alison G. 
Doig. Pp. 190. (Edinburgh and London: Oliver and 
Boyd, Ltd., 1965.) 55s. 


HIS is the second volume to appear of the projected 
three-volume bibliography which is intended to pro- 
vide a complete bibliography of statistical literature from 
its earliest beginnings until 1958, when the International 
Journal of Abstracts of Statistical Theory and Method 
commenced its coverage. The volume for the period 
1950-58 appeared in 1962, and will already be familiar 
to many statisticians. The high standard set by this 
earlier volume has been maintained. In each volume 
papers are listed alphabetically by the name of the 
author followed by the title and exact journal reference. 
Since there is at present no indexing by subject, the 
bibliography as it stands 1s of little direct use to the 
statistician, but the availability of this almost exhaustive 
list of statistical articles will make it easy to compile 
specialized bibliographies for any particular purpose. 
There is also a reasonable hope that a subject index, such 
as that already prepared by M. J. R. Healy (described in 
the Journal of the Royal Statistical Society, series A, 126, 
270; 1963), will eventually be published. The work 
is therefore likely to gain in value as time passes. 

A serious defect of the work is that quite a high propor- 
tion of the titles in foreign languages are not translated 
into English, although in some cases a French or German 
translation is given. It is often fairly easy to guess the 
meaning of those in Portuguese or Italian, but occasional 
Swedish titles, for example, may be completely baffling. 
No doubt the authors, with inadequate resources and 
limited tıme, have done far better than could reasonably 
be expected. The fault lies rather with the authorities 
who failed to provide assistance when it would have done 
most good. D. F. KERRDGE 
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ON THE NATURE OF THE QUASI-STELLAR SOURCES 


By Pror. F. HOYLE, F.R.S. 


University of Cambridge, and California Institute of Technology - 


AND 


Pror. G. R. BURBIDGE and Pror. W. L. W. SARGENT 


University of California, San Diego 


N a recent paper, under the same title as this article’, 

two of us have discussed. both the usual cosmological 
interpretation of the red-sbifts of the spectrum lines of 
the quasi-stellar objects and also the possibility that these 
objects are comparatively ‘local’ to our Galaxy, with 
distances of 1-10 Mpc. The work was begun with the 
conventional prejudice toward the cosmological inter- 
pretation, the initial aim being to disprove the local 
hypothesis. In the outcome, however, we were not able 
to satisfy ourselves that the local hypothesis must be 
discarded—~in fact we arrived at a balanced position 
between the two hypotheses. In this communication we 
do not propose to repeat the former arguments but to 
put forward new considerations which seem to us to 
point toward the local hypothesis. 

The new argument turns on the Compton process in 
which relativistic electrons are inelastically scattered by 
low-energy photons. The importance of this process was 
realized by Greenstein and Schmidt? and also discussed 
by Ginzburg, Ozernoi and Syrovatsky®. Like synchrotron 
radiation, the Compton process depends on the presence 
of electrons of relativistic energies. The electrons lose 
energy by the synchrotron process and by the Compton 
process in accordance with the ratio: 


Loss by Compton scattering Usa 


Loss by synchrotron scattering ~ H?/4r (1) 


where Uma 18 the energy density of the radiation field. 
In order to apply the relation (1) to the Compton process 
it is necessary to discuss two important questions: (a) 
What is the intensity of the synchrotron emission from 
quasi-stellar objects? (b) What are the dimensions of 
the emission regions ? We begin with a discussion of (a). 

The observed radiation from quasi-stellar objects is 
thought to be derived from two processes: (i) synchrotron 
radiation and (u) radiative recombination of an ionized 
gas. The most detailed studies have been carried out 
for 3C 273 and 3C 48. There is no question but that the 
radio frequency radiation from the quasi-stellar objects 
is generated entirely by the synchrotron process. How- 
ever, as will become clear from the later discussion, it is 
the high-energy density of radiation which comes almost 
entirely from the flux emitted in the optical and infra-red 
spectrum which is of critical importance here. 

Matthews and Sandage‘ ascribed the whole of the con- 
tinuous radiation from 3C 48 in the wave-length range 
3:0-8:3 x 19 c/s to the synchrotron process. Green- 
stein and Schmidt? and Oke® have both discussed the opti- 
cal spectrum of 30 273 in terms of radiative recombination 
of a hot gas. In Fig. 1 we compare the observed continu- 
ous energy distribution in the optical and near-infra-red. 
regions published by Oke and by Johnson? with the 
theoretical radiative recombination spectra of the two 
models discussed. The two theoretical spectra have been 
given an arbitrary vertical shift to facilitate comparison 
of the forms of the continua. , 

Oke chose a value of Te = 160,000°, which gives the 
observed Balmer discontinuity, B; however, the Paschen 


\. 


continuum must then be ascribed to a component of 
unknown ongin (which Oke supposed to be synchrotron 
radiation) which rises steeply into the near infra-red. , As 
Oke pomted out, Greenstein and Schmidt’s model with 
Te = 16,000° requaes Balmer and Paschen discontinui- 
ties much larger than those observed; thus in their case 
also a spectrum rising steeply into the infra-red must be 
added to the recombination spectrum. Searle et al.’ 
have shown that in each case the spectrum which must be 
added has the same slope as those of the Crab nebula 
and 30 48. This is very strong evidence that the near 
infra-red continuum of 3C 273B is dominated by synchro- 
tron radiation; Dibai and Pronik® have also given strong 
arguments for this conclusion. The presence of a small 
Balmer discontinuity together with the Balmer emission 
lines shows that a hydrogen recombination spectrum is also 
present and begins to dominate below 14,000. 
Extension of the observations of 30 273 into the infra- 
red (v = 3 x 1010-1-4 x 10 e/s) by Johnson and Low?’ 
and into the millimetre range (v = 1047-3 x 10" e/s} by 
Low?! and Epstein}! has shown that this object is an 
exceedingly powerful emitter in these regions. For 
other quasi-stellar objects there are no published observa- 
tions of fluxes in the infra-red, but indications that the 
fluxes are rising in the near infra-red suggest (because of 
the effect of the rec-shift) that a synchrotron contribution 
may be important in the optical region in some objects. 
An integration of the energy distribution curve of 3C 273 
shows that the tozal flux received at the Earth in the 
frequency range 101-5 x 10% c/s 13 5-3 x 10- erg/cm?/ 
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Fig 1. The continuous.energy distribution of 3C 278 in the optical and 
near infra-red is compared with the theoretical hydrogen recombination 
continua appropriate to electron temperatures of 14,000° and 160,000° . 
given by Oke (ref. 5). The continuous line represents Oke’s observations 
of 3C 273. The circle represents Johnson's (ref. 6) measurement of fhe 
flux at 2-24. The ordinste is the logarithm of the observed flux per unit 
frequency interval from 3C 273 at the Earth's surface. The units are 
10-*4 ergs em? sec (c¢/s)"?. The abscissa is the frequency m units of 
10“ c/s. Note that the theoretical continua have been given arbitrary 
vertical shifts 
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sec. The bulk of this radiation is emitted in the frequency 
range 10-10% c/s. For 3C 48, Sandage?!’ obtained a flux 
of 1-1 x 10-1 erg/cm?/sec for this frequency range. 

It has often been pointed out that detection of a signifi- 
cant degree of polarization in the radiation might add 
weight to the circumstantial evidence for the flux being 
synchrotron radiation. In the case of 30 48, Hiltner 
found that the degree of polarization in the optical region 
is less than 2 per cent. Recently, Schmidt!* has reported 
that in 30 2738 there is no measurable polarization 
in the frequencies near 7:5 x 10 c/s, but at 6 x 10% c/s 
about 4 per cent polarization is present. This is con- 
sistent with a steadily increasing proportion of synchro- 
tron radiation at lower frequencies. 

We conclude that the bulk of the energy emitted from 
3C 273 and probably from the quasi-stellar objects in 
general is synchrotron radiation. We consider next the 
dimension of the source from which this radiation is 
emitted. 

It is well known that it is the flux variations from the 
source which set a much stronger upper limit for the size 
than the ‘quasi-stellar’ characteristic. 3C 273B has been 
shown to vary in the optical region in time scales of 
years and months. Recent observations in frequencies 
near 3 x 10!! c/s (ref. 9) suggest that there have been 
large variations in periods of months. In other quasi- 
stellar objects variations in the optical flux of similar and 
sometimes shorter time scales are seen. In the case of 
30 345 significant optical and spectroscopic variations on 
a time scale of weeks have recently been reported? !4 
though no observations of the infra-red flux in this object 
are available. Thus a reasonable scale to take for the size 
of the region in which this synchrotron flux is generated 
is ~ 1017 cm or about a light month. 

We return now to our discussion of the inverse Compton 
process. In attempting to estimate the relative importance 
of the synchrotron process and the Compton scattering 
process, we first considered that the dimension of a 
‘coherent’ emission region is such that a relativistic electron 
can travel in its lifetime across the whole region. For a 
sphere of radius R this requires + > Rfc, where ~ is the 
electron lifetime against synchrotron radiation. Calculat- 
ing t from the synchrotron process alone, we have: 


t = 10y-1/4H-8!? see (2) 


where H is the magnetic intensity m gauss and v is the 
critical frequency in c/s of the electron in question. From 
the inequality + > R/e, we obtain: 
H»! < 3 x 102R 
giving: 
H? 1024-213 R-4/3 3 
an Se Y (3) 
R being in cm. 

Suppose first that the whole emission comes from just 
one such coherent region. Then, if d is the distance to the 
source and s is the flux in ergs cem- sec! at the Earth, 
L = xR?e Uaa ~ 4nd%s, neglecting a red-shift factor, so 
that: 

4d*s 
Ura S Big (4) 


Taking the ratio of (4) to (3): 


Uma 4d*s z3 
H?/4x~ 10%% oR) 

If we substitute for s the value of 5:3 x 10-* erg/em2/sec, 
then: 

U saa € 2/3 
where D is measured in megaparsecs (Mpe) (d = 3 x 
10% D). Putting D = 470 Mpc, the cosmological distance 
for 3C 273, we have: 


Uraa 


yN2/8 
Baur Aa (=) 
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Thus, if R = 1017 cm and v = 104 c/s (the near infra-red): 


cae 
Han 


It is of some interest to apply a similar argument to the 
case of 3C 345. This quasi-stellar source which has a red- 
shift 2 = 0-595 (ref. 17) has varied significantly in a time 
scale of ~ light week or ~ 10° sec (ref. 15). In this case 
we do not have such strong evidence that a major part of 
the flux is synchrotron radiation. The flux that is seen. 
is ultra-violet radiation and we have no knowledge con- 
cerning the flux in the frequency range discussed for 
3C 273 because of the much larger red-shift. However, 
we shall assume that the flux is synchrotron in origin. 
Taking an apparent magnitude of 1770 for 3C 345, we 
find that for this object s = 8-4 x 10-1? erg/cm?/sec. 
Thus for this source, going through the same steps as 
before: 


= 13 x 10° (6) 


Un g eu 
Hiin — 1-0 x 10-1-pD? R 
The cosmological distance, D, 1s equal to 1,770 Mpc. 
and thus: 
U 2/3 
Hix pw 3-1 x 105 (+) 
Putting v = 6 x 1014 cjs, R = 3 x 10% em: 
U 
Hå æ 23 x 10 (1) 


Thus, provided that the ultra-violet radiation from 83C 345 
is synchrotron in origin, we arrive at much the same ratio 
as for 30 273. 

The results (6) and (7) give a manifest contradiction 
because Uma in (6) and (7) was calculated from the 
synchrotron process alone. Our results would therefore 
require the energy density of radiation from the Compton 
process to be greater than that from the synchrotron 
process by the large factor ~ 10°, yielding a divergence 
in which the inverse Compton process acts on itself, 
giving a repeated stepping up of the energies of quanta 
initially generated by the synchrotron process. When 
Uaa is estimated from the synchrotron process, the 
right-hand side of (1) must not be greater than unity. 
It may be noted that this requirement prevents one from 
arguing that the optical and infra-red emission arises 
from the Compton process acting on radio-frequency 
quanta. For, since the energy of the former much exceeds 
the latter, it would be necessary on this idea for the Comp- 
ton process to multiply the energy of the synchrotron 
process by a large factor. The same process would then 
multiply itself by a similar factor, giving an impossible 
divergence. 

Reference to (4) shows that these difficulties are avoided 
if the distances of the quasi-stellar objects are reduced by 
a factor ~ 10?, that is to say, from characteristic distances 
of 1,000 Mpc to characteristic distances of 10 Mpc. It 
seems to us rather unlikely that the cosmological interpre- 
tation of the distances can be saved by any modification 
of our argument except perhaps by modifying our assump- 
tion that the emission comes from just one coherent 
region—in the sense we have used coherence (compare 
equations (2) and (3}). We continue our discussion by 
examining the consequences of denying this assumption. 

Suppose there are n coherent sub-regions each of radius 
R. Proceeding in the same way as before, but now for a 
single sub-region, we find that 47U,,4/H? is reduced by n. 
Evidently, for n large enough this ratio can be reduced to 
a value of order unity-—-even when D is a cosmological 
distance. However, since the fluctuation data require 
all n sub-regions to be fitted into an overall dimension 
of ~ 101? cm, it is clear that for 7 > 1 the radius R of 
each region must be taken substantially less than 10” em. 
Thus the factor (v/R)*“, which appears in the analysis, 


id 
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cannot now be taken much greater than unity. It 
follows that n must be still larger than the numerical values 
appearing in equations (6) and (7)— > ~ 10° is needed. 

The problem is then to explain how so many sub-regions 
can vary in phase with each other, as they must do if their 
combined radiative output is to vary at all appreciably 
in @ time scale of a few weeks. A correlation between 
the sub-regions is needed—they cannot be autonomous. 
We might think of a magnetic field maintaining a con- 
nexion from one region to another, but for the connexion 
to be strong enough to co-phase the regions the magnetic 
intensity could not be significantly less in the inter-region 
zone than it is within the regions themselves. The 
concept of separate sub-regions then becomes of doubtful 
validity and ıt seems better to return to a single coherent 
region of dimension ~1017 cm. However, we can now 
regard the ‘coherence’ as being maintained by a magnetic 
field rather than. by a diffusion from place to place of the 
relativistic particles. In terms of our previous analysis, 
we can increase the value of H? until the ratio 4nU,.4/H? 
falls to unity. The effect of such an increase is to give 
extremely short lives to the relativistic electrons. Instead 
of a few weeks, the lifetimes are only ~ 10° see—this is 
for the electrons which radiate the main energy, at 
v 2 10 o/s, 

Ib would seem then that the assumption of cosmological 
distances for the quasi-stellar objects leads to the require- 
ment that relativistic particles are generated in situ. 
From what? Perhaps from oscillations in the magnetic 
field. In order to explain the optical fluctuation data 
such oscillations must propagate with essentially the speed 
of light—the oscillations would need to be electromag- 
netic, not hydromagnetic. 

A mechanism for generating electromagnetic waves 
has been discussed by Hoyle, Narlikar and Wheeler. 
The waves were regarded as being emitted in the dynami- 
cal oscillations of a highly collapsed star, the wave- 
length being a few kilometres. Such waves do not propa- 
gate unless the electron density is very low. Hence it 
would be necessary for an inner region of dimension 
~ 1017 em surrounding a collapsed object to be largely 
devoid of matter. To prevent the waves simply radiating 
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freely into space it would also be necessary in such a 
model to trap the waves within the inner region, by sur- 
rounding the region with a gas cloud of comparatively 
high density. It may be added that the distinction between 
synchrotron emission and the Compton process 18 now 
lost; the two processes are the same in a purely electro- 
magnetic field. 

Difficulties remain, however. The most immediate is 
that the outer gas cloud must have a characteristic dimen- 
sion of the same order as the radius of the inner region, 
~ 10%7¢m. For a dimension as small as this it is hard to 
obtain sufficient line emission (for example, for Hf in 
3C 273) without requiring the electron density to be so 
high that the cloud is very opaque in the continuum. 

We conclude that either the quasi-stellar objects are at 
distances of ~ 10 Mpc or less, or the physical model 
associated with these objects must be substantially diifer- 
ent from the theories at present in vogue. 

This work has been supported in part by grants from 
the National Science Foundation, in part by the National 
Aeronautics and Space Administration through contract 
NsG-357, and also by the Office of Naval Research 
(Nonr-220(47)). 
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ANGULAR DIAMETERS OF SOME RADIO SOURCES WITH ANOMALOUS 
HIGH-FREQUENCY SPECTRA 


By D. BARBER 


Royal Radar Establishment, Malvern 


AND 


W. DONALDSON, G. K. MILEY and H. SMITH 
Nuffield Radio Astronomy Laboratories, Jodrell Bank, Cheshire ot 


ENT and Haddock! have recently directed attention 

to the existence of a class of radio sources in which 

the flux densities at frequencies above 3,000 Mc/s are 

greater than would be predicted by a linear extrapolation 

of the low-frequency spectra. Altogether seven such 

sources are listed in refs. land 2. The present communica- 

tion discusses the dimensions derived from observations of 

five of these sources (30 84, 30 273, 3C 279, 30 345 and 

3C 380) using an interferometer of very high resolving 
power, operating at a frequency of 1,422 Mc/s. 

Previous authors™4 have discussed a connexion between 
the angular diameter of a source and the existence of a 
low-frequency cut-off in the spectrum. The new informa- 
tion on angular sizes presented here seems to indicate 
that anomalous spectra of the type reported by Dent 


and Haddock are also associated with sources of extremely 
small diameter. Interferometric observations were 
made during May and June 1965 using the Mark I 
250-ft. radio telescope at Jodrell Bank and one of the 
82-ft. radio telescopes of the Royal Radar Estab- 
lishment. The Reyal Radar Establishment instrument 
is at Defford, near Malvern, and effective baselines of up 
to 604,000 wave-lengths were achieved. The equipment 
has been described by Adgie et al.5, who have also given 
details of the normalization procedure and calibration of 
the absolute sensitivity of the system. 

Two of the sources (3C 273, 3C 380) were observed at 
all hour angles at which they were above the horizon, 
and a third (3C 84) was observed over a large but incom- 
plete range of hour angles. The remaining two sources 


754 


(3C 279, 30 345) could be observed only very briefly 
because of the limited period during which both telescopes 
were available for this work. Observations made at eleva- 
tions less than 15° have not been included in the analysis 
because of the large correction factors involved’. The 
results of the measurements are summarized in Table l, 
which also contains some earlier data for comparison. 


Tt can be seen that, for all five sources, the angular dimen- - 


sions at 1,422 Mc/s are smaller than at the lower frequen- 
cies. 

Each of the five sources gave a clear fringe pattern at 
all the hour angles at which it was observed, indicating 
that in every case a substantial part of the emission comes 
from a region or regions smaller than 0-1 sec of arc. As 
reported by Adgie et al., the source 30 273B shows a 
dependence of fringe amplitude on hour angle which indi- 
cates that it probably contains two such small components. 
The less intense source 30 380 also shows some changes 
in fringe amplitude which are believed. to be significant 
and suggest a more complex structure than that attrib- 
uted to 3C 273B. More measurements are required in 
order to confirm this interpretation. The observations of 
the remaining sources did not reveal any significant 
changes of fringe amplitude with hour angle. It is not 
‘possible, therefore, to derive any detailed information 
about the angular structure of 30°84, 30 279 and 30 345. 
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Four of the sources discussed here have been identified 
with quasi-stellar objects!+15 and the remaining one 
(3C 84) with the Seyfert Galaxy NGC 1275 (ref. 16). 
Three of the quasars, 30 273B, 3C 279 and 3C 345, are 
known to have variable optical luminosities!’ Varia- 
tions of radio emission from these three quasars and from 
3C 84 have also been observed by Dent®?° at both 8-0 
and 16:5 Ge/s. Out of thirty-five radio sources which 
he examined, these four were the only extragalactic 
sources for which he reported variations in flux density, 
and it is interesting to note that all four of them appear 
to have a component smaller than 0-1 sec of arc at 1,422 
Mc/s. (‘The reported radio variability of OTA 102 (ref. 21) 
is still controversial2?.) 

A value for the optical red-shift has been published for 
each source?4:18,23,24. Tf it is assumed that the red-shifts 
are due to the general expansion of the Universe and a 
particular cosmological model is adopted, the angular size 
measurements reported here can be used to calculate an 
upper limit to the linear dimensions of the radio-emitting 
regions. These linear dimensions, and information on 
optical and radio variability, are presented in Table 2. 
Variations on time scales such as these have previously 
been taken to imply that these sources have components 
of very small linear dimensions, and a similar conclusion. 
follows from the present observations, even though the 


. Table 1 


Previous measurements 
















è Calculated on the assumption of a zero cosmological constant and a deceleration parameter g,= +1 (ref. 27).~ If ¢,=0 these values must be multiplied by 


(14+05z). Hubble’s constant, H, has been taken as 100 km/sec/megaparsec. 
t Epoch 1965-5. 





Present measurements at 1,422 Me/s 
Effective 










159 Mc/s 960 Me/s baseline (in 
E.-W. baseline Maltby and Moffet - Others Hour angle | millions of Visibility, y* Suggested 
Allen et al, (ref. 7) (h) Wave- interpretation 
- (ref. 6) i lengths) 

Diameter~1’ posg- Halo diameter ~4 5’.| <10” at 1,420 Mc/s | 0300-0900 | 0:60-0:30 | 0-7. No variation Approximately 70% 
gibly with 20% 85% of flux from (ref. 10) <10” at and and with hour angle of flux from core 
core <1” core <24” 4,675 Mc/s (ref. 11) | 1800-2400 | 0:18-0 59 <0-1° diameter 

Dimensions ~ 20” d<24” Double source, sepa- | 1800-0600 | Between | Component B un- Component B double, a 

ration 20” (ref. 12, 0 38 and resolved at some separation ~ 0:4”; 
13) 0 60 osition angles component sizes 
ref. 5) <Q-1” diameter 

28” xd <47” d <36” K.-W. — 0230-0500 | 0 46-0-59 | =07 at a resolution | Probably 70% of 

us and and of 0-47 x 10° wave- flux from core 
: 2080-2230 | 0:48-0 35 lengths and two <01” diameter 
x an position angles 
aie peed d< 42” E-W d r a ee Mc/s | 1400-1600 | 029-047 | ~ r9 at a resolution | Some structure with 
BIDLItY drops Tei. of 0-46 x 10° wave- =01" 
sharply to <0:3 at ž Jengths dimensions <0 
- 32,000 wave- 
lengths) 
5” <d <11” possibly | d <24” E.-W. — ~| 0000-2400 | Between 0-4 at most hour | | Complex structure 
with 10% core j 0°12 and angles. Variations with 40% of flux 
0:60 at relatively low in core <0Q-1” 
resolutions diameter 
* Fluxes taken from Kellerman (ref. 8). No corrections have been made for possible secular variations in flux (ref. 9) 
Table 2 ~ “y 
Linear diameter* Brightness 
i corresponding to temperature 
Source Identification | Red-shift an angular of unresolved Variability 
Zz diameter <01” core f 
(parsecs) C K) Optical Radio 
80 84 Seyfert Galaxy 0:018 25-3 28:0 x 108 _ 40% increase 1n the 8,000 Mc/s 
NGC 1275 - = — ee eT T flux density in ~4 months, 
i i Also variable at 16,500 Mc/s 
(ref. 20) 
3C 273B| Quasi-stellar 0:158 <172 22-6 x 10° Gradual decrease in optical bright- |42% increase in the 8,000 Mc/s 
= radio source : ness ~0-2 magnitude/century. flux density in 3 years. ~35% 
‘ ; Major fluctuations over periods increase in the 16,500-Me/s 
~10 yr. Light flashes lasting flux density in 1 year (ref. 20). 
- for periods of a few days (ref. 17) Also strongly variable at wave- 
lengths of 3-4 mm (ref. 25) 
. ` E j and 1 mm (ref 26) 
3C 279 Quasi-stellar 0:536 <234 >44 x10 Decrease in brightness ~1 magni- |48% decrease in the 8,000 Mc/s 
i radio source tude in 9 years (ref. 18) ux density in 2 years. Also 
P , variable at 16,500 Mo/s (ref. 20) 
3C 845 Quasi-stellar 0 594 < 340 = 4-4 x 10° Increase in brightness ~0-4mag- |36% decrease in the 8,000 Me/s 
radio source nitude in about 20 days (ref. flux density in 2 years. Also 
nO E OG 19) 7 variable at 16,500 Me/s (ref. 20) 
8C 380 Quasi-stellar 0 691 <3850 24-4 109 =i mam * 
a radio source 











ions in fluo 16 quasars 3C 273, 
id 3C 345 are remarkably alike. They are also 
ong the small number of radio sources known to have 
high brightness temperatures (see Table 2). The radio 
luminosity of 3C 84 is smaller than that of the quasars 













by two or three orders of magnitude, but with regard to 
< the three radio properties mentioned here, there is a close 
_ similarity. These measurements therefore provide support 
_ for the views of Shklovskii?* and Hoyle and Burbidge?’ 
_ that similar explosive processes to those in some, pre- 
_ Sumably young, quasars are occurring in this Seyfert 
_ Galaxy. The measurements also support the suggestion 
_ of Hoyle and Burbidge” that variations in optical bright- 
_ ness may be expected in 3C 84. Further, in view of the 
anomalous spectrum of 3C 380 and the high brightness 
mperature at 1,422 Mo/s, this source might also be 
axpected to show variations in optical and radio bright- 

ss. It has so far not shown any radio variations®*, 
it would be interesting to extend the search to cover a 


rer period of time, and to inelu de optie E as 
wave-lengths. a A 
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interaction of the solar corpuscular stream with 
‘Earth’s magnetic field.-has been the subject of 
heoretical and experimental investigations; but 
he great volume of data provided by artificial 
and space probes, the structure of the magneto- 
-and the mechanisms producing magnetic storms 
aurorae are not yet well understood. Observations 
| space vehicles do not provide a complete picture of 
magnetosphere and it is also difficult to distinguish 
al and temporal variations. In these circumstances 
boratory simulation under controlled conditions can 
f considerable value in demonstrating the type of 
eraction that may occur. In the experiments described 
here plasma was made to impinge on a dipole magnetic 
field; and to correspond with the solar wind, the values 
of the plasma velocity, V, and conductivity, o, were 
chosen so that, for a convenient experimental scale 
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i ayout of the experimental system, 4, Diffusion pump: 2. 
lasma gan; (, dipole coil; D, search coil; Z eli shutter; #, camera 
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IMPACT OF PLASMA ON A DIPOLE MAGNETIC FIELD 
| By Da J. B. G. ROBERTS and J. P. TURNER 


Royal Radar Establishment, Malvern, Worcestershire 





length, L, the produe: 4xoLV (the magnetic Reynolds 
number) was much greater than unity. With tl ese. 
conditions, the incident plasma would be expected ‘to 
compress the field in front of it. Se 
The experimental arrangement was as shown in Fig. J: 
A co-axial plasma gua, powered by the discharge: of a 
16 uF capacitor from 0-5 kV, was used to propel plasma 
through a vacuum chamber at a velocity of about 4 je 
cm/sec towards the quasi-static magnetic field surroundi 
a dipole of moment 1-@x 105 gauss em*, with the ¢ 
the dipole perpendiculer to the plasma flow. The curre 









through the plasma gun was prevented from oscillating 
by means of a fuse designed to melt after the first half- 
cycle of the current waveform. The dipole field was 
produced by the discharge of a 328 uF capacitor at 
2-5 kV through a spherical coil 4-2 em in diameter sur- 
rounded by an earthed copper screen. The firing of the 
plasma gun was timed to occur near the first peak of the 
dipole field when the field was varying only very slowly 
because of the long period of oseillation of the coil 
current. 

The effects observed were reproducible, so by using 
several firings the sequence of events could be photo- 
graphed at various pre-set delays using a Kerr-cell 
shutter which gave exposure times of 1 usec. Photographs 
were taken looking perpendicular to the equatorial plane; 
and in order to determine the three-dimensional structure, 
others were taken with she dipole re-orientated to display 
the meridian plane. The temporal variations of the 
component of the magnetic field in the axial (north— 
south) direction were measured at many points in the 
equatorial plane by a small mobile search coil connected 
to an integrating circuit. The magnetic field changes 
were displayed on an ascilloscope and recorded photo- 
graphically, The field variations were corrected for the 
slow change in the dipole field, which was separately 
observed with the search coil when the plasma gun was 
not operated. 
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Fig. 2. 


Contours of equal magnetic field change superimposed on 1-8ec exposures of the plasma, 


h 


a. T psec after the plasma gun fring 


b, 19-psec delay 


The method of presentation of the results has been 
chosen to show the changes in magnetic field, produced 
by electric currents induced in the plasma, and to com- 
pare these with the pictures of the glowing plasma obtained 
with the Kerr-cell camera. The values of the magnetic 
field perturbation at all locations at any chosen time were 
interpolated to build up a contour map showing lines of 
equal field change (rather than total field) at this time. 
The field-change distribution is caused by currents in the 
plasma, and the contours can therefore meaningfully be 
superimposed on to the Kerr-cell picture for the same 
delay time. A set of such comparison photographs were 
made for a succession of delay times between 4 and 27 
usec after the firing of the gun. The two photographs 
shown in Fig. 2, corresponding to delays of 7 and 19 psec, 
illustrate important stages of the interaction and 
exemplify an interesting reversal of the induced field. 
In Fig. 2 the plasma advances from the left and the camera 
is situated on the dipole axis facing the south-seeking 
pole (corresponding to the northern terrestrial pole). 
The contours are at intervals of 25 gauss in Fig. 2(a) and 
10 gauss in Fig. 2(b). The contours corresponding to 
negative field changes are shown chain-dotted and the 
numbers label the maximum and minimum contours. 
The dashed lines close to the dipole show parts of the 
contours the positions of which have been inferred rather 
than measured. 

In the early stages of the interaction there was an in- 
crease in magnetic field strength near the dipole, while 
farther out towards the plasma source the field strength 
was depressed. This field distribution conforms to the 
usual explanation of the initial phase of a geomagnetic 
storm in which the incident plasma may be thought of as 
compressing the dipole field because of currents induced 
in its leading face which change the original magnetic 
field. 

At times later than 16 usec the general direction of the 
current in the equatorial plane was reversed to become 
westward, giving a decrease in field near the dipole but 
augmenting the undisturbed field at distances greater 
than about 8 em from the dipole centre in the direction of 
the gun. The sequence of magnetic field variations near 
the dipole is strongly suggestive of the field changes 
observed at the Earth's surface during a typical magnetic 
storm. 

The form of the induced magnetic field can be used to 
deduce the way in which the current is distributed in the 


neighbourhood of the equatorial plane. Certain types of 
current distribution can easily be distinguished. For 
example, a magnetic field strength profile resembling a 
step function is produced by a current sheet. On the 
other hand, if the current flow is more localized along a 
line, the step function would be modified by a rapid 
decrease of field with distance from the line. 

Fig. 3 shows the field-change distribution along the 
line from the plasma gun to the dipole at the delay times 
shown. For times earlier than 13 usec the shape of the 
curve indicates an eastward current localized near the 
equatorial plane. At 13 psec the curve approximates to 
a step function, showing that the current was then distri- 
buted in a sheet extending some distance above and 
below the plane. After the current reversal which 
occurred at about 16 usec, the current was again localized 
but appeared to be extending into a sheet as the currents 
decayed with the plasma. The fact that the step functions 
do not extend equally above and below the zero line is A 
consequence of the curvature of the current sheets about 
the dipole axis. 

Referring again to Fig. 2 and ignoring the bright regions 
where the plasma has been intercepted by the glass walls 
of the vacuum chamber, we interpret the luminous areas 
as regions of enhanced recombination rate where the 
plasma density (and probably temperature) was raised. 
At 7 usec, the light emission was from the region of maxi- 
mum current density as indicated by the field-change 
contours. After 19 usec delay the bright plasma regions 
were mainly nearer to the dipole than the high current 
density region. The bright area A, which seems to be in 
contact with the dipole coil in Fig. 2(b), was shown, by a 
meridian plane photograph taken at 19 usec delay, to be. 
in fact, well removed from the equatorial plane with 
which we are mainly concerned here. A region of field- 
aligned luminosity passing through the equatorial plane 
is seen in region B, but the field-change contours show that 
it cannot be identified with a high current density as 
could be the luminosity in Fig. 2(a). In the early stages 
of the interaction, these observations are consistent with 
behaviour predicted by the Chapman-—Ferraro model in 
that the plasma flow was held off, and near the equatorial 
plane an eastward current was induced in the advancing 
plasma front. Afterwards the current extended itself 
into a sheet at a stand-off distance of about 8 em from the 
centre of the dipole. Later some of the plasma seemed to 
penetrate farther towards the dipole, into the ‘magneto- 
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Fig. 3. Profiles of the change in magnetic field along the line from the dipole to the plasma 
gun at the delay times indicated. The abscissae represent distance from the dipole axis 
towards the gun. The undisturbed dipole field H, is also shown for comparison 


sphere’ and a westward current was set up at about the 
same stand-off distance. This current may be analogous 
to the ring current proposed in the explanation of the 
main phase of geomagnetic storms. 

There was no strong gradient in the field-change within 
the region B, which thus showed that the net current there 
associated with the particle motion was small. This 
indicates, in accordance with meridian plane photographs, 
that B was a belt of charged particles trapped by the 
magnetic field. A net current carried by this belt could 
only be due to an approximately collisionless drift? pro- 
duced by the field gradient, and the drift current is shown 
by the observed field-change distribution to be negligible 
compared with the west-flowing current surrounding the 
plasma. It appears that the dominant effect here was the 
Injection into the initially compressed field of the ‘magneto- 
sphere’ of diamagnetic plasma which lowered the magnetic 
flux in this region, thus necessarily maintaining a circulat- 
ing current around itself and the dipole in a westward 
direction. 

The experiment exhibits several features matching 
geophysical observations. A typical geomagnetic storm 
is probably caused by a sudden gust in the solar plasma 
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stream passing the Earth. The initial pħase 
of the storm is observed at the Earth’s 
surface as an increase in the local magnetic 
field and is adequately explained by mag- 
netosphere models following the ideas of 
Chapman and Ferraro?*. The main phase 
of the storm, during which the terrestrial ` 
field ssrength stays below its undisturbed 
value, has proved more difficult to explain. 
Our experiments suggest that the decrease in. 
field inzensity could be caused by penetration 
"2 of solar plasma containing little magnetic 
flux into the magnetosphere. The meridian 
plane photographs indicate that there is 
appreciable plasma injection along the 
magnetic field lines passing through the 
so-called neutral points over the polar 
regions, where even a ‘closed’ model of 
the megnetosphere is open to the plasma 
stream. 

Bostik et al.‘ in a similar experiment have 
concluded that vortices present in the 
plasma. flow enable plasma to break through 
the magnetosphere boundary. This has 
possibly occurred in the experiments de- 
seribed here and might also be important 
in geophysical phenomena since observa- 
tions® have indicated that in the neighbour- 
hood of the Earth’s orbit the solar wind is highly irregular. 
The scale of the irregularities dominating the flow is 
probably between 10° and 104 km (less than one-tenth a 
typical magnetosphere dimension) so that the magneto- 
sphere is set up by the average wind. Ifthe plasma irregu- 
larities are vortices and contain closed magnetic field 
Imes, some of these might link with the Earth’s field so 
that penetration of the interplanetary plasma would be 
facihtated. : 

A more detailed analysis of the experimental results is 
proceeding and it is hoped to determine whether the 
characteristics of the experimental magnetosphere most 
resemble those predicted by the Chapman~—Ferraro model 
and its derivatives or those expected on the basis of the 
theories of Alfvén? and Karlson’. 


‘ Alfvén, H., and Falthammar, C-G., Cosmrcal Electrodynamics, second ed., 51 
(Clarendon Press, 1963). 

+ “bepo, S., and Ferraro, VY. C. A., Terrest. Mag. Atmos. Elec., 36, 77; 171 

* Piddington, J. H., Space Sce Rev., 3, 724 (1964). 

* Bostik, W. H , e. al., Phys Fluids, 8, 1397 (1965). 

` Slee, O, B., Planet Space Sc? (in the press). 

e Alfvén, H., Tellus, 7, 50 (1955). 

* Karison, E. T., Phys. Fluids, 8, 708 (19638). 
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Prof. S. G. Wilson, C.B.E. 


Tae untimely death of Prof. Samuel Geoffry Wilson 
came as & great shock to the veterinary world and as a 
still greater one to his friends and colleagues 

Geoff, as he was called by those who knew him, was 
born in Donaghmore, County Tyrone, Northern Ireland, 
educated at the Royal School, Dungannon, and then went 
to Queen’s College, Belfast, where he took a B.Sc. degree 
in agriculture. From there he moved to the Royal (Dick) 
Veterinary College, Edinburgh, and obtained the degree of 
M.R.C.V.S. 


y 


In 1936 he was awarded a colonial scholarship and went ` 


to Nyasaland (now the Malawi Republic) where, among 
other duties, he studied ticks and tick-borne diseases; for 
these researches he was awarded a Ph.D. degree in 1946. 
In fact, he was a recognized authority on ticks in Africa. 

At the same time he had a very keen interest in tsetse 
and trypanosomiasis problems and in 1947 transferred to 


Uganda as chief veterinary research officer at Entebbe. , 
In 1949 he took up the post of chief field zoologist in the 
Tsetse and Trypanosomiasis Control Division, of the 
Kenya Veterinary Department. In 1952 he became 
director of veterinary services in Northern Nigeria. He 
retired from Government service ın 1962. 

Later in 1962 he wes appointed professor and director 
of the Institute of Tropical and Protozoa! Disease in the 
Veterinary Faculty of the State University of Utrecht. 
There he remained until he died in September 1965. He 
was 55 years old. 

Geoff Wilson was full of drive, enthusiasm and energy. 
He was also bold and quick to see the practical appheation 
of new developments—zshe ideal man to introduce modern 
and progressive methods. ' 


z 3 


In Uganda he studied trypanosome infections in cattle, 
sheep and goats, carried out some early trials with the 
new trypanocidal drug ‘Antrycide’ and investigated drug 
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resistance acquired by trypanosomes resulting from under- 
dosing with ‘Antrycide’. 

In Kenya he started an insecticidal tsetse eradication 
scheme in the Nyando river basin near Lake Victoria, in 
collaboration with the Tropical Pesticide Research Insti- 
tute. This project was to have far-reaching effects on the 
sleeping sickness problem in that country, for it was the 
first successful large-scale residual insecticidal project 
undertaken against Glossina in Hast Africa. 

When he went to Nigeria he immediately recognized the 
urgent necessity of ‘Nigerianizing’ his department and 
began, at once to do so. Again, with his characteristic 
foresight and drive, he lost no time in forming a Veterinary 
Tsetse and Trypanosomzasis Unit, staffing ıt with the best 
men he could find, and sent an officer to Kenya to examine 
the methods in use there. The next step was the Koma- 
dugu Ghana scheme, the biggest, boldest, most successful 
and cheapest residual insecticidal spraying operation ever 
undertaken against the tsetse flies Glossina morsitans sub- 
morsitans Newstead and G. tachinoides Westwood in the 
Sudan zone of Northern Nigeria. This work was followed 
up by even larger schemes and to-day the Northern 
Nigerian Veterinary Tsetse and Trypanosomiasis Unit 
ranks among the best and most up-to-date organizations 
‘of its kind ın Africa. In recognition of his outstanding 
services he was awarded the C.B.E. by Her Majesty the 
Queen. 

Geoff Wilson was a man of many parts, and two years 
after his appointment as professor at Utrecht he gave an 
inaugural address entitled “The Problems of Trypano- 
somiasis Control in Cattle in Africa”, ending up by speak- 
ing for 10 minutes in the Dutch language. But he had 
lost his heart to Northern Nigeria, and through his 
influence the “Zaria Project’ involving a part of the 
Veterinary Faculty of the new Ahmadu Bello University, 
supported by Dutch aid, came into being. 

Apart from his numerous scientific interests and achieve- 
ments, Geoff was an accomplished sportsman. As a boy 
he played rugby for the Ulster Schools side and later won 
his boxing blue at Edinburgh—he was Scottish Univer- 
sities Welterweight Champion for 1933—34. 

Besides his wife, Maureen, he leaves behind two sons 
and a daughter. His eldest son is a veterinarian following 
in his father’s footsteps, for he has recently taken up a post 
with the East African Trypanosomiasis Research Organ- 
ization at Tororo in Uganda. 

Geoff was Irish to the finger-tips—-kind, generous and 
considerate to his friends and a thorn in the side of his 
enemies—he will be sorely missed. P. E. GLOVER 


Prof. S. K. Allison 


SAMUEL Kina ALTISON, director of the Enrico Fermi 
Institute for Nuclear Studies and the Frank P. Hixon 
distinguished service professor in the Department of 
Physics at the University of Chicago, died on September 
15, 1965, in England. 

Prof. Allison was serving as the United States delegate 
to the Plasma Physics and Controlled Nuclear Fusion 
Research Conference under the sponsorship of the Inter- 
national Atomic Energy Agency in Culham, near Oxford. 
He suffered an aortic aneurism on September 6, and under- 
went surgery at the Radcliffe Infirmary, Oxford. Death 
was attributed to a pulmonary embolism. 

Allison was one of the best known and best loved of 
American scientists. Born in Chicago in 1900, the son of a 
Chicago public school principal, he was a product of the 
community of which the University of Chicago is a part. 
He was educated in the Chicago public schools, received 
his B.S. degree from the University of Chicago in 1921 and 
his Ph.D. degree two years later. Following a period as 
National Research Fellow at Harvard University (1923- 
25) and as Fellow at the Carnegie Institution (1925-26), 
he joined the faculty at the University of California, 
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Berkeley, but returned to the University of Chicago in 
1930 after having achieved the rank of associate professor. 

Allison’s early researches at Berkeley and Chicago were 
in X-rays. His major work involved the design and con- 
struction of a high-resolution double crystal spectrometer, 
its application to the measurement of the widths and 
intensities of X-ray lines, and to the experimental con- 
firmation of the C. G. Darwin-P. P. Ewald dynamical 
theory of X-ray diffraction. The depth of his understand- 
ing of the field of X-rays is evident from the book he wrote 
jointly with A. H. Compton, X-rays in Theory and Expert- 
ment, a classic text in the field. 

His interest turned to nuclear physics during the middle 
1930’s. He concentrated on the reactions among the light 
elements that could be examined with accelerators of 
relatively low energy. The Cockcroft-Walton. accelerator 
which he built himself and operated with his students 
developed a maximum of 400 kV. He dubbed it Kevatron 
to emphasize its modest capabilities at a time when his 
associates were constructing machines in the million- and 
then the billion-volt range. Yet the Kevatron kept turning 
out @ continuous stream of interesting research and a 
continuing succession of able graduate students. Much of 
the research which he carried out together with his 
students concerned precise measurements of the energy 
released in proton-induced reactions. In later years this 
interest shifted to the reactions induced by heavier ions. 
He was particularly successful in developing sources of 
lithium ions. To pursue these reactions more extensively, 
he needed higher energy machines. The University made 
available to him its 2-MeV Van de Graaff, acquired 
originally for biological studies. In the end he obtained a 
4-MeV machine with a grant from the National Science 
Foundation. 

A subsidiary interest which grew into a major activity 
was the investigation of the energy loss of charged particles 
moving through gases. This developed into an extensive _ 
investigation of the mechanism of capture and loss of 
electrons by the ions, a subject that turned out to give 
important insights into plasma physics and the quest for 
ways to harness thermonuclear fusion. For these studies 
the Kevatron continued to play a central part until the end. 

Allison’s emergence into public life had its origins in the 
secret wartime enterprise that developed the atomic 
bomb. He began, in January 1941, to investigate the 
suitability of beryllium as a moderator of slow neutrons 
for the chain reaction. The work was done with a grant 
of 9,000 dollars, obtained from the U.S. Office of Scientific 
Research and Development. Writing about this later, he 
commented, “I remember being aghast at the ease with 
which this seemingly colossal sum was placed at my 
disposal”. This work has remained of fundamental > 
interest and serves now as the basis for certain major lines’ 
of nuclear reactor development. Although beryllium, 
because of its scarcity, did not occupy a prominent place 
in the initial development of the chain reaction, Allison’s 
early effort served to focus that development at the 
University of Chicago. His group at Chicago was jomed 
by Fermy’s Columbia group and Wigner’s Princeton group 
when, in February 1942, the ‘Metallurgical Laboratory” 
was organized under the leadership of A. H. Compton to 
develop a method for producing plutonium as @ possible 
material for the atomic bomb. It was this Laboratory, at 
the University of Chicago, that successfully achieved the 
first nuclear chain reaction in December 1942. 

Allison hiked to recall his role on the occasion of the first 
chain reaction experiment. He was the leader of the 
“suicide squad”. It was his brawn, not his brain, he 
insisted, that qualified him to be entrusted with the 
ultimate, last-ditch measure. It was his idea to prepare a 
huge jug of cadmium solution, and he stood ready to pour” 
it over the chain-reacting pile in the event of all other 
control mechanisms failing to operate. 

The work of the Metallurgical Laboratory led directly 
to the large-scale production of plutonium, out of which 
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the first nuclear bomb was constructed. Allison served m 
this project from its beginning until 1944. He served as 
director of the Laboratory during the final year of this 
period. He jested that his main job was to sign the huge 
stacks of blueprints and documents having to do with the 
construction of the great nuclear reactors at Hanford. 

In November 1944, he went to the Los Alamos Labora- 
tory to work more directly on the development of the 
atomic bomb. He served as chairman of the Technical 
and Scheduling Committee which scheduled the final stages 
of the test of the first atomic bomb on July 16,-1945. He 
made history when his voice sounded across the New 
Mexico degert, counting off seconds to zero on that memor- 
able dawn that witnessed the first nuclear explosion. 

September 1, 1945, was the day on which the University 
of Chicago announced the formation of its new research 
institutes with Allison as the newly appointed director of 
the Institute for Nuclear Studies. Such luminaries as 
Enrico Fermi and Harold Urey were already enlisted as 
members. It was on this occasion that Allison made what 
came to be known as “Sam’s butterfly speech”. He 
warned that if the exchange of scientific information was 
prohibited by military regulation, scientists in America 
would leave the field of atomic energy and devote them- 
selves to such subjects as the colours of butterfly wings. 
The speech became the opening salvo in the campaign the 
scientists fought to prevent military control of the peace- 
time development of atomic energy. 

He served as the first director of the Institute of Nuclear 
Studies (later renamed for Enrico Fermi) until his death, 
except for one five-year interlude. The Institute was 
devoted to the idea that physicists, chemists, and astro- 
physicists had complementary interests and could work 
together under one roof with mutual benefit. Under 
Allison’s stewardship the Institute flourished. The 
seminars were brightened by such men as Fermi, Teller, 
Urey, J. Meyer, Wentzel, Chandrasekhar, Gell-Mann, and 
Dalitz. Many new ideas were developed, among them 
two that have already won Nobel prizes: radio carbon 
dating (W. F. Libby) and the nuclear shell model (M. G. 
Mayer). 

Allison was awarded the Medal of Merit for his work on 
the atomic bomb: he was a founding member of the Board 
of Sponsors of the Bulletin of the Atomic Scientists. He was 
elected a member of the National Academy of Sciences in 
1946 and served as chairman. of its Physical Section from 
1960 until 1963. He served as guest lecturer and adviser 
in nuclear physics matters on several occasions in Spain, 
in Argentina, and in the United Arab Republic. 

Allison was a large man and his tall stature and silvery- 
white hair gave him a striking presence in any gathering 
among men. It was difficult to disturb his sense of 
equilibrium and he had an air of imperturbable calm that 
made doubly effective the sound common sense he could 
interpose at the propitious moment in colourful but 
clear and quotable language. He never failed to find a 
humorous side to every situation, however tense. 

He enjoyed the life of teaching and research. He never 
lost an opportunity to work in the laboratory with his 
own hands. He had a natural talent and the requisite 
patience for making his apparatus work and he took a 
particular pride in displaying these skills to his students. 

He was a man who asked little but gave much. His 
friends, colleagues and formor students mourn their loss. 

H. L. ANDERSON 


Dr. H. R. Lang 


Dr. HERBERT RAPHAEL Lane, who died suddenly on 
November 18 at the age of sixty-one, had been secretary 
of the Institute of Physics, and afterwards of the amal- 
gamated body of the Institute of Physics and the Physical 
Society, since 1932. His connexion with the Institute 
went even further back than this and he was present as a 
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schoolboy at the inaugural meeting in-1921. Lang read 
physics at the Imperial College of Science and Technology, 
and after his first degree continued as research student 
and demonstrator, gaining his Ph.D. for work on the 
investigation of the effect of temperature on the specific 
heats of liquids. His work on the thermal properties of 
liquids continued after his appointment to a research 
Fellowship by the Institute of Petroleum. He could have 
made an outstanding career in research or in indusiry 
but, fortunately for the physics profession, he was per- 
suaded to become sezretary of the Institute. It is difficult 
to imagine anyone better suited for such a post. Apart 
from his deep interest m physics he had a rare combination 
of wisdom, realism, determination and loyalty, as well as 
an enormous capacity for hard work, and above all 
a kindly and unselfish nature. No task associated with 
physics was too greaz or too small for him, whether it was 
organizing an international conference, forming a new 
subject group, giving professional advice to a junior col- 
league or operating the benevolent fund. 

Lang was, by nature, shy and retiring. Although most 
members of the Institute and Society realized that he 
played a very large part in its affairs, it was only those 
who were privileged to work closely with him who fully 
appreciated the extent of his efforts and devotion. His 
work was conducted largely behind the scenes and he 
sought no personal credit. New developments and 
policies which were -argely inspired by him were usually 
presented to the members through the honorary 
officers. At the same time, he was always ready to give 
credit to his own staff. 

When Lang took office in 1932 the physics profession, 
as such, barely existed. To-day there are more than eleven 
thousand members, drawn from academic establishments, 
industry and government service. Under Lang’s guidance, 
this vast number of pure and applied physicists, dis- 
tributed throughout the United Kingdom and abroad, 
have developed, through the branches and specialist 
groups, common. interests and activities, and a sense of 
belonging to the profession. From his early days in the 
Institute of Physics, Lang maintained close contact with 
the Physical Society. and it was due in no small measure 
to his untiring efforts during many years that amal- 
gamation of the twa bodies was effected in 1960. 

Physics owes much to Lang and he will be greatly 
missed. He leaves a widow and three sons. 

M. R. GAVIN 


VY. B. Alexander 


W. B. ALEXANDER, formerly director of the Edward 
Grey Institute of Field Ornithology, University of Oxford, 
died on December 18. 1965, at the age of eighty. He was 
educated at Bootham School, York, Tonbridge School, 
and King’s College, Cambridge. The Cambridge degree 
ceremony then invclved a procession, headed by the 
first-class honours men (m alphabetical order) from the 
college providing the Vice-Chancellor, and in 1909 it was 
led by W. B. Alexander and the man he referred to as 
‘young Brooke’. Afser brief appointments in the Cam- 
bridge Museum of Zoology and then as assistant naturalist 
to the Board of Fisheries (North Sea), he accepted, in 
1912, the post of assistant in the Western Australian 
Museum, Perth, and was Keeper of the Biological Depart- 
ment there from 1914 to 1919 (apart from two years in 
Melbourne on war work as a science abstracter). In 
this period he revitalized the Perth museum. After a 
brief return to Englend, he was biologist to the Prickly 
Pear Board from 1920 until 1925, and thus a prominent 
member of the team which effected one of the most success- 
ful examples of biological control of a pest ever recorded, 
Alexander being the man who first brought live Cacto- 
blastis from South America to Australia. While in 
Australia he also played a prominent part in the Royal 
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Society: of Western Australia and the Royal Australian 
Ornithologists’ Union, and he is warmly remembered by 
Australan ornithologists. 

On his voyages to England in 1920 and 1926, he was 
struck. by the difficulty of identifying sea-birds, and this 
resulted in his best-known work, T'he Birds of the Ocean, 
published in 1928, which may fairly claim to be the first 
ornithological field guide. After 3 years without a regular 
post (he was a bachelor with modest private means), 
he was in 1929 appointed supermtendent of the Tees 
survey of the Marine Biological Association. He left this 
post in October 1930 to become director of the Oxford 
Bird Census, founded by E. M. Nicholson, the late B. W. 
Tucker and the Oxford Ornithological Society, which, 
after the creation of the British Trust for Ornithology in 
1933-34, became the Institute of Field Ornithology, and 
in 1938 the Edward Grey Institute. In his period as 
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The Academy of Sciences of the U.S.S.R.: 
Foreign Members 


THIRTY-FIVE scientists were elected Foreign Members 
of the Academy of Sciences of the U.S.S.R. at the recent 
meeting in Moscow. Included among these were four 
British scientists: Lord Florey, past-president of the 
Royal Society, and Provost. of The Queen’s College, 
University of Oxford; Prof. P. M. S. Blackett, president 
of the Royal Society and emeritus professor of physics, 
University of London, and part-time scientific adviser 
to the Ministry of Technology; Sir Robert Robinson, past- 
president of the Royal Society and emeritus professor of 
chemistry, University of Oxford; and Sir Geoffrey Taylor, 
formerly Yarrow research professor of the Royal Society. 
The total number of Foreign Members of the Academy 
of Sciences of the U.S.S.R. is now seventy-three. 


Honorary Fellowship of the Institute of Mathematics and 
its Applications : Sir Geoffrey Taylor, F.R.S. 


Tae Institute of Mathematics and its Applications has 
elected Sir Geoffrey Taylor as its first Honorary Fellow. 
Sir Geoffrey, who will celebrate his eightieth birthday on 
March 7, 1966, has made distinguished mathematical and 
experimental contributions to the mechanics of fluids and 
solids and their technological and geophysical applica- 
tions. He was elected to Fellowship of the Royal Society 
in 1919 and received the Copley Medal in 1944. From 
1923 until 1952 he was a Yarrow research professor of 
the Royal Society. Sir Geoffrey Taylor has been honoured 
by universities, academies and societies throughout the 
world. A formal presentation of the certificate of honorary 
- fellowship will be made at the Imperial College of Science 
and Technology, London, in the Department of Physics 
on February 23, immediately preceding a lecture to the 
Institute by Dr. J. W. S. Cassels on “What are p-Adic 
Numbers ?” 


The Scottish Horticultural Research Institute, 
Mylnefield, Invergowrie: Dr. T. Swarbrick, C.B.E. 


Dr. T. SWARBRIOK retired from the post of director of 
the Scottish Horticultural Research Institute, Mylnefield, 
Invergowrie, on January 31, 1965. He was appointed as the 
first director of the Institute on its establishment in 1951 
and his retirement after 14 years thus marked the end of 
the first phase in the development of this important centre 
of horticultural research in Scotland. Dr. Swarbrick re- 
ceived his scientific training at the University of Leeds, 
where he graduated in agriculture and botany (1923), B.Sc. 
Hons. in botany (1924) and Ph.D. in plant physiology 
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director, he played a valuable part in encouraging under- 
graduate ornithologists, and ıt was after taking under- 
graduate parties to trap migrants on Holy Island in 
1931 and 1932, and a visit with senior ornithologists to 
Heligoland in 1933, that Alexander stimulated the 
founding of the first British Bird Observatories, on Skok- 
holm and the Isle of May. His other main service was to 
build up the library of the Edward Grey Institute, much 
of it from his own. pocket, as funds were very low. When 
he retired as director ın 1945, he remaimed as librarian 
for a further ten years, and the library was named after 
him. His remarkable memory, usually precise to the part 
of a page, helped all in search of information. By now, 
the Alexander Library is probably the most complete 
ornithological library in the world, and the residue of 
Alexander’s estate has been bequeathed to it. 
D. Lack 
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(1927), after holding a Ministry of Agriculture scholarship 
at Leeds, Long Ashton and Wisconsin (U.8.A.). On com- 
pleting his training, he served on the staff of the Long 
Ashton Research Station first as physiologist and later as 
pomologist until 1945, when he joined the scientific staff 
of the Royal Dutch Shell Group, with headquarters in 
The Hague and Amsterdam. This was followed in 195] 
by his appointment at Mylnefield, where he had the task 
of establishing and developing this new research centre to 
serve the special needs of the Scottish horticultural 
industry. In developing the research programme there, 
Dr. Swarbrick used as a basis the research units of the 
Department of Agriculture for Scotland for the investiga- 
tion. of diseases of raspberries and strawberries at Dundee 
and Auchincruive, and these subjects are still prominent 
in the present programme. Other important subjects of 
investigation. include the breeding of raspberries, straw- 
berries and vegetables, and the occurrence of natural 
prowth substances in the strawberry in relation to environ- 
mental factors and developmental effects. Mylnefield, 
under Dr. Swarbrick’s able guidance, has become a 
national research centre of repute and is a fitting memorial 
to his scientific ability and vision, his drive and enthusi- 
asm, and his high personal qualities. His distinguished 
work there was officially recognized by the award of a 
C.B.E. in 1964; he has received the 1965 Scottish Horti- 
cultural Medal. 


Organization for Economic Co-operation and Develop- 
ment 


Tse Organization for Economic Co-operation and De- 
velopment (O.E.C.D.), successor to the Organization for 
European Economic Co-operation (O.E.E.C.), was estab- 
lished in 1961; it comprises all the industrialized countries 
of North America and Western Europe, and also Japan. 
Three major aims guide its policy: first, promotion of the 
highest sustainable economic growth and employment and 
a rising standard of living in the member countries; 
secondly, support for sound economic expansion of 
member and non-member nations in the process of 
development; and thirdly, furtherance of the expansion 
of world trade on a multilateral, non-discriminatory basis. 
This Organization functions primarily as a forum for 
policy-making representatives of member Governments, 
and a brief account ofits work has previously been noted in 
these columns (Nature, 205, 1098; 1965). To take one 
example, agriculture, “. . . Because of the difficulties 
encountered in adapting national agricultural policies to 
the requirements of fuller co-operation, agriculture has 
often been considered an obstacle to co-operation. So far 
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as agriculture is concerned, it is the function of O.E.C.D. 
to promote the transformation of agricultural policies to 
meet changes in the position of agriculture within and 
between countries”. 

This and much other information on the work of the 
Organization in this field is contained in an article, 
“Agriculture in an Industriel Economy”, contributed by 
the Directorate for Agriculture, O.E.C.D., Paris (Span, 8, 
No. 3; 1965. Shell International Chemical Co., Ltd., 
Shell Centre, London, 8.E.1). Span is an attractive and 
extremely well-presented magazine, published three times 
& year, and this particular issue contains a number of 
articles by different authors, the subjects ranging from 
pesticides, agricultural extension in the United States, a 
modern dairy farm in Thailand, Chinese market gardening 
in Malaya, urbanization and filariasis, tsetse eradication 
in Uganda, to the work of the Indian Agricultural Research 
Institute, which in 1965 celebrated its Diamond Jubilee. 

Other interests and activities of the O.E.C.D. are 
chronicled regularly in the bi-monthly magazine, The 
0O.E.C.D. Observer (in French and English). In a recent 
issue (No. 18; October 1965. O.E.C.D. Information 
Service, Chateau de la Muette, Paris), subjects dealt with 
are, inter alia: the high-level meeting of the O.E.C.D. 
development assistance committee; international pay- 
ments; housing construction policies and techniques in 
Switzerland; a development plan for the Mediterranean 
coast of France; agriculture as a positive force in the 
growth process; and O.E.C.D. experience in efficient use 
of resources for school building. The Organization is 
responsible for many other publications covering a wide 
range of topics, as a list of recent titles in this issue makes 
clear. The new titles are: “Fish Handling and Preserva- 
tion”; “Women Workers, Working Hours and Services”; 
“Wages and Labour Mobility”; “Teaching Physics To- 
day”; and “International Standardization of Fruit and 
Vegetables”, all being evidence of the practical manner 
in which the fundamental aims of the O.E.C.D. are 
being furthered and realized. 


Scientific Research in France 


Le Progrés Scientifique (No. 89; October 1965) contains 
a broad outline of the fifth Plan for Scientific and Tech- 
nical Research in France (1966-70), on which 3,600 million 
francs are to be expended, with 600 million frances for 
development. This includes all expenditure on funda- 
mental or applied research not under the military or space 
programmes or on the Atomic Energy Commission. 2,000 
million francs are provided for space research, of which 
450 million francs are for the European programme. Of 
the 3,600 million francs, 1,254 million francs are for 
physics, 590 million franes for biology and medicine, 400 
million frances for chemistry, 390 million francs for agri- 
cultural research, 315 million franes for mathematics, 284 
million francs for the sciences of the Earth, water and 
atmosphere, 150 million franes for oceanography, 120 
million francs for the human sciences, and 162 million 
franes for construction, public works, urban studies. Some 
43,350 research workers and technicians were available in 
1963, of whom 11,180 were in the natural and exact 
sciences, 19,160 in engineering, 8,410 in medicine and 
pharmacy, and 4,600 in the human sciences. Of the total, 
16,530 were in higher education, 17,350 in professional and 
non-profit institutions, 4,310 in the Centre for Research 
in Nuclear Science, 2,540 in the Prime Minister's or 
Defence Ministry, and 2,620 in other technical ministries. 
The total is expected to increase by 35,000 during the 
period. 


The Netherlands Delta Plan 


SINCE time immemorial, the delta area lying south- 
west of Rotterdam in The Netherlands has been a ‘half- 
open door’ through which the North Sea, in its stormier 
moods, has poured, inundating towns and villages, washing 
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away precious topsoil and choking the land with a surfeit 
of salt. The tragic floods of 1953, when more than 1,800 
people lost their lives, 72,000 people had to flee from their 
homes south of Rotterdam, 800 mules of dykes were 
wrecked, 500,000 ecres of land overrun, some 200,000. 
animals destroyed on Dutch farms, ‘to say nothing of 
10,000 houses, schools and churches destroyed, all taught 
a grim lesson. Shortly after this great disaster, what was 
known as the Delta Commission was formed in The Hague, 
its task to find a practical means of beating these terrible 
incursions of the North Sea for ever. One project was to 
raise the level of existing sea dykes; an alternative was 
the imaginative scheme of damming up the sea arms of 
the delta altogether. The Dutch have a fanatical and 
historical enthusiasm for land reclamation, and it was this 
second scheme that was recommended by the Commission, 
adopted by the Minister of Transport and Waterways, 
eventually approved by the Dutch Parliament, and con- 
solidated under the Delta Act. The Delta Plan, as it 
is known, is undoubtedly one of the outstanding civil 
engineering ventures of this or, for that matter, any other 
age; it is estimated that it will take 25 years to complete; 
it will shorten the country’s coastline by more than 400 
miles, at an estimated cost of some £250 million. 

In a strikingly illustrated article entitled “Against the 
Sea” (Esso Magazine, 4,14; Autumn 1965. Esso Perro- 
leum Co., Ltd., London, §8.W.1), some details are given 
of this ambitious undertaking, including a map of the 
Delta Plan, giving the dates of starting and completing 
the major projects. The seven main constructions are 
Haringvliet, between Voorne and Goeree (1957—69); 
Brouwershavense Gat, between Goeree and Schouwen 
(1962—72); Oosterschelde, between Schouwen and Noord 
Beveland (1965-78): Veerse Gat, between Noord Beve- 
land and Walcheren (1956-61); Zandkreek, between 
Noord Beveland and Zuid Beveland (1958-60); Greve- 
lingen, between Ovərflakkee and Duiveland (1958-64); 
and Volkerak, between Hoeksche Waard and Overflakkee 
(1957-67); the years in parentheses are starting and 
finishing dates. The dams in the Haringvliet, Brouwers- 
havense Gat and Oosterschelde are all major sea wails, 
the last-mentioned teing the longest and heaviest dam in 
the whole scheme. The Haringvliet is the estuary through 
which more than half the waters of the Rhine and the 
Meuse empty into the North Sea. The Dutch want to 
hold and store as mach of this water as possible in large 
fresh-water lakes, which will be constructed when the 
Delta Plan is complete, but at the same time they want 
to control the efflux of surplus water into the North Sea 
by means of seventezn sluices, each 185 ft. wide. 

The Delta Plan will eventually secure the safety of the 
existing land; it will combat salination of rivers and 
adjoining channels, thus increasing agricultural produc- 
tion. The islands of the Delta will no longer be isolated; 
new roads will run on top of the new dykes, providing 
fast links with Belgium, Rotterdam and towns beyond 
in The Netherlands. A new natural playground will be 
ereated in this region, a country of wooded lakes and 
sandy beaches, an added attraction to tourists. The one 
disadvantage of this Delta Plan is that with the exclusion 
of the sea, once it is completed, the fisheries, oyster and 
mussel beds, so long characteristic of Zeeland, will dis- 
appear; but, it is argued, this is perhaps a small price 
to pay for beating the destructive power of the North 
Sea for ever in this enterprising country. 


Research in Chemical Information 


ACCORDING to Scizntific Information Notes (7, No. 5; 
October-November 1965), the National Bureau of 
Standards, in connexion with the Chemical Information 
Programme of the National Science Foundation, is to 
investigate fragmentation codes for preparing indexes of 
chemical structures, and searching techniques for specific 
and generic chemical structures represented as connexion 
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tebles. The Bureau will also investigate file organization, 
to develop means for storing specific categories of data, 
and will continue previous work on extending and mech- 
anizing various linear notations. The research group will 
work in close co-ordination with the research and develop- 
ment group of the Chemical Abstracts Service, which is 
also supported by a contract from the Chemical Informa- 
tion Programme. 


Jena Review 


THE Jena Review (Jenaer Rundschau, as it is more widely - 


known) was first published in 1956 and has recently cele- 
brated its tenth anniversary in a number to which no 
less than seven Nobel Pmzewinners contribute (Jena 
Review. VEB Carl Zeiss Jena. VEB Verlag Technik, 
Oranienburger Str. 13/14, Berlin C 2. No. 5; 1965). 
This enterprising house journal is now available in 
English, French, Russian and Spanish, besides the original 
German. Following the editorial by Dr. H. Schrade 
entitled “Ten Years of Jena Review”, articles by the 
seven eminent scientists are: “The ‘False Trans-uranic’ 
Elements”, by Dr. O. Hahn, Gottingen; “Stable Isotopes”, 
by Dr. G. Hertz, Berlin; “Symmetry and Invariance”, 
by Dr. E. P. Wigner, Princeton, New Jersey; ““The Part 
played by Pure Science and the Progress in High-Energy 
Physics”, by Dr. C. P. Powell, Bristol; “Critical Opales- 
cence”, by Dr. P. J. W. Debye, Ithaca, New York; “Seeing 
and the Nature of Light’’, by Sir C. V. Raman, Bangalore; 
and “Celebration of the Award of the 1964 Nobel Prizes’, 
by Dr. A. Tiselius, Uppsala. Other contributions are 
“Structure of Liquids and the Formation of Glass”, by 
Dr. W. A. Weyl, Pennsylvania State University; “The 
Importance of Walter Nernst”, by Dr. K. Schwabe, 
Dresden; and an obituary notice of the late Dr. Hans 
Boegehold, for 57 years with Zeiss, by Dr. H. Schrade. 
Jena Review appears bi-monthly; it is always well printed 
and produced, and the illustrations, both in black-and- 
white and in colour, are of consistently high quality. 
Although originally founded to be “. . . a bridge and a link- 
ing of all the friends of the scientific and technical work 
of VEB Carl Zeiss Jena to all users of Zeiss equipment in 
every country throughout the world”, in which aspiration 
it has certainly succeeded, this magazine is never a collec- 
tion of explanatory advertisements; it is a welcome 
vehicle of up-to-date technical information, especially 
in the field of optical instruments and physics. 


The Museums Journal 


THE December issue of The Museums Journal follows 
the pattern of previous issues and is mainly devoted to a 
single theme (65, No. 3; 1965). The articles help to define 
some areas of work with art collections. One concerns a 
regional art collection and the problems it poses of 
balance and specialization, while another depicts the work 
of an art dealer from his side of the desk. The applied 
arts are no less complex than the fine arts, and a paper on 
furniture introduces a field of study which has recently 
generated a new society devoted to its history. The new 
processes used for the reproduction of relatively large 
numbers of lithographs are described. All these articles 
will help reflection on the role of a curator in an art 
gallery. The concluding article describes museum and art 
gallery buildings erected between 1845 and 1914. 


Sarawak Museum 


The Sarawak Museum Journal, edited by the curator, 
Mr. Tom Harrisson, includes an interesting set of papers, 
among which is a comprehensive study of the Sarawak 
Malays by the editor (11, Nos. 23-24. (New series.) 
Pp. xii+341-666. July-December 1964. 5 dollars; 
12s. 6d.). This paper will form the opening chapters of a 
book on the subject to be published in 1966. Other 
articles include notes on the descent of some Saribas 


NATURE 


February 19, 1966 vox. 209 


Malays, Sarawak Malay pottery, some Baram coffin 
burials, Papuan stone adzes, an introductory vocabulary 
of Suluk, Sarawak relations with Britain 1858-70 and 
Borneo maps of sixteenth and seventeenth centuries. 


Transvaal Museum 


The Annals of the Transvaal Museum comprises an 
account by Hans John (Germany) of the species of the 
coleopterous family Discolomidae collected between 1960 
and 1962 during field research on the humicolous fauna 
(25, No. l: Sudafrikanische Discolomidae (Coleoptera). 
Von Hans John. Pp. 19. Pretoria: Transvaal Museum, 
1965). Included also is a paper by Jean Thérond (France), 
detailing the species collected in Southern Africa during 
recent Transvaal Museum expeditions (25. No. 2. Pp. 14). 


The National Central Library 


THE forty-ninth annual report of the Executive Com- 
mittee of the National Central Library covers the year 
ended March 31, 1965, in which the number of applications 
increased to 119,468 (107,742 in 1963-64), 77 per cent 
being satisfied, compared with 78-75 per cent in 1963—64 
(Pp. 24. London: The National Central Library, 1965). 
Of the applications, 92,844 were for books and 26;844 for 
periodicals: of those satisfied, 38,318 came from public 
libraries, 20,895 from university libraries, 12,007 from 
special outlier libraries, 2,608 from Government libraries 
and 4,727 from overseas libraries. British libraries made 
4,150 loans to overseas libraries (3,739 in 1983-64) and 
borrowed 3,863 items from overseas (3,488 in 1963-64); 
577 photocopies were supplied to foreign libraries and 
1,417 obtained. Of the fifty-eight lending countries, West 
Germany was the chief, followed by the Soviet Union. 
the United States, East Germany and France. West 
Germany was also the principal of 36 borrowers, followed 
by Hungary, the Soviet Union, Denmark, Czechoslovakia 
and East Germany. The United States was the chief 
source of photocopies and Bulgaria the chief recipient. 
The 384 outlier libraries satisfied 21,278 applications, and 
other special libraries another 8,313. In addition to 
24,468 loans made at the direct request of the National 
Central Library, university libraries lent 17,445 items as 
members of regions. A further 15,000 books were cata- 
logued and housed at the Woolwich building, bringing the 
total to 82,000, and the Survey of Applications, January 
1—June 30, 1964, is now being examined, by the Executive 
Committee. The first stage of the unification of the 
catalogues was completed and the British Union Catalogue 
of Periodicals was continued from 1960 on a new basis. 
The Treasury grant for the year was £105,000 (£95,000 
in 1963-64). 
Library Co-operation and the Implementation Committee 
both met twice during the year. 


Indexes and Indexing 


Or how many authors of scientific books can 1t be said 
with Goldsmith that “He writes indexes to perfection” ? 
Time and again reviewers are critical of the adequacy (or 
lack of adequacy) of the index to a volume crammed 
full of academic or technical detail, of which the contents 
page or chapter headings suffice for direction, with perhaps 
only a skeleton index to the main subjects to assist the 
reader. Codes of practice exist as guidance to authors in 
preparing scientific papers for publication, on the style in 
which they should be presented, on the proper arrange- 
ment of references and quotations, even to instructions 
on desirable forms of illustration; but there are still no 
precepts generally accepted, let along followed, on the 
subject of indexing for its own and especially for the 
reader’s sake; this, despite a British Standard on Alpha- 
belical Arrangement, which is a set of rules designed to 
secure uniformity in the alphabetical arrangement of 
items in indexes, catalogues and lists of all kinds (1749; 
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1951. Pp. 12. British Standards Institution, London). 
After all, many scientific and technological books are, m 
fact, a series of related papers, treating logically of various 
phases of a specific subject; as such, they merit a proper 
and comprehensive index, not only for the student of the 
subject, but even more for others, perhaps in different 
disciplines, who have to refer quickly to relevant author 
or subject details. At the other extreme, there is the type 
of index which is self-defeating because it emphasizes the 
wrong word, for example, the adjective, not the noun. 
A case in point is emphasized by the writer of a notice 
of a recent British official technical publication, Research 
on Road Traffic (Pp. 517. London: H.M.S.0. 42s.) in 
the Road Research Unit Newsletter No. 9 (October 1965. 
National Roads Board, New Zealand: Wellington, P.O. 
Box 8024). After paying tribute to this volume, he says: 
“It is easy to criticize the layout of indexes; yet many 
criticisms deserve attention. The main charge is’ against 
‘hybridization’ which supplants the essentials”. He com- 
ments on “... the format technicalities ... obsessed with 
system rather than with simple usage”? and goes on to 
say: “Nothing produces such exasperation in a reader as 
a hunt for relevant figures, diagrams, tables, plates... 
which are each given separate numerical sequences; and 
therefore ‘it’s every man for himself’’’. Instances are 
quoted: ‘Safety Kerbs’ are not shown under ‘K’ or ‘S’; 
they appear under ‘C’ and ‘R’; ‘Barriers’ do not appear 
under ‘B’, but under ‘R’ they get two mentions; the list 
is extended. This writer also makes the foregoing point 
that indexes so often fail because the author insists on 
giving preference to an adjective rather than to the basic 
noun. In many text-books the ideal in indexing is achieved 
where author and subject indexes are separated; where 
the subject index really does list the essential nouns in 
each chapter, whether preceded by capital letter or in 
lower case, followed by as many qualifying adjectives as 
may be appropriate. But what is here called ‘typographic 
pedantry’ is surely to be avoided at all costs, An example 
of a clear, concise, rapidly informative subject index is 
the Index to N.B.R.I. Information Sheets recently received 
(National Building Research Institute, South African 
Council for Scientific and Industrial Research. CSIR 
Technical Note X/BOU 100; Building Series Dis. 100. 
Pp. 10. Pretoria, May 1965). But a model for authors is 
undoubtedly the Subject Index to Inst of British Standards, 
included in each annual volume of the British Standards 
Yearbook; for the art of indexing and particularly of 
cross-referencing, this takes a lot of beating. 


Check-list of British Lichens 


A NEw check-list of British lichens was published by 
the British Lichen Society in the 1965 number of The 
Inchenologist. Tt was prepared by P. W. James, of the 
British Museum (Natural History). The list is notable 
for aligning the names of the 1,347 British species with 
those used elsewhere in the world, while ensuring that 
the nomenclature conforms to the International Code of 
Botanical Nomenclature. Interleaved copies of the check- 
list are obtainable from the treasurer of the British 
Lichen Society, Dr. T. D. V. Swinscow, 103 London 
Road, Knebworth, Hertfordshire, price 7s. 6d., post free. 


Lady Tata Memorial Trust International Grants, Scholar- 
ships and Fellowships for Research on Leukaemia and 
Allied Conditions 


Tae Trustees of the Lady Tata Memorial Trust invite 
applications for fellowships, scholarships and grants for 
research on leukaemia, in the academic year beginning 
October 1, 1966. In view of the affinity between leukaemia 
and other forms of neoplastic disease, candidates with 
programmes of research on any aspect of malignant 
disease which may throw light on problems of leukaemia 
will be eligible for consideration. The Trustees specially 
wish to encourage investigations of the leukaemogenic 
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viruses in mammals, the epidemiology and natural history 
of leukaemia, and the immunogenic aspects. The awards 
offered by the Truss are open to suitably qualified investi- 
gators of any nationality, working either in their own 
institutions or in other centres abroad. Further informa- 
tion and forms of application can be obtained from the 
Secretary of the (European) Scientific Advisory Com- 
mittee, Lady Tata Memorial Trust, Chester Beatty 
Research Institute, Fulham Road, London, S.W.3. 
Applications must be submitted before March 31, 1966. 


Fulbright Travel Grants 


UNDER the provisions of the Fulbright programme, 
travel grants are available to citizens of the United 
Kingdom and dependent territories to go to the United 
States of America for academic or educational purposes. 


provided that they have adequate financial support m 


dollars for the proposed period of the visit to the United 
States. Those applizants who are graduate students must 
show proof of the admission to an institution of higher 
learning in the United States for a minimum. period of 
nine months, whereas those who are professors, lecturers 
and senior research scholars must hold an appointment to 
undertake lecturing or advanced research at an approved 
American institution of higher learning. All grants cover 
the cost of direct round-trip travel between a candidate’s 
home and the American university or institution. For 
graduate students the departure dates are between June 
1, 1966, and July Zi, 1966, for which applications must 
be received before April 1, 1966; and between August 1, 
1966, and April 1, 1967, for which applications must be 
received before May 15, 1966. For professors, lecturers 
and senior research scholars the departure dates are 
between June 1, 1966, and July 31, 1966, for which 
applications must be received before March 16, 1966; and 
between August 1, 1966, and April 1, 1967, for which 
applications must ke received by June 1, 1966. Appli- 
cation forms and further information can be obtained 
from the United States—-United Kingdom Educational 
Commission, 71 Socth Audley Street, London, W.1. 


Endeavour Prizes 


Prizes totalling more than £200 are offered by Imperial 
Chemical Industries, Ltd., publishers of the international 
scientific review, Endeavour, for essays submitted on 
scientific subjects. In addition to the cash prizes, the 
prizewinners will receive invitations to attend the whole 
of the British Association meeting at Nottingham during 
August 31-Septemker 7. Accommodation will be pro- 
vided in Nottingham and travelling expenses within the 
United Kingdom will be paid. As the primary purpose 
of these awards is to stimulate younger scientists to take 
an interest in the work of the British Association and to 
raise the literary standard of scientific writing, the com- 
petition is restricted to those whose twenty-fifth birthday 
falls on or after September 1, 1966. Five prizes will be 
awarded, namely: e first prize of 100 guineas; a second 
prize of 50 guineas; a third prize of 25 guineas; and two 
special prizes of 1G guineas each for competitors who 
have not passed their eighteenth birthday on September 
1, 1966. The subjects for the essays are as follows: (1) 
mechanisms of morphogenesis; (2) the pattern of sub- 
nuclear particles; 13) microcircuitry; (4) chemicals in 
agriculture; (5) the cel] surface; (6) recent advances in 
thermochemistry. The essays, which must be in English 
and typewritten, shculd not exceed 4,000 words in length, 
and only one entry is permitted from each competitor. 
All entries should be addressed to: the Deputy Secretary, 
British Association for the Advancement of Science, 
3 Sanctuary Buildings, Great Smith Street, London, 
S.W.], and the envelope should be clearly marked 
‘Endeavour Prize Essay’. The latest date for receipt of 
entries is June 1, 1966. The essays must be submitted 
without signature, and the competitor’s full name and 
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address and date of birth should be enclosed in a sealed 
covering letter attached to the essay and addressed to the 
Deputy Secretary of the British Association. 


The Mathematics of Control Systems 


THe second residential conference of the Institute of 
Mathematics and its Applications on “The Mathematics of 
Control Systems” will be held at Sunderland Technical 
College during April 3-6. The following lectures have 
also been arranged: ‘Non-linear Hydrodynamic Stability” 
by Prof. P. H. Roberts (Constantine Technical College, 
Middlesbrough, on February 21); “Reciprocity Theorems 
in Applied Mathematics” by Prof. G. J. Kyneh (Birming- 
ham College of Advanced Technology, on February 22); 
“Application of Mathematics to Problems arising in the 
Electrical Manufacturing Industry” by Mr. N. Kerruish 
(University of Leeds, on February 22); “Mathematics 
applied to the Large-scale Dynamics of the Atmosphere” 
by Mr. J. S. Sawyer (University of Strathclyde, on 
February 24); “Mathematics in Electrical Engineering” 
by Mr. N. Kerruish (Birmingham College of Advanced 
Technology, on March 2). Further information can be 
obtained from the Institute of Mathematics and its 
Applications, Maitland House, Warrior Square, Southend- 
on-Sea, Essex. 


University and College News: Belfast 


Dr. D. J. BRADLEY, reader in physics at Royal Holloway 
College, London, has been appointed to the chair of 
physics. The following appointments have also, been 
made: Readerships: Dr. R. Common (geography); Dr. M. F. 
Grundon (organic chemistry); Dr. A. P. Roberts (engmeer- 
ing mathematics); Dr. F. J. Smith (applied mathematics) ; 
Sentor Lectureships: Dr. R. M. Hobson (physics); Dr. D. 
McCloy (mechanical engineering); Mr. N. Stephens 
(geography); Mr. B. ©. S. Wilson (archaeology). 


The College of Advanced Technology, Birmingham 

Dz. F. M. Paar has been appointed professor of chem- 
istry. 

London 

Dr. B. R. Cores, at present reader in physics at the 

Imperial College of Science and Technology, has been 

appointed to the chair of solid-state physics tenable at 

that College, from October 1. 

i Southampton 


Dr. I. R.. Bearrie has been appointed to the chair of 
inorganic chemistry. Dr. J. M. Nightingale has been 
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appointed to the chair of control engineering. Mr. R. A. 
Farrar has been appointed lecturer ın mechanical engin- 
eering. 


Announcements 


Dr. M. A. Tove, director of the Department of Terres- 
trial Magnetism of the Carnegie Institution of Washington, 
has been appointed home secretary of the United States 
National Academy of Sciences, in succession to the late 
Dr. H. L. Dryden. 


Dr. L. Sour, executive head of the Department of 
Physics at Stanford University, has been awarded the 1966 
Oersted Medal by the American Association of Physics 
Teachers, for notable contributions to the teaching of 
physics. 

THe address of the Plant Variety Rights Office is now 
Murray House, Vandon Street, London, S.W.1. 


Tue title of the Fruit and Vegetable Canning and Quick 
Freezing Research Association is now the Fruit and 
Vegetahle Preservation Research Association. 


A symposium on “‘The Place of the Chemist in Industry”, 
organized by the Royal Institute of Chemistry, will be 
held at the Oxford College of Technology on March 3. 
Further information can be obtained from Mr. W. Sabel, 
Oxford College of Technology, Headington Road, Oxford. 


A symposium on “Chemistry and Rheology of Water 
Soluble Gums and Colloids”, arranged jointly by the 
Colloid and Surface Chemistry Group of the Society of 
Chemical Industry and the British Society of Rheology, 
will be held at the School of Pharmacy, University of 
London, on March 28. Further information can be 
obtained from Mr. B. Warburton, Department of Pharma- 
ceutics, School of Pharmacy, 29-39 Brunswick Square, 
London, W.C.1. 

A WORKING conference on inter-personal and inter- 
group relations entitled “Learning and Leadership”, 
arranged by the Department of Adult Education of the 
University of Leicester in collaboration with the Tavistock 
Institute of Human Relations, will be held in the Univer- 
sity of Leicester during March 25-—April 7. Further 
information can be obtained from Miss D. J. Bostock, 
Tavistock Institute of Human Relations, 3 Devonshire 
Street, London, W.1. 

CoRRIGENDUM. In the article entitled “Isotopic Ages 
of Minerals from the Pre-Cambrian Complex of the 
Malverns’”’, by Dr. R. St. J. Lambert and D. C. Rex 
(Nature, 209, 605; 1966), the second sentence of para- 
graph three, ae 606, line 14, should read “A Callavia 
fauna . 


THE NIGHT SKY IN MARCH 


All times are in Universal Time 


Moon 
New Moon 22d 05h 
Full Moon 7d 02h 
PLANETS i 
Time of rismg (R) and setting (S) during the month 
Name ` RIS Beginning Middle 
Mercury S 19h 20m 19h 05m 
Venus R 4h 45m. 4h 25m 
Mara — Unfavourable for observation 
Jupiter S h 05m 2h 10m 
Saturn _ — Unfavourable for observation 


CONJUNCTIONS WITH THE MOON 


Venus 17d 22h, 9° N. 
sae h, 2° S, 
Tupltor { 24 98h, 2 S. 
Saturn -— — 
End Mag. Dg (10° miles) Zodiacal position 
Unfavourable +19, 84 - Pisces 
4h 10m ~ 42- 4? Aquarius 
- — 221 Pisces 
th 20m ot s 472 Taurus 
— 987 z Pisces 


Do is the distance of planet from the Barth on the 15th of the month 


OOCOULTATIONS OF STARS BRIGHTER THAN MAGNITUDE +6 AT GREENWICH 


Star RiD 
a Lib D 
8 Lib E 
a Lib R 
t Tau D 


OTHER PHENOMENA 
7d 02h, Uranus 4° 8. of Moon 


Time Mag 
11d 00h 23-0m +29 
11d 01h 06-4m +53 3 
11d Oih 12-8m +29 
27d 21h 08 öm +43 


(P, disappearance; R, reappearance) 


a 
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REVISING THE LAW OF PATENT 


HE Patents Liaison Group was originally constituted 

in accordance with proposals made by Mr. R. Maud- 
ling, then President of the Board of Trade, in June 1961, 
to formulate views on the proposals of the Common 
Market countries with regard to a common patent system. 
The Group, at his further request, also advised the 
Minister on a draft of a Convention on unification of 
points of patent law proposed under the aegis of the 
Council of Europe and signed by the United Kingdom 
and other countries at Strasbourg on November 27, 1963. 
The Group was reconvened to consider the Convention 
and to report on those changes in the Patent Act, 1949, 
which would be involved in the ratification of the Con- 
vention by the United Kingdom. For this purpose, the 
Group, of which Mr. G. W. Tookey was chairman, was 
enlarged by representatives of the General Council of the 
Bar and the Law Society, in addition to those from the 
International Association for the Protection of Industrial 
Property (British Group), Association of British Chambers 
of Commerce, Chartered Institute of Patent Agents, 
Federation of British Industries, National Association of 
British Manufacturers, Trade Marks, Patents and Designs 
Federation, and the British National Committee of the 
International Chamber of Commerce who were originally 
included. 

The report now presented to the President of the 
Board of Trade* points out that the Group’s task was not 
to translate the provisions of the Convention into a 
United Kingdom statute. Instead, it was to undertake 
the complicated business of amending the existing Statute 
so as to remove parts which are inconsistent with the 
Convention and to insert in their place new provisions 
which conform to the requirements of the Convention 
and are couched in language which fits the general pattern 
of the Statute and is not ambiguous. The amendments 
should also make clear which precedents are applicable 
for the future and which are not. Much case law has been 
built up from the days of the Statute of Monopolies in 
1623, and the definition of ‘invention’ is still based on the 
language of that early Statute. This Statute—it has been 
the subject of much judicial interpretation—requires 
alteration in certain respects. 

The Group’s recommendations are collected under four 
general headings, and those of major scientific interest are 
to be found under the first and third of these, relating to 
the novelty and inventive step and to patentable inven- 
tions, respectively. In the Convention an invention is 
stated to be new if it does not form part of the state of 
the art. This is defined as comprising “‘everything made 
available to the public by means of a written or oral 
description, by use or in any other way, before the date 
of the patent application or of a foreign application, the 
priority of which is validly claimed”. Some extensive 
revision of the Patents Act, 1949, will be required to 
fulfil the obligations on this subject resulting from the 
Convention. The limitations of place and time in United 
Kingdom law must give way to the concept of absolute 
novelty and the law must be revised so that an invention 
is not regarded as new if in any way it has been made 
available to the public in any part of the world before 
the priority date of the patent application for the inven- 
tion, or is obvious having regard to what has thus been 
made avauable to the public. 

The group recommends that Section 32 (1) (e) and (f) of 
the Patents Act should be amended to read: “‘(e) that 


* Board of Trade. United Kingdom Patent Law: The Effects of the Stras- 
bourg Convention of 1963. (Report on legislative changes which would be 
involved in the proposed ratification by the United Kingdom of the Stras- 
bourg Convention on the unification of certain points of substantive law on 
patents for invention by the Patents Liaison Group.) Pp.18. (Cmnd 2835.) 
(London: H M S.O., 1965) 1s 6d net 


the mvention, so far as claimed in any claim of the complete 
specification, already formed part of the state of the art 
as it existed before the priority date of the claim; (f) that 
the invention, so far as claimed in any claim of the com- 
plete specification, was obvious and did not involve any 
inventive step having regard to the state of the art as it 
existed before the priority date of the claim”. 

Further, the definition in Section 101 of the Act should 
include the following definition of the ‘state of the art’: 
“State of the art’ means all matter available to the 
public in the United Kingdom or elsewhere by means of 
a written or oral description, by use, or in any other way, 
so that persons skiled in the art are or can become 
acquainted with such matter.” 

It will be necessary to revise Section 7 of the Act so as 
to remove the provisions which limit the official search to 
United Kingdom patent applications dated within 50 
years of the filing daze; to delete the Sections relating to 
secret use; and to abolish the concepts of “invention of 
importation” and of the comraunicated inventions. Sec- 
tion 15 will also have to be revised so as to permit refer- 
ence to any document published in the United Kingdom 
or elsewhere. Further amendment will be necessary to the 
Section protecting icventions displayed at an exhibition 
certified by the Board of Trade or described in papers 
read before learned societies, and the Section protecting 
inventions communicated under international agreements 
will have to be deleted. 

With regard to patentable inventions, the Group con- 
siders that there is nothing in the Strasbourg Convention 
which would prevent the United Kingdom from formulat- 
ing a new definition of mvention. However, none of the 
proposals which it examined was free from difficulties, and 
the Group is satisfied that it is preferable not to frame a 
definition. The field covered by science and technology 
is already extremely wide, and, with the progress of time, 
the boundary of patentable subject-matter will inevitably 
increase. The Group considers it wiser not to seek to 
put a limit on what should be regarded as an invention 
and recommends that the new Act should not define 
‘invention’ with any greater particularity than 1s necessary 
to conform to the Convention. Deletion of the existing 
definition and its replacement by wording to the effect 
that patents may be granted for inventions which can be 
made or used in any kind of industry, including agricul- 
ture, will lead to some uncertainty until the Courts have 
established some case law, but the Group was convinced 
that this flexible course was preferable to a restrictive one. 

To some extent, the area of uncertainty can be narrowed 
by inserting in the Act a short list of exceptions. Two 
such exceptions are stipulated in the Convention itself: 
inventions contrary to ordre publique or morality and 
inventions in respect of plant or animal varieties. These 
the Group recommends should be specifically excluded: 
exclusion of plant or animal varieties from patentability 
is necessary to avoid overlap with the Plant Varieties 
and Seeds Act, 1964. The Group doubts, however, 
whether a distinction can or should be drawn between 
processes which are ‘essentially biological’ and those 
which are not, bearing in mind that any process for 
treating plants or animals which utilizes the natural 
functions of living matter will be more or less ‘biological’. 
It recommends, therefore, that there should be no specific 
exclusion in respect of the plants or animals. 

In addition to these exclusions, the Group recommends 
six other categories of exclusion, which might, in fact, 
be found by the Ccurts not to be ‘inventions’ within 
the meaning of the Act. These are: (i) methods of cal- 
culation: theoretical ideas and scientific principles; (ii) 
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business schemes (for example, methods of office manage- 
ment); (1i) commercial, financial and propaganda 
schemes; (iv) treatment of human beings; (v) designs or 
arrangements in which the novelty resides solely in 
appeal to the eye; (vi) designs or arrangements which 
serve only to convey information and in which the 
novelty resides solely in the information conveyed. 

Lhe Group recommends that adequate steps should be 
taken to enlighten agricultural interests as to the changes 
in the United Kingdom law which are contemplated and 
to explain the reasons for these changes. 

The Group points out that the unification Convention 
does not completely solve the problem of how to resolve 
conflict with prior unpublished applications. Article 6 of 
the Convention broadly requires that parties of the Con- 
vention shall not allow double patenting. The present 
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statutory provisions in the United Kingdom rest basically 
on the principle that double patenting is to be avoided, 
but the interpretation given to these provisions in recent 
years has produced serious difficulties. The Group agreed 
generally that a straightening out of United Kingdom 
law is necessary to bring some real sense into this subject 
quite apart from the requirements of the Convention. 
Generally, the Group is also agreed that a later patent 
should not be granted if it purports to prevent the working 
of the invention as claimed in an earlier patent In any 
manner in which a competent person would normally 
work it. Some suggested forms of wording for this ‘prior 
claim’ proposal are appended to the report. Nevertheless, 
the Group concludes that there should be no requirement 
that a patent granted on the earlier application should 
be granted, or valid if granted. 


THE FUTURE OF NUCLEAR POWER 


To John Macrossen Lecture was given by Bir Jobn 
Cockcroft in the same year as the third International 
Conference on Atomic Energy was held at Geneva. The 
Lecture is a very brief statement of the prospects of the 
economic development of nuclear power at that date, a 
subject very fully dealt with at Geneva. The capital 
costs per kW of electricity generated by the stations built 
by industry for the Central Electricity Generating Board 
will almost have halved in the 6 years between the com- 
pletion of the 275-MW Berkeley station and the 1,180-MW 
Wylfa nuclear station, each of them containing two 
reactors. The fall is due in large part to the increased size 
of the unit; fuel costs have also fallen, but the overall 
cost of power by any calculation is still higher than that 
from coal-fired stations of the same dates. 

The advanced type of gas-cooled reactor was expected 
in 1964 to cost less than a coal station of the same date, 
and within a year of the delivery of this Lecture the firm 
tender prices for the Dungeness B nuclear station showed 
that this was, in fact, the ease, provided the station is 
built at the tender price. 


In the United States similar dramatic falls in costs 
have been experienced with their water moderated 
reactors; and Canada’s heavy-water reactor is expected 
to have very low fuel costs, although it will have a high 
capital cost. 

These types of reactors, by the end of the century, 
would be using 100,000 tons of uranium per annum, on 
reasonable assumptions as to the rate of development of 
nuclear stations. To avoid a rise in the cost of raw 
materials, more of the uranium-238 must be used; the 
experimental fast reactor at Dounreay has operated well 
enough now to justify a design study for a 1,000-MW 
reactor to be ready for the late 1970’s; this might herald 
a new generation of stations to use up the plutonium from 
the slow-neutron reactors and the fast reactor might 
breed 1:5 times the amount of fuel it uses. 

Fusion reactions still remain as a possibility and as a 
hope for the future; stability of the confined plasma at 
low pressures has been achieved but not at high densities. 
It would be idle at present to predict whether these 
schemes will be successful. T. E. ALLIBONE 


NUMERICAL METHODS IN SUBSONIC FLUID DYNAMICS 


SYMPOSIUM on “Numerical Methods in Subsonic 
Fluid Dynamics” was held at the National Physical 
Laboratory during September 27—29, 1965, the local 
organization being shared jointly by the Aerodynamics 
and Mathematics Divisions. More than one hundred and 
thirty visitors from industry, universities, technical 
colleges and Government establishments, including several 
from Europe and the United States, participated in the 
programme, which was divided into four sessions, each 
consisting of two general survey lectures followed by three 
parallel discussion groups A, B and C. The subjects of 
the discussion groups were arranged so that A was a 
follow-up of the general lectures of the session, B was an 
independent subject introduced by a scheduled talk, and 
© was a more specialized subject determined by popular 
demand from the participants themselves. 

The original initiative for the meeting came from the 
Aeronautical Research Council, which had some two years 
ago anticipated the need for a comprehensive examination 
of the role of the computer in fluid dynamics by setting up a 
Computer Panel. Quite early on, it became clear to the 
Panel that the full potentialities of the modern ‘third 
generation’ computer were not being adequately explored ; 
consequently this symposium was arranged with the 
objects of elucidating some of the problems involved in the 
application of computers to fluid motions, and of stimulat- 


ing interest in the exploration of new approaches to the 
subject which might be brought within the realms of 
possibility by the latest computing facilities. 

The participants were welcomed by Dr. R. C. Pank- 
hurst, representing the Acting Director of the Laboratory. 
Prof. B. Thwaites of Southampton University, chairman 
of the Computer Panel, then gave an introductory talk, 
in which he outlined the main problems facing the sym- 
posium. He suggested that scientists now needed to 
re-examine their motivations in research—-were they 
interested mainly in mathematical analysis (which, in 
fluid dynamics, is very difficult) or in numerically expressed 
results ? The answer might be different for the designer 
and for the ‘pure’ scientist. In either case, however, it 
was necessary to take into account the possibility of 
currently outstanding problems being solved, even within 
the next ten or twenty years, at the touch of a button; 
for this should surely influence the directions which 
work will take in the intervening period. Thus he em- 
phasized the importance of directing the discussions 
towards what will be done in the future. 

This was followed by a talk on “The Relevance of 
Numerical Analysis” by Prof. L. Fox of the University 
of Oxford. He concerned himself mainly with the finite- 
difference solution of the relevant types of partial differ- 
ential equation, paying particular attention to the solu- 
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tion by iterative methods of the associated difference 
equations. He also discussed the problem of truncation 
error, in particular the treatment of singularities, but 
emphasized the outstanding gap remaimuing between the 
practical problems one wanted to solve and the problems 
for which rigorous error estimates could be given. Ques- 
tions of stability arise with initial-value problems, and 
these he discussed with reference to parabolic equations. 
Among other topics mentioned were the effect of non- 
linearities and problems with free boundaries. 

The participants then split up into the three parallel 
discussion groups, 4, B and C. In this session, group A 
was on “Numerical Analysis” and was chaired by Dr. 
E. T. Goodwin (National Physical Laboratory); the 
discussion ranged over a wide variety of questions raised 
by Prof. Fox’s talk. Group B was concerned with 
‘‘Meteorological Forecasting by Computer” and was 
chaired by Prof. P. A. Sheppard (Imperial College of 
Science and Technology); it was introduced by Mr. E. 
Knighting of the Meteorological Office. Mr. Knighting 
outlined the three main computing tasks involved: 
selection of reliable data from those received from the 
international recording stations, conversion of this for 
use on a regular square grid, and, finally, integration of the 
relevant equations. With regard to the latter he discussed 
methods of integrating simple vorticity equations with the 
emphasis on simplicity and time-saving since forecasting 
must be carried out in realtime. A lively and worth-while 
discussion followed. 

In the other parallel discussion group (C) a relatively 
small number had assembled to discuss ‘‘“Magnetohydro- 
dynamics” under the chairmanship of Mr. D. S. Butler 
(University of Strathclyde). Several problems were 
mentioned that clearly needed the use of a large computer, 
but it appeared that in some cases these were being 
tackled without sufficient consideration of the physical 
concepts involved; in particular, problems were being 
tackled which seemed to be far too complex to offer any 
hope for a successful conclusion, and it was remarked that 
the computer seemed to be inducing people to run away 
from reality. A lively discussion followed on how com- 
puters could best be used, and the view that it would be 
profitable at this stage to try to compute simple ‘com- 
ponent flows’ first was widely supported. 

The morning session of the following day began with a 
lecture by Mr. A. M. O. Smith of Douglas Aircraft on 
“Integral Equation Methods for Potential Problems”, in 
which he demonstrated that, with the advent of large 
computers, these methods, based on source distributions 
over the surface of the body, had become a practical 
means of.computation for general non-lifting three- 
dimensional problems. The numerical procedure was 
basically quite simple and consisted in reducing the 
problem to an algebraic one by dividing the body up into 
a large number of small elements and assuming the source 
density constant over each element. The most compli- 
cated problem attempted to date was the determination 
of the flow over a swept wing having two jet-engine 
nacelles complete with pylons and internal ducts. Though 
this problem was really beyond the capacity of the present 
computing equipment, the calculations and test data were 
in better than merely qualitative agreement. 

Mr. J. A. Bagley of the Royal Aircraft Establishment 
followed with a survey lecture on ‘Subsonic Wing Design”. 
He traced the development of the traditional methods of 
wing design and discussed the difficulties which have to 
be faced in improving them. He made it abundantly 
clear that it will be quite insufficient merely to improve 
methods of calculating the inviscid incompressible flow, 
but pointed out that even for the much simpler two- 
dimensional case the problem of calculating the viscous 
compressible flow seemed to be some way from being 
solved. 

In the following discussion groups, 4 was concerned 
with ‘“Inviscid Flow” (chairman: Prof. G. N. Ward, 
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University of Sussex), B with “Programming Languages 
and Programme Interchange” (chairman: Prof. 8. Gill, 
Imperial College), and O with “Hydrodynamic Stability” 
(chairman: Mr. M. Gaster, National Physical Laboratory). 
In the A group the topics discussed were centred around 
wing theory; in particular there were discussions on recent 
methods for lifting surfaces, and on the non-convergence 
of the circulation when the displacement effect of the 
boundary-layer is taken into account. Mr. P. M. Wood- 
ward of the Royel Radar Establishment introduced 
discussion B with a brief historical review of programming 
and an analysis of the role of the specialist systems- 
programmer. He emphasized the need for mathematicians 
and numerical analysts to become literate in Algol. 
A lively discussion ensued which tended to underline 
the difficulties of thinking in terms of using a nebulous 
machine to which ona might have access in the future when 
results were needed. to-morrow. In group C the main 
topic discussed was the application of modern computer 
techniques for eigenvalue problems to linear stability 
theory, particularly in regard to boundary-layer stability. 

The first half of the afternoon session consisted of a 
double lecture on ‘‘Boundary-layer Problems” shared 
by Prof. K. Stewartson of University College, London, 
and Dr. K. W. Mangler of the Royal Aircraft Establish- 
ment. This was confined solely to laminar boundary- 
layers, for which a dsterminate system of equations exists. 
Prof. Stewartson gave detailed consideration to the nature 
of the initial-/boundary-value problems which arise for 
these equations and to the simpler numerical techniques 
for their solution. Ee observed that the first real difficulty 
arises near separation, where in general the wall friction 
vanishes with a singularity, and mentioned techniques 
which could deal satisfactorily with this. He emphasized 
the importance of setting oneself a well-posed problem for 
which existence or uniqueness could be proved, and, 
looking to the future, briefly discussed this question with 
regard to the treatment of backflow on the basis of the 
boundary-layer equetions. Dr. Mangler carried the story 
further, dealing witk the extra complications encountered 
with compressible flow and quasi-three-dimensional flow 
on @ conical surface. He also described in greater detail 
the various methods that had been programmed for 
specific problems and discussed a technique for adjusting 
the external pressure distribution so as to obtain a regular 
solution at separation, 

The subjects for she discussion groups after tea were 
as follows: A-——‘‘Boundary-layer Problems” (chairman, 
Prof. L. Howarth, University of Bristol; B-—‘Free- 
boundary Problems” (chairman, Prof. M. B. Glauert, 
University of East Anglia); C—‘‘Numerical Analysis” 
(chairman, Mr. C. W. Clenshaw, National Physical Labora- 
tory). In group 4 Mr. G. S. Reetz (Northrop Aircraft) gave 
an account of his firite-difference method for solving the 
three-dimensional boundary-layer equations. This was 
followed by a general discussion of points arising out of 
the previous lecture. Mr. J. H. B. Smith of the Royal Air- 
craft Establishment introduced discussion B. After indi- 
cating the variety of situations in which free bounderies 
occur (such as at the surfaces of oceans, or of air bubbles 
rising through water or of the ou] in journal bearings. in the 
design of wing shapes for a given pressure distribution, 
at the trailing vortez sheet behind a wing, at shock waves 
in locally supersonie flow, and at the surface of a sail 
distorted by wind farees), he drew a distinction between 
those problems which could be transformed into or 
approximated by a fixed boundary problem before 
numerical treatment and those which could not. He then 
described briefly a namber of proper free-boundary prob- 
lems and discussed in detail one in particular which had 
recently been solved successfully, namely, the determina- 
tion of the strength and shape of spiral vortex sheets in a 
model of a flow with separation from a highly swept 
leading edge. In group C the discussion on “Numerical 
Analysis”? was continued; more detailed consideration 
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was given to the treatment of singularities, and a general 
debate ensued on the kind of problems that numerical 
analysts ought to be examining. 

The final session on the morning of September 29 was 
devoted largely to what must be the most challenging 
problem to fluid dynamicists, namely, the solution of the 
full Navier-Stokes equations. In the first lecture, Dr. 
S. C. R. Dennis of the University of Sheffield surveyed the 
progress to date in the field of steady flow, and discussed in 
considerable detail the difficulties that arise in tackling 
the classical external problem of two-dimensional flow 
past a circular cylinder. In particular, he considered 
suggestions that might overcome the major difficulty of 
the flow in the wake, which is especially troublesome at 
higher Reynolds numbers. 

In the next lecture, on “Unsteady Flow”, Dr. J. E. 
Fromm of the Los Alamos Scientific Laboratory demon- 
strated the feasibility of using a large digital computer 
to simulate the complex asymmetric fluid motions which 
really do occur in practical flow régimes, where the steady 
flow is unstable. He first gave a description of a finite 
difference technique for obtaining solutions of the two- 
dimensional unsteady Navier-Stokes equations which had 
been developed with due regard for stability and con- 
servation properties. He then showed a series of impres- 
sive ciné films of the computer output for several flow 
problems. In order to make best use of the finite computer 
storage, only restricted flow fields were considered, namely, 
those between parallel plates. In the first problem the 
plates were moved so as to accelerate the fluid past a 
rectangular body; in the second the same configuration 
was considered, but the uncoupled temperature equation 
was solved as well, so as to simulate forced heat convection 
from the body. In the third problem, the Benard problem 
of thermal convection between fixed plates was considered ; 
here, of course, the coupling between the temperature 
and momentum equations had to be taken into account. 
The filmed computer output showed the development in 
time of the streak-lme patterns, the general features of 
which resembled the corresponding patterns produced in 
experiments to a remarkable degree. Shown also were the 
changing vorticity line patterns (or for the convection 
problems isotherm patterns). It should be noted that if 
the data given were exactly symmetric, the symmetry 
was preserved in the solutions. The asymmetry had to be 
stimulated by introducing small perturbations; these 
were damped out for small Reynolds numbers, butamplified 
into typical eddymg motions for larger Reynolds numbers. 
In the discussion group A that followed (chaired by Prof. 
I. Proudman, University of Essex), it was pointed out 
that external flow problems were substantially more 
difficult to deal with numerically than internal ones, 
and Dr. Dennis suggested that a combination with 
analytical treatment of the far field might be the answer; 
however, it would be very interesting to see Dr. Fromm’s 
method applied directly to external flow problems. 
Another restriction that had been imposed because of 
limited storage capacity was a periodic boundary condi- 
tion in the general flow direction; it would be of consider- 
able interest to remove this so that any ultimate quasi- 
steady patterns for large times could be studied. 


BIOLOGICAL SCIENCES IN THE 


N October 14, 1965, the first and preliminary-phase 
building of the future University of Bath was 
officially opened by the Mayor of Bath. Designed by the 
University architects, Robert Matthew, Johnson-Marshall 
and Partners, this building occupies a corner of the 197- 
acre site set aside by the City of Bath for the development 
of the new University. Constructed on the C.L.A.8.P. 
system, the structure was virtually completed in less than 
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The other two discussion groups on this last morning 
were: B, “Internal Aerodynamics” (chairman, Prof. 
J. H. Horlock, University of Liverpool) and C, “Turbulent 
Boundary-layers” (chairman, Prof. A. D. Young, Queen 
Mary College). Mr. R. Hetherington of Rolls-Royce, 
Ltd., gave. an introductory talk in discussion group B, 
in which he discussed the two main two-dimensional 
problems that were used to model the essentially three- 
dimensional process of flow through the complex of rotat- 
ing and stationary blades that comprise a turbomachine. 
These are concerned mainly with curved axial flow and 
cascade flow, respectively. Presently available methods 
were briefly described and the extent to which computers 
were being used was surveyed. Although new methods 
were clearly needed to deal with the non-linear compressible 
and viscous effects, it was concluded that much could 
still be gained by developing existing methods with the 
aid of the modern computer. 

The subject of turbulent boundary layers 1s, of course, of 
the utmost practical importance, but, up to the present, 
methods for calculating them have been developed on a 
purely empirical basis. Discussion group CO did, however, 
indicate that some substantial progress towards removing 
the empiricism from the direct relationship between shear 
stress and mean, velocity profile to @ less critical level 
is at last being made through analysis of the turbu- 
lent energy equation. This method leads (in two-dimen- 
sional flow) to a third-order hyperbolic system of partial 
differential equations, for which a characteristics method 
has been devised for solution on the computer. The 
computer can also be used to develop the traditional 
approach by exploring quickly and accurately the conse- 
quences of the various empirical assumptions regarding 
the relationship between shear stress and mean velocity 
profile. Here the differential equations are of similar 
type to the laminar boundary-layer equations, so with 
appropriate modifications the numerical techniques 
developed for the latter may be carried over. 

The attention of the Computer Panel had recently been 
brought to work done at the National Physical Laboratory 
on. the optimization of hull form parameters based on a 
statistical analysis of results from model tests of trawlers. 
The possibility of applying similar techniques to aircraft 
was thought worthy of investigation, so an additional 
discussion group was arranged to consider this after 
lunch on the last day. Mr. J. G. Hayes of the National 
Physical Laboratory described the technique in an intro- 
ductory talk based on his paper on “Optimum Hull Form 
Parameters” read at the symposium on “Numerical 
Methods Applied to Shipbuilding” held at Bergen in 1963. 
Mr. D. J. Doust of the National Physical Laboratory 
added details of the significant improvements obtained in , 
trawler design, and a short discussion followed under the 
chairmanship of Mr. J. G. L. Michel (National Physical 
Laboratory). 

No proceedings are being published, but some copies 
of the programme and abstracts are still available and 
may be obtained from Mr. P. G. Williams, Mathematics 
Division, National Physical Laboratory, Teddington, 
Middlesex, under reference Ma. 8/35/02. 

P. G. WILLIAMS 


FUTURE UNIVERSITY OF BATH 


ten months, between the turning of the first sod in Sep- 
tember 1964 to the handing over by the contractors in 
July 1965. 

The two-storey structure forms a quadrangle, surround- 
ing a central paved courtyard, the inner sides consisting 
mainly of staff offices and workrooms and the outer sides 
containing teaching laboratories, lecture and seminar 
rooms. Included in the specialist accommodation are 
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Fig. 1. The first and preliminary-phase building of the future University of Bath 


laboratories for biochemistry, microbiology, crop protec- 
tion, horticultural science, plant and animal physiology, 
electron microscopy and a variety of instrumental tech- 
niques. In addition to housing the School of Biological 
Sciences, about one-quarter of the total teaching space of 
20,000 sq. ft. is being used by the School of Humanities 
and Social Sciences. The building also provides the essen- 
tial ancillary accommodation, including library, refectory 
and staff and student common rooms. The total biological 
accommodation provides for an annual intake of about 
sixty students, giving a total for the four years of the first 
degree sandwich courses of about 240, divided almost 
equally between the existing course in applied biology and 
new first degree courses in applied biochemistry and 
horticulture starting in the present session. The develop- 
ment plan for the University provides for a further instal- 
ment of about 12,000 sq. ft. of biology accommodation in 
the next phase of the building programme, scheduled for 
completion in 1967. 

The history of applied biology in the University of 
Bath may be traced back to 1956 when the Bristol College 
of Technology was designated as one of the original 
Colleges of Advanced Technology. At that time, in the 
newly-styled Bristol College of Science and Technology a 
four-year sandwich course in applied biology was started 
at the college site in Ashley Down, Bristol, under the aegis 
of the National Council for Technological Awards and 
leading to the Diploma in Technology. 'This course, which 
was designed to train biologists for employment in 
industry, research and development, provided for three 
years of broadly based biological training, followed by 
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a fourth-year specialist option in either pharmacology, 
microbiology, plant physiology, plant pathology or entom- 
ology. Each year ef the course consisted of about equal 
periods in college and in industrial or research establish- 
ments. The course has since been modified in the light of 
experience, by an extension of the period of specialized 
study to two years, with the fourth year spent entirely in 
college, and by the combination of entomology and plant 
pathology in a combined course in crop protection. 
The establishment of a School of Biological Sciences 
coincided with the opening of the new building for the 
autumn term. The title formally expresses the mtention 
to preserve and extend the integration of biological educa- 
tion and research ir those fields of biology with which the 
School is concerned. Both for educational reasons, and 
to preserve the greatest possible flexibility in students’ 
choice of their final specialist training, it is hoped that this 
integration may eventually be extended by providing a 
common first-year course in the groundwork of biology to 
be followed by al new entrants to the School. For 
administrative convenience the teaching and research 
staff are divided into working groups, corresponding so far 
as possible with the main areas of interest within the 
School. Initially these groups are biochemistry, miero- 
biology, comparative physiology, horticulture and plant 
physiology. The present teaching staff numbers twenty- 
two and there are n-ne research students. The head of the 
School and first prefessor of biology is Dr. L. Broadbent, 
at present honorary secretary of the Institute of Biology 
and formerly head ef the Plant Pathology Division of the 
Glasshouse Crops Research Institute. M. W. HARDISTY 


A GLOW DISCHARGE 


By Dr. T. WILLIAMS and M. W. HAYES 


British Iron and Stee! Research Association, London, S.W.| 


LOW-DISCHARGE polymerization has been known 

for many years; for example, Linder and Davies! 
described the gases and solids formed by some hydro- 
carbon vapours in a glow discharge. In a more recent 
article, Brick and Knox? have described the major features 
and variables associated with this process. Other articles 
have been published describing the chemical, physical? 
and electrical’ properties of glow-discharge polymers. 

In glow-discharge polymerization, organic vapours at a 
pressure of about 1—5 torr are introduced into a chamber 
containing two parallel electrodes. An a.c. voltage is 
applied across the electrodes so as to initiate, and then 
sustain, a uniform glow discharge in the intervening space. 
High-energy ions and electrons are produced in the glow 
and these bombard both the electrode surfaces and the 


molecules in the gas phase. These interactions initiate 
complex chemical reactions which result in the formation 
of thin (up to about 5u) uniform and continuous coatings 
on the electrode surfaces. 

A schematic diagram of the apparatus used in the glow 
discharge polymerization experiments is shown in Fig. 1. 
The electrodes were made of mild steel (approximately 
5 em by 10 cm) and held in position by non-conductng 
supports. They were normally placed about 2 em apart." 
The apparatus alse had provisions for cooling one elec- 
trode down to a minimum temperature of — 30° C. 

The electrical equipment consisted of an oscillator and 
1 kW audio amplifier. With frequencies of about 10 ke/s 
the glow was initiated at about 800 V and sustained at 
approximately 400 V. Most of the present work was 
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-carried out with discharge currents varying between 1 and 


“ 5 m.amp/em?. 

‘Two. experimental procedures were adopted: in the 
first the bell-jar was pumped down and purged con- 
tinuously with monomer vapour for about 15 min. 
Valve A was then closed and monomer vapour allowed 
to build wp to the required pressure. Finally, valve B was 
closed. In the second procedure—where there was a 


continuous flow of vapour through the apparatus—valves 
A and B were adjusted manually to give the desired 
pressure. 

‘With an a.c. field, the two electrodes were experiment- 
The weight of polymer on each 
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electrostatic repulsion of the cathode and move | 
Crooke’s dark space which is the region of the greatest 
potential drop. In this region the electrons are accelerate 
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to their maximum energy, which depends on. the potential => 
drop and the pressure of the discharge. The electrons 
emerge from the Crooke’s dark space and enter the =~ 
negative glow, where they bombard the gas molecules, 
forming a wide range of species which include ions and 
activated molecules. Positive ions formed in the negative. 
glow move into the Crooke’s dark space and are acceler- > 
ated by the high field in this region; these ions then _ 
strike the cathode, liberating more electrons which follow 4 
the sequence already described. , tb ees 
The electrons leaving the negative glow have lost most 
of their energy in collisions with gas molecules. What 
happens to the electrons afterwards is not important for =. 
this discussion, and the rest of the discharge may be = 
regarded as diffusion of electrons towards the anode, © 
where they are neutralized, — 0 S 0a n i 
When alternating current is used instead of 
current, then, again for the purpose of this discu 
each electrode may be regarded as acting alterna 
the cathode. | nee ne cs 
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discharge. Most of the work from which the discharge- 
mechanism was established was carried out with such 
gases as hydrogen, nitrogen and the noble gases. In the 
present investigations, all the work is -concerned with 
organic vapours which react. chemically in the presence o! 
a glow forming polymer coatings on the electrode surfaces. 
Some of the complications introduced by such a behaviour 
are discussed below. i p ee 

The equivalent circuit for the glow-discharge polymerization 

process. Fig. 3 represents an a.c. glow discharge occurrir 
an organic vapour. Fig. 4a is a simplified equivalent ¢ 
f polymer fih 


The description already given is general for al l 
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Rp be the resistance of the polymer film in ohms (Q); 

Cp, the capacitance of the polymer film in farads (F); 

Ry, the resistance of the gas in Q; 

Cy, the capacitance of the gas in E; 

Xp, the reactance of the polymer film in Q; 

Xg, the reactance of the gas in Q. 
With frequencies at least up to 10 ke/s the circuit shown 
in Fig. 4a may be further simplified (see Fig. 4b) because 
for a thin polymer film the resistance Rp >> reactance 
Xp and also for the gas, reactance Xp > resistance Ry. 

Since the films deposited on the two electrodes are 

identical in thickness and properties, the effective 


capacitance of the circuit is: . 
O = 1/2 Op (1) 
The reactance of each polymer film is: 
= l/aCp (2) 


where œ = 2nf and f is the frequency. The effective 
reactance of the circuit is: 


X = L/w? (3) 
Now the capacitance of a polymer film is given by: 
Op = €r Ajd (4) 


where s is the permittivity of vacuum (8°854 x 10-™ 
F/m); er the dielectric constant (or relative permittivity) 
of the polymer; A, the area in square metres; and d, 
the film thickness in metres. The impedance of the 
circuit (Z) is expressed by equation (5) (where j is y — 1): 

_ The magnitude of Z can be calculated from the expres- 
sion: 


[Z| = VR, + O/ed) (6) 
The voltage drop across each polymer film, Ep, is 


given by: 
where J is the current in the circuit. 

The voltage drop across the whole circuit may be eal- 
culated from the following equation: 

E = I [Z| (8) 
= I VR + (/Ca)? (9) 

If the field strength across a polymer film exceeds the 
dielectric strength of the polymer, then electrical break- 
down of the film occurs. With a d.c. discharge w is zero, 
and therefore from equation (7) the voltage drop across 
any film covering the electrode must be infinite. In 
practice this means that no continuous films can be 
formed with a d.c. discharge. 

According to equations (2), (4) and (7) the voltage 
across the film depends on the current density and fre- 
quency. At a given frequency continuous coatings are 
formed when the current density is such that the voltage 
across the films is not greater than the electrical break- 
down of the polymer. Table 1 shows the variation of 
voltage across a film with current density and frequency. 
In the megacycle range the field strength across the film 
is low compared with breakdown voltage of polymers even 
at very high current densities (~ 50 m.amp/cm?). 

The effect of film thickness on the discharge voltage is 
very small under normal operating conditions. If the 
electrode area is taken as 1 cm’, current as 10 m.amp, 
frequency as 10 ke/s and the dielectric constant of the 
polymer as 3-0, then the rise in discharge voltage due to 


Table i 
Frequency Curren Field strength 
Omamp/em*) across film (Vj) 
10 ke/s 1-0 6-0 
10 ke/s 5:0 30 0 
10 ke/s 10 0 60:0 
100 ke/s 5-0 8-0 
1 Mejs 5:0 0- 
1 Me/s 50-0 3-0 
10 Mojs 50:0 0°3 
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the build up of a micron film on each electrode may be 
calculated from equations (4) and (9). 
Initially, when <here is no polymer on the electrode the 
voltage across the gas is equal to the voltage across the 
whole discharge, that is: 


Hy = Batd= 0 


If E = E; = 500 V, then the resistance of the gas is 
50,000 Q. 

The effective capacitance of the discharge calculated 
from equations (3) and (4) is 13 x 10-2? F and the total 
reactance of the discharge is: 


X = LfaC 
12,000 Q. 


Substituting these figures in equation (9) the voltage 
across the discharge, when the electrodes are coated with 
a ly film, may be calculated; this voltage is 514, which 
is only a 2-8 per cant increase on the initial voltage when 
the electrodes were uncoated. At 1 Me/s the voltage 
change is negligible even up to film thickness of 10u. 

Clearly, if the voltage is kept constant there is very 
little change in current as the film thickness increases up 
to lu at 10 ke/s. 

Polymerization and polymerization initiation. Polymer- 
ization reactions in a glow discharge may occur either in 
the gas phase or et the electrode surface. Since the rate 
of polymerization is closely related to the degree of 
monomer adsorption (see later), it is probable that 
polymerization occurs at the electrode surface; the elec- 
trode surface being (except in the initial stages) the 
polymer which is being deposited on the electrode. 
Also the rate of >olymerization in a glow discharge is 
independent of pressure above a certain minimum (see 
Fig. 5), which again indicates a surface reaction: a gas- 
phase reaction is generally proportional to pressure. 

The formation of active species, which initiate polymer- 
ization reactions, may also occur either in the gas phase 
or on the electrode surface. It is well known that electron 
bombardment of organic vapours in the negative glow 
of a discharge produces a wide range of species, many of 
which could initiate polymerization reactions by con- 
densing on the electrode surface and reacting with the 
unactivated adsorbed molecules. However, the absence 
of polymer on other parts of the apparatus close to the 
discharge suggests that this type ‘of reaction plays no 
significant part in the overall polymer formation. Also 
the fact that polymer films cannot readily be formed by 
passing vapours through a discharge and impinging the 
emergent gases on to a suitable surface tends to confirm 
the foregoing sugg=stion. 

Bamford et al.6 showed that many polymers, when 
submitted to the action of a high-frequency electric dis- 
charge (maintained in oxygen, nitrogen, hydrogen and 
argon), produce radicals characteristic of the polymer in 
a surface layer less shan lu thick. These discharge-induced 
surface radicals ars similar to those obtained by irradia- 
tion with X-rays o> high-energy electrons and are capable 
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2 3 


1 
Pressure (torr) 


Fig. 5, The effect of pressure on the rate of film formation, The atest 
censity is 8-3 m.amp/em 
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of initiating ‘pdlymerization reactions when exposed to 
the vapours of vinyl monomers. 

The forégoing evidence suggests that active species are 
formed on the electrode surface rather than in the gas 
phase, probably as a result of ion or electron bombard- 
ment. With direct current, practically no polymerization 
occurs at the anode which indicates that the direct bom- 
bardment of electrodes by electrons plays no important 
part in polymer formation. Probably the sequence of 
events leading to polymer formation is as follows. Ions 
which are produced in the negative glow by electron 
bombardment of the vapour molecules are attracted 
towards the polymer coated electrodes. The primary step 
when an ion strikes the polymer surface is probably the 
same as in the case of high-energy radiation, that is, 
ionization or excitation of the polymer molecules followed 
by fragmentation resulting in active species which can 
propagate the polymerization reaction by addition of 
unactivated adsorbed molecules. 

Adsorbed monomer molecules can also be activated by 
ions in a similar manner and this must happen when the 
' first layer of polymer is formed. 

Rate of polymerization and adsorption. ‘The adsorption 
of a monomer at constant temperature on an electrode 
may be expressed by the relation: 


afm = f (p/po)T 
where g/m is the amount adsorbed and p/p, the relative 
vapour pressure, that is, the vapour pressure after ad- 
sorption divided by the saturated vapour pressure at the 
operating temperature. 

. In Table 2 the rate of polymerization of various mono- 
mers, determined at room temperature and pressures 
varying between 1 and 3 torr, are correlated with the 
amount of monomer absorbed on the electrode surface 
(p/P). Monomers with vapour pressures less than 3 torr 
at room temperature are not included for obvious reasons. 

Clearly the amount of monomer adsorption on the 
surface of the electrode is extremely important in determ- 
ining the rate of polymerization of various monomers in a 
glow discharge. Other factors must affect this rate, but 
presumably to a much lesser degree than adsorption. The 
results are not accurate enough to attempt a more quan- 
titative correlation of these two parameters and also there 
is the added difficulty of taking into consideration the 
effect of other factors. 

Some polar molecules with high dipole moments, such 
as acrylonitrile and vinylidene chloride, polymerize very 
rapidly even at low values of p/p). ‘The explanation for 
the irregularity of these monomers is obvious and requires 
no comment. 

The rate of polymerization of a particular monomer at 
room temperature and a fixed current density is, as 
already explained, dependent on the number of molecules 
adsorbed on the electrode. At low pressure (p/p, —> 9}, 
this number is small and if there are enough ions striking 
the surface to allow every adsorbed molecule to react, 
then the reaction is proportional to the number of ad- 
sorbed molecules (that is, p, pọ being constant). Above a 
certain saturation pressure the number of adsorbed 
molecules becomes so large that the number of active 
species formed is now dependent on the number of ions 
striking the surface. Under these conditions, the rate of 


polymerization is independent of pressure and is determ- - 


Table 2. VARIATION IN THE RATE OF POLYMERIZATION OF VARIOUS 


MONOMERS WITH ADSORPTION 
Rate of 


Approximate 
polymerization Monomer value of p/p, 
High 


Styrene 0-2 
a-Methyl styrene 0-2 
Ticyclopentadienc 02 
Acrylic acid 0-2 
Moderate toslow Allyl alcohol 0-0 
Ethyl acrylate 0:0 
Methyl methacrylate 0:0 
Methyl acrylate 00 
Vinyl acetate <O-0 
Isoprene 0-0 
Tgobutene 0:0 
Ethylene 00 


Slow to zero 
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Rate of polymerization (z/mun) 





2 4 6 8 10 12 14 16 
Current density (m amp/em?) 


Fig 6. The offect of current density on the rate of film formation, The 
pressure is 2-3 torr 


ined only by the current density. The effect of pressure 
on the rate of polymerization of styrene is shown in 
Fig. 5; the shape of the graph is somewhat similar to a 
normal adsorption isotherm as expected. The actual 
value of the saturation pressure is determined by the 
number of ions striking the surface, that is, by the current 
density. 

In Fig. 6 the rate of polymerization of styrene is plotted 
against current density; pressure is constant and above 
saturation pressure for all the current densities investi- 
gated. Under these conditions the rate of polymerization, 
as already explained, is directly proportional to the current 
density and may be expressed by the equation’: 

m=aalt 
where m is the mass of polymer deposited per unit area, 
g & constant which varies with degree of adsorption of 
the monomer, I the current density and ¢ the time of 
deposition. 

If the current 1s further inereased, a point is reached 
at which rate of polymerization is constant and indepen- 
dent of current density as shown in a broken line in Fig. 6. 
This flattening off of the rate-current density graph may 
be readily observed with styrene at lower pressures 
{~ 0-5 torr), where the saturation pressure is attained at 
a relatively low current density. 

Another equation expressing the degree of adsorption 
of a monomer on an electrode is: 

0 = I/{l + (n/kp)] 

where 6 is the fraction of electrode covered with adsorbed 
molecules, k is a constant, p the pressure, and n the 
number of molecules evaporating off the electrode. At 
constant pressure the amount of adsorbed monomer 
clearly depends on n and hence varies with the temperature 
of the electrode, Therefore, monomers which polymerize 
slowly at room temperature should polymerize much more 
readily at lower electrode temperature. This was verified 
experumentally; for example, vinyl acetate, which poly- 
merizes very slowly at room temperature, polymerizes 
very rapidly on an electrode at a temperature of ~ 30° C 
to give clear films of polyvinyl acetate. 

All ‘difficult? monomers would probably polymerize 
quite readily on electrodes maintained at a suitable tem- 
perature. For example, ethylene, which polymerizes very 
slowly at room temperature, would probably react quite 
rapidly on an electrode maintained at a temperature of 
about — 200° C. 

Properties of glow-discharge polymers. 

Number of adsorbed molecules 
Number of ions striking the surface 


At very low » (because of a low p/p, or an unfavourable 
electrode temperature) the rate of polymerization is slow 


Let the ratio: 
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and the films are coloured, highly degraded, insoluble 
and loosely adherent to the electrode. Under these con- 
ditions the number of ions striking the polymer surface 
must be far in excess of that required to allow every 
adsorbed molecule to react and thus a certain amount of 
film damage must occur. In the extreme with no adsorbed 
molecules the polymer is subjected to a continuous ion 
bombardment and must experience some radiation 
damage. However, a glow-discharge film subjected to an 
argon discharge for & prolonged period showed no visible 
signs of degradation, which suggests that ion bombard- 
ment is not primarily responsible for producing coloured, 
highly degraded films. 

When 9 Is very large the number of active sites formed 
by ion bombardment is not sufficient to allow every 
adsorbed molecule to react. Under these conditions 
unreacted molecules become incorporated into the growing 
polymer, making it slightly tacky. However, on standing, 
these polymers slowly become hard due to the loss of 
trapped monomer; this latter process may be accelerated 
by moderate heating. 

Clearly, for the best results the value of » must be 
carefully selected. However, even under optimum con- 
ditions contamination of the polymer, as already indicated, 
proceeds by another mechanism. 
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Fig. 7. Comparative infra-red spectra of glow-discharge polystyrene (4) and conventionally 
produced polystyrene (B) 
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Much information has been given in 
the literature concerning the species 
formed by hydrocarbon vapours in a 
glow discharge’. Electron bombard- 
ment- of monomer molecules in ‘the 
negative glow produces species ranging 
from. carbon ions (C+) to activated mono- 
mer. These species find their way to 
the electrode surface and either co- 
polymerize or become incorporated in 
the polymer. Co-polymerization of 
these species must produce a mixed type 
of polymer, and the differences between. 
the infra-red spectra of glow-discharge- 
polystyrene (Fig. 7) and ordinary 
polystyrene at 7-7, 7-8, 10-4, 13 and 15- 
microns and the significant background 
absorption of the former support this. 
view’. Experimental evidence suggests, 
as expected, that the value of 9 determ- 
ines the degrée of polymer contamina- 
tion; at low ọ the percentage contamina- 
tion is high but progressively decreases 
with increasing 9. 

Contamination of polymers by this 
mechanism may be minimized by lower- 
ing the concentration of monomer in 
the gas phase (that is, lowering mono- 
mer pressure) while still maintaining 
the concentration of adsorbed molecules 
at the desired level. This may be 
achieved by working in an atmosphere 
of monomer and inert gas; the ‘mono- 
mer being present at very low partial pressure and 
the inert gas bemg added to keep the optimum glow- 
discharge pressurs (1-5 torr). The degree of adsorption 
required may be achieved by selecting a suitable electrode 
temperature. 

High monomer flow rate through the discharge is also 
beneficial in reducing contamination; this helps to reduce 
the amount of breakdown products from the discharge 
reaching the electrode surface. 

Polymer films produced under optimum conditions are 
of excellent appearance, and are even and clear. The 
molecular weights of these polymers have not been 
determined since they are completely insoluble in most 
solvents. This suggests that all glow-discharge polymers 
are formed in @ highly cross-linked state and that linear 
polymers cannot be formed by this technique. This is 
really to be expected if polymerization is initiated by 
activation of the polymer. 

t! Linder, E. G., and Davies, A. P., J. Phys. Chem., 35, 3649 (1931). 

* Brick, R. M., and Knax, J. R., Modern Packaging, 123 (1965). 

+ Goodman, J., J. Polamer Set., 44, 551 (1960). 

i Bradley, A., and Hammes, J. P., J. Electrochem. Soc., 110, 15 (1968). 
5 ‘Thomas, ©. L., e al., Them. Rev., 28, 1 (1941). 

* Bamford, C. M., et al., Chem. Soc. Special Publ., No. 15, p. 284. 

7 Williams, T., J. Oil Colour Chem. Assoc., 48, 986 (1965). 


® See, for example, "The Reactions of Methane ina Glow Discharge”: Tickner, 
A W , Canad. J. Chem., 39, 87 (1961). 
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ALTERNATING CURRENT RESISTIVITY PROFILES THROUGH ANODIC OXIDE 
FILMS ON ALUMINIUM AND ITS ALLOYS 


By Dr. G. C. WOOD and Dr. A. J. BROCK 


Corrosion Science Division, Department of Chemical Engineering, Faculty of Technology, University of Manchester 


HE elegant method of Heine and Pryor'!, namely 

measurement of the impedance of a barrier-type 
anodic oxide film during uniform thinning in a passivating 
alkaline chromate solution, has been used to obtain the 
a.c. resistivity profiles through such films formed on 
aluminium and its alloys in various electrolytes. 


Specimens of ennealed 99-99 per cent or 99-9999 per 
cent aluminium or of Al~Mg, Al-Zn or Al-Cu as single- 
phase solid solutions were etched for 15 min in 0:5 N 
sodium hydroxids solution at 20° C followed by a 1 sec 
dip in 50 per cent nitric acid at 90° C and washed. They 
were anodized et various constant current densities 


a 


T14 


(generally 10 m.amp/cm? or 100 pamp/em?) in a flowing 
electrolyte at 25° C. Measurement of the balancing series 
capacitance and dissipation factor on specimens 0-2 em? 
and 0:02 cm? in area during thinning in fresh 1 M sodium- 
chromate solution at 25° C (pH adjusted to 7-2), using a 
General Radio capacitance measuring assembly type 
1610-6, permitted an area-independent calculation of the 
average resistivity of the film (also corrected for double- 
layer resistance!) at various stages. The reproducibility 
was within + 5 per cent for all materials and for aluminium 
was within + 3 percent. The electrode potential during 
thinning was sufficiently high for the capacitance to give 
an accurate measure of film thickness durmg thinning. 
Electron microscopy with replicas and stripped films 
revealed uniform thinning on a sub-microscopic scale 
and a flaw density which remained constant during 
thinning and was generally too low to affect 1mpedance 
measurements. i 

Fig. la and b show the average a.c. resistivities at 
1 ke/s and 100 ke/s, respectively, obtained during thinning 
of 240 A films formed in 20 per cent w/v NH,B,0,.4H,O 
in ethylene glyco]. The resistivity value plotted at each 
thickness represents the average value for the film of 
that thickness remaining on the specimen, not the 
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Fig. 1. Average resistivity measured during thinning of 240 A film 
formed in ammonium borate In ethylene glycol. a, 1 kc/s; b, 100 ke/s 
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0 40 80 


120 
Distance from Al/AJ.O; interface (A) 
Fig. 2. Average resistivity at 1 ke/s measured during thinning of 240 A 
films formed in 8 per cent w/v ammonium tartrate solution (pH 7) at: A, 
10 mamp/em*, B, 100 wamp/cm? 


160 200 240 


resistivity of a small element of oxide in that location!. 
“Films produced in this largely non-aqueous solution form 
with almost 100 per cent current efficiency in the range 
l pamp/cm?*-10 m.amp/em?, contain a little boron but no 
water or glycol*, and represent the simplest and most 
perfect films formed. The resistivity profiles depicted are 
independent of the current density of formation in the 
foregoing range and also of whether the current is termin- 
ated abruptly or allowed to decay slowly. They do not 
depend on the borate content of the electrolyte (5-25 
per cent w/v salt) and therefore on the boron content of 
the film. There is no region towards the outside of the 
film where partial hydration has occurred!. When the 
results in Fig. 1 are plotted as balancing parallel resist- 
ances, Rp (obtained by multiplying the resistivity by the 
film thickness at each thickness), against thickness, a 
60-80 A-thick region of low resistance adjacent to the 
metal is evident at both frequencies. The Heine—Pryor 
theory predicts that this reflects primarily electronic 
relaxation processes, due to partially trapped electrons 
associated with O? ion vacancies or possibly Alt inter- 
stitis] ions in the n-type oxide there. Furthermore, if 
Ep is plotted against the square of the thickness for this 
inner region, a straight line through the origin is obtained, 
indicating that the number of these n-type defects varies 
with the inverse distance from the metal interface®. This 
must represent a steady-state situation persisting for many 
hours and is not directly related to the conditions of film 
formation. Thus, Young has shown for tantalum that 
about 70 per cent of Frenkel defects rapidly disappear 
when the forming current is switched off. The outer 
region of film where Rp increases linearly with thickness 
is said to be normal n-type oxide. 

The res‘stivity profiles for films formed in aqueous elec- 
trolytes depend on the current density (and also possibly 
the time) of formation, and on the pH and anion, but are 
independent of small amounts of impurities in metal or 
electrolyte. Fig. 24 and B give thé results at 1 ke/s 
for 240 A films formed in 3 per cent w/v ammonium 
tartrate solution (pH adjusted to 7) at 10 m.amp/cm? and 
100 pamp/cm? respectively, the values for 100 ke/s being 
identical with those in Fig. 16. The results at 10 m.amp/ 
em? are very similar to those of Heine and Pryor, showing 
a partially hydrated region of low resistivity towards the 
outside and a very thin region of high resistivity at the 
outer interface. At 100 pamp/cm? this nal region is not 
observed, possibly because of the more pronounced major 
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ee 3. Average resistivity at 1 ke/s measured during thinning of 480 

duplex films formed at 100 namp/cm’ as follows. a, 240 A in non- 

aqueous borate, 240-A in tartrate; b, 240 A in tartrate, 240 A in non- 
aqueous borate 


hydrated region of low resistivity. It has been suggested 
that the presence of the low-resistivity region at 1 ke/s but 
not at 100 ke/s is due to conductivity contributions 
from dipoles with relaxation times rather greater than 
10-5 sec, possibly consisting of OH- ions and their associ- 
ated electrons replacing O?- ions in the filmt, There is 
some evidence from the curves that the inner regions of 
the film are also slightly hydrated. No pores could be 
detected in these films by electron microscopy. Change of 
tartrate pH in either direction from 7 increases the degree 
of hydration in the outer regions but the effect is greater 
at pH 9 than at pH 5. This possibly suggests that direct 
OH- movement with the field is an easier and more effec- 
tive process than indirect OH” movement by way of a 
proton-portering mechanism, or than simple H+ entry 
against the field’, under comparable conditions. Both 
processes would tend to leave OH™ ions in the film. For 
pH values 6-8, the outer region of the resistivity curve 
is much lower for 100 pamp/cm? than for 10 m.amp/cem?, 
but at pH 5 or 9 there is little difference and it is low in 
both cases. This suggests that where H+ or OH™ ion 
activities are large their entry into the film by the appro- 
priate mechanism is little affected by forming rate. The 
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outer surfaces of films formed at pH 5 and 9 showed a 
few discrete pores and a general sponginess respectively. 
These phenomena. together with the likelihood of invisible 
pores in films formed at 100 pamp/cm*, are natura) exten- 
sions'of the hydration processes described. For electrolytes 
at pH 7, the degree of hydration, generally but not 
always more nosziceable at 100 yamp/cm*, increases 
in the order borate, phosphate, tartrate and citrate. 
This is to be expected because it is well known that 
phosphate and to a lesser extent borate inhibit hydration 
of alumina at hign temperatures. Presumably the main 
action of the anion is by adsorption on the surface but 
it may also compete with OH- for entry and in some cases 
may supply the oxygen ions from which the film is com- 
posed, Electron microscopy showed that films formed in 
citrate are porous or heavily flawed, which means that the 
results of marker axperiments of other workers using this 
electrolyte require re-appraisal. Addition of sodium 
chloride (up to @-01 M} to tartrate forming electrolyte 
appears to give gross impurity substitution dipole effects 
of a type previous_y produced another way”! and may also 
promote OH” entry. 

Fig. 3a and b show the resistivity profiles at 1 ke/s for 
duplex 480 A films formed as follows at 100 pamp/cm?: 
a, 240 A in non-aqueous borate, 240 A in tartrate, pH 7. 
b, reverse order of a. The general conclusion is that oxide 
characteristic of the second electrolyte lies at the outside of 
the film, clearly favouring considerable cation movement. 
It is likely that this is the case for the non-aqueous borate 
but some OH- movement (and possibly H+ entry against 
the field) contrikuting to mass and current transport 
is indicated for tartrate. Thus, slight hydration of the 
inner borate-formed films occurs when tartrate anodiza- 
tion is carried oué second. When the borate 1s anodized 
second the outer hydrated region of the initial tartrate- 
formed film must presumably be dispersed through the 
film, but there is some evidence of the most seriously 
affected region residing at the outside of the duplex 
film. Perhaps electrolyte can enter this very thin hydrated 
or quasi-porous region so that it does not take part in film 
growth. Detailed study of the results, to be reported 
elsewhere, also favours some O% ion movement. 

Single-phase Al-Mg, Al~Zn and Al-Cu alloys, containing 
respectively less than 5 per cent magnesium, 2 per cent 
zine and 4 per cent copper, give films with 100 per cent 
current efficiency in non-aqueous borate, but resistivity 
profiles show a reduction in resistivity through the film 
at 1 ke/s but not at 100 ke/s. This is presumably not due 
to OH” entry but to Mg**, Zn?+ or Cu*+ ions (which have 
been shown by electron-probe microanalysis to enter films 
in their alloy proportions) in the film. According to the 
Heine—Pryor theory this would again seem to indicate 
dipoles which loss their effectiveness at rather Jess than 
100 ke/s but alcernative explanations are being con- 
sidered. The effsct is independent of current density. 
This is not so fo- films formed in the aqueous tartrate, 
where the effect is superimposed on that produced by 
OH” ions in the flm. The curves for films on Al~Zn are 
lower than those for Al-Cu or Al-Mg under these condi- 
tions. 

Details of this investigation will be published later, 
together with a more critical appraisal of the theory and 
interpretation. 

We thank Prof. T. K. Ross for providing facilities and for 
encouraging this work and the Science Research Council 
for a maintenance grant to one of us (A. J. B.). 
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PALAEOMAGNETISM AND POTASSIUM-ARGON AGES OF SOME 
VOLCANIC ROCKS FROM THE GALAPAGOS ISLANDS 


By Dr. ALLAN COX and Dr. G. BRENT DALRYMPLE 
U.S. Geological Survey, Menlo Park, California 


CIENTISTS of the Galapagos International Scientific 
»J Project visited the Galapagos Islands in January and 
February of 1964. As part of this project, rock samples 
were collected from 45 lava flows on thirteen of the islands. 
Our objective was to learn something about the ages of 
the rocks of the Galapagos Islands using potassium—argon 
dating and palaeomagnetic stratigraphy. The palaeo- 
‘magnetic method for correlating young rock strata is 
based on the fact that the Earth’s magnetic field has two 
‘stable dipolar states, a normal one during which the global 
. field direction is toward the north, as at present, and a 
reversed state during which the field is directed toward 
the south. Lava flows contain ferromagnetic minerals 
which, like tiny magnets, become polarized when the flow 
cools. Thus, lava flows have a magnetic memory and 
record whether the geomagnetic field was normal or 
reversed at the time the flows originally cooled. They 
therefore may be grouped by age in sequences of normal 
‘or reversed. polarity. 
' Locations of sampling sites and polarities of remanent 
magnetization are shown in Fig. 1. From six to eight 
oriented core samples were collected at each site, using a 
water-cooled diamond drill. Standard techniques were 
used for orienting the cores and measuring their remanent 
magnetization; these permit the direction of magnetiza- 
tion of the flow to be determined with an accuracy of 
3°—4° (ref. 1}. The magnetic stability of one core from 
each flow was tested in alternating fields up to 800 oersteds 
‘and was found to be of the type acquired by lava flows 
as a result of cooling in the Earth’s magnetic field. 

From previous investigations of voleanic rocks from 
other parts of the world, the following potassium—argon 
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Fig. 1. Sampling sites and magnetic polarities 





time scale has been found for the changes in polarity of 
the Earth’s magnetic field?‘: 0-0 million years; Brunhes 
normal polarity epoch; 0-85 + 0-15 million years; Matu- 
yama reversed polarity epoch; 2-4 + 0-1 million years; 
Gauss normal polarity epoch; 3-35 + 0-1 million years; 
Gilbert reversed polarity epoch; where the (+) figures 
are subjective estimates of the range of uncertainty in 
epoch boundaries. In addition, there have been much 
more brief polarity periods which are important for 
purposes of detailed stratigraphic correlation but which 
will not concern us here*. Our correlation of lava flows 
from the Galapagos Islands will be based on their relation 
to the foregoing polarity time scale. 

An ambiguity arises in correlating rock strata by polarity 
because the geomagnetic field has only two stable states. 
Thus a lava flow of normal polarity may have formed 
either during the Brunhes normal polarity epoch or 
during an earher normal epoch. For young rocks, this 
ambiguity may be reduced by relating polarities to geo- 
morphological indicators of age, such as the amount of 
erosion, the extent of faulting, and the development of 
vegetation cover. In Alaska, for example, we have found 
that primary volcanic features such as volcanic craters 
and flow surfaces are still recognizable m rocks as old as 
the beginning of the Brunhes normal epoch, but are almost 
completely obliterated in rocks formed during the Gauss 
normal epoch. In the Galapagos Islands, which are both 
arid and, free from frost, such erosional differences are less 
pronounced. 

All the sampled lava flows, which, from their state of 
preservation, appeared to be extremely young, are 
normally magnetized. A few of the reversely magnetized 
flows also are surprisingly young in appearance. The 
reversed flows on Pinzén, for example, occur on the walls 
of a crater that still retains its original form. On geo- 
morphological grounds, however, most of the reversed 
flows appear to be older than the normal group. Those on 
Wolf, Baltra, northern Santa Cruz and Espafiola Islands 
are exposed along high sea cliffs, some of which are faulted. 
The reversed flows on Floreana are from low volcanoes 
that have been partly destroyed by wave action where 
they face the sea. 

We have used potassium—argon dating in conjunction 
with palaeomagnetic stratigraphy to provide additional 
information about the age of the rocks of the Galapagos 
Islands and to help in placing some of these lava flows 
in the correct polarity epochs. This dating method, 
which utilizes the constant decay of radioactive potassium- 
40 to argon-40, is the only known radiometric technique 
that can be applied to volcanic rocks that crystallized in 
the time interval of the polarity epochs outlined here. 

The age analyses of this investigation were carried out 
on holocrystalline whole-rock samples of basalt. Typically, 
analyses on basaltic lavas that contain glass or alteration 
products do not give reliable age data. Therefore, the ten 
rocks for this investigation were selected only after thin 
sections had been analysed petrographically to ascertain 
that they were suitable for dating by the potassium—argon 
method. The argon analyses were carried out by standard 
isotope dilution techniques and the potassium determina- 
tions by flame photometry. The data from these analyses 
and the resulting calculated ages are given in Table 1. 

The uncertainties in most of the age calculations are 
greater than is usual for rocks of this age because some of 
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Table 1, ANALYTICAL DATA FOR K~Ar AGE DETERMINATCONS 


All determinations on whole-rock basalt samples 





Per cent K0 
Polarity : 


Normal 


Reversed 


of precision. 


the Galapagos rocks are abnormally high in contaminating 
atmospheric argon and most of the lavas have a low 
potassium content. However, for eight of the samples 
the dates are sufficiently precise to make it possible to 
assign the flows to polarity epochs. Even the results 
from the two flows with no detectable radiogenic argon 
are useful, because a maximum possible age can be found 
from the minimum amount of radiogenic argon that 
could have been detected in the presence of the observed 
atmospheric argon. In particular, the 1-32 million-year 
maximum age for the reversed lava from site G17 pre- 
cludes this flow from being assigned to any reversed 
polarity epoch other than the Matuyama. 

Stratigraphic correlation of the flows collected on the 
different islands is given in Table 2. Flows not directly 
dated are correlated with other dated flows on the basis of 
geomorphologic and stratigraphic relations and on the 
basis of magnetic polarity. 

Of greatest interest from the point of view of the 
history of life in the Galapagos is the time that each island 
emerged from the sea. Three considerations make it 
necessary to be cautious of interpreting the present results 
as being indicative of the sequence in which the islands 
emerged. On some islands, an older core may be com- 
pletely masked by a shield of young lava, so that the time 
of emergence of the island cannot be determined geo- 
logically. Secondly, we were unable to sample the oldest 
exposures on some of the islands in the time available. 
Finally, some of the rocks that we sampled may have 
formed beneath the sea much earlier than the appearance 
of the first land. 

However, even with these limitations of the present 
results in mind, several generalizations are apparent. 
The first is that most of the voleanic terrain exposed above 
sea-level on the Galapagos formed during a remarkably 
short interval of several million years. This follows from 
the observation that most of the lava flows were extruded 
during the Brunhes and Matuyama polarity epochs, which 
span the time from the present back to 2-4 million years. 

The present results also have a bearing on Wilson’s 
theory® that islands form over the mid-oceanic ridges, 


Table 2. ASSIGNMENT OF SAMPLING SITES TO POLARITY EPOCHS 











Polarity Island [sampling site *] 
epoch 
Isabela [G14*, G16] 
Fernandina (G12, G13] 
Brunhes Pinta [@1, G2] 
normal Marchena [G8, G4 *]} 
polarity San Salvador (G5, G6, @7, G20, G21*, G22, G32*, G33] 
epoch Rabida [G18 





Santa Cruz res *, G24, G25, G28*, G29, G31] 
Floreana [G37, G88, G39, G40, G41] 
Darwin [G8 7] 


Rabida [G17 *] 
Pinzón [G18, G19] 





















Matuyama| Baltra[G11*, G80] 

reversed. Santa Cruz [@27 *] 

polarity Floreana [G42, 443 *, G44, onal 
epoch ! Espafiola [G34 ?, G85 ?, G36 ? 





Wolf {G9 ?, G10 7] 


Older : Santa Cruz [G26] 


* Potassium-—argon date listed in Table 1. 
? Assignment to epoch uncertain. 
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* Calculated using 4, =0-585 x 10-7 yr Ag = £72 x 107° yr ~, and #®K/K = 1:10 x 10 moles/mole ‘The + figures are the estimated standard deviation 





Fig. 2. Age relations among the 45 sampled flows. Shaded area contains 


all flows older than the Brunhes normal polarity epoch except for thoss 


on Wolf Island (off the diagram to the north-west). Solid circles arp 
flows of the Brunhes normal polarity epoch and open circles are older 
flows, Adjacent flows of the same polarity are shown with one symbol 


which are assumed to be topographic expressions of the 
upwelling limbs of convection cells in the Earth’s mantle. 
Voleanic islands are assumed by Wilson to be active as 
they form over a ridge, then to become extinct as they are 
carried away from the ridge. In an archipelago formed 
this way, lava flows spanning the entire time of volcanic 
activity will not be found superimposed on one island. 
Rather, lava flows of increasingly older age will be found 
on islands progressively farther from the ridge. Immedi- 
iately north-west of the Galapagos, there is the Cocos 
Ridge, which is an offshoot of the immense north-south 
East Pacific Rise. Thus the inferred direction of move- 
ment of the Galapagos would be toward South America, 
and the oldest islands would be at the south-east end of 
the chain. In Fig. 2, flows older than the Brunhes normal 
polarity epoch are indicated as open circles, and these 
may be seen to lie within the shaded area, which, in a 
general way, is at the south-east part of the archipelago as 
predicted. However, rocks of this older group also occur 
on Wolf Island, which is at the extreme north-west end 
of the chain. Moreover, the oldest rocks occur on the 
northern coast of Santa Cruz, which is near the middle 
of the chain. A further difficulty is that both young 
and old lava flows are found on many islands, such as 
Santa Cruz, where tre oldest flows of the Galapagos and 
some of the youngest are closely juxtaposed. The age 
relations thus appear to form a more complicated pattern 
than that anticipated by Wilson’s theory of oceanic island 
formation. 

The Galapagos International Scientific Project was 
supported by a National Science Foundation grant, 
GH-2370. This work was also partly supported by another 
National Science Foundation grant, GF--77. 
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RELEASE OF TRITIATED BRETYLIUM BY SYMPATHETIC NERVE 
STIMULATION 


By Dr. JOSEF E. FISCHER, VIRGINIA K. WEISE and Dr. IRWIN J. KOPIN 


Laboratory of Clinical Science, National Institute of Mental Health, Public Health Service, U.S. Department of Health, 
Education and Welfare, Bethesda, Maryland 


RETYLIUM is a sympathetic blocking agent which 
has been used in the treatment of hypertension?. 
This drug does not interfere with conduction of the nerve 
impulse by the sympathetic nerve fibre’, nor does it 
prevent the action of administered norepinephrine’. 
Sympathetic blockade after bretylium treatment appears 
to be a consequence of failure of the sympathetic nerve 
ending to release norepinephrine in response to the nerve 
impulse. 

It has been suggested that replacement of norepine- 
phrine by an inactive counterfeit transmitter molecule 
may explain the partial sympathetic blockade seen after 
«-methyldopa’ and metaraminol®, and the tachyphylaxis 
in response to some sympathomimetic amines®’ and 
chronic administration of monoamine oxidase inhibitors®’. 

Since bretylium accumulates in sympathetic nerves®, 
releases norepinephrine’, and interferes with subsequent 
release of norepinephrine by nerve stimulation’, it was 
suggested that this drug may play a part similar to false 
neurochemical transmitters’. In the experiments to be 
described, the release of tritiated bretylium, adminis- 
tered in vivo, from the isolated perfused cat heart and 
spleen was examined during sympathetic nerve stimula- 
tion. 

Bretylium was tritiated by catalytic exchange (New 
England Nuclear Corp., Boston, Mass.) and purified by 
paper chromatography. 

Hight cats received 80 uc./kg bretylium-*H intra- 
muscularly. 20 h later the splenic circulation was isolated 
using a modification of the technique of Brown and 
Gillespie!’ previously described’. The organ was perfused 
with Krebs-Ringer solution saturated with 95 per cent 
oxygen—5 per cent carbon dioxide (containing 100 mg 
heparin plus 1 g glucose/l.) and the splenic nerve was 
stimulated using a Grass Model 4 stimulator, with impulses 
of 1 msec duration and supramaximal voltage. Fluid in 
the spleen was expressed by nerve stimulation with 100 
impulses (10 impulses/sec) 20 and 25 min after the start 
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Fig, 1 


ARTERIAL 


PERFUSION 


of perfusion. After 30 min, samples of splenic vem 
effluent were collected during consecutive 2-min intervals. 
Following two control intervals, the splenic nerve was 
stimulated with 300 impulses, at frequencies of 10-100 
Lp.s. 

Splenic contraction without nerve stimulation was 
induced by injection of 10-7 g I-norepinephrine into the 
splenic artery (at NA, Fig. 1). To block splenic contrac- 
tion, 5 mg phenoxybenzamine hydrochloride was infused 
into the splenic artery; 10 min later, the stimulations were 
repeated. 

Stimulation of the splenic nerve in the isolated perfused 
cat spleen resulted in increased amounts of bretylium-*H 
in the effluent perfusate (Fig. 1). Infusion of norepine- 
phrine, which caused a greater increase in spleniv arterial 
pressure than did nerve stimulation, resulted in no release 
of bretylium-*H into the perfusate. Release of the labelled 
amine by nerve stimulation persisted even though splenic 
contraction was blocked by phenoxybenzamine. 

In other experiments, two cats, weighing 2-4 kg, 
received 80 ue./kg bretylium-*H (20 me./mg) intramus- 
cularly. 14h later they were anaesthetized with ‘Nembutal’ 
(30 mg/kg intraperitoneally), a tracheotomy performed, 
and artificial respiration instituted using a Harvard 
respirator. The right sympathetic chain was isolated just 
above the clavicle and the chest opened. The right stellate 
ganglion, upper thoracic sympathetic ganglia, cardiac 
nerves and heart were removed en bloc. The heart was 


perfused by the Langendorff technique with Krebs- ' 


Henseleit solution saturated with 95 per cent oxygen—5 
per cent carbon dioxide and containing 1 g glucose/I. 
To ensure adequate drainage, both ventricles were vented 
with stab wounds. Cardiac rate and left ventricular 
contractile force were recorded on a Grass 5-D polygraph, 
with #T-03B force transducer. The stellate ganglion was 
stimulated with rectangular impulses of supramaximal 
voltage, 1-msee duration, using a Grass model 4 stimulator. 
Ten minutes after the start of perfusion, the preparation 
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muCURIES H°-BRETYLIUM IN EFFLUENT 





FREQUENCY 30/SEC O/SEC 
DURATION 10 SEC 
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Release of bretylium-*°H from Isolated perfused cat heart (left) and spleen (right). en are typical ¢ of two experiments with the heart 


and eight with the spleen 
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è 3 x 10-7 g was infuse 
later. Stimulation wa, D 
halide (50 pg/min). -0 
1¢ effluent perfusate was centi ged to sediment any 
blood cells and bretylium was absorbed on ‘Dowex 50’ 
: oa at 65 pH, and afterwards ‘eluted with 6 mi. 
















amount of riia i E "Wane rosad from gee | 
perfused cat heart ‘Fig. 1). A marked increase in ardiac 
rate and contractile force was noted during nerve stimula- 
tion (Fig. 1). Norepinephrine, which caused a similar 
increase in cardiac rate and contractile force, failed to 
release bretylium-*H. When the inotropic and chrono- 
tropic effects of sympathetic nerve stimulation were 
blocked by the infusion of nethalide, a potent adrenergic- $ 
B. blocking agent, bretyliurn-*H was still released by nerve . 
stimulation. The spontaneous release of bretylium- SH 
was unaltered by the adrenolytie drug. . 
The relationship of frequency of nerve stimulation to 
release of bretylium is shown in Fig. 2. The output : of the 
labelled amine at stimulus rates of 10 i.p.s, is greater than 
that at 30 i.p.s. Pkenoxybenzamine failed to elevate the 
rate of spontancous:release of bretylium (Fig. 1). Adrener- 
gic blocking agents increase the resting output of nor- 
epinephrine’ and félse transmitters in heart! and spleen’. n 
Furthermore, maximal release of norepinephrine! 
false transmitters’ is seen at frequencies of | 
i. p.s. (Fig. 2). pe does. not behave i in j 
(Figs. 1 and 2}. thalie i 
elevated me H output at low freque 
stimulation. While norepinephrine | and oth 
adrenergic transmitters are od by acetyle 
well as by nerve stimula 
by acetylcholine". Brety 
false neurochemical. trans 
replace norepinephrine. _ 
bretylium acts at a stage be t 
release of the adrenergic. rénamitter, iby. T 
an intermediate substance be for norepine 
release. | 
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In vitro MALIGNANT TRANSFORMATION OF CELLS BY FRIEND VIRUS — 


By E OSATO; Pror, E. A. MIRAND, J. T. GRACE, jur., and F. PRICE 


Roswell Park Memorial Institute; New York State Department of Health, and State University of New York at Buffalo, 
Buffalo, New York l 


ROPAGATION of Friend virus in mouse embryo 

cell culture was previously demonstrated in this 
laboratory™?. 3 ; 
<o Dhis article concerns cellular morphological changes 
, associated with the neoplastic property induced in early 
ages of the virus-infected mouse embryo cells and 
ral characteristics uf the resulting transformed cell 
hich has been maintained in this laboratory for 18 







peritoneally into mies. This inoculum was free of polyoma 
virus so far as the incidence of multiple tumours and the 
antibody response against polyoma. virus in injected mice 
were tested. 

The test animals were HA/ICR Swiss new-born, 5-8- 
day-old suckling and 4—6-week-old mice obtained from the | 
Roswell Park Memorial Institute breeding colonies. — 

The cell cultures used for inoculating Friend ‘virus w 
primary cultures of HA/ICR Swiss mouse embryo tissues. 
Eight-ounce bottle cultures were prepared using Eagle's 
medium containing 10 per cent heat-inactivated calf 
serum as growth medium. Eagle's medium with 2-5 
per cent heat-inactivated horse serum was used as the 
maintenance medium. These media were also used for 
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serial subcultivation of the virus-infected cells during the 
first 9 months, then substituted by Eagle’s medium 
containing 10 per cent heat-inactivated foetal calf serum. 
Coverslip cultures were prepared in Leighton tubes for 
immunofluorescent staining and Wright—Giemsa staining. 
The indirect staining method was used in the immuno- 
fluorescent investigations!**. 

Cell suspensions and cell-free supernates were injected 
intraperitoneally into mice to test leukaemogenic activity. 
Approximately 5 x 10° trypsinized cell suspensions were 
injected intraperitoneally or subcutaneously into suckling 
and young Swiss mice. Culture media were centrifuged 
and the supernates were injected intraperitoneally into 
new-born and young mice. To test intracellular leukaemo- 
genic activity, cells were trypsinized and resuspended in 
small amounts of maintenance medium. They were 
disrupted by homogenizing and by freezing and thawing. 
After centrifugation the supernates were injected intra- 
peritoneally into new-born and young mice. Criteria of 
Friend disease were based on splenic enlargement and 
histological and haematological examinations of the test 
mice. 

To test the neoplastic property of the transformed cells, 
1 x 105-5 x 10° cells were injected into new-born Swiss 
mice intraperitoneally or subcutaneously in the back. 

For pathological investigations, specimens were fixed 
in 10 per cent formalin and stained with haematoxylin 
and eosin. 

Three monolayer bottle cultures were inoculated with a 
10 per cent infected spleen-cell-free filtrate and incubated 
37° Cfor 3h. The cells were then washed three times with 
Eagle’s medium and held in a stationary position at 37° C 
following addition of maintenance medium. As controls, 
two out of eight bottles were inoculated with normal 
spleen filtrate, two with heat-inactivated infected spleen 
filtrate, two with neutralized infected spleen filtrate and 
the two remaining were not inoculated. Medium change 
was carried out every other day. After 25 days of incuba- 
tion, each culture was transferred to two bottles using 
0-2 per cent trypsin. Succeeding several transfers were 
then carried out every 4-10 days. 

When leukaemogenic activity of the culture fluids of 
the virus-infected cells was tested on the sixteenth day, 
fifteen of sixteen mice (93-7 per cent) showed massive 
spleen involvement and polycythaemia, that is, typical 
Friend disease. Approximately 40 per cent of monolayer 
cells of the infected coverslip cultures were stained specific- 
ally by immunofliuorescent staining. 

More fluorescent cells were observed after transfer of 
the virus-infected cultures. When cell-grown coverslips 
were tested at the third passage, most cells were strongly 
fluorescent. The growth rate of these infected cells was 
considerably higher than that of controls. 

In the fourth to sixth passages, after 1-5-2 months of 
the virus inoculation, proliferative foci of epithelioid 
cells with multi-nucleated giant cells were noted among 
fibroblastic monolayers. There was a tendency for the 
epithelioid cells to grow on top of one another, forming 
whitish and thickened plaques which were macroscopically 
visible. In the proliferative foci, only occasional fluores- 
cence was observed in multi-nucleated giant cells. No 
significant degenerating process was observed in connexion 
with the appearance of the proliferative foci. These foci 
rapidly took the place of fibroblastic monolayers in two to 
three transfers. In the seventh passage, in which trans- 
formed foci were frequently observed, leukaemogenic 
activity of culture fluids was very weak. Only three of 
sixteen mice (18-7 per cent) showed splenic enlargement. 
In the eighth passage, there was no more leukaemogenic 
activity in cultured fluids. These cultures have been 
serially transferred once a week. This line (TSME-1) 
is at present in its 77th passage. The cell type is still 
epithelioid, but spindle-shaped cells are also present. 
Multi-nucleated giant cells are frequently observed at each 
passage-level. Confluent sheets are rapidly obtained with 
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a tendency to overgrow one another, forming multi- 
layered areas. Rapid acidification of the culture medium 
is also noted. Control cultures were treated in the same 
way as infected cultures; however, all cultures degener- 
ated after a few serial transfers. Fig. 1 shows 57th- 
passage TSME-1 cells in comparison with normal second- 
ary mouse embryo cells. Epithelioid cells are predomin- 
ant, but spindle-shaped cells are also present. Many 
multi-nucleated giant cells are observed. The nuclei 
are pleomorphic and the nuclear/cytoplasmic ratio is 
inereased. Nucleoli increase in size and number and show 
a rounded outline. In contrast to the transformed cells, 
the cell type of normal mouse embryo cultures is primarily 
fibroblastic. 

There have been no significant intracellular and extra- 
cellular leukaemogenic activities and no significant 
amount of Friend viral antigen in T7SME-1 cell cultures 
since the transformed cell line was established. None of 
the 390 (0 per cent) injected with culture fluids and only 
3 of 214 mice (1-4 per cent) injected with supernates after 
disrupting cells showed splenic enlargement. However, 
by injecting cell suspensions, 48 of 210 mice (22-9 per 
cent) have shown massive splenic enlargement although 
only occasional fluorescence has been observed in trans- 
formed cell culture by immunofluorescent staining. 

To test the neoplastic property of the transformed cells, 
approximately 5 x 10° cells at the tenth passage were 
first inoculated into the subcutaneous tissue of the back 
of eleven new-born and intraperitoneally into twelve 
new-born Swiss mice respectively. By the ninetieth day, 
tumours developed in three of eleven (27:3 per cent) and 
in ten of twelve (83-3 per cent) respectively, and were first 
evident at 3-4 weeks. There was essentially no difference 
in growth characteristics between tumours induced with 
cells of different passage levels. In the latest experiment, 
approximately 5 x 10° TSME-1 cells in the 61st passage 
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Comparison of normal secondary mouse embryo cells with trans- 

jemsa stain 

(xe. 50). (A) Control cells, primarily fibroblastic in morphology; (B) 

transformed culture, TSME-1, Note epithelioid morphology, multi- 
nucleated giant cells, and spindle-shaped cells 


Fig. 1. 
formed cells at the fifty-seventh passage level. Wright-G 
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Fig. 2. Comparison of a normal mouse with the mice inoculated with 
sixty-first passage TSME-1 cells subcutaneously in the scapular region 
Note big tumours in the back of 3 mici 


30 days ago when new-born. 





Fig. 3. Fibrosarcoma arising from transplantation of TSME-1 cells in 
the sixty-first passage. Haematoxylin and eosin stain. (* e. 50) 


were inoculated into 89 new-born Swiss mice. By the 
sixtieth day, tumours developed in 14 of 44 mice (31-8 
per cent) inoculated into the subeutaneous tissue of the 
back and 38 of 45 mice (84-4 per cent) inoculated intra- 
peritoneally respectively, and were first evident at 1-2 
weeks, attaining a diameter of 3-5 em by the fourth 

fifth week. They remained fairly localized. There 
was no gross evidence of metastasis. Fig. 2 shows a 
normal mouse and the mice which were inoculated sub- 
cutaneously in the scapular region with 5 x 10° cells 
at the 6lst passage 30 days when new-born, followed by 
the development of large tumours. As illustrated in Fig. 
3, these tumours are fibrosarcomatous. No tumours 
arose over a 5-month period of observation when 1 x 10°- 
5 x 10° normal mouse embryo cells were inoculated sub- 
cutaneously or intraperitoneally into new-born mice, 
Also, no tumours arose by injecting Friend virus itself or 
cell-free materials of the transformed cultures into mice. 

In the tumour-bearing mice, splenomegaly was fre- 
quently observed and large numbers of proliferating 
reticulum cells and erythrobiasts were evident even in 
spleens which grossly were normal. High peripheral blood 
leucocyte counts with blast cells were usually found in 
the animals. Fig. 4 shows a normal mouse and the mouse 
which was inoculated intraperitoneally when new-born 
with 1 x 10° 52nd passage TSME-1 cells at 60 days 
with the development of large abdominal tumours and an 
enlarged spleen. In contrast to the typical Friend 
disease, all the mice with leukaemia induced by inoculating 
the transformed cells were markedly anaemic regardless 
of the presence of tumours. 

These findings indicate that Friend virus can induce a 
malignant transformation of normal cells in vitro as do 
certain oncogenic viruses’. In the transformed culture 
induced by RNA containing avian myeloblastosis virus, 
transformed cells were well differentiated and produced 
infectious virus progeny®. In the case of the RNA 
containing Rous sarcoma virus, transformed cells gener- 
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ally produce infectious virus progeny. Since the Rous 
sarcoma virus is defective, they totally fail to produce 
infectious virus under certain conditions. However, the 
presence of the viral RNA in the transformed cells can be 
demonstrated by infecting them with a related helper 
virus*. These transformed cells are characteristic of 
rounded or fusiform cells. Exceptionally, a transforma- 
tion characteristic of polygonal cells with multi-nucleated 
viant cells has been reported’. 

In contrast to this. general characteristics of the Friend 
murine leukaemia virus-induced transformed culture 
resemble those of DNA containing SV (refs. 8 and 9). 
Friend virus proliferated continually in early passages of 
the virus-infected ce ls and rapidly became more difficult 
to detect in transformed cultures. Virus could only be 
recovered when transformed cells were inoculated directly 
into animals. There was loss of contact inhibition with a 
tendency for cells to ‘pile up’ in multiple layers. The cell 
type was epithelioid but spindle-shaped cells were also 
present. Multi-nuceated giant cells were frequently 
observed. Cultures acidified rapidly. An inverse relation 
between ease of viral propagation and ease of induction of 
cellular transformat:on in vitro was generally observed 
with polyoma virus and S V, (refs. 10 and 11). However, 
it is characteristic of the system described here that 
transformed foci oceurred rapidly in specifieally fluores- 
cent non-degeneratiag monolayers. 

In the TSME-1 cell line, no significant amount of viral 
antigen and no significant intracellular and extracellular 
leukaemogenic activities have been detected; however, 
the results of the inoculation experiment of transformed 
cells may suggest that the cell line may be carrying the 
genetic information of Friend virus. Friend virus may be 
synthesized and released in a few cells among a large non- 
producing population, or the virus may be synthesized 
and released so slowly that it may be difficult to detect it 
by animal titration and immunofluorescent staining. It 
can also be assumed that the viral information can be 
carried as viral RNA in this transformed cell line. Such a 
small amount of virus or viral RNA in transformed cells 
will be activated by inoculating the cells into animals. 
Sufficient evidence to permit a conclusion is not available. 

Friend disease indueed by injecting the virus-infected 
tissue culture fluids into mice was characterized by a 
typical biphasie response—uncontrolled proliferation of 
reticulum cells followed by erythroblastosis and poly- 
cythaemia®?. This was also the case with Friend disease 
induced in mice by imjecting culture fluids in early passages 
of the virus-infectec cells in which transformed cells were 
not yet observed. In contrast to this, mice with leukaemia 
induced by inoculating with transformed cells were 
markedly anaemic. This may suggest the presence of a 
variant of Friend virus in transformed cells. Previous 
work in this laboratory suggested that Friend disease may 
involve two agents—one responsible for the reticulum eell 





Fig, 4. Comparison of normal mouse with the mouse inoculated intra- 

peritoneally with fifty-s ‘cond passage TSM E-1 cells 60 days previously 

when new-born, Note big abdominal tumours and an enlarged spleen 
in the mouse on the left 
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transformed cella. Corrs 5o ee 
‘Tumours arose after transplantation of cells at the tenth 
passage of the 7’‘SMZE-1 cell line at which transformation 
was established. This indicates a correlation of trans- 
formation by Friend virus in vitro with in vivo oncogeni- 
city for the same species. The high tumour incidence 
(85-90 per cent) resulting from intraperitoneal transplanta- 
tion of transformed cells into new-born HA/ICR Swiss 
mice is striking. Moreover, it has been consistently 
possible to re-isolate Friend virus from enlarged spleens 
of tumour-bearing mice. These splenic filtrates produced 
typical Friend disease but without polyeythaemia. 
Persistent, infections of cells in vitro with murine 
leukaemia viruses were reported previously!*-!*. Manoker 
et al.'* described tumour induction after transplantation 
of the Moloney virus-carrier cells into the isologous mouse 
strain. Since they used an established mouse spleen cell 
line to obtain the virus-carrier culture and since normal 
mouse cells carried in culture for long periods are known 
to undergo neoplastic change, they could not conclude 
that the virus was responsible for the induction of the 
neoplastic state. In contrast, data presented in this 
report support the idea that Friend virus can directly 
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CHICK EMBRYO 
By Pror. LOUIS J. PIERRO and JEAN SPIGGLE 


Storrs Agricultural Experiment Station, University of Connecticut, Storrs 


QA EVERAL investigators have reported that deoxyguano- 
«J sine can interfere with growth and development of the 
chick embryot., Deoxyguanosine treatment of 4-day 
embryos resulted in rather severe stunting of growth, 
a ities of the eyes and facial skeleton, severe 
o inhibition of feather development, and still other 
neous defects!. Under in vitro conditions, deoxy- 
guanosine inhibited growth and development of the 
11-13 somite chick embryo. We have previously reported 
that as little as 25 ug deoxyguanosine is capable of inter- 
acting with actinomycin D in such a way as to increase 
the number of embryos which respond to the teratogenic 
action of the antibiotic*. Our continued investigation of 
the interaction in teratogenesis of the two compounds 
has of necessity included a detailed investigation of the 
effects of deoxyguanosine on skeletal development, the 
results of which are presented here, Apart from their 
potential significance for the elucidation of the interaction 
between deoxyguanosine and actinomycin D, the observa- 
tions reported are of interest in that they illustrate that a 
measure of spurious regional specificity can be super- 
imposed on the rather general inhibitory action of deoxy- 
guanosine. Deoxyguanosine treatment of the chick 
embryo results in the death of large numbers of cells in a 
variety of tissues, including the brain and nerve cord, the 
stloratome and derma-myotome, the mesenchyme of the 
hmb buds, the maxillary processes and visceral arches, 
the optic cup and head mesenchyme. However, readily 
predictable patterns of response can be elicited under 
appropriate conditions of timing and dosage. In one case, 
the induction of rumplessness, the response can be equated 
with the presence or absence of induced cell death in a 
spatially restricted region. The other response patterns 
elicited appear to be related to subsequent intra-organ 
developmental events, as yet undefined, which are pre- 
“ipitated by the widespread cell destruction. 

In the experiments carried out, varying amounts of 
deoxyguanosine were injected into the yolk of fertile 








White Leghorn eggs which had been previously incubated —— 
for periods ranging from 0 to 120 h. Aqueous solutions 
were used, and the volume of fluid injected was never: 
greater than 0-2 ml. After injection, eggs were re-incu- 
bated under standard conditions of temperature and 
humidity. Experiments were terminated at various _ 
stages, depending on their purpose. Dead embryos were - 
detected by candling on the 6th, 9th and 13th days. o 
incubation, unless experiments were terminated pri 
these stages. Embryos dying before the 6th day. we 
discarded; all embryos which survived beyond the d 
day were examined. In experiments which were termit 
ated at the end of the 17th day of incubation, alizari: 
preparations of the surviving embryos were made in | 
order to facilitate the detection of skeletal anomahes. 
As much as 50 ug of deoxyguanosine was found not to be ug 
teratogenic when injected into fertile eggs either prior to © 
incubation or at 24 h. Data obtained from experiments > 
in which embryos 48 h old or more were treated amdo- 
allowed to develop until the 17th day have been sum: © 
marized in Table 1. 

48-h embryos. Injection of 50 ug of deoxyguanosine 
into the yolk sacs of 48-h embryos resulted in the death. 
of approximately 50 per cent of the embryos before. the 
l7th day of incubation. Most of the deaths occurred. 
after the 6th day, and virtually every one of the dead - 
embryos showed some axial defect. The most common 
defect involved a constriction of the trunk in the thoracic - 
region with an accompanying malposition of the hmd 

Among the survivors of the 17th day of incubation, < 
30-7 per cent showed at least one defect, and most embryos 
were multiply affected. The most seriously defective | 
embryos (3-8 per cent) were classified as phocomelic — 
dwarfs. These embryos had extremely reduced limbs, 
facial coloboma and cleft palate, a shortening of either 
or both the upper beak or mandible, a shortening of the 
neck and trunk, and generalized oedema. Their tails 
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appeared to be normal, however. The remainder of the 
abnormal embryos were generally in the same size range 
as were control embryos and the treated embryos which 
appeared to be unaffected by deoxyguanosine treatment. 
Among these embryos defects involving the axial skeleton 
were approximately twice as prevalent as were facial 
defects and limb anomalies. 

Axial defects observed among embryos treated at 48 h 
included a shortening of the neck and a shortening and 
constriction in the thoracic region. Examination of 
alizarin preparations of these abnormal embryos showed a 
reduction in the size but not in the number of cervical and/ 
or thoracic vertebrae. The reduced vertebrae were com- 
pressed anteroposteriorly and partially fused. As might 
have been anticipated, rib anomalies. were also seen in 
embryos showing abnormal thoracic vertebrae. Both 
types of axial defects were observed in the same embryo 
approximately as frequently as they were found separ- 
ately. 

Facial defects were found in 15-3 per cent of the embryos 
which survived the 17th day of incubation. These include 
facial coloboma, cleft palate and a reduction in either the 
upper or the lower beak. After treatment at 48 h, short 
upper beak was found in approximately three times as 
many embryos as was short lower beak. With rare excep- 
tion, an embryo showing one of the facial defects also 
showed the other two. 

In addition to the phocomelic embryos, some reduction 
in length of the wings and/or legs was seen in another 
9-2 per cent of the survivors of the 17th day. Most of 
these micromelic embryos were affected bilaterally, but 
in a few cases only the limbs on the right side were 
affected. 

Injections of 25 ug of deoxyguanosine were considerably 
less toxic to the 48-h-old chick embryo, and were also less 
teratogenic. The frequency of abnormal embryos was 
approximately one-half that observed after treatment 


_ with 50 ug; however, the incidence of axial defects was 


K 


reduced by approximately two-thirds, and no phocomelic 
dwarfs were produced. 

72-h embryos. Injections of 75-100 ug of deoxyguano- 
sine approximated the L.D,, dosage for embryos of 72-h 
incubation age. Again, most of the embryonic deaths 
occurred after the 6th day and abnormalities of the axial 
skeleton were found among the dead embryos. These 
included constrictions in the thoracic region, and also 
rumplessness. About 50 per cent of the embryos which 
survived the 17th day of incubation were abnormal, most 
being multiply affected. Phocomelic dwarfs similar to 
these encountered after treatment with 50 ug at 48 h 
accounted for approximately 5 per cent of the embryos. 
The remaining embryos showed defects of all the main 
skeletal regions. 

Axial defects observed among survivors of the 17th 
day included short neck, reduced thorax and rumplessness. 
Short neck and rumplessness were each found in about 
20 per cent of the embryos, and were frequently observed 
in the same embryo. Reduced thorax was found in less 
than 4 per cent of the embryos. As indicated in Table 1, 
facial defects were found in about 40 per cent of the 


Table 1. 



















Incubation age (h) 


Dosage (ug) 


Fertile eggs 
Embryonic deaths 
0-6 days 
7-17 days 
Survivors of 17 days 
Abnormal embryos (%) 
Axial defects 
Facial defects 
Phocomelia 
Micromelia 
Foot defects 
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embryos and micromelia ın about 22 per cent. In some of 
the micromelic embryos, either only the limbs of the right 

side were affected, or the limbs of the right side were more 

drastically reduced than were those of the left side. A 

small number of embryos with foot defects were also’ 
observed. 

In the group which had received only 50 pg of deoxy- 
guanosine, 64-6 per cent of the embryos survived the 
17th day and 17-7 per cent of these were abnormal. 
No phocomelic dwarfs were observed, and rumplessness 
was the only axial defect seen. The frequencies of axial, 
limb and foot defects were approximately one-half those 
found in the groups which had received 75-100 ug, 
whereas the frequency of facial defects was reduced. by 
approximately thresa-fourths. 

96-h embryos. Embryos of 96-h incubation age tolerated 
dosages of 100-200 pg of deoxyguanosine fairly well. Even 
in the 200 ug group, approximately 90 per cent of the 
embryos survived the 17th day of incubation, and only 
3 per cent were phocomelic dwarfs. The frequency of 
abnormal embryos rose with increasing dosage from 22-4 
per cent to 65-7 per cent and limb defects constituted the 
major class of abnormality. Axial defects, including 
rumplessness and short neck only, were obtained after 
treatment with 159-200 ug. Significant frequencies of 
facial defects were also found in these two experimental 
groups. A high ine:dence of foot defects was encountered 
for the first time. These included clubbing, microdactyly, 
ectrodactyly and svndactyly. In a number of embryos 
the feet were affected asymmetrically, but there did not 
seem to be any difference in susceptibility of right and left 
feet. 

120-2 embryos. Of 65 embryos of 120-h incubation age 
which had received 200 ug of deoxyguanosine, 60 survived 
the 17th day of incubation. Among these survivors, 
63:3 per cent showed foot defects similar to those observed 
after treatment at $6 h, and 1-6 per cent had short mand- 
ibles. No other abnormalities were observed. 


Axial Skeleton 


When the particclar axial defects produced were con- 
sidered in relation to the time of treatment of the embryo, 
characteristic patterns of response were indicated (Table 
2). Thoracic defects appeared to be characteristic of 
deoxyguanosine interference with axial development in 
48-h embryos. Alternatively, ruamplessness was a charac- 
teristic response of axial development when 72-h embryos 
were treated. On the other hand, cervical defects were 
fairly readily produced by deoxyguanosine treatment of 
either 48- or 72-h embryos. 

An explanation for the pattern of response induced in 
axial tissues was sought in histological investigations of 
deoxyguanosine-trested embryos. Fertile eggs of 48- 
and 72-h incubation age were injected with 50 and 100 ug 
of deoxyguanosine, respectively, and re-incubated for 
periods of 1-7 days. Histological examination of embryos 
in both experimental groups which were killed 1 day 
after treatment showed clusters of degenerate cells in a 
variety of embryonic regions. Restricting attention 
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to axial structures, degenerate cells were abundant in 
the brain and nerve cord, and among the sclerotomal and 
derma-myotomal cells. They were not seen in the noto- 
chord, nor in the undifferentiated nodal mass and the 
unsegmented somite mesoderm. Examination of subse- 
quent stages of development indicated that the axial 
defects were related to the destruction of cells in the nerve 
cord and in the scleratome. A description of the aberrant 
morphogenesis will not be presented here, but it is pertin- 
ent to note that in the defective regions the nerve cord 
was unable to elongate properly. For example, in the 
abnormally developing tail buds the nerve cord ended 
abruptly some distance anterior to the terminus of the 
notochord which was displaced dorsally until it virtually 
contacted the dorsal surface. Abnormal tail buds ceased 
to elongate and were afterwards resorbed, presumably due 
to the absence of a normal pattern of dorsal axial tissues’. 
In the thoracic and cervical regions, the failure of the 
nerve cord to increase in length was so marked ın some 
embryos that the notochord which had increased in length 
so much more rapidly was folded back on itself. Pre- 
sumably these embryos represented extreme cases and 
would have been among the early dead. It should also be 
noted that m all affected axial regions the pre-cartilagin- 
ous mesenchymal condensations were considerably reduced 
in size and cartilage formation was delayed by several 
days. 

These investigations suggested a rather simple explana- 
tion for the failure of deoxyguanosine to induce rumpless- 
ness in 48-h embryos. No cell deaths were produced in 
the tail buds of 48-h embryos since the laying down of the 
nerve cord and the differentiation of the sclerotome and 
derma-myotome had not proceeded as far caudally as the 
tail bud by that stage. On the other band, degenerate 
cells were present in the tail buds of embryos treated at 
72 h, because by that stage the cells of the axial tissue had 
differentiated sufficiently to be sensitive to deoxyguanosine 
treatment. The explanation for the absence of thoracic 
defects in embryos treated at 72 h was not so obvious, 
however. Degenerate cells were found m the nerve cord 
and somite derivatives ın embryos treated at 72 h. Quite 
possibly quantitative differences could have accounted 
for the different response of the thoracic regions of 48- 
and 72-h embryos, but cell counts were not attempted. 


Facial Skeleton 


An alternation of response was also suggested by the 
distribution of anomahes within the facial defect group. 
Short upper beak was a more frequent consequence of 
treatment of 48-h embryos than was short lower beak (10-5 
and 2-9 per cent, respectively, after 50 ug; 5-0 and 0-0 
per cent, respectively, after 25 ug). On the other hand, 
short lower beak was encountered more frequently than 
short upper beak after treatment of 72- or 96-h embryos 
(for example, 32-8 and 3-3 per cent, respectively, after 
75 pg at 72 h; 19-2 and 1:1 per cent, respectively, after 
150 ug at 96h). As in the case of the differential response 
of the thoracic region, the explanation for this situation 
was not immediately apparent. Numerous degenerate 
cells were found in both the maxillary processes and the 
mandibular and other visceral arches after treatment at 
either the 48- or the 72-h stage. Again the need for 
quantitative studies was suggested, particularly since cell 


NATURE 


February 19, 1966 VoL. 209 


death has been implicated as a factor in normal develop- 
ment of the lower beak’. 


Limbs 


According to the data presented in Table 1, the incidence 
of micromeha was approximately proportional to dosage 
at all stages from 48 to 96 h. Embryos were classified 
as micromelic whenever either the wings or the legs were 
shortened, however, and in fact ıb was only for the leg 
defect that this statement was true. The wings were 
shortened in the same percentage of embryos as were the 
legs after treatment at 48 h, but fewer embryos had short- 
ened wings after treatment at 72 or 96h. The susceptibil- 
ity of the leg buds, on the other hand, appeared to remain 
fairly constant between 48 and 96 h, and even until 120 h, 
since the micromelic embryos were quantitatively re- 
placed by embryos with foot defects after treatment at the 
latter state. 

Although the susceptibility of the leg bud remained 
constant from 48 to 120 h, the response elicited by deoxy- 
guanosine did show significant variation depending on the 
stage of the embryo at the time of treatment. The pattern 
observed was consistent with a distal shift with age of the 
region of maximal susceptibility to deoxyguanosine, 
except for some complication after treatment at 72 h. 
At all stages from 48 to 96 h, a number of treated embryos 
were found in which combinations of two or more long 
bones were reduced in length. These were most frequent 
after treatment with the higher dosages at each stage, and 
included the phocomelic embryos already described. In 
addition, embryos were found in which only one of the 
long bones of the leg was appreciably shortened. Thus, 
after treatment of 48-h embryos with 25-50 ug of deoxy- 
guanosine the tibiotarsus alone was reduced in all sixteen 
micromelic survivors of the 17th day of incubation. 
Examination of alizarin preparations showed that the 
fibula was approximately normal size, although sometimes _ 
bent, in these embryos. After treatment of 96-h embryos, 
on the other hand, the tarsometatarsus bone alone was 
reduced in 92 out of 94 micromelic embryos. After 
treatment of 72-h embryos with 50 ug of deoxyguanosine 
in twelve out of thirteen micromelic embryos only two 
long bone rudiments were present, one of which was the 
tarsometatarsus. The fibula was missing, and either 
the femur was also missing, or the femoral and tibiotarsal 
rudiments had been so reduced that the two had under- 
gone tandem fusion at some time during their development. 
In the groups of micromelic embryos produced by treat- 
ment with 75-100 ug of deoxyguanosine at 72 h, 26 of 37 
embryos also had only two long bone rudiments present 
in at least one of their legs. Of the remaining eleven 
embryos, the tibiotarsus was reduced in four, the tarsometa- 
tarsus in one, and 6 were multiply affected. An apparently 
similar situation was observed in the reduced wings of some 
embryos; for example, the most proximal long bone 
appeared to be missing. In the wing, two adjacent bony 
rudiments of unequal size were found proximally. These 
could have resulted from a situation in which the femoral, 
ulnar and radial rudiments were all reduced, followed by 
tandem fusion of the femoral and ulnar rudiments. A 
possibly comparable situation has been described by 
others‘, but has been explained as being due to the absence 


Table 2 DISTRIBUTION OF AXIAL DEFECTS IN DEOXYGUANOSINE-TREATED CHICK EMBRYOS 
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Survivors of 17 days 
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Thoracic defect 
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appears less likely as an explanation for the present 
results, but further investigations are needed. 

In view of the availability of ‘fate maps’ for the various 
cumponents of the developing limbs’, investigations were 
undertaken in order to determine if distinctively located 
populations of deoxyguanosine-sensitive cells could be 
detected. Fertile eggs which had been incubated 48, 72, 96 
or 120 h were injected with 50, 50, 100 and 200 ug of 
deoxyguanosine, respectively, and embryos were collected 
at various times after treatment. Live embryos were then 
vitally stained with Nile blue sulphate according to the 
procedure of Saunders eż al.*, and the location of degener- 
ate cells ın the leg buds noted. With only rare exceptions, 
embryos killed 24 h after treatment showed a fairly even 
distribution of degenerate cells throughout their leg bud 
mesenchyme. The response pattern then did not appear 
to be related to the spatial distribution of sensitive cells. 
Presumably it was determined by subsequent internal 
rearrangements possibly directed by factors such as the 
competitive interactions among the long bone rudiments 
which have been reported in recent years’. 

The investigations described here confirm and extend 
the earlier observations of Karnofsky and Lacon! regarding 
the teratogenic capability of deoxyguanosine. Failure to 
record such a capability in our previous investigation? 
can presumably be traced to a combination of factors 
such as duration of experiments, small dosage of deoxy- 
guanosine and sampling error. Previous experiments were 
terminated at the end of 8 days, a time at which ıt 1s 
difficult to detect either the relatively slight effect of 
25 ug of deoxyguanosine on thoracic development or even 
the eventually more marked shortening of the neck. 
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The reasons why deoxyguanosine is cell toxic and conse- 
quently teratogenic are not known. That embryos can be 
protected against the effects of deoxyguanosine by supple- 
mentary treatmert with cytidine has been reported by 
several investigators’?:!°, It has been suggested that 
deoxyguanosine inhibits the enzyme deoxycytidylate 
deaminase’, and thereby interferes with DNA. synthesis, 
but direct evidences for this inhibition is lacking. Deoxy- 
eytidylate deaminase has been shown to be inhibited 
in an in vitro test system by deoxyguanylic acid, however, 
and it is possible that deoxyguanosine becomes teratogenic 
only after phosphcrylation um vivo*. We have found that 
the latter is not so effective a teratogen in our in ovo test 
system as is deoxyguanosine, but the possibility that 
permeability to tha phosphorylated compound ıs reduced 
has yet to be examined. 

This work was supported m part by grant GB-1940 
from the National Science Foundation. 
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PSILOCIN: EFFECTS ON BEHAVIOUR AND BRAIN SEROTONIN 
IN MICE 


By Dr. ROBERT L. COLLINS, Dr. J. MARK ORDY and Dr. THADDEUS SAMORAJSKI 


Department of Neurochemistry, Cleveland Psychiatric Institute, and School of Medicine, Western Reserve University, Cleveland, Ohio 


SILOCYBIN and psilocin have recently been included 
on the list of psycho-active agents. Psilocin, or 
dephosphorylated psilocybin, has been structurally identi- 
fied as 4-hydroxy-N : N-dimethyltryptamine'. Clinical 
reports have indicated that the halluemogenie effects of 
psilocin m man are quite similar to those of LSD-23, 
but of shorter duration?, and that its distribution in the 
brain and other organs is more uniform’. Other findings 
have indicated that psilocin is an analogue of 5-hydroxy- 
tryptamine and possesses certain serotonin and anti- 
serotonin properties’. 

Although a number of investigations have reported 
behavioural differences in laboratory animals to experi- 
mental serotonin alteration®*, and others have indicated 
brain amine variations following administration of 
psychotomimetic compounds’, few multidiseiplinary m- 
vestigations have attempted to relate changes in bram 
serotonin and behaviour following psychotropic drug 
treatment in a single experimental design. 

The present experiments were conducted to determine 
specific directional behavioural changes in mice to psilocin 
administration, to correlate these changes to possible 
directional variations in total-brain serotonin, and to 
separate the effects of psilocin on serotonin-leveis from 
possible non-pharmacological effects. 

Groups of 20 adult female mice from the highly inbred 
C57BL/10J strain were used as subjects. All experimental 
mice were maintained under rigid laboratory conditions 
with free access to Purma mouse chow and water until 
90 days of age. At the beginning of experiments, subjects 
were matched for age and weight and then randomly 
assigned to experimental groups. Groups designated ‘A’ 


and ‘P’ received 10 mg/kg psilocin or an equal volume of 
placebo, respectively. Psilocin was dissolved in dilute 
hydrochloric acid and administered orally by means of a 
beaded-tip syringe. On each of five successive test days, 
groups received psilocin or placebo 1 h before testing. To 
evaluate possible carry-over effects as well as changes in 
performance following psilocin withdrawal, both groups 
received oral placebo during five additional days of 
testing. Naive groups were used in each behavioural test. 

Psilocin-induced changes in behaviour were evaluated 
in the following tests: (1) shock-elicited escape-avoidance 
conditioning; (2) open field exploration; (3) locomotor 
activity wheel running. Details concerning apparatus and 
procedure have previously been presented’, 

Serotonin contens (5-hydroxytryptamine, 5-H'T') in 
individual whole brains was determined by the spectro- 
fluorometric technique of Bogdanski et al.*. To ensure that 
serotonin measurement would not be confounded with 
systematic differences in daily runs, 5-HT’-levels were 
evaluated from randomized treatment group samples on 
an individual day. Concurrent daily standards were run, 
and all scores corrected for daily percentage recovery. 
Recovery ranged from 87 to 93 per cent. Psilocin was run 
under identical spectrofluorometric conditions but it 
could not be detected. 

Serotonin content in individual whole brains was 
determined for six groups of mice. Groups 1 and 6 were 
identically matched non-handled controls; these mice 
were obtained directzy from laboratory stock and imme- 
diately killed. Brains from Group 1 subjects were analysed 
concurrently with tkose of the treatment groups, while 
Group 6 was added at the completion of the analysis to 
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further verify serotonin-levels in non-handied mice. 
Group 2 received 50 mg/kg psilocin. Group 3 received an 
equal volume of HCl! vehicle. Group 4, designated sham 
placebo, received experimental manipulation alone without 
oral administration of either drug or vehicle. Group 5 
received 5 mg/kg reserpine. With the exception of non- 
handled mice, all treatment subjects were returned to 
individual cages for 1 h before being killed. A total of 
sixty whole brain serotonin determinations were made. 

Analyses of variance were used to detect differences in 
behaviour, while an unweighted means analysis of variance 
was used to assess the serotonin data in which there were 
slightly unequal sub-class numbers!®. In addition, an 
extension of the Newman-Keuls’ multiple range test was 
used to perform all intergroup serotonin comparisons 
(carried out in pairs)". Unless otherwise noted, degrees 
of freedom for F-ratios were 1/190. 


Table 1. SUMMARY OF MEAN BEHAVIOURAL PERFORMANCE FOR GROUP A 


(LO MG/KG PSILOCIN) AND GROUP B (PLAOEBO)* 


Open field exploration Avoidance conditioning 
atency Squares Latency Avoidance 
(sec) traversed {sec} number 
Group A B A B A B A B 
Day 1 306 244 460 521 488 $455 0-7 0-6 
2 2°42 2°25 46:7 83-6 8 70 3 37 57 6°3 
3 2°88 2-34 47-4 61-7 3°11 2-60 9-2 11-3 
4 2°62 2-26 38 9 59-2 2-53 2°27 12°9 13°7 
5 2 39 2°21 59-3 79-5 2-22 1-90 147 15:8 
Mean 266 280 477 832 329 294 8'6 Q4 
Day 6 288 2°37 70°5 84:8 2°12 2°21 153 146 
7 2°71 2°05 76 6 66 4 2°10 2°06 15:7 163 
8 204 2 32 66 9 66°2 211 1:91 15:7 163 
9 281 214 72°3 61:3 1°94 2 02 18-8 16:8 
10 210 214 699 642 2:22 215 1638 163 
Mean 260 220 71:2 646 210 207 157 16:8 


* Both groups received oral placebo during days 6-10. 


Table 1 summarizes the mean performance scores for 
open field exploration and avoidance conditioning for 
psilocin and placebo groups. During the first 5 days, 
psilocin-treated mice explored less in an open field than 
placebo mice (P < 00001; F = 17-4). On days 6-10, 
during which all mice received oral placebo, the explora- 
tion mean of Group A was higher than Group B. This 
reversal suggested that cessation of psilocin facilitated 
exploration performance. However, the statistical analysis 
did not reject the null hypothesis that this shift was a 
chance event (P ~ 0-08; F = 3-15). Psilocin mice 
exhibited longer latencies to move from the middle square 
during the first week (P < 0-025; F = 5-83), as well as 
during the second week (P < 0:005; F = 9-01). Thus, 
the effect of psilocin on open field latencies persisted 
beyond drug withdrawal. 

Both groups learned to avoid shock to an asymptotic 
level by 5 days of testing. However, mice which received 
psilocin traversed the runway more slowly (P < 0-001; 
F = 12-6). Ths 0°35 sec mean decrement was relatively 
constant during the 5 days of psilocin administration. 
During days 6-10, Group A performance did not differ 
from that of Group B (P > 0-5; F = 0-3). To distinguish 
whether the increased latency of psilocin-treated mice 
during the first week reflected a learning deficit or de- 
creased locomotor ability, the mean number of avoidances 
per session were analysed for both groups. During the 
first 5-day period, Group A averaged 8-64 avoidances and 
Group B 9-44 avoidances. The difference between these 
averages was not significant {P > 0-25; F = 1-17). 
During the final 5-day period, the averages for Groups A 
and B were 15-7 and 15-8 avoidances, respectively. 
Whereas the analyses indicate that psilocin resulted in a 
decreased ability to traverse the runway, they did not 
indicate a differential effect on avoidance acquisition. 

To evaluate the effect of psilocin and reserpine on 
spontaneous activity, four groups of mice were pretrained 
in activity wheels until a stable performance of 4,000 rev 
per 2 h period was attained. On each of five successive 
test days, treatment groups received oral administration 
of 50 mg/kg psilocin, 10 mg/kg psilocin, 5 mg/kg reserpine, 
or placebo 1 h before testing. Fig. 1 illustrates the group 
mean locomotor performance during five test days. 
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Activity wheel revolution (2 hs) 
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Data analyses by simple-effects analyses of variance and 
multiple range tests undicated that the day 1 locomotor 
performance of both psilocin groups was significantly lower 
than placebo scores (P < 0-0001; F = 35:3, d.f. = 2/285). 
By the second day, groups which received psilocin re- 
gained asymptotic levels and did not differ from the 
control group (0:25 < P < 0:5; F = 1-02, d.f. = 2/285). 
By contrast, the reserpine-treated group did not differ 
from controls on the first day of testing, but differed from 
the control group as well as psilocin-treated mice, begin- 
ning on the second day (P < 0-001; F = 11:8, df. = 
3/380). These data indicate that psilocin administration 
produced decrements in locomotor performance on the 
initial treatment day, that the degree of decrement was a 
function of the dosage, and that psilocin had no effect on 
wheel running from the second day onward. 

The,results of the sixty serotonin determinations are 
summarized in Table 2. An unweighted means analysis 
of variance demonstrated highly significant differences in 
whole brain serotonin levels among the six groups (P < 
0-0001; F = 46-2, df. = 5/54). Application of the 
Kramer—-Newman-—Keuls’ multiple range test demonstra- 
ted that the mean serotonin-levels fell into three non- 
overlapping major groupings {P < 0-01). Groups 4, 3, and 
2 did not differ among themselves, but differed from all 
remaining groups. Both groups of non-handled controls 
did not differ between themselves, but differed from all 
other groups. In addition, the group which roceived reser- 
pine differed from all other groups. The mean serotonin- 
level of the psilocin group did not differ from either the 
HCl or sham-placebo groups. By contrast, the serotonin 
content in both groups of non-handled controls was 11 
per cent lower than sham-placebo, HCl, and psilocin 
scores. The analyses suggest that experimental handling 
alone may have been responsible for the significant 
elevation of 5-HT for Groups 4, 3, and 2, since one treat- 
ment condition common to these groups was experimental 
manipulation. The highly significant depletion of serotonin 
in Group 5 which received reserpine is consistent with 
many previous findings?®. 

Some recent evidence has suggested that central nervous 
system amines are responsive not only to pharmacological 
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alteration, but also to environmental stressors requiring | 


extensive adaptation. Whereas Barchas and Freedman ™ 
reported an average 13 per cent increase in whole brain 
serotonin in rats exposed to prolonged forced activity or a 
15 min cold swim, the present findings demonstrate that 


Table 2, MEAN WHOLE BRAIN SEROTONIN-LEVELS (uG 5-HT/G WET TISSUE) 


Sham HCl Peilocin  Non-handied Reserpine 
Treatment placebo vehicle (50 mg/kg) controls (5 mg/kg) 
Group number 4 3 2 1 6 5 
No. of subjects 10 10 9 11 11 9 7 
§-Hydroxytryptamine 1-27 121 1-21 P12 1:05 0-90 





Group means underscored by a common line do not differ statistically 

among themselves, but differ significantly from remaining groups (P < 001 S 

aoe standard error for treatment means equals 0022 ug 5-HT/g wet 
asue. 
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a comparable elevation in brain serotonin may result from 
relatively mild handling stress in mice. Since these results 
indicate that total brain serotonin content may be con- 
founded with levels of adaptation or arousal, future 
pharmacological investigations which utilize neurohumour 
levels as dependent variables should incorporate adequate 
control procedures to separate possible treatment differ- 
ences from placebo effects. 

The behavioural findings observed in this investigation 
indicate that psilocin produced consistent decrements in 
open field exploration parameters and avoidance con- 
ditioning running, but did not appreciably influence 
avoidance acquisition. The data suggest that open field 
exploration was enhanced following psilocin withdrawal, 
and that latency decrements persisted. In addition, 
psilocin treatment was associated with a dose-dependent 
decrement in spontaneous locomotor activity on the initial 
day of treatment, with rapid tolerance development by 
day 2. 

The comparison of the biochemical and behavioural 
findings is noteworthy in several respects. For example, 
the significant decrease in day 1 activity wheel performance 
of both psilocin-treated groups was not associated with a 
corresponding variation in endogenous whole brain 
serotonin. Thus, psilocin significantly altered behavioural 
performance without altering serotonin-levels. Conversely, 
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the locomotor perZormance of mice administered reserpine 

did not differ from placebo mice on the first day of testing, 

although brain serotonin-levels were depleted 29 per cent. 

Thus, a dramatic change in brain serotonin-level was not 

associated with & concurrent alteration in behaviour. 

These results indicate a lack of correlated response between 

brain serotonin content and certam behavioural criteria. 
We thank John Zychowski and Ned Durkin for their 
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EVOKED POTENTIALS CORRELATED WITH A VISUAL ANOMALY 
By Pror. D. M. MacKAY and Dr. ADRIANA FIORENTINI 


Department of Communication, University of Keele, Staffordshire, and Instizute of Optics, Florence, Italy 


N incoherent succession of randomly patterned 
optical images (‘dynamic visual noise’) offers a useful 
stimulus to probe the visual system and reveal any bias 
present in perceptual mechanisms!~*. The present investi- 
gation concerns the physiological correlates of a curious 
visual anomaly discovered some years ago when using a 
stimulus of this kind‘. If each frame of such a visual noise 
sequence is followed by a short bright flash of light in the 
same eye, illuminating the same area of the visual field, 
then with a certain critical time interval between frame 
and flash, and at frame repetition rates of the order of 5- 
20 per sec, the random ‘Brownian movement’ normally 
perceived in the visual noise field is disrupted. In its place 
(or in addition), the screen appears to be filled with elong- 
ated objects resembling maggots, which seem to wriggle 
to and fro at random and link up to form long chains or 
chain-mesh patterns. The critical lag between the onset 
of each noise frame and the blank flash varies with frame 
duration, repetition frequency and intensity®, but is 
typically of the order of 18—25 msec. 

This is not the only visual anomaly that may be observed 
with such interlaced sequences of stimuli. With a some- 
what longer time interval between frame and flash, Dr. 
J. P. Wilson! has reported that spurious impressions of 
contour motion are produced with stationary stimulus 
figures. A stationary black disk on a stroboscopically- 
illuminated white ground, for example, may appear to be 
continually expanding or contracting according to the 
time interval between the illuminating flashes and the 
blank flashes*. (Explanations in terms of eye movements 
are ruled out, for with a more complex field such as a 
black annulus one may see simultaneously a contraction 
of the inner edge and expansion of the outer.) 

On both scores it seemed worth while to ask whether 
the occipital evoked potentials, as recorded from scalp 
electrodes, showed any corresponding anomalies at the 
inter-stimulus intervals giving rise to these phenomena. 
Tho preliminary investigation to be reported here indicates 
that they do, and appears to give evidence of a specific 


sensitivity, at the critical phase, to the presence of spatial 
patterning in the visual stimulus. 

In place of the cme projector used in the earlier investi- 
gations‘ > a high-powered electronic stroboscope was used 
to illuminate an arza of ‘static visual noise’-—an enlarged 
photograph of sand paper, mounted on a turntable, and 
viewed through s circular (non-concentric) aperture. 
The turntable could be rotated asynchronously, so as to 
present a substantially unrelated sequence of visual noise 
samples when requized?. A second stroboscope illuminated 
a plain white disk of the same size as the exposed area of 
visual noise, the two being optically superimposed by 
means of a half-silvared mirror. These fields subtended an 
angle of about 10° at the observer’s eye. The repetition 
period and relative timing of the two stroboscopes were 
adjustable in steps of one msec. 

Scalp electrodes were positioned as shown in Fig. 1 
with the reference electrode 2 cm above the inion and 
inter-electrode distances of 5 cm, so that longitudinal (A) 
and transverse (B) components of the electric field could 
be simultaneously recorded and compared. Conventional 
electronic computing equipment (a Mnemotron ‘CAT’), 
triggered synchronously with the visual noise exposure, 
enabled the two evoked components A and B to be aver- 
aged on separate ckannels; a typical run lasted for 1 min 
and represented the sum of 500—1,000 responses. 

To summarize the results (to be presented moro fully 
elsewhere), the critical phase of our double-flash stimula- 
tion was indeed found to be accompanied by anomalies 
in the evoked potential. A sample run with a repetition 
period of 63 mses is shown in Fig. 1, where the number on 
the left of each pair of tracings represents the lag in msec 
between noise and blank flashes, and that on the right shows 
the order in which vuns were made (subject A. F.). Since 
the perceptual anomalies in question are visible only at 
repetition rates above 5 or 6 per sec, their corresponding 
evoked potentials have a large continuous and oscillatory 
component, and the waveforms shown represent one 
complete cycle of a repetitive train. Slow changes in 
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form occur even under steady conditionis, but in view of 
the order in which runs were made the general trend 
emerges clearly in Fig. 1. With a cycle period of 63 msec, 
the most striking change may be seen to occur in the 
transverse (B) component at values of lag between 13 
and 23 msec, where the amplitude grows markedly and 
the phase also changes more rapidly than elsewhere. 
Striking also is the change in relationship between the 
longitudinal and transverse components, reflecting as ıb 
does a shift from virtual synchrony into near antiphase, 
and the appearance of a marked third harmonic in. the 
longitudinal component. The psychophysically observed 
delay range for the ‘maggot’ effect in this case was 15-24 
msec, with an optimum at 18 m.sec. 

In order to disentangle the factors that might be re- 
sponsible for the electrophysiological anomaly, a series 
of further experiments were performed. First, the rotating 
noise field was brought to rest, so that successive noise 
frames were identical. Subjectively, the effect at the 
critical phase was to replace the ‘maggots’ by a (much 
fainter) impression of a pulsating lace-work structure in 
the static noise pattern. The corresponding evoked 
potentials, however, showed remarkably little difference 
from those of Fig. 1, apart from a suggestion of an increased 
lag in the longitudinal component at the critical interval 
of 18 m.sec. 

This raised the question whether the anomalies in the 
evoked potentials were related at all to spatial patterning 
in the stimulus, or whether only the temporal rhythm of 
the light entering the eye was responsible. Accordingly, 
the responses with the visual ‘noise’ pattern were compared 
with those obtained with a uniform grey surface of com- 
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Fig. 1. Longitudinal (4) and transverse (B) occipital evoked potentials as 

a function of 1:nterval At between noise frame and blank flash. Intervals 

are shown on left; run numbers on right. Electrode placements were as 
indicated, with bipolar connexions. Pernod of stimulus cycle 63 msec 
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Fig 2. Effects of stimulus patterning onevoked potentials for At = + 25 

(‘erftical interval’) and —25 msec. N, With nolse fleld; G, with uniform 

grey field. Note that almost two complete cycles are shown, with a cycle 
period of 73 msec 
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Fig 3. Control runs showing effects of intensity change on evoked poten- 
tials. intensity for run (1) was greater by 0-5 log unit than for run (2) 


parable overall reflectance, under two conditions: (1) 
blank flash following each frame at the critical interval 
for the ‘maggot’ effect; (2) blank flash preceding each 
frame by the same interval. 

The results with a repetition period of 73 msec, for which 
the critical interval (At) was 25 msec, are shown, in Fig. 2, 
where the longitudinal (A) and transverse (B) response 
components in each case are presented one above the 
other. It will be seen that under the critical condition for 
the ‘maggot’ effect (At = 25) the change from noise (N) 
to uniform grey (G) made a marked difference to the phase 
relationship between the longitudinal and transverse 
components; but that when the blank flash (Bk) preceded 
the frame (Fr) by thé same time interval (At = — 25), _ 
the same change from noise to grey had a much smaller 
effect. ; 

Though care had been taken to match the overall 
subjective brightnesses of noise and grey fields, the 
possibility that a brightness difference was responsible for 
the contrast in evoked potentials was checked by perform- 
ıng two runs with the same noise frame, but at frame bright- 
ness levels differing by approximately half a log unit. As 
will be seen from Fig. 3, the effects of this (subjectively 
large) change in brightness were both smaller than, and 
quite different from, those produced by the change from 
noise to patternless stimulation at subjectively constant 
brightness. It seems fair, therefore, to conclude that at the 
critical phase the evoked potentials show an enhanced 
response to the introduction of patterning as such into 
the visual field, and that this response takes the form of a 
change in the relative phase of longitudinal and transverse 
evoked potentials. Further work is needed, however, 
with more subjects, to test the generality of this con- . 
clusion. 

It seems clear from these observations that stimulation 
of the visual system in specific uneven temporal rhythms 
calls out anomalous neural responses which are reflected 
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physiologically ın a change of spatial and temporal activity 
patterns at the cortical level, and perceptually in the 
imposition of spurious structure on an otherwise incoherent 
visual field. Unlike the well-known. ‘stroboscopic patterns”? 
evoked by regularly repetitive flashes, which are most 
noticeable against a blank background, these perceptual 
effects are seen most clearly when optical contours are 
present in at least the first of each pair of stimuli. In this 
respect they resemble the familiar after-effect of visual 
image motion, which may be interpreted as due to the 
activity of a sub-system responsible for signalling motion- 
as-such, the output of which is perceptually ‘attributed’ to 
whatever structure is present in the visual field. In the 
absence of a structured stimulus the effect has only the 
Sais entoptic irregularities on which to manifest 
itself, 

_ The suggestion here would be that the spurious contours 
imposed on incoherent stimuli at the critical phase may 
result from the excitation of a sub-system the elements 
of which are normally set to detect local contours in the 
retinal image®, but at the critical phase (as the result of a 
kind of resonant response to the rhythm of the stimulus) 
become abnormally excitable. A similar temporal rhythm- 
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sensitivity in ths motion-detecting sub-system could 
account for Wilson’s effect®. 

The results shown in Figs. 2 and 3, though far from 
conclusive, seem to be in line with this suggestion, since 
they indicate that a major change in the sensitivity of 
cortical activity to temporal rhythm in the stimulus occurs 
when a spatially patterned stimulus is substituted for a 
patternless one of similar overall luminance. The fact that 
no similar effects are observed when the frame and flash 
are presented to different eyes would suggest that the 
mechanisms involved are fairly near the periphery of the 
visual system. 

We thank the Cepartment of Scientific and Industrial 
Research and the US. Air Force Office of Aerospace 
Research for support One of us (A. F.) held a NATO 
research fellowship. 
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ACTIVE TRANSPORT OF GLUCOSE BY SUSPENSIONS OF ISOLATED RAT 
INTESTINAL EPITHELIAL CELLS 


By Dr. BABETTE K. STERN 


Gastroenterology Section, Department of Medicine, and Department of Biochemistry, University of Chicago 
AND 
Dr. WESLEY E. JENSEN * 


Gastroenterology Section, Department of Medicine, University of Chicago 


T article presents data on the active transport of 
glucose into the isolated, intact, functioning rat 
mtestinal epithelial cell. Much of our knowledge of the 
mechanism of amino-acid and sugar transport in the 
intestine has been derived from observations with various 
types of ın vwo and in vitro intestinal preparations'?. 
The use of suspensions of isolated intestinal eprthelial cells 
prepared by the method developed by Harrer, Stern and 
Reilly? affords an advantage over other preparations in 
that they are uncontamimated by mesenchymal elements 
and are free of the normal homoeostatic mechanisms that 
operate when the cells are organized into a tissue. Huang* 
recently reported on the energy-dependent uptake of 
L-tyrosine and 3-O-methyl glucose by intestinal epithelial 
cell suspensions from the rabbit. Our method appeared 
to produce much purer cell preparations than did that 


used by Huang, as his cells were obtained after chopping ` 


up the entire intestine, mcubating with lysozyme, filtering 
through gauze and washing. It ıs lkely that his cell 
preparations were contamimated with other types of cells 
and debris. With the method we used, only cells from 
the lumen of the intestine were obtained, and careful 
microscopic examination revealed that the basement 
membrane of the mtestine was intact. 

Suspensions of rat mtestinal epithelial cells were pre- 
pared as described by Harrer, Stern and Reilly? and 
Stern and Reilly’ with the following modifications: 
citrate was used to dissociate the epithelial cells from the 
mucosa. The composition of the medium was: 0:096 M 
sodium chloride, 0-008 M potassium phosphate, 0-027 M 
sodium citrate, 0-0056 M dibasic sodium phosphate. 
0-0015 M potassium chloride—final pH. 7:2. 15,000 v. of 
penicillin and streptomycin were added per 100 ml. of 
all solutions used. The lumen of the small intestine was 
filed with this solution and mecubated for 11 min at 
33° ©. All subsequent operations were carried out at 
0°-4° C unless otherwise indicated. This solution was 
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removed following she incubation and either a solution 
composed of 0:137 M sodium chloride, 0:0115 M potassium 
phosphate, 0-008 M dibasic sodium phosphate, 0-0022 M 
potassium chloride—final pH 7-2, or 0-2 M sucrose, 0-05 M 
sodium potassium phosphate, pH 7:4 (sodium ion = 
0-076 M potassium ion = 0-019 M), was washed through 
the lumen of the intestine. The cells were released from 
the mucosa by gently pressing the filled intestine with one’s 
fingers. The cells were suspended in 40 ml. of either 
the inorganic salt solution or the sucrose phosphate 
solution and centrifuged at 500g for 10 min. 0:4-0-8 ml. 
of packed cells were suspended in 7:7 ml. of one or other 
of the foregoing media, To this suspension was added 
30 ug of crystalire DNase (Nutritional Biochemical 
Corp.), 0:07 ml. of 0-25 M p-mannitol-1-4C, 0-02 ml. of 
0-4 M MgSO, to a final volume of 7-82 ml. p-Mannitol- 
1-“C was used to measure extracellular space since it is 
not absorbed by ths intestine’. DNase was added to 
reduce the viscosity of the reaction mixture. Bare nuclei, 
and some lysed cels and mucus contributed to the 
relatively high viscosity. The initial glucose content of 
the cells, as determined on a portion of the reaction 
mixture, was negligible. The reaction mixture was trans- 
ferred to a Warburg flask for the incubation. When 
glucose uptake was measured in the balanced salt solution, 
0-11 ml. of 0-0762 M glucose was added from the side arm. 
When. 4,6-dinitro-o-cresol was present, the reaction mix- 
ture was pre-incubated for 5 min under argon before the 
glucose was mtroduced. The cell suspension was then 
incubated for 15 min with continuous gassing with 
oxygen or argon and while shaking slowly. When sucrose 
phosphate was used as the suspending medium, no glucose 
was added. After inzubation, the suspension was trans- 
ferred to a McNaught tube (A. S. Aloe Co., St. Louis, 
Missouri), dispersed by forcing through a 14 gauge needle, 
centrifuged at 270g for 20 min, re-dispersed and centri- 
fuged at 1,100g for 15 min. The supernatant was removed 
and the volume of tke cell pellet read with an accuracy 
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of + 5 wl. The inside of the tube above the pellet was 
wiped many times alternately with damp and dry swabs. 
The supernatant and cell pellet were diluted with water 
and the glucose and mannitol extracted by heating in a 
boiling-water bath for 5 min and the solids removed by 
centrifugation. 

Glucose was determined by the glucose oxidase method 
(‘Glucostat Reagent’ from Worthington Biochemicals). 
When 4,6-dinitro-o-cresol was present, appropriate cor- 
rections were made for the absorbancy produced by this 
compound at 420 mu, the wave-length at which the 
colour produced in the glucose oxidase reaction is read. 
The extracellular volume of the packed cell pellet was 
determined by counting aliquots of the supernatant and 
cell pellet dissolved in a liquid scintillation mixture in a 
Nuclear Chicago liquid scintillation counter. The extra- 
cellular volume ranged from 83 per cent to 95 per cent. 
Crane and Mandelstam? have reported the extracellular 
volume of packed villi from hamster intestine to be about 
80 per cent. 

The millimolar concentration of glucose in the cells was 
calculated on the basis of the following equation as used 
by Crane?; 


Total glucose 
content of pellet _ 
mM glucose (umoles) 
cells = 


( extracellular 
space 


The data in Table 1 show that the cells accumulate 
glucose against a concentration gradient by a process 
which is energy dependent. The accumulation of glucose 
varied with different cell preparations which is as ex- 
pected, and the rate of glucose transport varies along 
the length of the intestine. Cells were removed from the 
entire small intestine and in separate experiments various 
proportions of cells from different regions of the intestine 
were obtained. Glucose utilization by the cells is much 
slower than glucose transport. 4,6-Dinitro-o-cresol is 
known to inhibit aerobic phosphorylation’. When avail- 
able cell energy supplies were reduced by anaerobiosis and 
the presence of 4,6-dinitro-o-cresol, transport was inhibited. 

We have previously reported on some characteristics of 
the respiratory metabolism of intestinal epithelial cells 
suspended in a sucrose—phosphate medium®. The sucrose 


Table 1. ACTIVE TRANSPORT OF GLUCOSE BY INTESTINAL EPITHELIAL CELLS 


Glucose Glucose Glucose Con- 
Exp. Experimental concentration concentration centration cells 
No. conditions medium (mM) cells (mM) Glucose con- 
centration medium 
3 Oxygen 08 20 2-5 
2) Oxygen 07 54 U7 
(3) Oxygen 0-8 59 74 
(4) Oxygen 0'8 20 2 25°4 
{5} on + 10“ 0-8 0-5 0-6 
nifro-o-cresol 
(6) Argon + 10* M 0'9 10 LI 
dintro-o-cresol 
(7) Argon + 10“ M 0:9 09 1-0 


dinitro-o-eresol 


Experiment details are given in the text. The initial glucose concentration 
of the medium was 1 mM. The cell suspension was incubated at 36° O. 


NATURE 
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volume 


(1 — extracellular space) (pellet volume) 


February 19, 1966 voL. 209 


Table 2 GLUOOSE UPTAKE BY INTESTINAL EPITHELIAL CELLS SUSPENDED IN 
SUCROSE-PHOSPHATE MEDIUM 


Exp No. Cell glucose Medium glucose ___ Cell gluoose_ 
(mM) (mM) Mediam glucose 
(a) 79:8 11-5 69 
2) 73-0 11:3 65 
(3) 217-0 4-4 49°3 
{4} 42:0 u7 66-0 


Experiments (1) and (2) were carried out at 30° C. Experiment (8) was 
carried out at 36°. In experiment (4), 0 0058 M sucrose was added to the 
medium used for cell dissociation and the incubation period in the Warburg 
was omitted. Other experimental details are given in the text. 


was rapidly hydrolysed by invertase present in the brush 
borders of the cells. It was of interest to see whether the 
cells would accumulate the glucose formed against a 
concentration gradient. The results given in Table 2 
show that this is indeed the case, though some of the 
glucose leaked out of the cells or was released from cells 
that lysed. 

Experiments (1) and (2) were carmed out at 30° C, 
while experiment (3) was carried out at 36°. There was 
a much greater accumulation of glucose at 36° than 30°. 
In experiment (4) the accumulation of glucose by the 
cells during cell dissociation was measured. The sodium 
citrate salt solution contained sucrose. For experiment (4) 
the cell suspension was centrifuged 
without any incubation period. The 
results show that the cells do accumu- 
late glucose against a concentration 
gradient during cell dissociation and 
they retain this glucose during centri- 


x mM medium 
glucose 


fugation. 

In other experiments not shown, sodium was omitted 
from the sucrose phosphate medium and glucose uptake 
measured after 15 min incubation. The cells still accumu- 
lated glucose against a concentration gradient. It is not 
known whether all the sodium ions were washed out as 
the cells were removed in a sodium-containing medium. 
Further experiments will be carried out to determine 
whether the uptake of glucose in the sucrose—phosphate 
medium is an energy-requiring process. 

The results presented in this article indicate that the 
intact, isolated, intestinal epithelial cells can accumulate 
glucose by a process that depends on a normally func- 
tioning aerobic metabolism. The information obtained 
here and that which will result from further experimenta- 
tion will shed much light on the mechanism of cellular 
transport. 
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BIOPHYSICAL STUDIES OF A RHINOVIRUS 


Ultracentrifugation and Electron Microscopy 


| ln picornavirus group includes viruses which are very 
small, ether resistant and contain ribonucleic acid’. 
The rhinoviruses form a sub-group of the picornaviruses!. 
The properties that characterize rhinoviruses are acid 
lability and optimal growth at 33° C in rolled cultures 
containing medium with almost neutral pH rather than 
stationary cultures with medium of slightly alkaline pH. 
Some physical properties of rhinoviruses were described 
by Dimmock and Tyrrell? and Ketler et al.4. Using 


indirect methods, they showed that the size, density and 
type of nucleic acid were the same as the other picorna- 
viruses. In this and the following article we report further 
investigations of these biophysical properties by more 
direct methods. In addition, methods are described for 
the production of high titre rhinovirus and its partial 
purification. 

The strain of rhinovirus HGP® used was grown from a 
terminally diluted preparation. Diploid human embryo 
lung fibroblast cell strains were used for production of 
some virus pools and for all assays of infectivity. The cell 
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strains used were established in this laboratory by Mrs. 
<P. K. Brown. In addition, a line of KB cells was obtained 
-from Dr. M. A. Mufson (National Institutes of Health, 
< Bethesda, Maryland) and used for the production of high- 
<- Both types of cell were grown in 90 per cent Eagle's 
minimal essential medium containing 1-1 g/l. of sodium 
bicarbonate, 100 v./ml. of penicillin G, 100 ug/ml. of 
streptomycin and 100 v./ml. of neomycin and 10 per cent 
imaectivated calf serum. The maintenance medium was 
identical to the growth medium except that 0-5-2 per 
- gent inactivated calf serum was used. 







= Production of High Titre Virus 

_. For the success of this work it was necessary to increase 
- the yield of virus per culture. In the first experiment the 
material collected from one set of cultures was passed 
_ serially, without dilution, into further cultures. In addition, 
we reduced the volumes of medium in the culture vessels 
“-(mamely, 6 oz. medical flat or 8-oz. baby’s feeding bottles, 
the latter with cells on all sides). Culture fluids and cells 
: were gathered at the time of maximum cytopathic effect, 
namely 2-3 days after inoculation. The material collected 


was subjected to cycles of freezing and thawing and 
- sonication to release virus from the cells. Freezing and 
thawing and sonication resulted in an increase in titre of 
about 10°5 TCD,,/ml. only when the cells had not been 
mpletely disrupted by the virus. Virus titred to about 
TOD,,/ml. in contrast to the titres of about 10° 
oml. obtained previously.. About this time the 
gs was adapted to grow in KB cells. With a multi- 
ty of infection of about two infectious units per cell 
onary KB bottle cultures consistently produced pools 
. titres of 108-10’ TCD,,/ml. Titres were increased 
noculating virus at a multiplicity of about five. By 
ecting after 1-2 days’ incubation and with repeated 
ages at a high multiplicity, titres of 10° TCD,,/ml. 
achieved. Neutralization tests showed that the virus 
opagated was in fact HGP. 
























se of Aluminium Phosphate for Concentration and 
ny Purification 
- Aluminium phosphate was prepared and supplied by 
Dr. Karl Fantes (Glaxo Laboratories, Ltd.). Fantes* has 
described the use of aluminium phosphate for the con- 
-centration and purification of poliovirus. Fantes and 
Tyrrell (unpublished) found that it was possible to adsorb 
rhinoviruses to aluminium phosphate. The conditions 
-for the absorption to and elution from aluminium phos- 
“phate of HGP have now been investigated. The following 
have been found to give the best results: 
(a) A final concentration of 0-9~-1-0 mg/ml. of aluminium 
phosphate adsorbs about 95 per cent of the virus from 
_ tissue-culture fluids pretreated with fluorocarbon or grown 
with low concentrations (0-5 per cent) of serum. In the 
‘presence of greater amounts of cellular protein or serum 
more aluminium phosphate is required. Adsorption is 
-performed at a pH of 6-8-7-0 at the temperature of melting 
‘ice for about 2 h; the mixture is stirred magnetically. The 
“pH js adjusted with either 0-1 M sodium phosphate 
buffer or N/10 hydrochloric acid. In the case of the latter, 
care must be exercised to add the acid slowly in order to 
avoid producing a local high concentration of acid which 
would inactivate the virus. 
(b) After adsorption the complex of virus and aluminium 
“phosphate is pelleted by centrifugation at 600g for 15 min 
and resuspended in not less than 1/20th of the original 
volume of 0-5 M sodium phosphate buffer of pH 7-9-8:0. 
“Under these conditions and with intermittent shaking, 
most all the adsorbed virus elutes at 4° C in 15-30 min. 
uminium phosphate is removed by centrifugation. 










Purification and Concentration of a Rhinovirus 


About 300 ml. of virus suspension derived from human 
mbryo lung diploid fibroblast cell cultures was filtered 
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through a sintered glass filter to remove cellular debris 
and ensure sterility. The filtrate was adsorbed with 30 ml. 
of a suspension of aluminium phosphate gel (containing 
9-0 mg/ml. aluminium phosphate) as already described 
and eluted into 150 ml. of sodium phosphate buffer. The 
eluted virus was deposited by centrifugation at about 
78,000g for 3 h at 4° C. The deposit was resuspended by 
rubbing with the tip of a sterile glass rod and sonication. 
The virus was finally resuspended in Hanks’s saline eon- 
taining 1 mg/ml. gelatine as a stabilizing agent. The virus 
suspension was blended with an equal volume of fluoro- 
carbon (‘Areton 113’'—Imperial Chemical Industries, Ltd.) 
for 2~4 min at ambient temperature and the aqueous and 
fluorocarbon layers were separated by centrifugation at 
600g for 15 min. Caesium chloride was added to the 
aqueous layer. The solution was then centrifuged in an 
M.S.E. ‘Superspeed 40° preparative ultracentrifuge in the 
3 x 5 ml. swing-out rotor for 38 h at 4° © at about 
111,000g. No brake was used. By this means an equilibrium 
density gradient wes established. Fractions of 0-2. ml. 
were removed from the meniscus, from each centrifuge 
tube. One tube was used for infectivity measurements, 
one for density measurements and the third for electron 
microscopy. All these manipulations were performed 
without delay. E a m 
Densities of the caesium chloride gradient fractions were 
calculated from ther refractive indices measured in an 
Abbé refractometer at room temperature, using. the 
formula: p25 = 108601. np — 134974 where p25 = 
density at 25° C, 7} = refractive index of the D Ime 
of sodium at 25° C. The reading of refractive index was 
corrected to 25° C from room temperature using the correc- 
tion of 0-0001 refractive index units for every degree 
centigrade difference in temperature. | ol 
Titrations of infeetivity at the various stages of puri- 
fication and of all the fractions from the density gradient 
were carried out by the microplaque technique”. 
Fractions from the gradient were examined in a Siemens 
‘Elmiskop I’ electron microscope at an accelerating 
voltage of 80 kV wich 200u condenser and 50u objective 
apertures. Fractions for electron microscopy were prepared 
using Harris’s vibrating reed technique*. After the samples 
had dried on the carbon-coated ‘Formvar’ grids they were 
washed in distilled water to remove caesium chloride and 
then stained with 0-5 per cent phosphotungstic acid at 
pH 6-8 (ref. 9). Survey examinations were carried out 
at magnifications of 20,000 and micrographs taken at 
80,000. The results obtained are shown in Figs. Land 2. _ 
A gradient was produced which had a range of density 








of 1-264~—1-459. Virus-like particles were seen im fractions and 


with a density of 1-307. They were associated with no 
infectivity. A large number of virus-like particles were 
seen in the fraction with a density of 1-404. Most of the 
infectivity was detected at this point. 

Similar results were obtained in a second experiment 
which differed from the first experiment in the following 
particulars. The viras suspension was grown in KB ceils 
and cellular debris was removed by centrifugation at 600g 


for 15 min. Before adsorption to aluminium. phosphate. - 





the tissue-culture fluid was blended with an equal volume ~ 
of fluorocarbon. Aluminium phosphate was added to the 
aqueous layer to a final concentration of 2-0 mg/ml, and 
the mixture stirred for 2h. The aluminium phosphate and 
adsorbed virus were deposited by centrifugation and eluted 
for 2h at 4° C. An equal volume of Hanks’s saline con- 
taining gelatine wae added to the eluate, which was 
clarified by centrifugation at 7,000g for 15 min. After 
deposition and resuspension of the virus, and treating it 
with fluorocarbon, 63 g caesium chloride was added to 
15 ml. of virus suspension. The mixture was centrifuged 
to equilibrium at 111,000g for 24 h. Fractions were re- 
moved as before, but instead of keeping three sets of 
fractions (one from each centrifugation tube), equivalent 
fractions were pooled and 0-2 ml. of each pool was put 
into 1-8 ml. of Eagle's minimal essential medium con- 
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taining 2 per cent heat-inactivated calf serum and kept 
for infectivity measurements. A gradient of 1-314—1-490 
was achieved. Once again two groups of particles were seen 
in the electron microscope and these occurred at about 
the same densities as in the previous experiment. A single 
peak of infectivity was found in the fraction with a 
density of 1-401, 

In both experiments infectivity was lost during the 
density gradient run. It has been found in other experi- 
ments that HGP is unstable in caesium chloride solutions. 
Measurements of the diameter of virus particles (Table 1) 
confirm the value previously found by ultrafiltration®. 

Poliovirus has a buoyant density of 1-32 (ref. 10). 
Because of the similarity in size and the fact that the 
sedimentation rates are identical, it has been assumed that 
HGP must have a density of the same order as poliovirus. 
However, direct measurement of the buoyant density in 
the present work seems to indicate that HGP is more 
dense than poliovirus. Indirect evidence indicates that 
capsomeres of HGP are not held together so tightly as 
those of poliovirus. For example, the acid lability® and 
the sensitivity of HGP to urea" contrast with the relative 
stability of poliovirus under these conditions®?!?, Thus it 
is possible that caesium chloride can penetrate HGP more 
readily than poliovirus and by this means increase its 
buoyant density. The density of the non-infectious HGP 
was much nearer that observed for poliovirus’. The 
differences in density observed between infectious and 
non-infectious HGP are much greater than observed for 
other picornaviruses, for example, echovirus 11 (ref. 11) 
and echovirus 12 (ref. 13). It is interesting to note that 


Virus-like particles seen at these points in the gradient 
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Fig. 1. Equilibrium density centrifugation of HGP in caesium chloride 
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Fig. 2. 
particles, one of which is apparently unfolded (x 200,000): 
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Phosphotungstate preparation of rhinovirus particles. 


February 19, 1966 VOL. 209 


Table 1. MEASUREMENTS OF THE DIAMETER OF HGP Vinvs PARTICLES FROM 
ELECTRON MICROGRAPHS 


Experiment ‘Full’ ‘Empty’ 
No, counted Mean + 3S.D. No. counted Mean + 3 S.D. 
| 9 315 + 16 Å 6 302 + 27 A 
2 40 205 + 10 A 35 304+ I4 Å 
S.D. = standard deviation of the distribution of particle diameters, 
after staining with phosphotungstate, samples of the 
high- and low-density fractions both contained approxi- 


mately equal numbers of apparently ‘full’ and ‘empty’ 
particles. This would suggest that some particles appear 
‘empty’ because they are permeable to phosphotungstic 
acid and not because they lack ribonucleic acid. 

The micrographs obtained so far reveal little of the sub- 
structure of the virus, although it has been reported that 
another rhinovirus probably has icosahedral symmetry". 
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Extraction and Assay of Infectious 
Ribonucleic Acid 


Ir is believed that all picornaviruses contain infectious 
ribonucleic acid (RNA), which has indeed been extracted 
from many enteroviruses. Rhinoviruses are also classified 
within the picornavirus group and it has been shown that 
halogen-substituted pyrimidine analogues failed to inhibit 
their replication, It is therefore assumed that they also 
contain RNA. Detailed accounts of the extraction and 
assay of infectious RNA from representatives of the polio- 
Viruses, coxsackieviruses and echoviruses have been 
given'?, but there is only a brief report® on the recovery 
of infectious RNA from one of the rhinoviruses (C V.11), 
which grows only in human cells (an H strain). This 
article presents direct evidence that the rhinovirus HGP, 





h t 


(a) Typical ‘full’ particles ( x 200,000); (b) typical ‘empty’ 
(e) a higher magnification of an ‘empty’ particle showing a 


hexagonal outline and a roughly circular inner cavity 
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which grows in both human and monkey cells and is 
therefore an M strain, possesses infectious RNA. Its 
extraction from infectious tissue-culture fluid and its 
assay are described and it 1s demonstrated that its in- 
fectivity has properties that are quite different from those 
of the original virus. 

HGP was grown in monolayers of KB cells held station- 
ary at 33° C (ref. 4). The majority of cells showed cyto- 
pathic effect within 48 h. Culture fluids were collected, 
subjected to ultrasomics and clarified by centrifugation 
at 500g. The virus titred about 10%? 7.C.D.,,/ml. in a 
sensitive human embryo lung (HEL) cell strain. 

Before extraction the virus was mixed with washed 
bentonite (Hopkin and Wiliams, Ltd., Chadwell Heath), 
which has been shown to inhibit the action of contaminat- 
ing ribonuclease’. The quantity of bentonite used (about 
8 mg/ml.) was sufficient to preserve poliovirus RNA 
infectivity in the presence of non-infectious culture fluid 
prepared in parallel with virus. The extraction process was 
a modification of the cold phenol method of Gierer and 
Schramm‘ and was carried out so far as possible at 4° C. 

Ethylenediamine tetraacetic acid (‘AnalaR’. B.D.H., 
Ltd., Poole) was added to the virus to a final concentration 
of 0:001 M before extracting with phenol. Bentonite was 
present at all times. Dissolved phenol (‘AnalaR’) was 
removed with freshly distilled ether (‘AnalaR’) and the 
ether blown off with nitrogen. The extract was stored with 
bentonite at — 70° C. 

The choice of cells for an infectivity assay was governed 
by their availability. The ‘Bristol’ HeLa line (obtained 
from Dr. S. K. R. Clarke), in which the assay of the in- 
fectious RNA of poliovirus had been studied in some detail, 
was chosen. The cells were grown in Hanks’s balanced 
salt solution containing 10 per cent heat-inactivated rabbit 
serum, 0-1 per cent lactalbumin hydrolysate, 0-1 per cent 
sodium bicarbonate and antibiotics. As an assay for 
infectious: RNA is highly specific for a particular cell 
system’, the poliovirus RNA-‘Bristol? HeLa system was 
used without alteration for the assay of HGP phenol 
extract. However, HGP virus grew poorly in monolayers 
of these cells held stationary at 33° C and did not produce 
a visible cytopathic effect. The presence of virus was 
detected by inoculating HeLa culture fluid into HEL 
monolayers which were rolled at 33° C. 

The infection of cells was based on the method evolved 
by Alexander! where the phenol extract was suspended in 
hypertonic saline. Hela monolayers in 50-mm plastic 
Petri dishes (Grade A, Esco (Rubber), Ltd., London) were 
washed twice in Hanks’s balanced salt solution containing 
0-06 per cent sodium bicarbonate and no calcium and 
magnesium, ions, and a third time in the same medium 
containing 0 5 M sodium chloride. Bentonite was removed 
from the HGP phenol extract by centrifuging at about 
500g and the extract was suspended in M sodium chloride 
in 0:01 M tris (hydroxy-methyl) amino methane (pH. 7-1). 
Volumes of 0:2 ml. of serial two-fold dilutions were inocu- 
lated on to the monolayers for 10 min at room temperature. 
5 ml. of 2 per cent heat-inactivated calf serum in Hagle’s 
minimum essential medium with antibiotics was added 
at the end of this time and the dishes were incubated at 
33° C for 4 days in a humidified atmosphere of 5 per cent 
carbon dioxide in air. The fluids of each pair of mono- 
layers were then pooled and 0-5 ml. was inoculated into 
each of three HEL monolayer tubes. A cytopathic effect 
in one or more monolayers was taken to indicate that the 
original extract was infectious. The cytopathic effect 
resembled that of HGP. Infectivity of the phenol extract 
was abolished by incubation for 15 min at room tempera- 
ture with 10 ug/ml. ribonuclease (L. Light and Co., Ltd., 
Colnbrooke). The virus which grew up in HEL mono- 
layers was neutralized by antiserum to HGP. 

The titre of the extract was usually about 4 log,, less 
than that of the original virus. Other phenol extracts of 
picornaviruses which have been titrated in a similar 
manner by other workers showed a comparable loss of 
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infectivity}?, The infectivity of HGP phenol extracts 
persisted without loss for more than 2 months at — 70° C. 

An attempt was made to neutrahze infectivity of the 
phenol extract to determine whether or not ıt was associ- 
ated with active virus antigen. Phenol extract or virus of 
the same titre was unrxed with HGP monkey antiserum 
(B.W.195) or phosphate-buffered saline and was incubated 
at room temperature for 30 min. An equal volume of 
phosphate-buffered saline or 2 M sodium chloride m 0-01 M 
ts was added to the virus mixtures which were assayed 
respectively in HEL monolayer tubes or exactly as phenol 
extract. Virus infeetivity, assayed by either technique, 
was completely neutralized and the infectivity of the 
extract was not affected (Table 1). 

The failure to neutrahze the infectivity of the extract 
could have been caused either by damaged antigen. 
possibly denatured ky phenol, or by absence of the antigen. 
If the latter were correct the infectivity of the extract 
would sediment at a slower rate than HGP. The rate of 
sedimentation of the extract suspended in phosphate- 
buffered saline was determined by centrifuging at 75,000g 
for 30 min in the swing-out head of the M.S.E. ‘Super- 
speed 40’ preparative ultracentrifuge. (The suspension 
contained bentonite which would be pelleted within the 
first minute of centrifugation.) At the end of the experi- 
ment, consecutive 0-5 ml. fractions were taken from the 
top of the tube and rmmediately placed in bentonite. 
Table 2 shows that the titre of all fractions was 0-3 logio 
less than that of the uncentrifuged control. This may have 
been caused by aggregations, which would sediment more 
rapidly, or by infectivity being carried down with the 
bentonite. Otherwise, the infectivity of the extract was 
not sedimented appreciably. In comparison. after 
centrifugation by zhe same method m a concentration 
gradient of 0-9 per cent sucrose, all virus infectivity was 
found in the lower half of the tube. It is concluded that the 
infectivity of the phenol extract is associated with little 
virus antigen. 

In summary, the mfectivity remaining after extraction 
of HGP with cold shenol was about 4 log,, less than the 
original virus. Tt was inactivated by ribonuclease, was 
unaffected. by antiserum which neutralized the virus and 
was not sedimented under conditions which sedimented the 
virus. Culture fluids from HeLa cells inoculated with the 
extract produced a cytopathic effect in HEL cells resem- 
bling that of HGP. The resulting infectivity wasneutralized 
by antiserum to HGP. It is concluded that the infectious 
agent was HGP ribonucleic acid. 


Table 1. EFFECT OF HEP ANTISERUM ON THE INFECTIVITY OF AN RNASE- 
SENSITIVE PHENOL EXTRACT OF HGP 
Virus Phenol extract 
Titrated as virust Titrated as phenol 
extractt 
+anti- +PBS +anti- +PBS -+anti- +PBS 
serum* serum serum 
Titre (logy <03 14 <03 15 21 2-1 


T.C.D 59/0 2 ml ) 


*Antisernm diluted 1/5 in phosphate-buffered saline (PBS) and mixed 
with virus or phenol extract immediately Controls mixed with PBS only. 
Tncubated at room temperature for 30 min An equal volume of PBS was 
added to the virus mxtwes (t) which were titrated conventionally in HEL 
monolayers An equal volume of 2 M sodium chloride in 0 01 M frzs buffer 
pH 7 1 was added to the other virus mixtures ({) and to the phenol extract 
mixtures Both were titrated as phenol extract in HeLa monolayers as 
described in the text. 


Table 2 CENTRIFUGATION OF AN INFECTIOUS, RNASE-SENSITIVE PHENOL 


EXTRACT OF HGP at 75,000g FOR 30 MIN 


Fraction Centrifugation of phenol extract* Centrifugation of 


(taken from virus 
the top) Titre Reduction of Reduction of 

(F.0D ..9/0 2 mi) titre titre 

1 14 03 >18 

2 l4 0-3 N D. 

3 Lt 06 >18 

4 11 06 09 

5 +6 Iet 03 01 

7 ND. —0ił 
Uncentrifuged 17 as == 


* Suspended in 3 5 ml. phosphate-buffered salme containing bentonite 

į Suspended in 35 ml, of sucrose forming a concentration gradient from 
0-9 per cent. i 

All measurements of zitre arc expressed as logy, 

N D. = not done. 
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EXPERIMENTAL TRANSMISSION OF A KURU-LIKE SYNDROME TO 
CHIMPANZEES 


By Dr. D. C. GAJDUSEK, Dr. C. J. GIBBS, jun., and Dr. M. ALPERS 


National Institute of Neurological Diseases and Blindness, National Institutes of Health, Bethesda, Maryland 


A CLINICAL syndrome astonishingly akin to kuru in 
man has developed in three chimpanzees from 18 
to 21 months after intracerebral inoculation with brain 
suspension from different kuru patients. This fatal 
syndrome with progressive cerebellar ataxia and inco- 
ordination has not been seen as a spontaneous disease of 
apes, and is the first convincing indication of the trans- 
missibility of one of the sub-acute or chronic human 
central nervous system diseases under investigation in our 
programme. 

In an earlier communication! we described our pro- 


gramme of work on the possible infectious aetiology of. 


sub-acute and chronic human central nervous system 
diseases and presented negative results on isolation and 
experimental transmission following 19 months of ob- 
servat.on. The purpose of this article is: (a) to present 
details of the apparent transmission of kuru to chim- 
panzees and of our present efforts at virus isolation 
from tissues from these animals and from kuru patients 
(Table 1); (6) to provide further information and 
generally negative results on our expanded experimental 
studies after an additional 17 months of observation. 
that is, at 3 years after initiation of primate inoculations 
(Table 2). Because of continuing reports from other 
laboratories* of transmission of chronic progressive nervous 
system disease to animals from certain of the neurological 
diseases under investigation, this second progress report 
of our negative results, with the notable exception of 
kuru, is in order. 

A year ago at a “workshop-symposium’ on “Slow, Latent 
and Temperate Virus Infections”, held at this laboratory’, 
details of the inoculation of laboratory animals, particu- 
larly primates, and tissue cultures with tissue from patients 
suffering from a number of chronic neurological diseases 
were presented. The diseases under study included kuru, 
amyotrophic lateral sclerosis, parkinsonism, parkinsonism- 
dementia, sub-acute inclusion encephalitis (Dawson’s), 
myasthenia gravis, multiplesclerosis, Schilder’s disease, pro- 
gressive multifocal leucoencephalopathy, and necrotizing 
encephalitis. However, at that time there was still no evid- 
enceof a progressive degenerative nervoussystemsyndrome 
developing in any of the primates under observation‘, 









Our techniques have emphasized the collection and 
optimal preservation of blood, brain and other tissues at 
early autopsy or by surgical biopsy procedures for animal 
and tissue culture inoculation, for cultivation of live cells 
from explants, or for use as sources of antigens. Suspen- 
sions of these tissues are then inoculated into a variety of 
primates and other experimental animals, as well as an 
extensive array of tissue and cell cultures. Animals are 
held in isolation and observed for periods of more than 5 
years. Additional virological techniques, for example, 
blind passages, the search for sero-conversions by estima- 
tion of antibodies to known viruses, and the search for 
viral antigens or reagents in tissues and tissue cultures by 
a variety of immunological methods, including fluorescent 
antibody, are being used in an effort to detect the presence 
of infectious entities. 

The intracerebral inocula used in and the date of inocula- 
tion of the three chimpanzees which have developed 
kuru-like clinical syndromes, and the data on the remain- 
ing five animals still under observation without illness 
are summarized in Table 1. It is noteworthy that the 
incubation period in the three affected animals has ranged 
only between 18 and 21 months and that the course to 
killing in the terminal stages has been 6 and 9 months in 
the first two animals. Most remarkable, however, is the 
close similarity in the clinical appearance of the syndrome 
in the chimpanzee to kuru in human patients. To docu- 
ment and preserve this clinical record extensive use has 
been made of the ‘research cinema film’ technique®, and 
several research films are in preparation documenting the 
progress of the disease in chimpanzees’. 

First chimpanzee (Georgette, tattoo No. 4). Female, 
about 2 years old. Inoculated with Eiro 10 per cent brain 
suspension, 0'2 ml. intracerebrally, in September 1963. 
Eiro (Eiru) (male, aged 13) died in September 1962; 


brain material was taken and frozen within 4:5 h of death, -~ 


kept in a refrigerator (— 10° C) or dry ice until placed at 
constant —70° C 60 h after death; the pathology of this 
patient has been reported®. In May 1965 the chimpanzee 
first showed signs of apathy and lassitude, which pro- 
gressed and within a month was accompanied by a pendu- 
lous lower lip, increased sensitivity to cold, and pilo - 





Table 1. SUMMARY OF INOCULA AND RESULTS IN PRIMATES INOCULATED INTRACEREBRALLY WITH KURU HUMAN BRAIN 
Kuru-lhke syndrome 
Date of inoculation and No. of animals inoculated in chimpanzee 
Patient Species of primates inoculated Months post-inoculation | 
Killed 
Chimpanzee M. rhesus M., cynomolgus C. aethiops S. sylvama Onset (terminal) 
Eiro (Haru) Sept 1963 G)* | Jan. 1963 (1) Sept. 1983 (6) Sept. 1063 R 20 
Enage Aug 1063 a Aug 1983 (5) Sept. 1963 (4 Sept 1963 (8 
Kigea Aug 1963 (1 Aug. 19863 (5) Aug. 1983 (7) Aug 1903 (3) Aug. 1963 (2) 21 
Moba Sept. 1963 (1) Sept. 1963 (5) Sept. 1963 (3) 
Kariwani Nov. 1963 (2) Nov. 1963 (6) 
Tgierakaba 


Feb 1064 ny 


Feb. 1964 3 
Feb 1964 (1 
(1) 


Kabuinampa Feb rae (8 


Uninoculated controls f 


(14) (7) 








* In addition to the primary isolation inoculation a further three chimpanzees were inoculated in October 1965 in an attempt at re-isolation and three 


other chimpanzees were inoculated with brain from the first killed anima] 


t In addition all primates inoculated with suspension of human brain tissue as summarized in Table 2 serve as controls. 


All chimpanzees and more 


than 100 monkeys are housed in the same building. The facilities provide the animals with adequate space for daily exercise outside of their individual cages. 
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erection. Within two months she demonstrated titubation 
and trunkal unsteadiness, a, wide-based, lurching gait and, 
later, marked dysmetria of hand movements. Her ataxia 
became more severe and she suffered many stumbles and 
falls. Eventually she was unable to sit up without external 
support and spent her time huddled at the bottom of her 
cage. She required encouragement to eat and drink, but 
only terminally was there any difficulty with swallowing. 
Visual fixation became impaired terminally. Hearing 
appeared normal. There was no spontaneous nystagmus 
but it could be elicited by vestibular stimulation. At 
no time was there any motor paresis, though power was 
poorly sustained; passive limb tone was normal or 
decreased. There was no loss of pain sensation; hyperaes- 
thesia to touch occurred over the last 6 weeks of her 
illness. Detectable reflex changes, changes in the fundi, 
convuls ons, impairment of consciousness or obvious dis- 
orientation did not occur. Haematological, biochemical 
and trace metal determinations on the blood were con- 
sidered normal. Cerebrospinal fiuid collected just before 
death was clear with a protein level of 237 mg/100 ml. 
Progressive ataxia involving the trunk and all limbs 
and leading to increased disability remained the chief 
feature of the syndrome. She was killed in October 1965, 
when her terminal debility, dysphagia and respiratory 
distress caused our concern lest sudden death from 
secondary infection should intervene. 

Second chimpanzee (Daisey, tattoo No. 1). Female, 
about 2 years old. Inoculated with Kigea 10 per cent 
brain suspension, 0-2 ml. intracerebrally, in August 1963. 
Kigea (female, aged 11) died in March 1963; brain material 
was taken 1 h after death, frozen within 6 h, and kept 
frozen in a refrigerator (— 10° C) or dry ice until placed at 
constant — 70° C 80h after death; the pathology of this 
patient will be reported’. In May 1965 the chimpanzee 
first showed definite signs of withdrawal and apathy 
having previously been a very friendly, open and affection- 
ate animal. This stage lasted for 3 months without 
significant change. Then titubation, trunkal instability, 
ataxia of gait and dysmetria of hand movements began 
and slowly increased in severity. Lethargy, apathy and 
poverty of movement persisted; at times, huddled on the 
shelf of her cage, she maintained slowly evolving postures 
in an almost catatonic state. Small stimuli, however, 
would lead to an exaggerated startle reaction. Tendon 
reflexes were diminished but not absent; passive limb tone 
was increased. There were no detectable sensory deficits, 
nor motor pareses. Terminally, an inconstant strabismus 
appeared; there was no nystagmus. Vestibular function 
and hearing appeared normal. There were no changes in 
the fundi, and no convulsions occurred. By late December 
1965 she reached the same terminal state as the first 
chimpanzee, huddled in the bottom of the cage with her 
arms around her trunk, grossly ataxic on any attempted 
movement, and showing impairment of visual fixation and 
increased dysphagia, 
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Third chimpanzee (Joanne, tattoo No. 9). Female, 
about 2 years old. Inoculated with Kabuinampa 10 per 
cent brain suspension, 0-2 ml. intracerebrally, in February 
1964. Kabuinampa (female, aged 23) died in December 
1963; brain materiel was taken within 1 h of death and 
placed in liquid nitrogen; the pathology of this patient 
will be reported®. In August 1965 the chimpanzee first 
appeared lethargic and apathetic, had a pendulous lower 
hp, sustained pilo-erection, and frequent shivering which 
never became paroxysmal. Within a few weeks signs of 
motor inco-ordinatzon, titubation, trunkal instability, 
dysmetria and an unusual wide-based stamping gait, m 
which she never rose much above her haunches, developed. 
Muscles undergoing sustained contraction showed a 
marked clonic tremor. Occasional shivering-lke tremors 
were seen. There have been no motor pareses or reflex 
changes. Hearing, vision and extraocular movements 
have appeared normal. She has had no convulsions. 
She has remained lethargic and shows little spontaneous 
voluntary movement; but she greatly resents handling 
and examination, to which she responds with wide facial 
grimacing and a monotonous shrill cry. Her ataxia has 
progressed steadily and she has followed a course strikingly 
similar to that of the first chimpanzee. 

On the 160th day after the recognized onset of disease 
in the first chimpanzee (in October 1965) the original 10 per 
cent brain suspension (stored at — 70° C) which had been 
inoculated into this animal was re-inoculated into three 
new young chimpaazees (two male, one female). When 
this first affected chimpanzee was killed on the 163rd 
day of illness, generous portions of blood, brain and 
visceral tissue were taken and stored in liquid nitrogen, 
using separate sterile instruments for each tissue. <A 
freshly prepared 10 per cent suspension of unfrozen brain 
material, pooled from three brain areas, was inoculated 
mtracerebrally into three young male chimpanzees and 
a number of ind:vidual monkeys of several species. 
Further chimpanzees will be inoculated with blood and 
with suspensions of visceral tissue and these tissues 
and brain will be titrated as the supply of animals permits. 
Filtrates of brain suspension through filters of various 
pore size will be inoculated into chimpanzees in an 
attempt to establish whether the agent involved is a 
filterable virus, for to date only centrifugally clarified 
tissue suspensions (2,000 r.p.m./20 min) have been used 
and thus non-viral micro-organisms remain an aetiological 
possibility, although conventional bacterial and fungal 
cultures as well as tissue culture passage of the inocula 
have proved sterile. A few chimpanzees will be inoculated 
only subcutaneously, not intracerebrally, with brain 
suspension. 

When the first chimpanzee was killed no gross neuro- 
pathological lesion other than a fine needle scar at the site 
of the inoculation in the frontal lobe was observed. 
Preliminary histological study by Mrs. Elisabeth Beck 
(Department of Neuropathology, The Maudsley Hospital, 


Table 2, SUMMARY OF PRIMATE [NOOULATIONS WITH HUMAN TISSUES FROM OTHER SUB-ACUTR AND CHRONTO NERVOUS SYSTEM DEGENERATIVE DISEASES * 








Disease Tissue No. of 

patients 
Amyotrophic lateral sclerosis CNS 6 
(Guam and U.S.A.) Blood 6 
Parkinsonism CNS 2 
Parkinsonism-dementia (Guam) ONS 5 
Dawson’s inclusion encephalitis CNS 1 
Myasthenia gravis _ Thymus 1 
Multifocal leuco-encephalopathy CNS 1 
Multiple sclerosis CNS 4 
Schilder’s disease CNS 1 
Necrotizing encephalitis§ CNS 1 


Untnoculated controls 





Date of incculation and No of animals inoculated { 


meeer eaan 


Species of primates moculated 


ee aeee e e a ari tamed 








M. rhesus 


Sept. 1963 (7) 
Oct. 1964 (7) 


C, aethiops 
Sept. 1963 (8} 


Chimpanzee AI, cynomolgus 
Sept. 1963 (16) 


May 1965 (1) 


Aug 1963 (1) 


Aug 1963 (10) | Aug 1963 (5) 


Ma ) 
Mar. 1966 (18) 
May 1965 8 
Apr 1965 (1 
(8) 


Mar 1965 (2) 


(1) (4) (5) 


* All animals have received intracerebral inoculation of suspended tissues; many have, in addition, received intravenous inoculations 


ONS, Central nervous system. 


Date given is that of the initiation of the inoculation programme with each disease; the numberis the total number of animals inoculated up to February 


1966 


$ A strain of herpes simplex virus wast solated in tissue culture from the specimen, the single rhesus monkey inoculated mtracerebrally has not developed 
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London) has revealed the diffuse non-specific changes seen 
in the brains of kuru victims together with the cerebellar 
system degeneration characteristic of the disease. De- 
tailed neuropathological studies are ın progress?®, 

We continue to observe the remaining five kuru-imocu- 
lated chimpanzees, inoculated 30, 29, 27, 27 and 24 months 
ago, respectively, and the many smaller monkeys of other 
species which have been moculated with kuru material 
intending to hold these animals for at least 5 years of 
observation. The three animals which have developed 
kuru-like syndromes have all been females, as are three 
of the five kuru-moculated chimpanzees still well. 
(Addendum. Since this article was written, one male 
chimpanzee of the two inoculated in November 1963 
with brain material from patient Kariwani has developed, 
in mid-January 1966, the same kind of progressive ataxia 
described in the three earlier chimpanzees.) Efforts are 
being concentrated on cultivating an agent in a wide 
variety of tissue cultures, in chick embryos and many 
different young laboratory animals, and on identifying a 
viral antigen in tissues from the affected chimpanzees 
and from human patients, and in passage animals and 
cultures by immunological methods. 

In view of the close similarity in the clinical picture 
and the neuropathological findings of kuru in man with 
those of scrapie in sheep and mice?)!*, the remote possibil- 
ity of serapie infection in the affected chimpanzees must 
be considered, although so far there is no evidence of the 
scrapie virus producing disease in primates. All primates 
inoculated with human material are housed in a remote, 
separate building from that in which scrapie investigations 
are being carried out. Of nineteen chimpanzees and more 
than 200 smaller monkeys in these transmission experi- 
ments from human tissue no animals have developed a 
chronic progressive neurological disorder, other than the 
three kuru-inoculated chimpanzees described here. Macaca 
rhesus roonkeys inoculated 18 months ago with scrapie 
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mouse bram suspension have not yet shown disease. 
Chimpanzees are only now being moculated with scrapie 
material. 

To anyone who has had the opportunity of observing 
the unique syndrome of kuru developing and progressing 
steadily to fatal termination in patients in New Guinea 
the similarity of its clinical picture and ‘course to the 
experimentally induced syndrome in the chimpanzee is 
dramatically evident. This remarkable clinical corre- 
spondence of a disease developing successively in three 
chimpanzees each inoculated with brain material from a 
different kuru patient, the onset in each after a very similar 
long incubation period, the fact that there is no such 
syndrome of chimpanzees known to occur spontaneously 
or seen at present in our many control] animals, and the 
remarkable similarity of the neuropathological findings, 
in the one case examined, to those observed in kuru 
victims lead us to believe that kuru has been transmitted 
experimentally to these chimpanzees. 
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KINETICS OF TWO-BREAK CHROMOSOME EXCHANGES AND THE SPATIAL 


ARRANGEMENT OF CHROMOSOME STRANDS IN INTERPHASE NUCLEUS. 
By Dr. SUSHIL KUMAR and Dr. A. T. NATARAJAN 


Division of Botany, Indian Agricultural Research Institute, New Delhi-12 


NE of the consistent observations in radiation cyto- 
logy has been that the yield of two-hit chromosome 
exchanges, whether detected genetically as translocations 
or cytologically as dicentrics and rings, increases not as 
the square of the dose but by about the 1-5th power of the 
dose!~*, It has been known that for aberration production 
the breaks ın two chromosome strands should occur 
sufficiently close together in space for rejoining, other than 
restitution, to occur*. Wolff®5 has recently developed an 
equation, to formulate the spatial restriction in terms of a 
limited number of sites in which the chromosomes come 
within the rejoining distance, to describe the theoretically 
expected kinetics for the two-hit chromosome exchanges. 
Earher explanations for anomalous kinetics of two-break 
aberrations considered the occurrence of a large amount of 
inviabiity appearing at high doses or a large linear com- 
ponent’ to be the reasons for falling off of the dose response 
curves from the dose square approximation at high doses. 
In the experiments reported here, the dose-response has 
been examined separately for dicentrics and centric 
rings. The results have suggested an interpretation of 
over-all response and permitted us to put forth a model 
concerning the spatial organization of chromosomal 
strands in the interphase nucleus. 

Dry barley seeds (Hordeum vulgare cu CN 292, 2n = 14; 
hull-less; moisture content, 10-12 per cent} were used in 
this investigation. "With dry seeds, the post-irradiation 
environment during germination can be effectively con- 
trolled. The seeds were given doses of y-rays at 5-1 kr./ 


min in cobalt-60 ‘Gamma Cell 200’ (Atomic Energy of 
Canada, Ltd.) at our laboratory and of fast neutrons 
(mean energy ~ 1 MeV, y contamination negligible) at 
reactor R, of the Swedish Department of Atomic Energy, 
Stockholm. The irradiated seeds were hydrated in the 
presence or absence of oxygen at 0°, 20° and 30° C for - 
24 h and then germinated on moist filter paper at 25° + 
2° C. The yield of dicentrics and rings was evaluated at 
colchicine-blocked first mitosis, from Feulgen-stained 
squash preparations. The data from five replications from 
each post-irradiation treatment were pooled together. 
For the doses investigated, the distributions of two-break 
aberrations have been observed to be Poisson at low doses 
and non-Poisson—with tendency towards normality— 
at high doses, and this indicates the absence of limitation 


Table 1. EFFECT OF DOSES OF y-RAYS AND FAST NEUTRONS ON YIELDS 
OF DICENTRICS/CELL, RINGS/CELL AND DICENTRICS + RINGS/CELL 


Radiation/ Dicentries/ Rings/ Dieentrics + Dicentrics. 
o cell celi rings/cell Rings 
Fast neutrons 
200 0-221 0 028 0 244 9-6 
400 0 361 0 044 0 406 82 
660 0 433 0 069 0-502 6-3 
800 0-589 0:092 0-681 64 
Kinetics D? #9 pee ps3 
P82 pres ps Bi 
y-rays/(kr.) 
25 0-229 0-050 0'279 46 
37-5 0 340 0 106 0-446 3-2 
50 0 610 0-221 0-831 28 
Kinetics prs DP pri 


A 


No, 5025 February 19, 1966 


on the number of sıtes for aberration formation in mter- 
phase meristematic cells of dry barley seed’. 

The effect of dose on yields of dicentries/cell, mngs/cell 
and dicentrics + rings/cell is given in Table 1. The yield 
of rings/cell is proportional to the dose with fast neutrons 
and to the square of the dose with y-rays. These data 
show that in a site forming a ring, where two arms of a 
chromosome come within the rejoining distance, the two 
strands are broken by the same ionizing particle to give 
one-hit kinetics with fast neutrons and by two different 
ionizations to give two-hit kinetics with y-rays. However, 
the kmetics for dicentrics/cell are such that the yield 
increases by less than a factor of 2 with fast neutrons and 
by less than a factor of 4 with y-rays. Since kinetics in 
terms of initial ionization (or hits) by sparsely—or densely 
—lonizing particles must be the same irrespective of 
whether the site forms a ring or a dicentric, the reasons 
for wide differences in kinetics for rings and dicentrics 
have to be found in the distribution and structure of 
nuclear sites for rings and dicentrics. 

If the arrangement of chromosomes in the interphase 
nucleus is random and sites for dicentrics and rings are 
formed randomly, then in barley, which has a symmetrical 
karyotype containing 28 chromosome arms, the expected 
ratio of dicentric-forming sites to ring-forming sites will 
be 26:1. The experimentally observed ratio varies 
between 9-6: 1 and 2-8: 1 (Table 1). This indicates that 
the arrangement of the two arms of a chromosome may be 
such that they come near each other more frequently than 
would be expected on the basis of random arrangement. 

The examination of the characteristics of the radiation- 
induced. aberrations in barley revealed that (1) most 
dicentrics carried a small intercalary segment and were 
accompanied by a big acentric fragment; (2) dicentric 
rings carried a very small intercalary segment. The 
aberration. configurations with small intercalary segments 
can arise only if the centromeres of the chromosome 
strands involved in an aberration are situated close to one 
another. These results indicate that the centromeres in 
the interphase nucleus are strongly polarized. A similar 
conclusion was arrived at by Sax®*, from observations in 
Tradescantia where unequal interchanges induced by 
radiation. were found to be rare, and more than 80 per cent 
of the interchanges were found to mvolve exchanges 
between. the chromosomes or chromatids at corresponding 
loci in respect of the distance from the centromere. 
Evans’s data on interchanges in Vicia faba indicate that 
80-90 per cent of the interphase chromosomes are polar- 
ized’. The model of interphase nucleus under considera- 
tion, then, has the following features: (1) the chromosome 
strands are strongly polarized; (2) the chromosome arms 
radiate from the centromeric pole at a small angle; (3) 
the chromosome strands are located in definite and 
recurrent sites. 

This model gains support from the observation that 
relatively little displacement occurs following uncoiling 
and elongation of chromosomes and during the succeeding 
interphase so that chromosome strands reappear in the 
prophase in the same place as they were at the preceding 
telophase. If the three characteristics listed here apply 
to telophase chromosomes, then they must also apply to 
chromosomes in the static interphase as well. 

Tt follows from the properties of the interphase nucleus 
that the average strand to strand distance would be 
least at the polar end and maximum at the free end. The 
chances, therefore, of chromosome strands coming within 
the rejoining distance and forming a site are higher near 
the pole than away from it. We would expect this 
feature to have an effect both on the number of sites and 
number of strands forming a site. Thus (1) near the pole 
end, a lar greater number of sites is formed than away 
from it; (2) a large majority of sites formed near the pole 
involve more than two strands. Since most of the di- 
centrics carry small intercalary segment and accompany 
large acentrics and most rings accompany small acentrics, 
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it can be predicted that a greater proportion of the dicen- 
tric-forming sites are formed near the pole and a majority 
of ring-forming sites occur away from the pole towards 
the free ends of chromosome strands. It would appear 
from postulate (2) that a site has to be imagined as a spheri- 
cal volume of diameter of rejoining distance. Within this 
sphere two or more than two strands can be included. 

Only two chromosomes are required to be broken for 
an exchange to be produced. The chance of getting two 
independently broken chromosomes with sparsely ionizing 
radiation in a bi-stranded site will be different from that 
in a tri- or a multi-ssranded site. The chance will be the 
product of the probabilities of breaking individual chromo- 
somes multiplied by one less than the number of strands 
included in the site, that 1s (s—-1)p?, where ¢ is the number 
of strands included in a site and p is the probability of 
breaking a chromosame in a site. The yield for two-hit 
exchanges within site will vary with s, ıt will be propor- 
tional to dose if s = 2 and to a less power of dose if s > 2. 
The average kinetics will have contribution of each of 
different kind of dose-response terms. These considera- 
tions indicate that the majonty of dicentric-forming sites 
would have to be mnulti-stranded and all rmg-forming 
sites bi-stranded. 

The presence of additional breaks in a site will affect 
the probability of asymmetrical rejoming with fast- 
neutron radiation 1f the probability that a bi-stranded site 
becomes effective is 7; the probability that a tri-stranded 
site becomes effective is 3g. The chances of reunion to 
take place will be still higher if the sites overlap and 
chromosomes are kroken in overlapping sites. Thus, 
with the increased probability of rejoining at higher doses 
of fast neutron radietion, the yield for two-hit exchanges 
within a site will noz be proportional to dose, but to less 
than one power of the dose. This component of dose 
response evidenced with densely ionizing radiation will 
also affect the kinetizs with sparsely ionizing radiation. 

The expressions fcr yields of aberrations in bi- and tri- 
stranded sites can be given as: 


Bi-stranded site Tri-stranded site 
Fast neutrons Y=k iD) ate Y=k (D) Q@t+e 
y-Yays Y=k(D*) ate Y =k (2D*) G+e 


where k is the mean number of breaks in a chromosome 
in a site/rad, D is tha radiation dose, Q the probability of 
asymmetrical rejoining at a site as affected by post- 
irradiation environment (q) and influence of additional 
breaks, and c number of spontaneous exchanges observed 
at zero dose. 

The foregoing equetions have been derived on theoretical 
as well as experimertal grounds and provide an estimate 
of the expected yields of exchanges within a site as the 
dose changes. The expressions for yield of aberration in 
sites with higher number of strands can be similarly 
obtained. In deriving these equations it has been assumed 
that sites do not overlap, and that there is no effect of 
multiple breaks in a strand within a site. In the present 
investigation the infuence of these two factors could not 
be evaluated. This investigation also suggests that a 
general formulation on the kinetics of two-break chromo- 
some aberrations should take into consideration the size 
of chromosome complement, nuclear volume and nature of 
karyotypic symmetry. 

We thank Dr. M. 5. Swaminathan for valuable discus- 
sions, and the Council of Scientific and Industrial Research, 
India, for a pre-doctoral fellowship to one of us (S. K.). 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Lightning, Novae and Quasars 


Quasars ‘or something’ have been a desideratum of the 
electrical discharge theory of cosmic atmospheric pheno- 
mena and universal evolution since its inception in 1941, 
and the absence of any reference to galaxies which are 
radiating an inordinate amount of energy was one of the 
main ditficulties facing the theory. As the years went on, 
I had to conclude that the energy must be largely in the 
unobservable range, for example, X-rays or y-rays. 
However, in the original outline of these ideas published 
in 1944 (ref. Ia), I emphasized that galaxies exist which 
possess an emission line spectrum, and that in all probabil- 
ity they are those which the theory required. In a recent 
review article? on quasars, this is still their only optical 
characteristic mentioned. 

On the theory, they are analogous to the naked eye 
phase of novae, that is, they represent the phase around 
peak current in the discharge”, during the neutralization 
of the electrie field built up slowly during lifetime of a 
star or galaxy, probably by asymmetrical impacts between 
grains'*, though the exact nature of these field-building 
processes is not yet agreed even in thunderclouds!¢. 

In a paper presented to the second U.S. Air Force 
Conference on Atmospheric Electricity in 1958 (ref. le) 
I pointed out that this phase of the discharge lasts for 
about 10 usec in the lightning discharge, from 1 to 10 
min in a solar flares, about 10 days in a nova”, and might 
be expected to last for 10° years in the correspond- 
ing galactic discharge. However, if, as seems reasonable 
in view of the geometrical similarity between the two 
cases, we assume that this phase will occupy a similar 
fraction of the total life of the outburst on tho stellar and 
galactic scales, we obtain an estimate of 104-105 years for 
the peak current phase of the galactic discharge, which 
agrees well with Greenstein’s range of estimates of 108-10’ 
years for the duration of quasars®. 

Another characteristic which quasars and novae have 
in common is the extreme rapidity with which their 
radiation can vary during the outburst, due very probably 
to the pinching out of the discharge. In Nova Hercules 
1934, for example, the brightness of the star fell abruptly 
by about nine magnitudes soon after its peak. Thereafter 
its brightness increased somewhat more slowly until it 
approached its pre-extinction value. 

From the photographs‘ of the well-known ‘jet’ or dis- 
charge channel in the radio source Virgo A, NGC4486, 
it would appear that these pinches also occur on the 
galactic scale, since the jet is divided into three ‘sausages’ 
by the pinching of the channel in two places. 

A corresponding phenomenon was recently photo- 
graphed in the lightning flash, so these varied observa- 
tions would appear to afford another interesting link-up 
between phenomena on these three very different scales’. 

The characteristics of the phenomena will be different 
from those already considered in relation to the pinching 
of laboratory discharges, as we have now to consider the 
breakdown of an electrostatic field.J, As indicated in 
the recent article just referred to’, huge electrostatic 
as well as electromagnetic forces are involved. 

It may also be noted that the discharge theory of 
necessity introduced circular magnetic fields in and 
around the spiral arms of the galaxies from its initiation 
in 1941. In 1953 magnetic fields along the arms were 
introduced by Chandrasekhar and Fermi*, but as Cowling 
emphasized’, without a proposed origin of these fields, 
that did not take us much farther. However, in 1961 it 


was proposed? to transform these last fields into circular 

fields around the arms in agreement with those 

originally introduced in 1941 by the electrical discharge 
theory. 

Furthermore, in 1961 (ref. 1k) I estimated the total 
energy liberated by a radio galaxy as 10° ergs when the 
value available for comparison, derived from Virgo A, 
was 1058 ergs (ref. 9). From a survey of all the available 
data, Heeschen?® later arrived at a value of 10° ergs in 
agreement with the earlier value deduced from the electri- 
cal discharge theory. 

C. E. R. BRUCE 

The Electrical Research Association, 

Cleeve Road, Leatherhead, 
Surrey. 
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GEOPHYSICS 


Backscattering from the Upper Atmosphere 
(75-160 km) detected by Optical Radar 


AN optical radar system has recently been used to 
detect and study backscattering from the upper atmo- 
sphere (75-160 km). Although a much more detailed 
investigation is in progress, our preliminary results seem 
to indicate rough agreement with those of Fiocco and 
Smullint. These authors suggested micrometeorites as a 
source of the echoes. When observations were made for 
brief time intervals (0-5 h or less), peaks were sometimes 
observed in the return-signal profiles. It should be noted, 
however, that when averaged over a period of several 
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Fig. 2. October 31, 1965, 05h 30m -~ 09h 30m U.. —-—, Observed return 
) , background (average of 
twenty laser pulses). (Note change of vertical scale from that of Fig. 1) 


hours the return signal tends to become relatively smooth. 
It would seem, therefore, that the altitudes of the scatter- 
ing layers, if they exist, fluctuate rapidly with time. The 
total scattering cross-section at 6943 A observed by us 
is of the same order of magnitude as that reported by 


Fiocco and Colombo? (No œ 10-2 em-). 

The optical radar consists of a Korad K-2Q ruby laser 
which is capable of producing single pulses containing 
6-10 J at 6943 A with a width of 10 nsec and a beam 
divergence of no more than 10 milliradians. The ruby is 
8 in. long, 5/8 in. in diameter and is surrounded by a helical 
flash lamp. Q-spoiling is achieved by means of a Kerr 
cell. The laser pulse is brought to a focus at a 1/8 in. 
diameter aperture in a rotating mirror. The aperture is 
located in the focal plane of the University of Maryland’s 
20-in. reflector, which 1s a Broken Cassegrain with a 300-in. 
effective focal length. The beam divergence of the light 
leaving the telescope is less than 0-4 milliradians. In 
order to prevent air breakdown, the rotating mirror is 
installed in a chamber which is evacuated to a pressure of 
about 10u mercury. An average energy of 1:0 J per pulse 
was sent into the atmosphere. Each laser pulse was 
monitored for proper firing time and for pulse amplitude. 
The return signal from the telescope is reflected by the 
rotating mirror to the cathode of a cooled E.M.I. 9558.4 
photomultiplier tube (S-20 cathode) which is gated off 
during the actual laser firing. A 10 A pass-band inter- 
ference filter was used in the experiment. 

Due to the small magnitude of the signal, the experiment 
consists of counting individual photoelectrons. 
The pulses are processed by Chronetics Nano- 
logic Modules and sent through logic cireuits® 
to an ‘on-line’ CDC 160 computer which is 
programmed?’ to store the counts from each 
altitude interval. At present the system is 
capable of obtaining an atmospheric scattering 
profile, for each laser pulse, with an altitude 
resolution of 2:5 km. 

All measurements were made at College Park, Maryland 
(76° 57’ W. long., 39° N. lat.), while looking at the zenith. 
Figs. 1 and 2 give the results for two nights out of five 
for which we have obtained data. Fig. 1 shows the result 
of a series of shots taken during a short time interval. The 
scattering appears to be enhanced over the altitude 
ranges from 100 to 125 km. The total number of counts 
received (in 10 pulses) from 75 to 150 km was 2,240. 
The background was 350 counts. The number of photo- 
electrons due to backscattering is thus 1,890 with a mean 
error of 51 due to statistical uncertainty. Fig. 2 is the 
average of 100 laser pulses, over a period of 4 h, on a 
different night. The magnitude of the return signal is 
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much lower than in Fig. 1 and no peaks are present. For 
the range 75-150 km we have: a total return of 5,070 
counts, a background of 3,330 counts, a backscattering 
of 1,740 counts with a mean error of 147 counts. The 
high background is due to the fact that we use the same 
optical path for both transmitting and receiving. It is 
difficult to shield the phototube completely from the high 
hight-levels present end from ruby fluorescence. Back- 
ground measurements were made, during observations, 
ie placing a black cloth over the end of the telescope 
tube. 
We thank Prof. S. F. Singer for his encouragement and 
advice. This work was supported, in part, by the US. 
Weather Bureau under grant WBG-4-FP Y-64, A.R.P.A. 
grant SD~101, National Aeronautics and Space Adminis- 
tration grant NGE 21-002-022 and Bureau of Ships 
contract NObsr 72710. 
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PHYSICS 


Surface Entrainment of Air by a Water Jet 


THis communication reports an investigation of the 
conditions for air entrainment when a water jet impinges 
normally on an air—water surface. The calculated critical 
entrainment velocity of the jet is compared with experi- 
mental values. 

The surface profile of a deep liquid into which a per- 
pendicular jet of the same liquid is falling can be deduced 
by considering the surface tension and the pressure on 
the surface caused by air entrained by the descending jet. 
Surface tension will cause a meniscus to form between the 
liquid surface and tne jet. The angles of contact will be 
zero, so the meniscus will have the usual form: 


20 
} r eee ods. T\x 
Yy TY (1 — cos ġ) (1) 
The equation is, however, more manageable in cylin- 
drical co-ordinates sbout the axis of the jet. The trans- 
formation is straighzforward but tedious, and yields: 


t+ f/1- Eh z 

A |} loge s+ 0-5329 — 2, l- i (2) 
maoa AEN 

where: BP EA 


— gpr 


The hquid jet, as it travels between the nozzle and the 
surface, will cause the air alongside to be accelerated. 
This air will strike the surface of the liquid causing a 
depression of the meniscus. 

It is assumed that the viscous flow of air dragged by 
the jet is laminar, end no pressure variations occur. The 
velocity of the air parallel to the jet is U, and is a function 
of the radius of the jet and the height through which the 
jet has fallen. 

Consider an infinitesimal annulus of air at radius r, 
radial increment 6-, and height dy. The mass of the 


800- 


annulus is 2xrdydr¢, and the net viscous force acting on 
the annulus is: 


a 
— Inr dyn ach sr, 


ae being negative. Therefore, the acceleration of the 
annulus is given by: 
dU _ Force a 9U (3) 
ðt ~° Mass Qa Or 


7 and ¢ are independent variables, so the partial differ- 
ential equation is easily soluble. 


oa 2U 
Therefore: 


(4) 


where K and L are constants. 

It is now assumed that the jet is a cylinder of radius fg. 
The effect of this approximation on the air flow will be 
small if the flow is laminar. 

The constants can be obtained from the boundary con- 
dition that at the surface of the cylinder r = r, and 


Substituting this condition into ee (4): i 


Fe + gt = Kt — y Kro +L 

and, by equating the aat. of powers of t, 
K =g 
and 
re =V, + paii = Vo { Pa gro 

Therefore: 

U = Vo + gt — EE (r — ra) (5) 
At the liquid surface: 

Vo + gt = Vi 
and so: 
y = y, — PAG To) (6) 


q 
The air incident on the surface causes a pressure equal to 
the rate of change of momentum per unit area 


T—o))? 
P=ọ4 T Iv,- PA i at 
The air pressure P will cause a depression of the surface 


equal to: 

_ fa j Ja, 7 

Jos Cie E=) (7) 
Fig. 1 shows the surface tension curve for water and the 
air pressure curve for values of Vz, = 200, 300 and 
400 cm/sec. The resultant surface profiles, the sums of 
these graphs, have been plotted. For V: = 300 or 400 
cm/sec a maximum is present in the resultant surface 
which is unstable and will collapse to y < 0, leaving a 
depression, with consequent air entrainment. A point 
of inflexion, in fact, occurs for Vz = 231 cm/sec, and 
above this critical velocity air could be carried into_the 
body of the liquid. 

The formation of surface-entrained air bubbles was 


7 investigated experimentally, and it was found that a 
~.> oritical velocity for air entrainment did exist but varied 


with jet diameter. The results are shown in Fig. 2. As 
the jet diameter is reduced, the critical velocity approaches 
an asymptote at about 235 cm/sec. This asymptote 
agrees well with the predicted value. 

It has been assumed in the analysis that the airflow is 
laminar. The Reynolds’s number of the airflow will be 
approximately equal to that of a solid circular jet of air 
of the same velocity and diameter as the jet of water. 
This is because at any specific time the annulus of air 
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Tig. 2. Variation of critical entrainment velocity with jet diameter 


will be influenced equally by an air or a water core. The 
Reynolds’s number of the airflow when the critical 
velocity starts to fall (Fig. 2) is about 600 at dg = 0'4 cm. 
The decrease of critical velocity as dz increases is there- 
fore probably due to the airflow becoming turbulent, as 
Streeter! quotes the transition region for a circular jet as 
Nr < 1,000. 

“A. T. SHERIDAN 
Research and Development Department, 

The United Steel Companies, Ltd., 

Swinden Laboratories, Rotherham. i 

O 
7 
equals unit of meniscus height; dy, diameter of jet at liquid surface; g, 
gravitational constant; K, constant of integration; L, constant of integra- 
tion; Np, Reynolds’s number, r, radial distance from jet axis; re, radius of 
jet; t, time, tame of fall of jet from the nozzle; U, air velocity at any point; 


* The following abbreviations are used in this communication. A 


LY, jet velocity; Vo, Jet velocity at the nozzle; V}, jet velocity at the liquid 


surface; y, helght above plane of liquid surface; n, viscosity of air; g Pi density 
ofar, ey, density of water; z, surface tension of water; y, angle of inclination 
of meniscus to the horizontal. 


1 Streeter, V. L , Handbook of Fluid Dynamics, chapter 11. 
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Resolution in Low-angle Electron Diffraction 


THE optical system of a high performance electron 
microscope can also be used for investigations other than 
simple transmission microscopy. One such ‘unconven- 
tional’ application is low-angle electron diffraction. This 
technique was introduced by Mahl and Weitsch! and 
has since been used in various investigations of struc- 
ture’. Its advantage, as compared with X-ray low- 
angle diffraction, lies in the higher resolution which it 
offers, the much shorter exposure times required, and the 
possibility of making visible the area contributing to the 
diffraction pattern. 

In the course of our investigations we became interested 
in the attainable resolution in connexion with various 
arrangements of the optical system. The resolution of the 
system can be defined by the number n given by the 
relation’ : 

Cy ~ | ep 

L ipM (1) 
where rp is the radius of the primary spot on the photo- 
graphic material, L is the effective camera length, lp is 
the distance of the specimen from the object plane of the 
intermediate (eventually, projector) lens, and M is the mag- 
nification of the projector system. 

The resolution of an optical system consisting of a Tesla 
BS 413 electron microscope equipped with a double con- 
denser lens, an intermediate lens and a projector lens was 
investigated. The specimen was placed in its normal 
position and the objective lens was not energized. The 
first condenser lens was highly excited in order to produce 
a demagnified image of the cross-over and this image was 
focused by means of the second condenser lens, onto the 
object plane of the intermediate lens. The diffraction 
pattern in the object plane was then magnified and 
projected onto the photographic material by means of the 
projector system. The excitation of the intermediate lens 
could be chosen so as to operate it as a magnifying or 
reducing lens; eventually the intermediate lens could be 
switched off so that the diffraction pattern focused by the 
second condenser lens onto the object plane of the pro- 
jector lens was magnified only in one stage. 

The dependence of the resolution number n on the 
diffraction distance lp (and hence on the way of operation) 
is given in Fig. 1 for three focal lengths fz of the first con- 
denser lens. The diameter of the cross-over is supposed to 
be 40u. The left-hand side of the graphs (10 mm Slp 
$180 mm) accounts for the intermediate lens functioning 
as a magnifying lens, the right-hand side (300 mm<Ip 
=1,500 mm) holds for the intermediate lens funetioning 
as a reducing lens*. It is evident, from the optical point 


n= 





10“ 
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Fig. 1. Computed resolution number, n, for three focal lengths of the 


first condenser lens against diffraction length, Lp, characterizing different 
ways of operation of the projection system (excitation of the projector 
lens was kept constant) 
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Fig. 2. Low-angle diffraction pattern of a random assembly of poly- 


styrene latex spheres 4130 +80 A 


of view, that the resolution was higher for the inter- 
mediate lens operated as a reducing lens and, in fact, 
approached that of the best diffraction cameras. In prac- 
tice, it is advantageous to use only the projector lens for 
magnification of the diffraction pattern (in Fig. 1, lp = 300 
mm) because the working parameters can be more easily 
reproduced and the resolution remains very high. 
The largest observable spacing can be obtained from the 
Bragg equation: 
2d sin 0= 2d6= > (2) 


where d is the spazing characterized by the Laue indices 
(h, k, L), 0 is the Bragg angle, à is the wave-length. 

We can substitute n= 206 in the equation (2) and thus 
obtain a relation for the theoretically largest observable 
spacing in form: 


di = 2 (3) 
n 


The introduction of the specimen results in an enlarge- 
ment of the primary spot. If we suppose in our conditions 
that the real diameter of the primary spot is about twice 
the theoretical vaue, then we can write for the largest 
observable spacing: 

A 
~ on *) 

To test experimentally the validity of relation (4) we 
used spheres of monodisperse polystyrene latex. It can be 
shown‘ that the mean diameter of the spheres can be con- 
sidered to be practically equivalent to the Bragg spacing 
d, because the difference of scattering angle belonging to 
successive secondery maxima corresponds closely to the 
angle 20 in the equation (2). 

An example of the pictures taken during the tests is 
given in Fig. 2. It shows the diffraction pattern of a 
random assembly of latex particles 4,180+80 A in diam- 
eter obtained under the following experimental conditions: 
A= 4:33 x 10- A (u*=75 kV), fe=2°5 mm, lp=300 mm | 
(the intermediate lens was not energized), D= 35-7 
2re=3-6 x 10-'mm. The resolution number, n, according 
to equation (1), was 5x 10-*, and the theoretically largest 
observable spacing, d: was 8:600 A. If we consider the 
enlargement of the primary spot by the presence of the 
specimen, the observable spacing, d, from equation (4) is 
4:300 A. Clearly resolved higher secondary maxima in 
Fig. 2 show that, from the optical point of view, observa- 
tion of spacing given by equation (4) is possible. The 
aforementioned calculations and experiments were per- 
formed with the assumption that a normal hairpin filament 
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GEOCHEMISTRY 


ton Separation in Bursting Air Bubbles : 

an Explanation for the Irregular lon Ratios 

_. in Atmospheric Precipitations 

Ir is well known that a considerable part of the soluble 


salts present in soil, lakes and rivers is derived from rain- 
water’. There is little doubt that the salt content in the 
rainwater comes mainly from ocean water spray, which is 
carried into the atmosphere from the surface of the sea, 
iny droplets are formed by air jets shooting out 
yp of bursting air bubbles’. 











Table 1 
Date Bro Ci- + Bro (Ch + Br-/Br-) 
ra (mg/i.) (mg/l. 
bo 16.2.1961 * 
T 18.2.1961 + 
: COCO Qetaber 1962 
aua-Hadar October 1962 
bag’ February 1963 
i - May 1963 | 
‘Winter 1962/63 
October 1961 
. January 1962 


Table 2 

Location Nat/K+ 
Southwest Coast, Iceland * 18 
Southwest Coast, Norway * 
West Coast, Ireland t 6 
Rain, Tel-Aviv sea shoret 35 
Rain, Jerusalemt 6 
Rain, Loddt 10 
Rain, Beer-shevat 
Rain, Daphnat 
Snow from Tasman Glacier 27.4.1958§ 
Snow from Mt. Egmont 3.5.1958§ 
Snow from Arthurs Pass 22.8.19588 


* Eriksson, E. (ref. 8). 

t Gorham, E. (ref. 1). 

t Rainy season in Israel 1960/61, analysed by the Geological Department 
. of the Hebrew University. 

Wilson, A. T. (ref. 9), 


pi 
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Note: All sodium—potassium ratios are given in terms of Na?/K* values, 
although in the literature quoted they are given as Kt/Nat, 
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In 11. original sample 
Cl (mg) | Br- (mg) | 
22,470 74 304 
3°23 114 
203,000 | 4,600 44 
132 0-427 310 


Sample | 


merere aea. $ 





Denn water 
Lake of Kinereth 
Dead Sea water 


0:007 
0-191* 
00067 
0:219% 
0-013 
0:137* 
0-006 


sre 


| Tap water, Jerusalem 
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Table 3. ION SEPARATION BY DISTILLATION 


In 11. distillate | 


Cl-/Br- | Ci- (mg) | Br- (mg) | Cl-/Br- | Na* (mg) K* (mg) | Na*/K* | Nat (mg) K* (mg) | Nak | 
einir Eune 5 Mranata | am È aa | n aaneen memenor ura ma nnise: frome E E 





i ary 19, 1966 VoL. 209 


ompatible 









\ithough the 
lower in pre 











recipi 


as low as 2, The Cl-/B 





Explanations of these facts have so far not been very ooo 
satisfactory, including the suggestions that they are- 
brought about by the influence of terrestrial dust, by 
oxidation of halogens by ozone, by biological absorption of 
potassium in the ocean surface, or by fractionation crystal- 
lization in the atmosphere. 7 ee es 

We propose here a mechanism for the separation of 
ions which becomes effective at the moment and shortly A 
before the bursting of ccean water bubbles: in part this 
follows the suggestion made by Ken Sugawara and Nobuko 
Kawasaki? for Sr++/Ca** and Na*/Cl- separation. Such a 
mechanism would lead to a spray of droplets with ion 
ratios different from those of the ocean water from which: 
it is derived. As the bubbles become thinner and thinner, 
a solution runs down the wall between the concave inner 










in the skin‘, the smaller ones will run off with the solu 
When the jet atomizes the bursting skin, the 
droplets formed will be relatively rich in the larger ions. — 
It is clear that this mechanism will be influenced by a — 
number of factors, and will probably depend on initial — 
concentrations and the radius of the bubbles. The. je 
might also disperse solution from the bottom of 
bubble, thus admitting varying quantities of orig 
solution to the fine top spray: this may somewhat obse 
the effect. E a 
We have carried out some preliminary investige 
to test the hypothesis. Distilled water was prepared by 7 
boiling sea water, tap water and lake water at atmospheric ee 








pressure with and without the conventional spray trap 
It can be seen from Table 3 that the spray was reduc 
through the conventional spray trap by an order: 
magnitude or more: however, the ratio of the ions, cc 
tained in the spray, differed essentially in the sam 
from the ratio of the ions in the original solution, ant 
independent of the efficiency of the trap . The variat 
ratios caused by artificial distillation was similar t 
variation experienced with sea water and rainwate: 
Nature. | a 
Another series of experiments was undertaken ¥ 
sea water as well as with artificial salt solutions at ambien 
temperature (20° C). In these experiments, instead of - 
carrying out distillations, air was bubbled through the — 
various solutions (every bubble was about 5 mm diameter) 
in a conventional gas washing flask instead of distillation. 
The air was filtered through cotton wool before and after 
it was passed through the salt solution. The salts absorbed 
by the cotton wool from the air were extracted with water, - a 
and the resulting solution was analysed. The cotton wool > 
itself contained certain salts, and thus deductions were =] 
made for the amounts of Cl- and Br- or Na+ and K* respec- 
tively-—values having been obtained by extraction of the 
cotton wool with water (see Table 4a). | 

















In 1 1. original sample In 1 1. distillate 


12°1* | 


$9,900 
13 83-5 


6,600 6 
3-7 12-6 


ozas | 0-055 
0-24 0-064. 
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-BUBBLE BURSTIN (ABSORPTION ON 
ON WOOL) ee 


Absorbed on 1 g cotton 
fter deduction of blank value) 
ro Gho Be ! 
oN ang) (mg) 
04840-0028 
0-398 00026 
0-951 00079 
Nat K+ 
(mg) (mg) 
0-230 0-040 5:7 


0362 0-024 


Mg?* Pott 
(mg) (mg) 
0-252 0-049 7-0 


Nat Kt 
312 27 


50 33 


Mat+ i 
Pbtt 
iig 


Haig 
l 1 


M NO, ) *6H,01025¢ ) 
PANO)" Osel 7 





_ Tabie 4b. ION-SEPARATION BY .AIR-BUBBLE. BURSTING (ABSORPTION IN 
ae eae TRIPLE- DISTILLED WATER) 
Bubbling Original Absorbed in 1 1 
time (h) ion-ratio. “tri-distilled water 
Cl-/ Br Cr y 
(mg) 


B64.. 
400 
400 


Nat/K+ 


L975 
O22 
4:733 
Nat Kr 
Pag 


316 
312 


+ r + Nal 
ss » +Natl 














312 2y 8 
Mg Mg  Pbtt Mg“ 
Potto (mag) 

Nat} Nat 

a r1 0-208 


1OaieGH0 102-5 8) 04 
no Oise eg; 1 240 


ther artificial solution, containing magnesium and 
rate, was treated in the same way and the spray 
i. The cotton wool used for absorbing the spray 
ed magnesium to the extent of less than 0-024 mg/g 
and lead to the extent of less than 0-005 mg/g 
(see Table 4a), 000 

other series of experiments, the salts carried over 
air were absorbed in water that had been distilled 
times. The original solutions were also prepared by 
‘ing the various salts in thrice-distilled water (see 
ble 46). a ae : 

6 Can be seen that an ai z stream with single bubbles 






ows the effect almost as markedly as the distillation at 
00° C. An air stream where many bubbles coalesce to 
orm a foam has practically no effect. of ion separation. 
e fact that the spray of boiling solutions shows the 
_ separation of ions clearly indicates that no solid-phase 
_ separations occur during evaporation from droplets as 
« Suggested as a ‘post-wave breaking fractionation’ 
_ (Sugawara and Kawasaki’); the separation seems to occur 
only in the bursting bubble. 
©- The change of ion ratios by ‘syn-bubble breaking 
fractionation’, as Sugawara and Kawasaki propose to 
< call- it, is probably of considerable importance in the 
accumulation of the heavy or large ions, such as potassium, 
_ found in arid soils in which rainwater has been evaporated 
to dryness fora long time, without the residue being washed 
- out: The way in which heavy metals accumulate in latter- 
-ites may also be related to the ion separation in breaking 
-pubbles. 

“The analytical procedures used in these investigations 
-were as follows: 
<Ci (Br-) = —mercurimetric method. 

Br- —-mocdified Van der Meulen method (Kaplan 

: and Schnerb‘). 


and Nat—flame-photometric method. 

: —complexometric (EDTA) method. 

—eolorimetrie method, according to British 
Pharmacopoeia. = 

-—flame-photometric method. 
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CHEMISTRY 


Collapse of Polyacrylamide Molecules on 
Electron trradiation pee 
InprvipvaL spherical molecules of glassy amor 
polymers, with molecular weights of more thi 
5 x 105, can be deposited from a solvent-pr 
mixture, on to a thin substrate and observed in t 
tron microscope after shadowing with a heavy m 
It has been reported that molecules of polyacry de 
behave in an unusual way when examined in the electron 
microscope?. The molecules appear to collapse into a 
shapeless mass, ever. in a weak electron beam, and even 
though the glass transition temperature of polyacrylamide. 
is of the order of 13€° C. The behaviour is similar to that 







of molecules of rukbery polymers, which are not 





supporting. Richardson? has suggested that this effect: 
may represent some inherent weakness of this type. of: 
polymer structure to electron irradiation. ie 

The observation has been confirmed and the effect 
investigated experimentally by subjecting the bulk poly- ` 
mer to electron irradiation. Results suggest that the < 
phenomenon is due to intramolecular bond formation 
rather than to degredation of the polymer. a 

Particles of polyaerylamide weighing about 15 x 10% g 
were subjected to electron bombardment in an AEL 
E.M. 6G. electron microscope, using electron energies of 
30-100 kV, electron currents of 15-70 pamp and exposure 
times of 6-100 sec. The particles were then examined 
visually under a low-power optical microscope and a 
solubility test was carried out. | 

It was found that the polymer quickly became insoluble 
after even short exposures to a weak electron beam (for 
example, 10-sec exposure in an electron beam of 15 parmp). 
Water is the best selvent for polyacrylamide, and a 10 
per cent solution of non-irradiated polymer can be 
obtained in about 3 h without agitation, while the irradi- 
ated polymer readily swells to several times its original 
volume. but remains quite insoluble after immersion in 
water for 10 days. 

After short exposure times to weak electron beams, the 
polymer does not change visually, except for a decrease 
in volume of about. 10 per cent, which was observed in 
the electron microscope. The polymer particles remain, 
transparent, colourless, and identical with the non- 
irradiated polymer. After long exposures, the polymer 
becomes faintly yellow in colour, but still remair s trans 
parent. The yellowing becomes more pronounce 
exposure time and/or intensity is increased,” 
it becomes opaque. As the exposure conditior me- 
more severe, an accempanying decrease in solvent swelling — 
occurs. : =. 

Using a simple indentation test, no difference in mech- 
anical behaviour was detected between the irradiated and 
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5° C in both eases. 


These observations strongly i indicate that interm derulat 











cross-links are formed, on. electron irradiation, rather than 
that the polymer is degraded. It is proposed that the 
following imidization. occurs: 


-CH ,---CH—. -CH ,—CH— 
conn, Electrons =O 
EEEE | +NH, 
CONH, 
C=O 
| 
-—~CH,-—-CH—- --~-CH_,-—-CH—- 


The collapse of single molecules of polyacrylamide in 
an electron. beam may be explained on the basis of intra- 
molecular imidization. The molecules are sprayed from a 
solvent—precipitant mixture in which the solvent is more 
volatile than the precipitant. On evaporation, the solvent 
becomes progressively poor and conditions for polymer— 
polymer contacts become highly favourable. Spherical, 
self-supporting molecules can be isolated if the solution is 
sufficiently dilute. Each molecule consists of a tightly 
and randomly coiled chain. In this conformation, amide 
groups along the chain will be in close proximity to one 
another, and favourable conditions will exist for the 
condensation of neighbouring amide groups on electron 
irradiation, as follows: 





CHCH- ~~ —- ~ --CH,—CH Electrons 
donn, donn, 7 . 
CH ,—CH-— - - - —CH,-—CH--  +NH, 
one zd 


be r 
Hi 


Farther experiments are planned, in an effort to con- 
firm cross-linking. The relationship between irradiation 
conditions and degree of cross-linking will be investigated 
from solvent swelling measurements. 

Thanks are due to the American Cyanamid Co. for a 


- donation of polyacrylamide. 


D. V. QUAYLE 
Department of Physics, 
Derby and District College of Technology. 


? Nasini A. G., Ostacoli, G., Saini, G., Maidifassi, G., 
Suppl. to Ric, Set. Mem., 25, 432 (1 955). 


* Richardson, M. J., Proc. Roy. Soc., A, 279, 50 (1964). 


and Trossarelli, L., 


Electron-transfer Reactions of Europium (II) 
in Aqueous Perchloric Acid Solutions 


ELECTRON-TRANSFER reactions with europium (11) as 
the reducing ion have been studied in aqueous perchloric 
acid solution, u = 20 M, using conventional spectro- 
photometric techniques. Such reactions are of interest. 
in that little is known about the readiness with which 
electrons are transferred to and from f-orbitals?)*. Although 
europium (11) is the most stable of lanthanide (11) oxida- 
tion states, it reacts rapidly with oxygen and oxygen-free 
systems have therefore to be used. In preliminary experi- 
ments it was shown that europium (1) reduction of per- 
chlorate ions is negligible (europium (11) concentrations of 
the order 0-04 M). 

The reaction 


Buu + Vur -> Kum + Vu 


is first order in both the reactants 
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a Rate = . ko EV] 
where konsi is hydrogen-i ion dependent 
kisses Set wj A 


The rate constant k, (0:0090 Lmole-sec- “2. at 25° ©) 
corresponds to the reaction of Eu®+ with V*+, and it is 
assumed that k’ is for the reaction of Eut with VOH?*. 
Thus k’ may be written k,Ky, where k, (2-00 lmole~sec™ 
at 25° C) is the true rate constant and Ky (0: -002 1.-Amole) 
(ref. 3) the hydrolysis constant for V**... From the tempera- 
ture-dependence activation parameters corresponding to 


ki and k, are AH*, = 11-4 keal mole=t, AS; = —$30-le.u., 


a = 62 keal mole and AST ~ —35 eu. Rates 
observed for the reaction of chromium (11) with vanadium 
(111) (koss = 0°85 lmole~sec-! in LON, HCIO, at 25° ©, $ 
u = 20 M) (ref. 4) are considerably faster than those for ©. 
the europium (m) reaction (koms = 0-013 Imole~tsec™ 
under identical conditions) although the free energy change 
is slightly less favourable. : 

From the difference in standard oxidation potentials e 
of 0-02 volts for the Eun/Eur and Crt/Cri couples’ — 
an equilibrium constant of 2-2 can be calculated for the 
reaction: 


Buu + Crm ids Burm + Oru 
ky 

Since the exact nature of the solution medium is important, 
and the difference in standard oxidation potentials is so 
very small, such an equilibrium constant can be considered 
only approximate. Both the forward and reverse reactions: 
have been studied and are extremely slow at 25° C (ky ~ 
1-7 x 10- Lmole-tsec and k, ~ 1:4 x 10° Lmole7! 
sec!), The addition of chloride ions does not affect the | 
forward reaction, but in the reverse the rate is much > 
faster and substitution inert CrCl?+ is formed. With 
CrCl?+ as the chromium (111) reactant the forward reaction | 
is also much faster: 


k i 
Eu + CrCl > Eut + Ort + Cl- 


and at 25°C k; = 2-2 x 10PL mole-tse0=t, A comparison we 
of rate constants for the reactions Eu?+ — EuCl?+ (ref. 6) 
Fe?+ ~ FeCl*+ (ref. 7), Cr?+ — CrCl (ref. 8), and Eun? 
CrCl (which have little or no free energy change) an 
for the reactions Cr*+ — Co(NH,), CI+ and Eu A 
Co(NH,); Cl®* (ref. 2) (which have almost identical free 
energy change) supports the belief that it is more difficult , 
to transfer electrons from f-orbitals. 
The reaction 








ks 
Euu + Viy -> Ewn t Vin 


is too fast for a full kinetic study using conventional 
techniques. At 0° C with reactant concentrations ~ 10-*M 
(e = 530 for Euu at 320 my) and [H+] = 0-2 N, ky is» 
~ 10° Lmole—sec-?. In the reactions of europium (1t)- 
with chromium (m), vanadium (mm), vanadium (1v) and 
iron (111) (from ref. 9) there is a rough linear correlation of 
rate constants with the standard free energy change. 
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» Action of Neuraminidase on Human Kidney 
Alkaline Phosphatase 


STARCH-GEL electrophoresis and chromatography on 
substituted cellulose ion-exchangers have demonstrated 
that extracts of human kidney contain more than one 
protein possessing alkaline phosphatase activity. Similar 
patterns of distribution of enzymatically active zones after 
starch-gel electrophoresis have been obtained by several 
workers?:? and three distinct zones can often be demon- 
strated: a single zone migrating rapidly towards the anode 
(Fig. 1, zone 1), a second broad, heterogeneous component 
(Fig. 1, zone 2), and a third band which migrates very 
slowly and which may represent enzyme bound to lipid 

on (Fig. 1, zone 3). The first rapidly migrating 
component cannot be demonstrated in all extracts, but 
may sometimes appear after storage at — 15° for some 
months. Elution patterns of kidney alkaline phosphatase 
from DEAE-‘Sephadex’ columns exhibit a broad similarity, 

but pon oie there is some variation from extract to ex- A L C D 

tract. common feature of all such chromato j Fig. 3. Starch-gel electrophoresis of alkaline phosphatase of kidney 

however, is a sharp peak of activity appearing first in the Pe SA ae it te ie after neuraminidase ee 

effluent (Fig. 2). The elution pattern of the remaining 

enzyme is more varied, but often a second fairly broad 
i A > peak is obtained’. The presence of sialic acid groups is 
pe f known to increase the electrophoretic mobility of proteins*, 
4 and Robinson and Pierce* have demonstrated that, after 
treatment with neuraminidase to remove sialic acid, the 
electrophoretic mobility of certain alkaline phosphatase 
components was reduced. To investigate whether the 
binding of sialic acid is in any way related to the hetero- 
geneity of kidney alkaline phosphatase, this enzyme has 

been treated with neuraminidase, 

Extracts of alkaline phosphatase were made by Morton’s* 
butanol method from human kidneys obtained from the 
post-mortem room within a few hours of death. The crude 
extracts were concentrated by dialysis against a 30 per 
cent ‘Carbowax’ solution and partially purified by chrom- 
atography on DEAE-‘Sephadex’. The enzyme was eluted 
by an increasing chloride ion concentration in tris buffer* 
and 5 ml. fractions were collected. Each fraction was 
assayed for phosphatase activity and chloride concentra- 
tion, and fractions coineiding with peaks of enzyme activity 
were concentrated prior to electrophoresis on starch gel. 
Horizontal starch-gel electrophoresis was carried out in 
the discontinuous buffer system of Poulik” at pH 8-6 for 
17 h at 10 V per cm anc zones of enzyme activity were then 
located by the methed of Estborn*. Kidney alkaline 
phosphatase extract 0-1 ml.) or concentrated column 
effluent fractions were incubated at 37° in 0-4 ml. of tris 
buffer (pH 7-7) with 50 u. neuraminidase (L. Light and 








e A B C D Co.) for 20 h (ref. 5). 
st, a Brarohi-gol electrophoresis of alkaline phosphatase of human Fig. 2 shows a chromatogram of kidney alkaline phos- 
extract (e), and fractions (4~D) from DEAE- ‘Sephadex’ column. phatase on DEAE-‘Sephadex’ and Fig. 1 the electro- 


Numbers indicate active zones in whole extract; letters correspond with à Sianio x : 
chromatographic fractions of Fig. 2. (Anode at top, sample slots phoretic mobilities on starch gel of the various kidney 


near bottom) phosphatase components eluted from the column. The 
first peak of the chromatogram corresponds with the most 
cathodal portion of the second electrophoretic band and 
it appears electropharetically homogeneous. Alkaline 
phosphatase that elutes at progressively higher chloride 
ion concentrations consists of further portions of the 
second band of inereasing electrophoretic mobility. 
Electrophoresis of all fractions demonstrated that the 
original pattern obtained with whole kidney extract 
could be built up. Re-chromatography of individual 
fractions followed by electrophoresis showed that their 
relative mobilities remained unchanged. 

Fig. 3 shows the effect of treatment with neuraminidase 
on the electrophoretic distribution of whole kidney alkaline 
“1 -i 1- phosphatase and on the several chromatographic fractions. 
E@vent volane (eal) P With both the whole extract and the chromatographie 


c i iaai BAN fractions, the main product of such treatment was a 
* 2. togram -* pha 7 mn. “" . > 
3 ero yieotnines aati eos mein j slowly migrating comoonent, and a comparison of the 
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& 5 


2 


Alkaline phosphatase activity 


(King-Armstrong units/1 





7 





U 0 


enz 


-to be answered. 
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nzyme exist in the cell, so giving rise to several forms of 
the enzyme in vivo, or whether they are artefacts produced 


in the laboratory from a single enzyme species, has still 
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Separation of Serum 5’-Nucleotidase and 
Non-specific Alkaline Phosphatase Activities 


PuHosrHatases which exhibit a high specificity for the 
hydrolysis of nucleoside-5’-phosphates (5’-nucleotidases') 
usually occur in association with non-specific alkalino 
phosphatases, for example, in blood serum. Methods 
which have been used for the estimation of the relative 
activities of the two enzymes in serum have depended on 
comparison of the rates of hydrolysis of two different 
phosphate substrates’, or on the specific inhibition of 


n the last chro- 
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filtration. ee a ee ee 
Sera from patients with obstructive biliary disease, in- 
which both types of enzyme activity are greatly increased, 
were used as the source of the enzymes. Chromatography — 
on DEAE-cellulose was carried out in 0-05 M tris-HCl 
buffer (pH 7-7)—-the elution being. by means of a gradient 
of increasing chloride concentration; the serum sample 
was dialysed overnight against the starting buffer before 
application to the column. Gel-filtration was carried out 
in 0-9 per cent w/v sodium chloride solution on a column of 
‘Sephadex’ G-200 (Pharmacia, AB, Uppsala, Sweden). In 
each case the effluent fractions (3 ml.) were tested fory 
alkaline phosphatase activity by the method of Kind ` 
and King* and 5’-nucleotidase activity by the method of 
Campbell’, In both types of experiment the recoveries of 
5’-nucleotidase and alkaline phosphatase were between = 
80 and 100 per cent. The results are shown in Figs. 1 and - 
2. lon-exchange chromatography shows that the greater 
part of the 5’-nucleotidase activity elutes at a | ) 
chloride concentration than the bulk of ‘the alkaline 
phosphatase (Fig. 1). Both enzymes are to some extent | 
heterogeneous, and each major peak contains residi 
amounts of the other type of activity. It is probable th 
these contaminants represent portions of the different — 
enzymes eluting at the same chloride concentrations rather 
than a lack of specificity in the enzyme assays: Bo 





















pletely excluded from the gel (Fig. 2), y Ikaline phos- 
phatase elutes as a fairly symmetrical peak in the 78. 
globulin region. As cn ion-exchange chromatography, the 





5’-nucleotidase is heterogeneous on gel-filtration, 00 eu 
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Fig. 1. Chromatogram ef serum (1 ml.) on DEAE-cellulose column are 
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Fig. 2. Gel-filtration of serum (1 ml.) on ‘Sephadex’ @-200 column — 
(32 x 13 em) ===, 5’-Nucleotidase activity; = = >, alkaline 
phosphatase activity. Fraction volumes, 3 mil, seh 










major. part of the 
s enzyme may 
: compatible with 
; St ert, Haeffner and Sleisen- 
t p':nùsleótidase j is found in the p-lipoprotein and 
2-globulin regions after starch-gel electrophoresis of 
l atpH 9, However, the combination of considerable 
negative charge at pH 7-7, as shown by the higher chloride 
ion concentrations required to elute 5’-nucleotidase from 
DEAE-cellulose, with apparently large molecular size 
may indicate the presence in the molecule of a carbohy- 
~ rate component, since carbohydrate-containing proteins 
_ may behave anomalously on gel-filtration. 
_ These methods for the separation of serum alkaline 
phatase and 5’-nucleotidase confirm the distinct 
mtities of these enzymes, and provide a basis for the 
r hor pitification and study of the latter. . 
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course of an investig 7 
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a aTa an acid) E The E R 
appears as a brown-coloured spot on chromato- 
reated with ninhydrin, but the colour changes 
y to the more usual blue-purple characteristic of 
amino-acids. 
ydroxynorvaline is present also in dry sweet pea 
and this material has provided a source for isolation. 
und seed (15 kg) was extracted twice with 75 per cent 
ethanol (60 1) during a period of 4 weeks. The 
t obtained after pressing and filtering was applied 
column containing 8 kg of ‘Zeo-Karb 225’ resin (H+ 
orm) to absorb amino-acids.. “After non-cationie sub- 
stances had been removed by thorough washing, the 
amino-acids were recovered by elution with 2 N ammonia. 
The eluate was evaporated to dryness and the residue 
was re-dissolved in water (1-5 1.) and adjusted to pH 4-5. 
This solution was applied to a column of ‘Dowex-50 W’ 
_ (x 8, mesh 100-200, length 75 em, diam. 15-5 cm) and, 
_after washing with 10 1. of water, the amino-acids were 
_ fractionated by elution with 0-25 N ammonia. Early 
fractions (each of 50 ml.) contained large amounts of 
_y-glutamy!]-8-aminopropionitrile (Lathyrus factor)? in addi- 
tion to small quantities of aspartic and glutamic acids: 
40 g of pure y-glutamyl-6-aminopropionitrile was obtained 
from these pooled fractions. y-Hydroxynorvaline was 
“present in two groups of fractions: first in fractions with 
alanine, serine and some other neutral amino-acids eluted 
r y-glutamyl-8- -aminopropionitrile, and then in the 
n of 104 fractions collected in all. In most of those 
fractions the hydroxyamino acid was mixed with 
mino-acids, but the last three fractions contained 
ydroxynorvaline. After crystallization from 
acetone, pure y-hydroxynorvaline (200 mg) was 
i from the solid present in. these three fractions. 
uti p at two points during 
stionation can be explain: d by lactonization of a 
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Table 1. THe Rr VALVES Cento y-HEDROXYNORVALINE AND RELATED 
OMPOU 







(All values are expresse d relati leucine, 1 00) 


y-Hydrovy- y-Hydr o 


P no Hydroxy- yy droxy- 
Solvent norvaliae valine lactone ~ “norvaline valine — 
Butanol-acetic acid* 0-50 O76 O38 O46 
t-Amy! alcohol-acetic 
acid + 0°39 0-49 O31 O36 


* Butan-l-ol-acetic acid~wader mixture (90:10: 29, by volume). 
i t Upper. yee of 2-methylbetan-2-ol-acetic acid—water mixture) 10:7: 10. 
by valume 


proportion of the y-hydroxyamino acid under the influence 
of H* ions liberated during amino-acid absorption on the 
cation-exchange resins. Molecules existing in the lactone _ 
form are basie and. consequently are eluted together with, 
or later than, the basie amino-acids. 


The isolated ao gave the following plementary ee 


analysis (in per cent): ©, 45-2; H, 8-32; N, 10-2 (CH NO; 
requires C, 45-1; H, $33; N, 10: 5). When treated with 
N-hydrochlorie acid at 120° © for 1 h, it was converted 
largely into its lactone, which appeared initially as a 


yellow spot moving ahead of the amino-acid on paper — 
chromatograms. The Ær values determined for y-hydroxy- oy 


norvaline and its lactone are given in Table 1 together 

with those for ĝ- -hydroxynorvaline (i) and y-hydroxy= 
valine (III), two isomeric amino-acids. isolated. from 
bean seeds? and Kalanchoe diagremontiana, respe 
In all solvents tested, the isolated y-hydroxy: 
behaved exactly as authentic synthetic materia 
provided by Dr. A. J. MacLeod. — o 









CH,.CH.CH,.CH(NH,).CO,H 


OH. 
I 


CH,.CH,.CH,.CH(NH,).CO,H = 


| 
OH 
tl 
CH,.CH.CH(NH,).CO,H CO,H 
OH CH, CH,.C.CH,.CH(NH,).CO,.H 
OH | 
ur Iv 


The identity of the isolate was confirmed farther: by 
electrophoretic comparison with aie y-hydroxynor- 
valine. When paper electrophoresis was performed, 
essentially as described by Gross*, at pH 2-0 (formic— 
acetic acid buffer) for 1:5 h (60 V/em, 40 m.amp), the 
synthetic compound was separated into its two diastereo- 
isomeric forms, which moved 26-2 and 28-7 em, respect- 
ively, towards the cathode. Somewhat surprisingly, 
the natural hydroxynervaline also gave two spots, moving 
identically with those obtained from the synthetie 
compound, but presert in different relative proportions. 
It is unlikely that y-hydroxynorvaline was present in the 
original seeds as a nuxture of isomers, and so a small 
amount of the amino-acid was isolated directly from two- 
dimensional paper chromatograms. In this instance only 
the fast-moving diasterecisomer was observed. Pre- 
sumably, during the large-scale isolation, partial epimer- 


ization had occurred at the y-carbon atom as lactone was. 


formed on the ion-exchange resin. Under identical 
electrophoretic conditons, threonine moved faster 
allothreonine and, by enalogy, natural y-hydroxynor 
probably possesses a reo configuration. 

Additional confirmation of the eN 
structure was obtained by treating the hydroxyamino 
acid (50 mg) with 55 per cent (w/v) hydriodic acid and red 
phosphorus at 130° C fer 12 h when norvaline was produced 
(compare Fischer and Leuchs’). - "This was isolated using 
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(in per cent): C, 51:1; H, 9 58; N, 11-8 (CHuNO, requires. my 37° afr 


C, 51:3; H, 9-48; N, 12-0). 

Unfortunately this hy driodie sia treatment also 
effected complete racemization and so no information was 
obtained concerning the configuration at the «-carbon 
atom in natural y-hydroxynorvaline. Optical rotation 
measurements on isolated y-hydroxynorvaline (mixed 
diastereoisomers) gave [a]p values of +22° (c = 5 in 
water) and +-32° (e = 2-5 in glacial acetic acid). When 
measurements were made using a 2-5 per cent solution in 
5 N hydrochloric acid, the freshly prepared solution 
exhibited a dextro-rotation. As lactone was formed, 
[a] decreased: finally, after standing overnight, the 
[a]p became constant at — 16°. The higher positive value 
determined for [«]'p in glacial acetic acid compared with 
that in water tentatively indicates an L-configuration at 
the a-carbon atom but, in view of several recorded excep- 
tions to the Clough—Lutz—Jirgensons rule*, this conclusion 
will require confirmation. 

Paper chromatography has shown that y-hydroxy- 
norvaline is present in several other legume seeds including 
species of Astragalus. At present nothing is known con- 
cerning the metabolic relationships of this hydroxyamino 
acid in legume seedlings, but it could arise by y-decarb- 
oxylation of y-hydroxy-y-methylglutamiec acid (IV) which 
is present in another legume (peanut seedlings*) and other 
plant species. 

The sweet pea seed was provided by Unwin’s Ltd., 
Histon, Cambridge. I thank Mrs. Jean Retallick and 
Mr. A. Smith for their assistance in this work. 


L. FowpENn 
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Effect of Oestradiol in Adrenal Corticoido- 
genesis : an Additional Step in Steroid 
Biosynthesis 


OOPHORECTOMY in the albino rat results in diminished 
pituitary adrenocorticotrophic hormone (ACTH) secretion 
and in diminished adrenal secretion of corticosterone’. 
The latter is demonstrable in peripheral plasma after 
injection of ACTH or following stress, in adrenal venous 
effluent, and in adrenal slices incubated in vitro. Adminis- 
tration of oestradiol-176 reverses these effects. Although 
the adrenal response to oestradiol may, in part, be medi- 
ated by changes in ACTH secretion, a direct effect is also 
suggested by the finding that oestradiol stimulates corti- 
costeroid production when added to adrenal slices in 
vitro’, and when administered to hypophysectomized, 
oophorectomized rats in vivo’. Additional investigations 
suggest an apparent inhibition of steroidogenesis in adrenal 
tissue after oophorectomy’. This communication reports 
observations giving a more specific definition of the rela- 
tion of the ovary to adrenal function. 

Female rats of the Sherman strain were oophorecto- 
mized when 30 days old and were not subjected to further 
manipulation for the next 6 weeks. Odcstradiol-178 
(‘Estradurin’, Ayerst) was then injected subeutaneously 
as a single depot dose of 100 ug/100 g body-weight. 
Investigations were carried out 2 weeks later. Adrenal 
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Cat+, 3-3 x 10- M glucose-6-phosphate, . 10 EPA 
and 20 mg adrenal tissue/ml. 10 ug corticosterone was 
added to half the beakers before incubation. The incubates 
were extracted with chloroform and steroid production 
was measured in equal volumes by acid fluorescence’, by 
ultra-violet absorption at 240 my, and by the blue» 
tetrazolium (BT) reaction’. Fluorometry is the most 
specific of these methods for corticosterone, since other 
steroids which fluoresce are not produced in significant 
quantities by the rat adrenal cortex’. Ultra-violet ab- 
sorption is based on the A-4,3-keto configuration in ring 
A which includes many other steroids, such as deoxy- 
corticosterone, 18-OH-corticosterone and aldosterone, as 
well as corticosterone. The BT reaction is even less selec- 
tive and requires only the C-20, 21 a-ketolic side chain. 

The results of a typical experiment are summarized in- 
Table 1. Corticosterone yields were significantly lower- 
(P < 0-01) in adrenal homogenates from oophorectomized — 
rats than those from intact or oestradiol-replaced. animals 
when measured by fluorescence. Similar values were 
obtained with ultra-violet absorption. However, no 
difference between intact and oophorectomized rats was _ 
demonstrated with the BT reaction. Following addition. 
of corticosterone at the outset of incubation, a 50 per cent — 
loss of the added steroid occurred with the adrenal homo- 
genates from oophorectomized rats when measured either 
by fluorescence or by ultra-violet absorption. No loss — 
could be detected with the BT reaction. 


Table 1. STEROID PRODUCTION BY RAT ADRENAL HOMOGENATES in. vitre" 
Direct incubation Corticosterone added - 


(22/100 mg adrenal) (ug/heaker remaining) 
Method Intact Oophor. Oophor. + Intact Oophor. Oophor. + 
oestradiol oestradiol 
fluor. 35-i 2038 41-0 th fed p2 
Ultra-violet ve 6 202 53-4 19-2 B4 14-0 
BT 60-0 57-2 64-4 135 125 t40 


* Each value represents the mean of three observations. 


These data indicate that total corticosteroid EE A 
by adrenal homogenates in vitro is not diminished by 
oophorectomy. However, the amount of corticosterone a 
obtained is decreased, and this finding is consistent. + 
previous observations'. The diminution in the yielc 
corticosterone may be explained by the capacity 
adrenal tissue from oophorectomized rats to metabolize 
corticosterone further. The resulting metabolite(s). is 
characterized by a loss of the A-4,3-keto configuration in . 
ring A but an unaltered side chain. I suggest that one 
effect of oestradiol is to inhibit the rate of the reaction 
responsible for the formation of this metabolite. 

Additional data relating to this hypothesis were ob- 
tained by the addition of both cholesterol-26-MC and 
cholesterol-4-“C to adrenal homogenates prepared as 
described. Following incubation, isocaproie acid-MC 
production was measured by the method of Ichii et al., 
and corticosterone-4-"4C production by the addition of 
corticosterone-1,2-H with chromatography to constant 
uC: 3H ratio on a column and four thin-layer systems 
with silica-gel G. Radio-isotopes were obtained from 
New England Nuclear Corporation. The chromatographic 
systems were: cyclohexane—ethyl acetate, 2:8; ether; 
chloroform—acetone, 7:3; butyl delate methanol 99:1, 
Measurements were made with a Packard Tri-Carb liquid 
scintillation spectrometer. The results are summar- 
ized in Table 2. Oophorectomy carried out in advance 


Table 2, PRODUCTS RESULTING FROM INCUBATION OF CHOLRSTEROM-4-#C 
AND -26-"C (0-2 u0. OF Eacn/100 MG) WITH Rat ADRENAL pila heal 
in vitro (D.P.M./100 MG ADRENAL TISSUE/120 MING o ug 


Product Intact Oophor. —Oophor, + 







oestradiol 
Isocaproic acid-*C 164,741 169,741 . 168,731 
Corticosterone-8C 48,639 30,432 ° 48,206 


*Each value representa the mean of three observations. 






a significant reduction {P < 0-01) in the yield 
terone from labelled precursor, although the 
amount of cholesterol converted to corticosteroids 
not changed, as measured by the production of iso- 
proic acid-4C. The observations based on unlabelled 
: and labelled steroids are in accord. 

The significance of a step (or steps) in the adrenal 

cortex for the metabolism of corticosteroid beyond 
corticosterone regulated by oestrogen is not clear. One 
-possibility is that this mechanism provides a means of 
regulating the output of physiologically active steroid 
independent of that controlled by pituitary ACTH 
secretion. 
These results will be discussed in greater detail in a 
subsequent publication. This investigation was supported 
in part by research grant (AM-03370) and research career 
_development award (A M-K3-13960) from the U.S. Public 
Health Service. I thank Miss Lydia K, Brown and Miss 
Mmo L. Hough for their technical assistance, 
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; -of Deuterium Oxide on the Relaxation 
-of Glycerol-extracted Muscle 


i rERIUM oxide is known to retard the contraction 
ng muscle!-*, The site of its action, however, re- 
obscure; it affects si ignificantly’ neither the membrane 
ation‘-* nor the contraction of the proteins in glycerol- 
racted muscle’. Deuterium oxide has, however, a 
erential effect on the contractile. response to a number 
nucleotides; whereas the interactions with adenosine 
yhosphate (ATP) and cytodine. triphosphate (CTP) are 
affected, those with inosine triphosphate (ITP) and 
dine triposphate (UTP) are retarded’, The ATPase of 
fibrils? and myosin B” is reduced by deuterium oxide 
inder certain conditions; at neutral pH the myosin B 
_ATPase is, however, not significantly affected’. In the 
case of ITPase, the reaction is always slower on sub- 
stitution of deuterium oxide for normal water (H0) 

(ref: 7). 

This communication reports additional observations on 
-glycerol-extracted muscle. Preparations which have the 
property of spontaneous relaxation after ATP-induced 
contraction are known to lose this property on pre-soaking 
in water-salt solution for variable periods of time’. It 
will be shown that in deuterium oxide the rate of this loss 
is reduced. 

Rabbit psoas muscles were used which had been ex- 
tracted in 50 per cent glycerol? for 3-16 weeks. Fibre 
_bundles about 6 em long and about 0-2 mm thick were 
dissected at room temperature and cut in half; one-half 
: as observed i in deuterium oxide and the other in normal 















‘bundles were pre-soaked in either deuterium oxide 
er cent) or distilled water for periods of time vary- 
m 15 min to 9 h and then mounted for 2 min in an 
mental bath containing deuterium oxide- or water- 
utions, respectively. The solutions contained 0-16 M 
k m chloride, 0-01 magnesium ` chloride and tris- 
‘maleate buffer 0-02 M, pD: 6-8, 7a 7-2. (ref. 11); in some 
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Tension fg) 





Min | 
(a) Isometric tension recording of psoas bundle extracted is- 


Fig. 1. i 
50 per cent glycerol at — 20° © for 3 months, The bundle was soaked in. - 
deuterium oxide for 0-5 È and then placed in a deuterium oxide-salt o 
solution. At ‘ATP’, 4 mM\final concentration) of ATP was naded "his a 
caused partial contraction. followed by relaxation. At ‘Ca’, i (final 
Wg pee ted of calcium chloride was added, resulting in one actio Bi 
(b) Recording of the paired bundle which was soaked in normal water 
for 0-5 h and then placed in water-salt solution. ATP caused a full 
sustained contrac ior uninfluenced. ‘by calcium chloride 









instances buffer was not used. ATP (final concentration 
4 mM) was applied and, later, calcium chloride (final 
concentration 1 mM). The solutions were stirred contin- 
uously. The isometric tension was measured with a fores- 
displacement transducer and direct-wri iting oscillograph. 
(Grass). A 

Muscle Tanda, aie in water for 0- 5-1 h, u 








sportencously aad were not aeneo by sub se 
addition of calcium chloride. In comparable expe 
in deuterium oxide, en the other hand, there was 
spontaneous relaxation with recontraction oceur 
addition of calcium enloride (Fig. 1) Table 1 summa 
the results and demonstrates that in general deuterium ~~ 
oxide, as compared with water, retarded the rate of loss 
of the relaxing property of the muscle. Deoxycholate, < 
known to inactivate the relaxing factor*?", prevents the 
relaxation in deuterium oxide. 





Table 1. SUMMARY OF RESULTS, COMPARING THE INFLUENCE OF DEVWTERIJM 
OXIDE WITH THAT OF NORMAL WATER ON THE Loss OF SPONTANEOUS RELAXA- 
TION IN GLYCEROL-EXTRACTED MUSCLE 


No. of Period ofsoaking Res 
experiments in water or Deuterium oxide Water 
deuterium oxide 
20 30 mir-—9 h Spontancous No spontaneous 
relaxation relaxation 
12 15 min-—-1 h Relaxation velocity 
2-3 times that in 
water 
10 15 miei h Relaxation velocity 
equal to that in 
water 
5 30 min-——f h No spontaneous No spontanecais 


relaxation relaxation 


The loss of spontaneous relaxation consequent Or 8 
pre-soaking the preparation in water is due, presumably, 
either to the inactivation of the relaxing factor (sarco- 
plasmic reticulum) cr to some soluble fraction diffus in a 
out of the muscle. It has been suggested that water- 
inactivates the relaxing factor and that this may be? ře- 
versed by glycerol and sucrose. 

It appears that deuterium oxide decreases the rate of 
the inactivation of tae relaxing factor. Deuterium oxide 
will not, however, reverse the inactivation caused by 
water. 
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Effect of Kidney Beans (Phaseolus vulgaris) 
on Plasma Tocopherol-level and its Relation 
to Nutritional Muscular Dystrophy in the 
Chick 


Dietary use of raw kidney beans (Phaseolus vulgar 28) 
is known to increase the incidence of liver necrosis in 
weanling rats' and nutritional muscular dystrophy in 
chicks?. Although this effect has been attributed to some 
heat labile antagonist(s) to vitamin E, the nature of 
such antagonists and the mechanism of their action are 
unknown. 

The purpose of this note is to report some findings 
which explain why raw kidney beans decrease the biological 
activity of vitamin E and what is the interrelationship 
_ of such process in the development of muscular dystrophy 
in chicks. 

One-day-old White Plymouth Rock x Vantress chicks 
n fom: itamin E-depleted hens were used in this investiga- 


tion, . Each treatment consisted of replicated lots of ten 


male chicks housed in electrically heated battery brooders 
with wire-mesh floors. Feed and water were supplied 
ad libitum. The basal diet used was low-vitamin E 
casein-isolated soybean protein-torula yeast diet as de- 
seribed by Scott and Calvert®, with modifications as 
follows: the diphenyl-p-phenylenediamine was omitted 
and the diet was supplemented with 1 per cent L-arginine, 
0-0125 per eent ethoxyquin to prevent encephalomalacia 
and I p.p.m, selenium (as sodium selenite) to prevent 
exudative diathesis. 

Chicks were killed at the end of the 4-week experimental 
period and scored for muscular dystrophy. The scoring 
scale ranged from zero, for absence of dystrophy, to 4, for 
maximal dystrophy. The average scores were determined 
by dividing the total scores for each group by the number 
of chicks in that group. Blood samples were taken from 
the chicks by heart puncture just before killing them. 
The heparinized blood was centrifuged at 2,500 r.p.m. for 
10 min and the plasma was carefully pipetted off and 
frozen immediately for subsequent tocopherol analysis. 
Total plasma tocopherols were determined by the method 
of Quaife and Harris‘. 

Results in Table 1 show the effect of raw and autoclaved 
kidney beans on plasma tocopherol-level and its relation to 
muscular dystrophy i m chicks. Chicks on basal vitamin E 
low diet showed maximum symptoms of muscular dystro- 
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Basal lox vitamin E diet E i ENT 
Basal diet + 10 mg d-e-tocopheny! acetate/kg diet Res Oe 


Basal diet + 50 per cent raw kidney beans + 10mg 36 E 297 i 
d-a-tocopheny! acetate/kg diet . Guerra 
Basal diet + 50 per cent autoclaved * kidney beans Q2 BOO 


10 mg d-a-tocopheny! acetate/kg diet 
* Autoclaved at 15 Ib. pressure for 30 min. 


phy and a significantly low level of plasma tocopherol. 
Addition of 10 mg d-«-tocophenyl acetate to the basal diet 
increased the plasma tocopherol-level five-fold. and 
reduced the muscular dystrophy to a minimum. Such 
direct correlation between the plasma tocopherol-level 
and the incidence of muscular dystrophy was reported 
earlier by Scott and Desai’. When 50 per cent raw kidney 
beans were included in the basal diet containing 10 mg 
d-g-tocophenyl acetate, the plasma tocopherol-level was 
significantly reduced and the muscular dystrophy was 
elevated to give a score of 3-6. On the other hand, when- 
50 per cent of raw kidney beans were substituted with an. 
equivalent amount of autoclaved kidney beans, the plasma 
tocopherol-level was quite improved and the muscular 
dystrophy was correspondingly reduced. fe 
It appears from these results that at least one. ad the. 
most important reason for this muscular dyst yo 
inducing effect of raw kidney beans is the interfere ce in 
absorption and/or retention of vitamin E in the body. 
The interfering factor(s) could be. specific heat-labile 
proteins or lipoproteins which bind vitamin E and make. 
it unavailable to the body. The significance of effective. 
absorption and retention of tocopherols for specific: func- 
tions, such as prevention of muscular dystrophy, has 
already been discussed®:’. 
I thank Dr. M. L. Scott and Dr. D. E. Hogue, Cornell 
University, for providing the research facility and me : 
kidney bean preparations. 
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PHYSIOLOGY 


Cerebellar Activity, Apneustic Breathing, | 
and the Neural Control of Respiration 


Apnevustic breathing, characterized by deep, sustained — 
inspiratory activity, has figured prominently in theories 
on the neural control of respiratory rhythmicity’. This - 
intriguing respiratory phenomenon has been deseribed . 
in the vagotomized, midpontile decerebrate animal®-*. 
In this preparation, the Hering-Breuer afferent system in a 
the vagi and the pneumotaxic area in the rostral pons 
have been eliminated. Both the Hering--Brever and the- 
pneumotaxic influences appear to be predominantly 
inhibitory to the inspiratory mechanisms of the lower 
brain stem‘. However, the apneustic area in the lower. 
pons is not destroyed by midpontile decerebration and © 
continues to provide a powerful facilitatory infix : 
the inspiratory neurones of the medulla, Inthe 
of apneustic facilitation and the absence. of 
Breuer and pneumotaxic inhibition, the medul : 
tory neurones are excessively stimulated. f “The resultant “s 
excessive activity of the inspiratory neurones Pioaan 5 
apneustic breathing? ae | ae 
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In the vagotomized, midpontile decerebrate animal, the 
cerebellum as well as the caudal pons and the medulla 
remain intact. Thus the cerebellum may play a significant 
part in the phenomenon of apneustic breathing and, if 
such is the case, in the neural control of respiratory 
rhythmicity. The data obtained in the present work 
indicate that apneustic breathing and respiratory rhythmi- 
city are indeed significantly affected by the cerebel- 
lum. 

Thirty-five adult cats were used in this investigation. 
Anaesthesia was induced and maintained with ether until, 
in twenty-six experiments, the animals were decerebrated. 
Decerebration was effected at the midpontile level by a 
combination of arterial occlusion and brain stem transec- 
tion procedures*®:*, This decerebration technique normally 
minimized the problem of haemorrhage. 

Cerebellar depression was effected by ischaemic, pharma- 
cological, and surgical procedures. One or combinations 
of these procedures were utilized in each experiment. 
Ischaemic depression of cerebellar function was achieved 
by occlusion of the anterior and posterior cerebellar 
arteries with silver clips. Pharmacological depression 
was effected by application of procaine (1 per cent) or 
xylocaine (1 per cent) to the surface of the cerebellum or by 
injection of 0-05 ml. of these drugs subcortically. Surgical 
depression procedures consisted of ablation of part or all 
of the cerebellum by suction. The efficacy of the ischaemic 
technique was evaluated by post-mortem study of the 
brains after injection of vinyl acetate into the common 
carotid and vertebral arteries. The pharmacological 
application and injection areas were tagged with dyes. 

lation sites were determined by post-mortem examina- 
tion of the brains after fixation. 

Fifteen vagotomized, midpontile decerebrate cats 
exhibiting apneustic breathing and decerebrate rigidity 
were subjected to suppression of cerebellar function. In 
thirteen of these animals, significant enhancement of in- 
spiratory activity was produced. This enhancement was 

ressed as an increase in the depth of inspiration, as an 
‘Increase in the duration of inspiration, or as an increase in 
both inspiratory depth and duration. Respiratory rate, 
when altered, was decreased. Pulmonary ventilation per 
unit of time was increased, decreased, or unchanged 
depending on the relative alterations in respiratory depth 
and rate. Heart rate and arterial blood pressure tended to 
remain at normal or supranormal levels in these vagotom- 
ized, midpontile animals’:*. Decerebrate rigidity was often 
visibly augmented by cerebellar depression. 

Eleven cats were subjected to midpontile decerebration 
and cerebellar depression prior to vagotomy. Midpontile 
decerebration typically produced a moderate increase in 
the depth of inspiration and, in some animals, a decrease 
in the rate of respiration. The long sus- 
stained inspiratory activity characteristic 
of apneustic breathing dd not appear. 
Later, ischaemic, pharmacological, or surgi- 
eal depress'on of cerebellar function in 
these midpontile animals markedly en- 
hanced either or both the depth and the 
duration of inspiratory activity. In eight 
animals in this series, apneustic breathing 
patterns developed in spite of the integrity 
of the vagi (Fig. 1). Subsequent vagotomy 
produced further augmentation of inspira- 
tory depth and duration. 

_ Nine cats under ether anaesthesia were 
subjected to cerebellar depression without 
prior decerebration or vagotomy. Sup- 
pression of cerebellar activity in these 60 
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animals typically produced significant o mmHg fof 
augmentation of inspiratory depth. Re- 
spiratory rate, when altered, was almost 
invariably decreased. One animal ex- activity in a 


hibited a prolongation of inspiration that 
was suggestive of apneustic breathing. 
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Moderate spasticity eppeared in some of these animals; 
heart rate and arterial blood pressure tended to remain 
within normal ranges. 

Analysis of the effeets of depression of selective portions 
of the cerebellum revealed that augmentation of inspira- 
tory activity was obtained from suppression of either the 
anterior or the posterior lobe of the corpus cerebelli. 
However, inspiratory enhancement was obtained nore 
readily and was of greater magnitude when the anterior 
lobe was suppressed. Depression of function of both the 
anterior and the poscerior lobes often produced greater 
augmentation of inspiratory activity than depression of 
either lobe alone. 

Other investigators have revealed cerebellar effects on 
respiration. Stella’ reported that ablation of the cerebel- 
lum in intercollicular dogs enhanced pulmonary ventila- 
tion. Moruzzi'® found that faradic stimulation of the 
anterior lobe in precollicular cats suppressed respiratory 
activity, particularly the refiex respiratory responses 
elicited by occlusion ef the common carotid arteries or by 
intracarotid injection of potassium cyanide. Zanchetti 
and Zoccolini'! found that cerebellar stimulation im 
thalamic cats produced sham-rage outbursts which in- 
cluded marked hyperpnoea. More recently, Stella and 
Stevan'* reported that cerebellar stimulation in inter- 
collicular dogs may produce either facilitation or inhibition 
of respiratory activity. 

In contrast with the investigations cited above in which 
cerebellar effects on respiration were studied in high 
decerebrate animals with the pontile pneumotaxie centre 
and the vagal Hering—Breuer system intact, the investiga- 
tion described here explored cerebellar influences both in 
the presence and in the absence of pneumotaxic and 
Hering—Breuer activ:ty. Consequently, the data from 
the present study can be related more directly to the 
basic neural mechanisms responsible for the phenomenon 
of apneustic breathing and for the neural control of 
respiratory rhythmicity. These data clearly indicate 
that the cerebellum in the cat provides a tonic, predomin- 
antly inhibitory influence on the inspiratory mechanisms 
of the lower brain stem. This cerebellar inhibition could 
be exerted on the excito-inspiratory neurones of the 
pontile apneustic centre, the inspiratory neurones of 


the medullary respiratory centre, or on both of these ™ 


inspiratory mechanisms. The nature of the cerebellar 
influence places it in a position parallel to the inhibitory 
influences of the pnoumotaxic centre and the Hering- 
Breuer system and antagonistic to the powerful facilita- 
tory influence of the apneustic centre. Both the anterior 
and the posterior lobes of the corpus cerebelli, but particu- 
larly the anterior lobe. appear to give rise to this cerebellar 
respiratory activity. 
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Fig. 1. Polygraph record of respiratory response to ischaemic depression (D) of cerebellar 
dpontile decerebrate cat, vagi intact 
1, respiration recorded with a Grass PT 
pheumograph; 3, arterial blood 

the sustained inspiratory activity whick developed approximately 1 min after D 


Sequence of tracings from the top: 
& transducer; 2, respiration recorded with a 
pressure recorded with a Statham P 23 transducer. Note 











min stress was repeated daily for 7 days. 
venous blood samples were ‘obtained for absolute and 
morphological basophil counts? 
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Heat Stress Degranulation of the Basophil 
Leucocyte in Man 


Lone an obscure but distinctive type of leucocyte, 
the basophil has in recent years been shown to play an 
active part in the immediate- -type hypersensitivity reac- 
tion}, Evidence is accumulating that this cell releases 
its. granules containing histamine and heparin in the 
presence of an antigen and a reactive antibody. These 


morphological changes of degranulation, however, are not 


specific nor limited to the allergic state. Certain drugs 
may induce similar degranulation in the complete absence 
of any. sensitivity”. The investigation reported here 
extends our view of the role of this cell, since it shows that, 
in man, acute heat stress also induces the morphological 
changes of degranulation in the circulating basophil. 

Ten normal, healthy, White and Negro male adults 
served as subjects. All medication was interdicted for 2 
weeks before and during the entire investigation. Heat 
stress was achieved by exposing the men to an environ- 
ment of 120° F with 50 per cent relative humidity for 30- 
un periods. To assess possible acclimatization, the 30- 
Heparinized 


immediately before, 
immediately after, as well as 1 and 4 h after each daily 
heat stress. Control counts and morphological assess- 
ments were undertaken before and 1 week after the last 
heat stress. Cells were classified as normal or degran- 
ulated, that is, having fewer than normal granules, showing 
cytological evidence of extrusion of granules, or showing less 
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Table 1. 
Subject Day 0 | 
No. (before | e — 
| heat stress) | 1 2 
O} | Absolute. b: asophil | | | 
i count (ABC) 69 49 59 
a | Pogranilation g, W) | z ihe id 
ules i H k 
: Dee anwanon (%) 3 A rs 
; } | 
| 4 : Pi granulation (%) oe Kin | th 
F: i : 
| o Degranulation (% ! 39 76 | 1 
i $ A | 
| p | Degranulation (%) | 26 41 | 66 
Í ; D 
| z | Dramnaistion (%) ay - af 
— | a ceennlayon (%) | ee K | aH 
i rc | i 7 
|g | Degranulation (%) | 29 38 | %4 
| | Degranulation (%) 31 14 27 
| 10 | ABC 30 41 41 
a | | 
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staining. Table l summarizes reproastitative data showing 
that, although the basophil count : 
normal, the subjects experienced a significant. | 
in the morphology of the cell. immediately af -30 min 
of heat stress. This was evident at 2 h, as. well-ga. at 4 h, 
and to a lesser degree at 24 h. r $ 

In nine of the ten subjects, 30 min of high temperatire. 
produced a dramatic increase in the number of basophils 
showing degranulation. The effect persisted for the entire 
7 days, acclimatization not being. evident. However, 
after a week of no exposure in the thermal chamber, the 
number of degranulated basophils returned to, or below, 
normal in each of the men. 

The mechanism and significance of this heat-induced 
change in the basophil remain unknown, but it is inter- 
esting to speculate that perhaps the basophil releases 
the vasodilator histamine in response to elevated temper- 
atures. ‘This could thus serve as an adaptive mechanism 
since body temperatures did not rise appreciably during 
the 30 min of stress. It should be noted that the basophil 
is thermo-sensitive in vitro, remaining normal in chilled 
blood for longer than in blood kept at 37° ©. Further 
investigation of the factors accounting for this stress- 
induced degranulation of the basophil would seem to be 
indicated. | . 

This investigation was supported by Public Health 
Service research grant HE 07428-03 from the Division of 
Research Grants, National Institutes of Health. | 
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Cholinesterase in the Mammalian Kidney | 


CHOLINESTERASE activity has been demonstrated in 
portions of the renal tubule?:?, but no one has determined 
which segment of the nephron contains the enzyme. This- 
is surprising as cholinesterase activity is known to : 
associated with sodium transport: in a number of tias es 
and might therefore be associated with sodium p 
in the kidney. Koch? showed that cholinesterase is impor: 
tant for sodium transport through the gill epithelium. of 
the freshwater crab and for sodium absorption from the ` 
anal papillae of the insect larva Chironomus plumosus. The > 
gills of fish transport sodium and contain cholinesterase’. 
In frog skin Koblick et al.5 found an excellent correlation 
of cholinesterase activity with average short circuit current _ 
and thus with sodium transport. Kamento® found cholin- 





BASOPHIL DEGRANULATION IN MAN IMMEDIATELY FOLLOWING REPETITIVE 30-MIN HEAT Stress (120° F, 50 PER CE NT HUMIDITY) 
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esterase in the gills and kidney of the crayfish, and his 
data suggest that at both sites it is involved in sodium 
regulation. 

To demonstrate cholinesterase activity, I have used the 
method of Coupland and Holmes’ on 20u frozen sections 
of kidney, fixed overnight in 10 per cent formol saline. 
The optimal conditions for clearly defined staining of 
renal tubules are incubation for 5 h in a medium with 
acetylcholine as the substrate and an acetate buffer system 
to bring the final pH of the medium to five. 

In the kidneys of twelve rats, four rabbits, four cats 
and two mice that had drunk freely before death, the only 
tubular cholinesterase activity was in short segments at 
the junction of the inner and outer strip of the outer 
medulla, beside the upper part of the vasa recta bundles. 
The exact segment could not be identified. 

Six rats were given no water for 24 h before they were 
killed, so that they were producing a concentrated urine. 
The staining of their renal tubules was both more intense 
and more widespread than in the hydrated animals, 
extending from the inner part of the cortex to the junction 
of the outer and inner medulla (Fig. 1). These segments 
were identified as the thick ascending limbs of loops of 
Henle. The most intense staining was in tubules alongside 
the vasa recta and efferent arterioles which supplied them. 
By microdissection of portions of kidney in which the 
vessels had been injected®, it was found that these tubules 
originate in juxtamedullary glomeruli and have long loops 
of Henle (Fig. 2). 

The addition of 62C47 h di-iodide (10-* M) to the incu- 
bating medium did not affect the cholinesterase activity 
of the tubules. It was completely inhibited by eserine 
(10-5 M) and ‘Mipafox’ (10-* M). This is evidence that the 
enzyme present in the tubules is a pseudocholinesterase. 





C 





Fig. 1 


Fig, 2 

Fig. 1. Sections from the medulla of a dehydrated rat showing (a) 

cholinesterase activity mA oe eet erry arteriole, and (e) bundle 
f vasa re 


Fig. 2. Diagram of the os es of tubule with cholinesterase activity. 
Black shading, hydrated ra Po Te dehydrated rak, A, 
Cortex: B, outer B my C, ee eet ree medul 


NATURE i ; 


813 


It has been suggested that the counter-current mecha- 
nism for concentration of urine in the renal medulla 
depends on the active transport of sodium out of the 
ascending limb of the loop of Henle, and it is in the thick 
portion of this limb that I have found cholinesterase 
activity. It is increased in dehydrated animals producing 
a concentrated urine. It is therefore tempting to suggest 
that cholinesterase activity is linked with sodium trans- 
port in the mammelian nephron, and the work is being 
continued to see what further evidence there is for this. 
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Stability of Adaptation of Critical Flicker 
Fusion Frequency to Intermittent Light 


THE modification of critical flicker fusion frequency 
by intermittent light of varying frequency is unchanged 
by such physiological procedures as hyperventilation and 
rebreathing!, and by drugs*:*, which are known to alter 
mean critical flicker fusion frequency. Wave-length and 
the light-dark ratie of the light source* are important 
factors in determining binocular critical flicker fusion 
frequency, and the state of luminance of the opposite 
eye in determini monocular critical flicker fusion 
frequency. Their possible influence on the adaptation 
phenomenon has, therefore, been investigated. 

Light-dark ratio. Fifteen subjects were exposed on three 
days to light flickering at 20 and 50 c/s for 1 min after 
which ascending (A) or descending (D) thresholds of critical 
flicker fusion frequency were determined using Turner's 
method. The order of measurement was rand 
in a Latin square sequence. The light-dark ratio of 
adapting light source varied on the 3 days between 9-1, 
5-5, and 1-9, while that of the source used for determining 
critical flicker fusion frequency was maintained at 5-5. 

The results were subjected to analysis of variance and 
are shown in Table 1. The difference (d) between mean 
values of critical flicker fusion frequency after adaptation 
to light at 20 and 5C c/s, with a light-dark ratio of 9-1, is 
not significantly diferent from that at light-dark ratios 
of 5-5 and 1-9. The mean thresholds after exposure to 
adapting frequencies with a light-dark ratio of 9-1 were 
significantly higher (P < 0-01) than with a light-dark 
ratio of 5-5 or 1-9. It may be that the first light produced 
a higher state of retmal light adaptation, which would be 
associated with higher critical flicker fusion frequency*. 

Wave-length. Eight subjects were exposed in random 
sequence to adapting lights at 20 or 50 c/s for 1 min, and 
A and D thresholds measured. The wave-length and 
luminance of the adapting light were either 565 my and 
35 lumens/ft.* (yellow) or 620 mu and 40 lumens/ft.* (red). 
The light source used to determine critical flicker fusion 


Table 1. MEAN OF ASCENDING AND DESCENDING ay crock FLICKER Fusion 
FREQUENCY (C/S) AFTER EXPOSURE TO HT AT 20 AND 50 
O/S FOR 1 MIN WITH Listes DARK RATIOS OF 9-1, 5-5, 1-9 


Frequency of adapting light (c/s 
soy p i c/s) 


d 
ap aire Rog ratio of 9-1 31-30 32-10 0-80 
adapting light 5-5 30°60 31-60 1-00 
30-75 31-60 0:85 


$ = 30 S.E, of difference = 0:102 c/s. 5 per cent critical difference = 0-204 
c/s. 
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o Be o; -Dg 
R 31-66 $2-50 O84 0-10 
Y 31-05 31-09 0-04 
da 0-61 0-51 
SE, of difference 0-216 0°308 


frequency was a neon lamp (wave-length 570-610 my, 
luminance 35 lumens/ft.?). 

The results are shown in Table 2. The difference (d,) 
between mean thresholds after adaptation to 20 and 50 
c/s for 1 min with a red light was not significantly different 
from that with a yellow light. However, the mean thres- 
holds after exposure to the red light were significantly 
greater (P < 0-02) than to a yellow light (d,). Hecht and 
Schlaer? showed that colour of the light source was an 
important variable in determining critical flicker fusion 
frequency, although Landis‘ directed attention to the 
difficulty in controlling luminance and colour separately. 
This. experiment demonstrates, however, the effect of 
previous adaptation to light of different wave-lengths 
on the subsequent determination of critical flicker fusion 
frequency. It is unlikely that the small difference in 
luminance between the adapting light sources contributed 
significantly to this effect. 
~ Luminance of the opposite eye. Lipkin® showed that the 
critical flicker fusion frequency of one eye was related to 
the state of luminance of the contralateral eye. This was 
confirmed by a simple experiment in which ascending 
thresholds were measured in the left eyes of fourteen 
subjects after exposure for 1 min to light at 50 c/s with 
the right eye either adapted to the same background 


“ge ilumination as the left (1 lumen/ft.?) or dark adapted by 





being completely covered for 5 min. The mean critical 
flicker fusion frequency in the light-adapted state was 
32-09 c/s and in the dark-adapted state 33-11 ejs (S.E. 
of difference = 0-30 c/s P < 0-01). 

‘The experiment was now repeated in eight subjects 

with measurements of A and D thresholds in the left eye 
after exposure to 20 and 50 c/s adapting light, while the 
right eye was either light- or dark-adapted. 
The results are shown in Table 3. They confirm a 
significant difference (P < 0-01) between the mean thres- 
ds under conditions of light and dark adaptation 
1), but the difference between mean thresholds after 
20.and 50 c/s (d,) with light adaptation was not significantly 
different from that with dark adaptation. 









‘Table 3. MEAN oF ASCENDING AND DESCENDING CRITICAL FLICKER FUSION 

FREQUENCY (c/s) OF Lert EYE AFTER EXPOSURE TO INTERMITTENT LIGHT 

AT 20 AND 50 G/S FoR 1 MIN WITH THE Ricat Eve Ligut (L)- on DARK (D} 
ADAPTED (n = 16) 


Frequency of adapting light (c/s) 
20 50 dy Dax 


State of FA 29-33 30-64 1-tl 0-68 
adaptation D 80-46 31-49 1-03 
ds 0-93 0-85 
LE, of difference 0-312 0-442 


It appears, therefore, that the adapting effect of inter- 
mittent light of varying frequency on critical flicker 
fusion frequency is unaltered by changing the light-dark 
ratio or wave-length of the adapting light, or the state of 
light adaptation of the opposite eye. It has been sug- 
gested" that this phenomenon may have its counterpart 
in similar neurophysiological mechanisms of adaptation 
in other modalities where judgments have to be made 
and frames of reference established®. It is, perhaps, 
appropriate that such a phenomenon, so basic in the 
economy of the organism, should be stable and unaltered 
by physiological and pharmacological procedures which 
readily modify the actual threshold. Further investiga- 
tion is indicated to determine the stability of intersensory 
adaptation’. 

‘We thank the staff of the electronica department of this 
hospital for help in construction of the apparatus, and 
the board of governors for financial assistance to D. 8. P. 
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PHARMACOLOGY 


Water and Electrolyte Changes in Cardiac Hees 
and Skeletal Muscle of Cats Late in 
Haemorrhagic Shock 


Coleman and Glaviano! found, in hearts removed from 
dogs late in post-oligaemic irreversible shock, an increase _ 
in potassium, a decrease in sodium, an increase in water 
which was not significant statistically, and no change in — 
chlorine content per kg of fat-free dry tissue. These 
changes in cardiac water and electrolyte content were 
different from those found in congestive heart failure in 
the dog by Benson ef al.? and Yankopoulos* (increased 
sodium, chlorine, and water). Coleman and Glaviano — 
concluded that “the results of these investigations imply ._ 
that the gradual decline of blood pressure in haemorrhagi 
shock does not stem from myocardial failure”. I feel that. . 
this conclusion is more general than can be justified, — 
either by their data, or by my data or those of others 
which will be discussed. here. Os 

My data confirm and extend those. of Coleman 
Glaviano in another species, the cat. My invest 
were performed in 1959 by the following method: 
tissues were blotted, dried to constant weight, defatted. 
with ethyl ether, and then powdered in a mortar prior to. 
electrolyte determination. Sodium and potassium were — 
measured by flame photometry after an aliquot of powder 
was ashed by heat, while chlorine was titrated potentio- > 
metrically in an aqueous solution of dried powder. My 
control values were similar to those reported by Robertson 
and Peyser* for the cat. ae 

In hearts removed from cats late in post-oligaemic 
irreversible shock I have found a significant (P <.0-05) 
increase in potassium and in water content, a decrease in 
sodium which was not statistically significant, and no _ 
change in chlorine content (see Table 1), These results are _ 
essentially in agreement with those of Coleman and | 
Glaviano and indicate that the heart of the shocked cat- 
reacts in these respects as does the heart of the dog. > 

Included in my investigation were the diaphragm, which 
like the heart continued to contract during ischaemia, - 





























* P<0-05. Values are in grams or m.equiv. per ke fat-f 
litre of plasma. —— 0 Tae eee 
C, Control. S, Shock. 


Table 1. WATER AND ELECTROLYTE CONTENT OF VARIOUS MUSCLES ANDO 
OF PLASMA IN THE SHOCKED CAT Ma E, 
G o Pipe ne gn 
rater (g i(mequiy.} m eguiv, meguiv.) 
a a OO) OB” o 
Heart 3,715 4,103% 355 468% 186 173 148 361 - 
Diaphragm 3,203 3,395 880 457* 124° 103 98" 
Gracilis 8,242 8.498 4283 441 95 40! 89 68 
Plasma — oo 35 68* 16103 21 119 
{egne or per 
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cilis muscle, which did not. Water and electro- 
int hrag re similar to those in 
AOPEN 3] b changes i in the gracilis 

x the plasma, only potassium was significantly 


4 Changes“ in i muscle water aed: electrolytes in shock, 
; _ therefore, were not limited to the heart. Similar electro- 
-< lyte ehanges were present in another muscle, the dia- 
phragm, which continued to work during the development 
of shock. Likewise, in congestive heart failure in dogs, 
-= Benson et al.* found, in the psoas muscle, used as a control, 
ee _ electrolyte changes which were quite similar to those 
found i in the heart. Finally, Robertson and Daniel’ found 
no electrolyte changes in cat and dog hearts which had 
been made to fail by treatment with large doses of pento- 
barbital. It is worthy of note that although haemorrhagic 
hypotension. is accompanied by prolonged elevation of 
blood-levels of catecholamines (Watts and Bragg’), the 
changes in cardiac water and electrolytes in shock are not 
the same as those following large doses. of epinephrine in 
the cat (increased water, potassium, sodium, and chlorine), 
reported by Robertson and Peyser*. In view of these 
several observations, it seems unwarranted to draw any 
nelusions, either from the data of Coleman and 
ano, or from my data, concerning the presence of 
cardial failure in shock. |. 
e is a considerable. amount. of evidence to support 
atement of Robertson and Peyser’ that ‘calculations 
absolute size of the extracellular volume of cardiac 
e from plasma and tissue electrolyte concentration 
liable to gross error: . Nevertheless, because 
sium content and calculated intracellular potassium 
ntration in cardiac m „remained high, while 
. content and caleulatec sellular sodium con- 
ation remained low, — T believ: that more specific 
usions can be drawn, which were also drawn by 
n and Glaviano, that failure of the transport 
ism for potassium and sodium in the heart muscle, 
srefore also a marked deficit in myocardial energy 
lism, are not primary factors | in the pathogenesis 
aversible shock. 
3 work was supported by U.S. Public Health 
vice grant HE 01942 (CV). 
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IMMUNOLOGY 


Sex Difference for Immune Depression and 
_ Runting in Neonatally Thymectomized Mice 
AN amazing difference with regard to wasting following 

thymectomy has been observed between male and female 

hamsters; males showed severe runting even if thymectom- 
ized at up to 4 weeks of age, while females never runted at 
4, No such differences have been reported for other 

S, though there may be such a difference for neo- 

. thymectomized rats (R. A. Good, personal 

nication). 

» course of our investigations concerned with 

m-induced tumours in relation to immune 

n?, the degree of wasting and the homograft 

‘eactivity of male and female mice thymectomized at 
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birth had to be determined. The data, presented in 
Table 1, indicate abo that in mice. a sex difference may 
exist as far as runting is concerned as well as with regard 
to immune depression, the latter correlating well with the 
severity of the wasting syndrome. 

C57TBL and (CBA x C57BL)F, mice were thymectom- 
ized within 24 h acter birth according to Miller’s tech- 
nique®. When 8-19 weeks of age, all mice except the 
severely ill ones received a skin homograft (CBA skin 
on C57BL mice, (RF x C57BL)F, skin on (CBA. x 
CSTBL)F, mice; skin donors were female)... In. sham- 
operated controls, sxin grafts in these combinations: were 
always rejected within 2 weeks. 


Table ł 
Runtag Homograft reactivity ; 
No. of Not , 6 with: 
thymec- Fatal fata % No.of Graft rejection depressed 
tomized within within Runt- mice <2 2-3 >8 homograft 
mice éms. Gms. ing* grafted wks. wks. wks. reactivity* 
Males 44a 21 8 66 82 7 7 18¢ 78 
Females 35% 9 3 34 28 15 8 pa 4¢ 


* se ae between tae groups are statistically significant atthe I per 
a 24 COTBL, 20 (CBA x CS7BI)F,; b, 18 CS7BL, 17 (CBA x CS7BIAR;: 
ate runted with intact skin grafts; d, all died ranted with es skin 

Table 1 depicts the incidence of runting and the apres 
of the depression of homograft reactivity in these mice. 
Only mice without a trace of histologically demonstrable 
thymic remnants in serial sections of the upper media- 
stinum are included in the table. There was no strain 
difference within the sexes for the two parameters so that 
data for each sex cculd be pooled. 

Apparently there was a significantly higher ineidence 
of wasting and a strenger depression of homograft react v 
ity in the males. Early wasting, starting during the second 
and third months, was fatal in both sexes and the’ skin 
grafts were invariably kept intact until death. The 
mice with non-fatal runting, starting mostly after 
third month, usually kept their skin graft from 3 
weeks, while ‘grafts on apparently healthy thymector 
mice rarely survived longer than 3 weeks. A p 
can therefore be drawn between the severity of wasting and 
the degree of immune depression. | 

Incidentally, if eur figures are compared with dat 
reported previously by others, one is struck by the ce 
paratively low incidence of fatal runting and the mode 
degree of immune depression especially in our female mice." 
Invariably fatal runzing and a very high degree of immune 
depression following neonatal thymectomy have been 
reported by some authors for several mouse strains, 
including the C57BE that was also used in our experiments. 
This difference migkt, of course, be attributed to the pos- 
session of a more meture lymphatic system at birth by the 
particular sub-line ased. It might be thought that the 
incapacity to reject foreign skin grafts should not in 
part be attributed to the physical deterioration of those 
animals due to infeetions rather than the deficient. ‘prim- 
ing’ of the lymphatie system per se. When infection was 
ruled out as a factcr, as in the experiments by McIntire 
et al.4 on germ-free mice, very little runting was seen and 
homograft reactivity was only slightly impaired. 

To explain the lower incidence of runting and the lower 
degree of immune depression in female mice as compared 
to males, one might again assume that females are, at ~~. 
the time of birth, immunologically more mature than ~~ 
males. In that case neonatal thymectomy would. less 
frequently lead to a wasting syndrome, whether this be- 
the consequence of an auto-immune reaction subseq ently- | 
leading to lymphatic atrophy and infections® or of a. 
primarily deficient development of the lymphatic system 
followed by infections*, The strikingly dissimilar conse- 
quences of thymectomy in female and male hamsters, 
however, would implicate the sex hormones as a cause for 
this difference’, Oestrogens have in fact been shown to 
cause an increased mitotic index in lymphoid tissues* 
and evidence that female mice can be more reactive im- 
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munologically than males? would indeed suggest an 
influence of sex hormones on immune reactivity. Such 
an influence might also be operative in mice after neonatal 
thymectomy. 

This work was performed under contract with Euratom 
(European Atomie Energy Community), Brussels, Bel- 
gium. 

H. BALNER* 
H. DERSJANT 
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Rijswijk Z.H., 
The Netherlands. 
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Inter-breed, Intra-breed and Autoplastic 
Chimerae of the Domestic Fowl 


In 1956 one of us? developed a technique of grafting 
the forebrain region on the chicken embryo, which then 
underwent more or less normal development as a 
chimera®*, Only a few of the chimeric embryos hatched 
and lived (Table 1). In the work reported here, three 


_-random-bred breeds of chicken were used: Barred Rock, 


mad 


© White Leghorn and Rhode Island Red. The majority of 


the chimeric birds which hatched developed from reciprocal 
graftings between the embryos of Rhode Island Red and 
White Leghorn breeds. 502 inter-breed, 19 intra-breed 
and 68 autoplastic operations were performed. Fourteen 
inter-breed, one intra-breed and five autoplastic birds 
hatched. As these figures show, the percentage of indi- 
viduals able to hatch in the inter-breed chimeric embryos 
was very low, whereas in the autografted embryos, 


, although the number of embryos operated on was small, 





t, 


R.. 


is percentage was considerably higher. One of the 
ns for this is the difficulty of matching the transection 
plane on the recipient with that of the donor of the graft. 
As the self-regulating capacity of the embryo at the 
operation stage is quite limited, the appearance of super- 
numerary parts is the result. Such embryos never hatch. 

As shown in Table 1, ten between-breed compound 
birds survived for periods longer than 2 weeks. Of 
these, one White Leghorn—Rhode Island Red male and 
one Rhode Island Red—White Leghorn female lived more 
than 3 years, and another Rhode Island Red—White 
Leghorn female, still alive, is now more than 5 years 
old (Fig. 1). Most of these birds showed lowered 
viability, presumably caused by the operation. They also 
seemed highly susceptible to infectious diseases. The 
cause of death of some of them could not be diagnosed. 
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Fig. 1. 


Inter-breed compound © No. 6. 


Body: White Leghorn; head: 


Rhode Island Red. Microphthalmia of left eye, crest underdeveloped. 
5 years old 





Fig. 2. Inter-breed compound 3 No.2. Body: Rhode Island Red; head: 


White Leghorn. 


Note: 


drooping crest; donor of graft a female. 


More 


than 3 years old at death 


Three of them (Nos. 2, 4 and 7) died of chicken diphtheria. 
All the inter-breed chimeric birds, males and females, 


had underdeveloped sex glands. They all failed to mate. 
The testes of one White Leghorn—Rhode Island Red 
male, a strong and hefty bird, which was killed when 
more than 3 years old, weighed 10-4 g (Fig. 2). When 
histologically examined, the testes contained a large 


number of spermatozoa. 


found in the vasa deferentia. 


Table 1 




















' Length of | 

Type of chimera i Sex survival | 

| | |! indays | 

(1) | Barred Rock->Rhode Island Red | Male 70 

(2 White Leghorn— Rhode Island Red “a 1,147 | 
(3) | oe PF äi Ayi a 338 
(4) t dò T r s 180 
(5) | ++ +» +: +. t. | 15 

(6) Rhode Island Red—White Leghorn Female | Lee | 

| (7) | a i —" | 1,240 | 
(8) T T n sb | jå 249 

(9) * Ld +» ++ p» 210 
(10) | + t -T ae See 22 


Body-weight (g) 


Weight of 


| 
sex glands 
(g) 





584 at 2 months 
3,085 at 9 months 
3,600 at 17 months 


1,695 at 6 months 





2,300 at 22 months 


1,900 at 58 months 

1,985 at 11 months 

1,350 at 6 months 
075 at 7 months 





10:400 


0:410 
0-530 


Motile spermatozoa were also 
In the ovaries of female 


Cause of death 





Sharp paroxysmal fits, cause unknown 
Diphtheria 


? 


Diphtheria 
Low viability 


Still alive | 





Diphtheria 
kd 


; | 


Low viability | 
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| numerous oocytes in the early stages of differ- 
tion were always found. One White Leghorn female, 
hich on 14 consecutive days was given intraorally 
00 mg dry-weight calf anterior pituitary, laid one egg 
only. This demonstrated the capacity of the ovary to 
ae react: to gonadotrophic hormones. 
Three autoplastic birds—one Rhode Island Red male, 
one Rhode Island Red female, and one White Leghorn 
~~ female-—reached maturity. The Rhode Island Red 
female laid eggs which in due course hatched, but she 
also laid a number of very small yolkless eggs. The 
- White Leghorn female laid her first egg when 13 months 
old. The autoplastic Rhode Island Red male is now 2 
- -years old, but sterile. 
-= Qur cursory investigations on the pituitary have shown 
. that this gland, although normal in general appearance, 
is smaller in chimeric birds than that of the normal bird 
of corresponding age. As the region from which the 
| primordium which gives rise to the pituitary gland lies 
_ lose to the plane of transection, it is reasonable to 
< suppose that its development must have been affected by 
ae : the operation. 
-Although a majority of the inter-breed chimeric birds 
which hatched died in the early months of life, there was 
» evidence that an immunity reaction was responsible 
r their death. Three inter-breed chimeras, two of 
hich died when more than 3 years, and another, still 
e at 5 years of age, prove conclusively that, barring 
idental death and the consequences of imperfect 
tion, these animals are capable of living their 
rmal life-span. 
>the inter-breed compound birds failed to show 
ig instinct. In all of them the sex glands were under- 
eloped to a greater or lesser degree. We think that 
both the inter-breed and autoplastic animals the 
erfect development of the pituitary gland is the 
nary cause of the hypofunctional state of the sex 
ids. 
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‘ ‘Fixation of Parental Strain Lymphocytes in 
F, Hybrid Rats during Cross-circulation 


_ . IT is now well established that homologous disease 
: follows the injection of immunologically competent cells 
into new-born animals!~*, Fi hybrids*-, irradiated animals*® 
and adult animals rendered tolerant by neonatal injections 
of lymphoid cells’, as well as after repeated injection of a 
-large number of lymphoid cells into adults’. Peripheral 
blood lymphocytes have been shown to be immuno- 
logically competent, and homologous disease has been 
_ produced by the injection of whele blood’, or buffy-coat 
layer cells'*. To reduce the amount of damage suffered 
_ by lymphocytes during manipulation in vitro, a technique 
< has been developed for cross-cireulating the blood between 
two rats. Using this technique, homologous disease has 
- been produced with the parent-F, hybrid combination, 
and the problem of whether transfused parental strain 
ymphocytes continue to recireulate in the host after 
wnsfusion, or whether they are rapidly fixed in the tissues, 
been investigated. 
ss-circulation was established between a rat of a 
‘inbred ‘Marshall’ strain and a hybrid rat derived 
rossing the ‘Marshall’ with a. second highly inbred 
ugust’ strain, The right common carotid artery and 
the right jugular vein of each ‘partner were cannulated 
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and the blood flow rate recorded by means of a drop 
counting device, the flow rate being regulated to about 
2/3 ml. per min. After cross-circulation for 1 h, the 
‘Marshall’ rat was teken off and within 15 min a second 
hybrid rat was cross-cireulated with the first hybrid for 
another hour. 

The effectiveness of the cross-circulation was assessed 
by labelling the red blood corpuscles of the ‘Marshall’ rat 
with chromium-51 end measuring the activity of blood 
samples taken from both rats at repeated intervals. The 
labelled cells were equally distributed between . the 
‘Marshall’ and first F, hybrid, and again between the 
first and second F, hybrid within 1 h of starting cross- 
circulation (Fig. 1). | 


100 


bea i 
wt 


Percentage of labelled celis 


25 a. 
0 1% 30 45 60 7 9% 105 120 


Circulation time Gain) 


Fig. 1. Distribution of *'Cr-labelled red cells between ‘Marshall’ (O), 
first F, hybrid (x) and second F, hybrid rats (A). The namber of 
labelled celle in each animal as a proportion of the aora cells initially 
administered to the ‘Mazshall’ rat was calculated, assumi ng 6-3 mi. of 

blood per 100 g body-weight (ref, 11) 


The spleen weight on the ninth day after iniri 
tion was taken as « measure of the effectiveness of th 
peripheral blood in producing homologous disease 
Table 1 gives the results of such experiments. It is sé 





that cross-circulating a ‘Marshall’ with a hybrid rat Tor 
1 h produces a splenic enlargement in the hybrid from the 
mean normal weight of 478 mg to 1,362 mg. When this. 


procedure is repeated and the hybrid rat is then cross- 


circulated with a second hybrid for another hour, it: is. 
seen that in the first. hybrid the spleen weighs 1,342 mg—. 
which is not significantly different from the previous. 
result—whereas in the second hybrid the spleen weighs. 


only 842 mg. If inerement in spleen weight is proportional 
to dose of ‘Marshal? lymphocytes, it may be concluded 


that the ‘Marshall’ lymphocytes are distributed in the. 


first and second hybrids in the ratio of 2-4: 1, so that a 
large proportion of 
fixed in the first kybrid during the periods of cross- 
circulation. 


SPLEEN WEIGHT FOLLOWING CROSS-CIRCULATION 
Spleen weight mg 


Table H, 


Rat No. Cross-cireulation (mean $82. L 
Hybrid 6 None 478 #23. 
Hybrid 4 With ‘Mershall’ only 1,362 432° - 
Hybrid 4 With ‘Marshall’ follow ed by second hybrid i ee 20 
Hybrid 4 W ih first hybrid only 42 & 
‘Marshall’ § Nor 507 
‘Marshall’ R With hybrid 778 





From Table 1 it is ou seen that the ‘Marshall’ aon 


is slightly, but consistently, enlarged. This is probably 


caused by an immunological response of the ee rat. 


to the foreign hybrid cells, 






‘Marshall’ lymphocytes are beimg 
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PATHOLOGY 


Genome Mutation and Carcinogenesis 


iv has not as yet been possible to establish a relation- 
ship between specific chromosome changes and the origin 
of malignancy. It is believed that the observations 
reported in this communication may offer an approach to 
this problem. 

In their report on tumour chromosomes, Makino et al,t 
included tables giving the chromosome complements of 
single tumours. The chromosome complements of three 
female gastric carcinomata of the effusion type were 
recorded i in this way. 

_ Calculations on the heterogeneity of the complements of 
each tumour cell population showed that the individual 
data of these three tumours can be pooled?. After the 
complements had been arranged according to their total 
number of normal chromosomes, y? values were calculated 
to test whether the total number of chromosomes of the 


complement influenced the distribution of the chromosomes 


ver the nine groups of the Denver classification. The 
ata presented in Table 1 show that it does not. The 
chromosome complements of the cells within the same 


‘tumour are characterized by a surprising homogeneity ; 


x values have probabilities greater than 99 per cent. 


Table i.. HOMOGENEITY IN THE DISTRIBUTIONS OF CHROMOSOMES OVER THE 
NINE GROUPS OF THE DENVER CLASSIFICATION, WITHIN THREE TUMOUR 
CELL POPULATIONS* 


Tumour Total No. of Degrees of y? P 
chromosomes freedom 
Ge-53 3,092 56 25-58 0995 < P < 1-006 
Gs-54 1,880 24 10-05 0-990 < P < 0-995 
Gs-42 763 8 1-64 0-990 < P < 0-995 
* The cells were arranged according to increasing chromosome numbers 


and pooled in groups of six or seven. 
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ae en the pooled sched en rou po were ea 
th the nbers expected. ‘on t 







served | 7 IOT perfect 
correspondence. The resulted are pres 3 ntedi in \ Ta le 2. They 
indicate that in tumour @s-53 five groups were normal and 
four abnormal. The results for tumours Gs-54 and Ga-42 
reveal a similar phenomenon, that is, there are pronounced a 
deviations in certain groups, while others show no signifi- 
cant difference. Each tumour is thus characterized by its 
deviating groups. 

In tumour Gs-53 the deviations can be grouped in 
two parts. The number of chromosomes found in 
groups A, and G deviate by 54:8 and 47-4, respectively, 
from their expected values, and the number found in 
groups B and D deviate by 169-6 and 163-5. 

On account of these characteristics of the tumour cell 
population——specific deviations of the tumour chromosome 
groups from the normal pattern, regularity in the extent 
of the deviations and the statistical homogeneity within 
the tumour-~each of these tumours may be considered to ` 
be a clone, derived from a cell with an abnormal chromo- ; 
some complement. 

On this assumption, the number of chromosomes ih. 7 
each group of the abnormal chromosome complement — 
can be estimated. As the modal number of tumour cl 
mosomes usually approaches the diploid, triploid : 
tetraploid chromosome number, the stem cell from which 
the tumour originates should be about diploid, triploid 
or tetraploid. Since the 57 cells of tumour Ge-53 show _ 
that this tumour is near triploid (modal chromosome _ 
number of 62), it is believed that. tne stem cell of this 
tumour was triploid or nearly triploid. The figures > 
estimated on this assumption for the nine chromosome | 
groups are given in Table 3. Their total number, however, 
is 68 instead of 69. With a total of 68 chromosomes, a _ 
new estimate of the chromosome number per group. was 
made. The data then showed a good fit with whole num- 
bers. 

A similar result is obtained when this kind of analy aii 
is applied to the 27 celis of tumour Gs-54 (modal chror 
some number(s) in the range of 68-72), Here the mo 
likely number of chromosomes is 70. (see Table 3). 
the total number of chromosomes of tumour Ge-4! 
only 763, derived from thirteen metaphase plates, it is 
not possible to make a reasonable estimate of the under. 
lying chromosome complement for this tumour. Of course 
it is not possible to be certain that the estimates of 68 
chromosomes for tumour Gs-53 and of 70 for tum : 
Gs-54 are correct. When another number, for example the on 
modal chromosome number, is taken as the original num- 
ber of chromosomes, a slightly different chromosome ` 
complement is obtained. The figures in Table 4 show, 
however, that 68 and 70 are the most likely chromosome 
numbers, for these give the best fit with whole numbers, — 
as indicated by the y? values for the goodness of fit; 
these are smallest ae the fit with whole numbers is 
best. Although this method permits the choice of a total ae 




























Table 2, DEVIATIONS OF THE TUMOUR CHROMOSOME GROUPS FROM THE NORMAL CHROMOSOME COMPLEMENT 
































| xw Tumour | Chromosome groups 
Tn |A | de | As B c D E | F 
| Ga -53 | Observed | 169 159 211 482 1,26 305 439 294 
| Expected | 1562 1562 156-2 312-4 1,2404 468-5 4685 312-4 
M | 105 0-05 19-28 92-07 0-28 57-06 186 1-08 
| n.s* o; n.8. <0-001 < 0-001 ne <0 001 n.8 n.8. 
“@a-54 | Observed 70 | 150 32 112 701 234 276 162 
Expected 81-7 817 81:7 163-5 653-9 245-2 2452 163-5 
x? | 168 | 57-10 30-23 16-22 3-39 0-51 387 0-01 
| P n.8. | <@0-001 <0-001 <0-001 nS n.8 | < 005 ns 
Gs-42 | Observed 19 | 34 26 54 274 103 107 59 
Expected 332 | 33-2 83-2 66-4 265-4 99-5 995 66°4 
s 607 0-02 1:56 2-82 0-88 0-12 057 0-82 
b < 6025. i n.8. n.5 n.8. n.8 n.s n.8. n8. 





tna, Not significant, 























rumour rO ; 

-Estimated Nos. when total is 89 i 

g au complement in whole Nos. 
Estima tod Nos. when total is 68 


err my aA: 












ee Tumour Ge-54 

Estimated Nos. when total is 69 
omosome complement in whole Nos. | 

- Estimated Nos. when total is 70 





ee For. an estimation of the No. 
number, which is representative for one chromosome. 


No. of chromosomes in group A, of tumour Gs-53 is = 160: 
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of chromosomes in a group of the pseudotriploid, the total number of cheomosomes found in this group is divided iby the 
For Crno, when the total No. of chromosomesof the pseudotriploid is 69, the estimation of the 


-a0 = 32 {$in whole numbers). 




















Table 4. GOODNESS oF Fit YOR TESTING THE Most LIKELY TOTAL No. OF THE ABNORMAL CHROMOSOMEXCOMPLEMENT 
| AHIR” Stoarm nn nan OAM este e aa aas 7 aver f aein utn wA maa E E en an mas a ae memana i T 
otal No. of 61 62 BB g4 ; 65 | 66 67 68 = 69 FOF FE W200 B ATD 
romosomes | P| | | | | | 
i rantay seer connie FE WE PCA Po ah rue a See ntl stare p heh EEPE NAA a naaa aaa Sooner aonana inset 
our Ga-53 | 10-55 | 8°33 | 752 | 665 502| 422 | 430 | 854 [435 | 476 | &-27 pom | - |) - | - [ - 
Ges | = | Be a ae ae, | 840 | 488 | 462 e34 | +83 | 497 | 465 | 4-81 | 5 w 
a a ey taata anapata ENEE POTA AA Teat eae a e a e e a a a a a a ee Í 
xpected No. for the goodness of fit has been calculated in the following way: . 
Total No. of chromosomes - 
No ‘of abnormal chromosome eonuplenieit x estimated No. in group. For example, when the toial No. in the chromosome complement: is 60, the. 


s 8502/69 x 3 x 


















3 ior group A, of tumour Gs-53, is” 


some number, it is not known how far this choice 
able. 

‘mechanism through which a cell with such an 
rmal chromosome complement. would arise still 
ins obscure. Possibly. an abnormal mitosis with 
simultaneous non- disjunctions can account for 


normal chromosome complements might also arise 
the chromosomes of polyploid cells segregate, 
dicated by experiments with fused hybrid cells*. 
r mechanism with disturbing influence may be 
endoreduplication of chromosomes‘. Of course it 
t be ruled out that these tumours arose by gradual 
tion of many abnormal karyotypes or by gradual 
ion of clones within a tumour cell population’. 
ie present findings, however, agree with Boveri's 
1 hypothesis®: as early as 1914, Boveri proposed that 
urs could originate by an abnormal chromosome 
plement. Multipolar divisions were assumed to be 
he origin of this kind of aberration. It is of interest that 
overi assumed that a large variation in chromosome 
counts in an otherwise uniform tumour should invalidate 
his hypothesis—it is precisely this variation that has 
_ eoncealed the underlying abnormal pattern. 
The present results give support to the idea that a 
: tumour cell population can sometimes develop out of a 
cell with a genome mutation. Such cells have occasionally 
_ been reported. Buckton et al., for example, in their 
- Classification of aberrant cells, recorded such aberrations 
_ from the normal pattern in C, cells. As an explanation 
they suggested inversions, deletions and translocations. 
‘This kind of aberration is found in leucocytes after X- 
irradiation and these cells may persist for years. Such 
ells were also found by Visfeldt® in cultures of human 
fibroblasts after irradiation. Likewise, a diploid cell 
bone marrow was recorded with one chromosome 
‘in groups 13-15 and one additional chromosome 



















-these cells should develop into a clone of tumour 
not clear. It is possible that the abnormal chromo- 
onstitution disturbs the cell control mechanisms. 
ossible that interference: with cell differentiation 


on a 


in cell proliferation: 





number of chromosomes in each group were 


156-2. With the aid of these expectations 7* values were caloulated. 
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Chromosomes and Cancer 
ISHIHARA et al.' have recorded detailed data on. ‘the 
chromosomal analysis of twenty human female tumours 
of the breast, ovary and colon. Further calculations on 
their data have revealed some interesting features con- 
cerning the distribution of the chromosomes over seven 
groups of the Denver classification. For this purpose we 
used the data given in Table 4 of the report by Ishihara 
et al.. These data were converted into percentages, that 
is, the distributions of the chromosomes over the groups 
were expressed as æ percentage of the total number of 
normal chromosomes per cell. This was the same method 
as was used by Gatton et alt, except that, in order to 
facilitate a comparison between the normal human 
chromosome complement and that of the tumour cells, 
I excluded abnormal chromosomes from all calculations, 
(It should be noted that the exclusion of the abr ormal s 
acrocentric chromosomes! from all calculations £ 
affect the present cenclusion.) 
In a number of cases, Ishihara et al. gave ‘twe 
for one patient; when this was so, the. lowest.: 









together and percentages computed for these numbers. — 

The results of these calculations are given in Table 1, 
and it can be seen that no tumour resembles another with 
respect to its chromosomal distribution. However, by 
































































820 j N À TU F ebruary 19, 1966 von. 209 
Table 1. PERCENTAGE OF CHROMOSOMES PER GROUP FOR VARIOUS TUMOURS FROM WOMEN 
(After Ishihara ef al, Table 4, ref. 1) | 
fee rg Penne eT ees i i Š 7. er [es ace eg f° s r j = . ” i g a iaa: 
Group ; Breast i Breast | Breast Breast Breast Breast Breast | 
' patient 1 | patient 2 | patient 3 patient 4 patient 5 patient 9 patient 110 
intermareais | aatathatineetentorentiocstaadate ma Pe Rea Petre rere ec ve Ihnen tr Anaiak iin nN a Fay iraniar aaaeeeaeo ananin i 
A 18-9 16-0 7-7 3-9 | 24-2 108 120 i 
B 10:8 } 107 Di 9-8 5'8 87. Bl i 
C i 851 34-6 | 28-2 39-2 37-5 45-2 48-7 | 
| D | 8-1 10-7 | 7-7 15-7 9-5 10-2 64 | 
l E 81 14-6 | 25:6 13-7 11-6 9-2 14-3 
F 10:8 81 | 12-8 9-8 10°5 8-7 8-4 | 
| 7 . 8-1 53 12-8 78 To 4R ; 
Í n* 37 75 39 102 | 104 | 195 Zot i 
Pere one Mente ter TE EEN CdS LIRMUED ey RN Ae LACT : pr ines EE SI al OE a | 
i | | i i 
| Group ; Ovary ; Ovary | Ovary | Colon Colon Formal i 
patient 12 patient 13 patient 14 patient 18 patient 19 
| A | 16-6 | 145 | 16-0 191 | 15-2 | 13-0 
B 5-6 9-7 8-0 83 14-5 8-7 
i C i 375 | 37-8 i 36-0 32-7 36-0 34-8 
D 15-3 P8 12-0 10-1 8-8 130 
f E f K i 121 j 12-0 | j4-] i 14°5 13-0 i 
F , 11-1 | 10-0 8-0 8-3 | 12-0 8-7 
7 56 73 8-0 | 7-3 4-3 8-7 
! ne | 72 , 83 | 50 | 120 | 137 | 46 
į i $ i t 
nnn umane anen amme naea a raea a nttpteiiner ointments. 


* n, Total No. of chromosomes. 


Table 2, GASTRIC TUMOURS FROM MEN 
{After Makino et al., Table 2, ref. 3) 














meee A 
‘ Group G8 3h | Gs 39 Gs 40 Gs 48 Gis 51 l Gs 35 | Normal | 
i A 15-0 11-8 11-8 154 13-0 12-2 | 13-0 
B 9-1 | 9-8 9-8 9-2 58 4} 87 
0 ! 36-4 | 35-3 31-4 33-8 43-5 35-1 32-6 
D ib4 18 9-8 12-3 11-6 10-8 13-0 | 
| E 1l-4 157 l 15-7 12:3 11-6 17-8 13-0 
F 9-1 T8 9-8 10-8 8-7 95 8-7 l 
| G | 6-3 78 118 6-2 5-8 10-8 10-9 
| n 44 54 | BI 65 69 74 | 46 | x 
A i i F H i 
i ener TENE Stanly ANENA BANAN Aana NNA aeaa nh hadiae aans Miaran eiee nen ma a nanaman aa A mth AAE AA SAAG o n E AATE n ANAA Aan a A arrea i tater renea AANA E ren ALAA N Aa ANAA A L AAAA A, 5 
| GASTRIC TUMOURS FROM WOMEN | | 
rare en meem a ee A Pet ri a a n ai i- 
| | i | ; | 
| Group rs 4] is 42 Gs 44 Gs 50 | Gs 53 is 54 | Gs 58 | Gs 59 | Normal | 
Sone nena en Mrkttorert tient i aooaa aa aama aana aaa aaO O S =n i 
OO A | 125 104 | Bd 106 | 152 1383 | 93 148 130 | 
Foo R 10-7 TL &2 | 10-6 13-2 58 93 45 CT 
Pe W | 857 362 426 — 109 35:5 37-8 40-0 443 348 
: D | 10-7 137 o o: 15 6-1 88 12-4 14-7 68 1-00 | 
E | 16-1 1330 | 11-5 13-6 121 14-6 14-7 125 SO | 
F | io | 78 | 82 15-2 81 8-5 27 80 | B7 | 
G i i WS 4-0 3-0 7-3 Te 93 io BP | 
n | B a) eens 68 | 682 l SS | 88 46 | 


omparing the chromosomal distributions of all tumours 
ith those of normal cells, it can be seen that in the 
majority of tumours, group C has more chromosomes, 
whereas gruups D and G both have fewer chromosomes 
than normal. These discrepancies can be interpreted if it is 
assumed that reciprocal translocations are formed between 


the acrocentric chromosomes of group D and those of 


group G, and this produces small fragments and sub- 
metacentric chromosomes, indistinguishable from the 
chromosomes of group C. This idea is supported by the 
finding that the nucleolus in human cells is formed by 
nucleolus organizers located on the short arms of the 
acrocentrie chromosomes? and, according to Ohno 
ef. al.*, these chromosomes are more liable to undergo 
breakage. Moreover, ‘minutes’ form a considerable 
proportion of the abnormal chromosomes of the tumours 
deseribed by Ishihara et al. Further evidence is obtained 
by calculations on the data given by Makino et al.3. The 
data given by Makino et al. in their Table 2 (concerning 
gastric tumours of male and female origin) were converted 
in the same way as those of Ishihara et al. Abnormal 
chromosomes and tumours possessing a normal chromo- 
some complement were exeluded from all caleulations. 
For the tumours Gs 42, Gs 53 and Ge 54 the mean per- 
centages were calculated with the aid of Tables 3, 4 and 5 
of Makino et al., respectively. This was done after it had 
been demonstrated that the distribution of the chromo- 
somes over the groups was the same, irrespective of the 
number of chromosomes present. 

_ A comparison of the chromosomal distributions of all 


_ tumours with those of normal cells (Table 2, this communi- 









cation) shows that in the majority of tumours, originating ~ 
from both males and females, group C- has more chromo: _ 
somes than normal, but that both groups D and Q have- 
fewer. These observations are in good agreement with _ 
those made from the data of Ishihara et al. ‘Minutes’ also. 
form a considerable proportion of the abnormal chromo- | 
somes described in the publication of Makino ef al. = 000 

In addition, the data given here in Tables 1 and 2 have 
been tested by Cochran’s test. Fer this purpose the | 
percentages of each group of all tumours were compared __ 
with the normal percentages. The differences found were 
recorded as ‘+’ if the percentage of the tumour group was 
higher than that of the normal, as ‘—’ if the percentage 
of the tumour group was lower than that of the normal, 
and as ‘OQ’ if there was no difference between the two 
percentages. 

The results of this test are shown in Table 3. It can be 
seen from these results that the signs are not randomly 
distributed over the groups. Thus group C has a pre- 
ponderance of positive signs, while the opposite trend is 
observed for both groups D and G. This finding therefore 
supports the interpretation already given. Nevertheless 
it is possible that this trend does not come to light in a 
particular tumour as a consequence of other changes. 






Table 3, Cocuran'’s TEST APPLIED TO THE DATA OF TABLES 1 AND 2. 
THE O SIGNS HAD BEEN ADDED ARBITRARILY TO THE °4’ SIGNS 
Group A B c D E F G 
Sign O 1 1 st — a. a 
Sign + l4 12 22 4 (4 1 5 
Sign ~ lt 13 4 2g _ > oe 21 

Q æ Xie = 8216 Pr 0-00002 ae 







OS 


a soz February 19, 1966 


ù + conclusion, it can be stated that the formation of 

eciprocal translocations involving the acrocentric chromo- 

mes (groups D and G) may help in interpreting the ab- 

normal chromosome complement of widely different 

 ofamours. 
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Regulation of Leucocyte Alkaline Phosphatase 
and the Philadelphia Chromosome 


N recent years there has been a number of reports 
cerning the relationship in the human cell between 
mosome 21 and leucocyte alkaline phosphatase 
P. It has been suggested that, since the LAP 
1 elevated in trisomy 21 and lowered in chronic granulo- 
Jeukaemia (CGL) in which the Philadelphia (Ph) 
mosome was present, the structural gene for LAP 
located on the distal one-third of chromosome 21. 
changes of LAP in these diseases were in the proper 
tion and a gene-dose effect seemed plausible. 
ever, in a case of chronic granulocytic leukaemia 
h the Ph! chromosome’, it was shown that elevated 
1s of leucocyte alkaline phosphatase could occur. 
Idition, Mellman et al. demonstrated that in the 
sence of an extra chromosome 21 of mongolism, exces- 
sive amounts of protein (enzyme) were produced even of 
X-linked genes. These reports were strong evidence 
against location of the structural gene for leucocyte 
alkaline phosphatase on the distal one-third of chromo- 
some 21. 
An attempt was made‘ to interpret the results according 
to the operon concept of Jacob and Monod*. The proposal 
suggested a system involving two regulators, the second 
of which was called a ‘modifier’. The requirement 
of a series of regulators for the activity of an operon has 
~ been. well established*.°. 

-A formulation of the foregoing situation could be made 
as follows: 


Normal — 2R, + 2R, + 2058 —— LAP—normal 
CGL with Ph — IR, + 2R, + 205 — LAP — decreased 


{R is regulator 2 or modifier; R, is regulator 1; OS is 
operator-structural gene complex; LAP is leucocyte 
alkaline phosphatase). 

If the formulation is useful, certain predictions may be 
“made with respect to LAP-levels with changes in the 
~mamber of chromosome 21 or the Ph? chromosome. 

oo. In CGL with two chromosomes 21 and a Ph! chromo- 
- some (47 chromosomes with four normal G-group chromo- 
somes and one Ph} chromosome), the control mechanism 
ay be written as follows: 2R, + 2R, + 20S -> normal 
P. The LAP is expected to be at near normal levels 
ecause the regulation would have been returned toward 
mal, despite the Ph! chromosome. In CGL with 47 
ymosomes, if the addition to the complement is a 
nd Ph, the regulation may be written: 1R, + 2R, + 
208 —> decreased LAP. The increase of chromosome 
mber has not increased the number of R, and thus 
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the status is comparable with the usual case of CGL, 
46 chromosomes, one of which is a Ph! chromosome. , 
Two cases of chronic granulocytic leukaemia with two 
Ph chromosomes have been described recently**. One 
case showed 30 per zent cells with 46 chromosomes, two 
of which were Ph! chromosomes; 70 per cent of the cells 
had 47 chromosomes including two Ph? chromosomes and 
are suitable for test-ng the formulation. The LAP was 
low (0). In the 47 chromosome complement, the second 
Ph! might be considered the ‘extra’ one. However, as 
the 46 chromosome «ells had two Ph! chromosomes, it is 


probably better considered the ‘stem’ line from which the_ 
If so, there would be noi 


47 chromosome cells arose. 
normal chromosome 21 from which the extra G-group 
chromosome might arise. Therefore, 
chromosome is thought to be a number 22. Consistent 
with this deduction is the fact that the patient did not 
develop an elevated LAP despite the acute blastic crisis 
described by the authors. It is usual that in CGL (with 
the Ph} chromosome) for the LAP to be low except in 
complications such as acute blastic crisis, when it com- 
monly rises. The failure of the increase in LAP in this 
case is interpreted ss a complete lack of R, with unin- 
hibited action of R, This would result in more or less 
complete block of tha Os complex. 

Corroborating these views is a recent case of CGL seen 
at the City of Hope Medical Center. The patient, a 39- 
year-old Caucasian female, had an initial LAP score of 
31 (normal 45-90). 
undertaken several months after initial diagnosis when she 
was hospitalized for an acute blastic crisis. Her marrow 
showed bimodal, equa! distribution of 46 and 47 chromo- 
some cells, each with one Ph? chromosome. In the 47 
chromosome cell, the addition was in the G-group. At 
least one G-group shromosome must have been a 21, 
since the LAP, tested simultaneously with the marrow 
study, revealed a scere of 290. 

The manner in which the modifier might work has not 
been elucidated. Cne possibility may be described as 
follows: the second regulator (or modifier) codes for a 
protein which combines with an effector (a metabolite 
or some other small molecule) in the cytoplasm. ‘The 
resultant molecule may act directly on the R, gene or on 
the product of the 2, and its effector (#,-effector). 








would determine how much ft,-effector could be available 
for inactivation of the ‘operator’. If the modifier gene 
R, were absent on ore chromosome (the Ph! chromosome), 
less regulation of R, would oceur. Therefore, more Ri: 
effector would be available to inhibit operator and lower 
LAP. 

In mongolism extra quantities of modifier due to trisomy 
of 21 would provide a more marked inhibition of R,, 
so that more of the product of operator-structural genes 
would be present. Therefore, LAP would be elevated. 
In trisomy 21, much more is happening than the simple 
increase of modifier (Ra) The extra chromosome is 
associated with prefound disturbances of metabolism; 
however, increases cf an enzyme may be logically traced 
to the presence of imcreased amounts of regulator in the 
cell. Regulators fer other genes may be present on 
chromosome 21 and, for that reason, elevation of other 
enzymes would be expected. The report of Mellman 
et al.’ suggests such an interpretation. The fact that 
regulator need not be on the chromosome near the struc- 


tural genes or on the same chromosome has been demon- 
If control works at the level. 


strated in bacterial systems’. 
of messenger RNA es suggested by Ames and Har 
and others, it is cenceivable that the location. 
regulator gene may be on chromosomes other than those 
with the structural genes. Thus, the explanation used 
for the variation of LAP in the presence of the Phi 
chromosome may be extended to the data of Mellman 
et al, 





the additional 


Cytogenetic investigations were... 


It is. 
the R,-effector substance which controls the operator. In. 
this way the ratio between &,-effector and R,-effector 
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Seeming exceptions to the findings predicted by the 
hypothesis may occur because of effectors which are 
common to several inductive or repressible pathways. 
This may explain the elevation of the LAP in CGL when 
acute inflammatory processes of widespread nature or 
acute transformation of the leukaemic process occurs. 
The complexity of the situation in mammalian cells makes 
it difficult to apply the theory rigidly. Nevertheless, we 
suggest that a beginning may be made in the understand- 
ing of regulatory mechanisms of protein synthesis in the 
propositions submitted. Some support for the hypothesis 
is its application to alkaline phosphatase levels in cultured 
heteroploid cells'*. In this investigation, alkaline phospha- 
tase was always lowered when the number of chromosomes 
in the G-group was decreased. 

This investigation was supported in part by General 
Research support grant 1SO1 FR 05471—03-5, and by a 
supporting fund established in the name of Daniel E. 
Conway. 
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ANATOMY 


Influence of Mitotic Activity on Neurulation 
Movements 


ACCORDING to the present view, the forces responsible 
for the closure of the neural tube reside in the neural plate 
itself. On this view, the disproportion between the surface 
area and the volume of the neural plate is the real mechan- 
ical cause of neurulation movements. This disproportion 
can arise either by a diminution of the surface area, or by 
an increase in volume, or, occasionally, by a combination 
of both processes. In all these cases the neural plate cells 
must be firmly anchored in the developing internal limiting 
membrane system'*. The first possibility has been 
generally conceded as the theory of active contraction®-*, 
which presupposes the existence of a contractile system 
settled either extra- or intra-cellularly at the level of the 
internal limiting membrane. Volume increase of the 
neural plate may occur either as a result of cell multiplica- 
tion (proliferation hypothesis), or by an augmentation in 
size of particular cells (hydration hypothesis’). The 
active part of proliferation has generally been overlooked, 
in spite of the fact that only one research worker? denies 
the existence of mitoses in the neural plate. 

In an attempt to clear up this confusion we measured 
the quantitative parameters in 115 chick neurulae. A 
previous series of experiments, in which various noxious 
factors were placed on the embryo during neurulation, has 
demonstrated unambiguously that the phase of formation 
of the neural lips is extremely important for the develop- 
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ment of dysraphic malformations of the central nervous 
system. Our attention was, therefore, focused on this 
phase. We attempted to discover: (1) Whether mitotic 
division does occur during neurulation. We found that 
proliferation does occur, and is higher than in any of the 
following stages? (Fig. 1, P). (2) What happens to the 
surface area of a neural plate. We found that it increases 
linearly (Fig. 1, 0), due to its lengthening (Fig. 1,1). The 
fact that the width, w, of a neural plate does not change 
at all is contrary to the theory of a mere contraction. 
As no diminution of the surface extension of a neural plate 
can be observed, an increase in volume is to be anticipated. 
Two facts give evidence of this process: (a) the steep 
decline in the surface-volume ratio (Fig. 1, r); (b) the 
mirror increase in the number of colchicine-arrested 
mitoses per square surface unit (Fig. 1, dp). On the basis 
of these data we reject the assumption’ that, during 
neurulation, the cells do not attain their original size after 
being duplicated, and that this process would, therefore, 
suggest the cleavage of a miolecithal egg. The hypothesis 
of differential hydration is also endangered’*. We have 
shown repeatedly that the number of nuclei per unit 
volume is increased during neurulation. This fact alone 
is incompatible with the idea of hydration (Fig. 1, H). 

Table 1, summarizing our results, shows that both the 
theory of simple contraction and the ‘cleavage’ hypothesis 
cannot be applied to the chick. We thus attempted to 
determine whether proliferation may be considered an 
effectual factor in neurulation movements. The following 
objections to the active contraction, simultaneously 
taking place, can be raised: 
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Table 1 





(1) On the electron micrographs we have not succeeded 
in finding a continuous ‘contractile’ layer in the cytoplasm 
beneath the cell surface“. The denser spots occur in the 
cytoplasm of cells only in the neighbourhood of, and as an 
integral part of, desmosomal contacts. 

(2) It seems improbable that contraction occurs in 
harmony with the surface expansion of the neural plate, 
without its width being altered, 

(3) The number of dividing cells increases up to the 
moment of closure of the neural tube. Obviously this 
would have a disturbing effect on the continuity of the 
contractile layer. 

(4) Since the proliferation activity remains constant, the 
number of mitoses per square unit of surface (Fig. 1, dp) 
is proportional to the number of cells anchored in each 
surface unit of the internal limiting membrane system. 
Any simultaneous contraction would produce a dramatic 
change in the curves dp and r. However, as no pheno- 
menon of this type occurs, the proliferation activity may 
be considered as the main dynamie factor of neurulation 
movements, the static factor being the firm anchoring of 
the neural plate cells in the developing internal limiting 
membrane system. 
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RADIOBIOLOGY 


Induction of Chromosome Injuries in Mouse 
Bone Marrow under the Distant Effect of 
lonizing Radiation 


DESTRUCTIVE processes are known to be absent from 
shielded regions of the haemopoietic system but present 
in irradiated regions'*. Yet it has been shown that shortly 
after irradiation the concentration of deoxyribonucleotides 
and nucleosides decreases. This is followed by a decrease 
in DNA in the cells of both irradiated and shielded regions 
of the bone marrow*:*. DNA synthesis has also been found 
to be inhibited not only in irradiated but also, to a some- 
what lesser degree, in shielded tumours®:*, 

The question of the distant effect of radiation on the 
appearance and character of chromosome injuries is still 
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open. The distant effect of radiation of the chromosome 
apparatus has been described for plant cells, where true 
chromosome rearrangements were observed’. There are 
also some data indicating that shielded mammalian 
tissues, such as the corneal and skin epithelium, do not 
show significant, increase in the number of chromosome 
aberrations when compared with normal ones!®-?", 

In the present communication we present an attempt to 
study the data on the d’stant effect of ionizing radiation 
on the chromosome in bone marrow cells. 

Experiments were carried out on male and female mice 
of the C57BL strain weighing 18-20 g. The irradiation 
factors were as follows: X-ray machine of RU P-1 type: 
210 kVp., 15 m.amp, filtration 0-75 mm Al + 0-5 mm Cu. 
dose rate 50 r./min. The animals were divided into three 
groups In the first group only one hind limb was irradiated 
with 700 r., all other parts of the body being shielded: in 
groups 2 and 3 surgically exteriorized intestine was irradi- 
ated with 700 or 3,000 r., the body being shielded. A 
5-8-mm lead plate was used as a sereen. Under these con- 
ditions the shielded parts of the body received 0-2-0-5 
per cent of the tota dose. 

The animals were killed 2, 6, 24, 48, 72, and 120 h after 
the exposure to radiation (4-7 mice for each point). 
The femurs of the shielded limbs were fixed in Carnoy’s 
solution. Bone marrow pieces were totally stained using 
Feulgen and light green stains, and squashed. Cells with 
chromosome injuries were counted at the stages of late 
anaphase and early telophase. About 100 cells at those, 
stages were counted in each animal. By mst 

The percentage of bone marrow cells with chromosome 
damage in unirradiated mice was equal to 8-1 + 0-4 
per cent, whereas the proportion of cells with chromosome 
bridges only was 6-40 + 0-8 per cent. 

When only one kind limb was exposed to radiation, a 
distinet increase in the number of cells with chromosome 
injuries was found im shielded regions of the bone marrow 
(Table 1). In directly irradiated limbs, the percentage 
of cells with chromosome aberrations was 97-3 + 0-9, 
83-7 + 4-4, 50-3 + 6-8 and 18-1 + 0-7, 6, 24, 48, and 72h 
after irradiation, respectively. 

Chromosome damages in the shielded bone marrow cells 
were not a result ef direct irradiation. These cells were 
given no more than 3-5 r., but the total body X-irradiation 
with 7 and 15 r. induced only 10-0 and 11-4 per cent 
respectively of cells with chromosome aberrations 6 h 
after treatment. The majority of injured cells had bridges 
only (7-5 and 10 per cent, respectively). Thus, alterations 
found in the cells of the shielded bone marrow are due to 
the distant effect of radiation. 

The distant effecs also becomes manifest when an irradi- 
ated limb is remeved 2 h after exposure. When the 
irradiated limb is removed 8-15 min after exposure, the 
number of chromosome aberrations in bone marrow cells 
does not differ from normal (Table 2). Therefore, humoral 
factors appearing in the irradiated limb start affecting 
the cells of the shielded bone marrow some 2 h after 
irradiation. The question arises whether such chromosome 
injuries in shielded bone marrow cells can be induced by 
the influences from other irradiated tissues. The percent- 
age of cells with chromosome injuries in unirradiated bone 
marrow was about the same 3 days after local treatment 
of the exteriorized intestine with 700 and 3,000 r. and 
after local exposure of a hind limb to irradiation with 
700 r. (Table 1). 

Evidence in support of the humoral mechanism of this 
phenomenon was provided by experiments using in- 
jections of the extracts from irradiated tissues into intact 
mice. Bone marrow cells were destroyed by freezing three 
times in liquid nitrogen, then thawed and centrifuged at 
6,000 r.p.m. The extracts from the intestine were prepared 
in the following menner. A part of the small intestine was 
carefully washed with saline solution with the addition 
of penicillin and streptomycin and then with pure saline 
solution; thereafter it was homogenized and centrifuged 
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Tabie 1. PERCENTAGE OF CELLS WITH CHROMOSOME oiii In SHIELDED BONE MARROW 
Sg are pn ane 
| Time | Kind of treatment 
after j meemeeenraeeeei eea eeeeee aanaa 
o exposure Irradiation of one hind limb |  Trradiation of the extoriorized intestine Irradiation ot the exteriorized intestine 
| (h) with 700 r. with tes r. . 3,000 r. : 
| i [Total No. of cells 1 with | Cells with bridges only | Total No. of cells with | Cells with bridges only} Total No. of celis with Cells with bridges scaly 
| chromosome injuries chromosome injuries chromosome injuries 
| 2 — | = | 49209 26414 E T, 276408 | 8807 
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at 6,000 r.p.m. All these procedures were performed on 
ice and took 2 h. There were no whole cells or nuclei 
in the extracts obtained with this method. For the pre- 
paration of extracts, bone marrow and intestine were 
taken 2 h after total body irradiation. The extracts, 1 ml. 
per mouse, were injected into intact animals either 
intravenously or intraperitoneally, and bone marrow was 
fixed 2 h after the injection. 

Table 3 shows that after an injection of the extracts 
from normal unirradiated tissues, the percentage of bone 
marrow cells with chromosome injuries does not differ 

rom the normal one. When extracts from irradiated 
sues are injected, the number of injured cells is 18-3 
er cent and 21-9 per cent for the intestine and bone marrow 
‘extracts, respectively. 

A eytological analysis showed that chromosome in- 
juries observed in the cells of both the shielded and intact 
bone marrow (after an injection of the extracts from irradi- 
ated tissues) were represented mostly by chromosome and 
chromatid bridges (80-90 per cent) (Table 1) apparently 
formed as a result of stickiness. 

The stickiness of irradiated chromosomes is known to 
be caused either by the depolymerization of DNA! -14 or 
by a change in the structural organization of nucleo- 
proteids!* 18, Irrespective of which hypothesis is valid, 
the stickiness observed in our experiments may be 
associated with the changes in DNA concentration?:* and 
with a depression of DNA synthesis*:*. 

The data presented lead us to the conclusion that 
chromosome injuries appear not only in directly irradiated 
but also in shielded regions (mostly bridges) of the haemo- 
poletie system. They are induced by humoral influences 
(observed not earlier than 2 h after exposure) from. irradi- 
ated tissues. This is proved by the appearance of chromo- 
some damage in the bone marrow cells in the same num- 
bers and at the same time both with local irradiation of 
the small intestine and with injection of the extracts from 


Table 2, PERCENTAGE OF CELLS WITH CHKOMOSOME [NgIURIES IN UNIRRADI- 


ATED BONE MARROW G B AFTER IRRADIATION 


6 h after irradiation 
Total No. of cells with Cells with bridges 
chromosome injuries anly 


Kind of treatment 


Body shielded, one hind limb 
locally irradiated with 760 r. 
and amputated 2 h after 


irradiation 22-6 + 05 21-8 + 05 
Body shielded, one hind limb 
locally irradiated with 700 r. 
and amputated 8-15 min after 
irradiation Ss + 1 T-4 > OS 


Table 3, PERCENTAGE OF CELLA WITH CHROMOSOME INJURIES IN BONE 


MARROW OF Mick 2 H AFTER INJECTION OF EXTRACTS 


tnjection of extracts Total No. of cells with Cells with bridges 
chromosome injuries only 
Thiact intestine 3 + O5 2 + 0-5 
Intestine irradiated with 3,000 r. 18-3 + 2-1 Iro t 1-5 
ntact bone marrow 9H + OF J8 + 06 
Bone marrow irradiated with. 
TOO r. 21-90 + 1:3 20-7 + 1:0 





the bone marrow or the intestine of irradiated mice mto 
intact unirradiated animals. 


N. F. BARAKINA 
M. I. YANUSHEVSKAYA 


Institute of Animal Morphology, 
U.S.S.R. Academy of Sciences, 
Moscow. 
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Influence of Sodium Salicylate on Radioactive. Ti 
Strontium Retention in Rat and Mouse 


THis communication reports a programme of test 


procedures to determine a satisfactory therapy for elimina- `. 


tion of radioactive strontium from experimental animals. 
During the first hour following intraperitoneal administra- 
tion, the isotope is still amenable to attack and we believe 
that intravenous sodium citrate is the most effective 
therapeutic agent'. At later times, as the isotope becomes 
progressively associated with skeletal tissue, citrate iš- 
ineffective and the problem of reducing body burden. 
becomes one of improving the exeretion over prolonged 
periods, Sodium salicy late was tested in this connexion 
in view of its evident pharmacological activity, its 
possible chelating properties and its low toxicity. Doses 
were calculated on the maximum recommended human 
dose. 

Fourteen adult Sprague-Dawley rats, female, weight 
200 g, were pre-medicated to establish an effective thera- 


peutie concentration by intraperitoneal injection of sodium ` 


salicylate (200 mg/kg) for 4 days prior to administration of 
strontium-85. Each animal was then injected intraperi- 
toneally with 1 ue. strontium-85 and daily salicylate 
treatment continued thereafter. Fig. 1 shows the cumula- 
tive urine and total excreta levels for the 23-day period 
following injection of the radioactive strontium pe ab | 
with a control group of animals. 

Ten adult ASL mice, female, w aghe 20 g were also 
treated with salicylate (200 mg/kg) by oral administra- 
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Fig. 2. Cumulative excretion of strontium-85 from control (C) and 
salicylate-treated (x) mice 


tion in drinking water, After 7 days each animal was 
given an intraperitoneal injection of 1 uc. strontium-85. 
Salicylate treatment was continued for a further 24 days. 
Fig. 2 shows the combined excreta levels compared with 
control animals. 


Table 1. EFFECT OF SODIUM SALICYLATE ON EXCRETION OF STRONTIUM-85 

FROM FEMALE RATS EXPRESSED AS RATIOS OF AMOUNTS FROM TREATED 

ANIMALS TO AMOUNTS FROM CONTROLS AT PERIODS FOLLOWING ADMINIS- 
TRATION OF THE ISOTOPE 


Period (days) Urine ratio Facces ratio 
0-1 0:89 069 
1-2 3-26 1-08 
2-3 3-75 1-03 
3-4 3-51 0-88 
4-7 2-20 1-18 
7-8 2-01 0-06 
8-9 1-57 1-10 
9-10 1-66 0-99 

10-15 1:37 1-20 
Rest period 

15-17 O74 0-68 

17-18 1:38 0-96 

18-21 1-60 SO 
Rest period 

21-22 1°12 001 


The effectiveness of salicylate in improving excretion 
of radioactive strontium is thus established in rats and 
mice. The salicylate does not appear to be maximally 
effective until 48 h have elapsed, which would indicate 
that salicylate is not playing the part of a chelating agent. 
Since a diuresis was observed, it is suggested that renal 
tubular resorption processes are affected. Renal output 
of strontium-85 from treated animals is increased after 
24 h. The ratio of the levels of activity in excreta from 
treated rats relative to those from controls (Table 1) 
indicates an improvement in renal output by a factor 
greater than 3, while the faecal output is unchanged. 
Furthermore, a preferential excretion is maintained for 
several days, is lost after withdrawal of salicylate treat- 
ment and is restored again after further treatment. 

T. H. BATES 
H. Sire 
United Kingdom Atomic Energy Authority, 
Chapelcross Works, 
Annan, Dumfriesshire. 
t Smith, H., and Bates, T. H., Nature, 207, 799 (1985). 
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Degradation of Arci in a Fossil Alnus 
Pollen Grain 


RECOGNIZABLE biological degradation of fossil Tertiary 
palynomorphs has generally been limited to or most 
evident on structurally simple or smooth-walled pollen or 
spores'. Moore*-* cescribed the effects of microbiological 
attack on Palaeozoic fossils and also noted that “some — a 
degree of selectivity of the saprophyte upon the host is 
demonstrated, and the structural features of the various 
spores are shown to exert considerable control over the =a 
distribution and manner of attack; the organism follows 
these features to a great extent. In spores where there is 
no marked structural differentiation the ornament of the 
exine, particularly in thick-walled forms such as Con- 
volutispora (p. 364), plays an important part in controlling 
the distribution of the attack and the manner in which it 
is carried out”, 

Goldstein’, using extant pollen and spores as bait, 
observed that saprephytie phycomycetes attack different 
plant groups unequally. The difference in susceptibility 
may be due to variations in the chemistry of pollen and 
spore exines from ene plant group to another. Various 
exine layers within a plant group may have different 
chemical ecomposition*. It follows that layers of exine 
restricted in distribution over the pollen or spore, that is. 
ornamentation, might reflect differential chemical charas 
teristics, 


ie 








A-B, Exhibiting 
A, median focus « 


ollen. 

arci; 

focus, phase fcontrast (x 1,000). C-D, 

Well-preserved grain with no apparent degradation; C, bright field; 
D, panse contrast (x 1,000) 


Fig. 1. Photomicrographs of fossil Alnus spp. 
biological or physico-chemical degradation of t 
under bright field; B, median 


A Tertiary Alnus pollen grain exhibiting marked degra- 
dation along the arci is further evidence of selective attack 
on the host (Fig. _A—B). Tke causative nature of the 
degradation, whetoier biological or physico-chemical, 
remains unknown. It is believed, however, that the 
presence of the arei controlled the distribution of the | 
process. 


W. ©. ELSIK 


Esso Production Research Co.. 
Houston, 
Texas. 


‘(In the press), 
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Wall Thickening in Callitris glauca R. BR. 


SOME species of the genus Callitris exhibit in varying 
degrees a special type of thickening of the cell wall in the 
vicinity of the bordered pits of tracheids. This ‘eallitroid 
thickening’ (Fig. 1) is diagnostic, and was noted by Patton! 
and was also described by Janet. 

Cronshaw* examined these thickenings in the electron 
microscope, and was able to show that the ‘awns’ which 
appear to project into the cell lumen, were in fact attached 
along their length to the radial walls, the thickenings 
usually tapering off in thickness towards the tangential 
wall, 

Carbon replicas of the inner surface of tracheids show 
that the wart structure*’ extends across the thickenings 
towards the pit aperture, but while the warty membrane 
persists the warts themselves tend not to occur within the 
confines of the area delimited by the thickenings. This 
area is more or less rectangular in shape (Fig. 2), but with 
a tendency for the thickenings to be closer to one another 
where they merge with the tangential wall. In tangential 
longitudinal sections, the thickenings can be seen to arch 
out over the pit aperture (Fig. 3), giving the appearance 
of a double border. 

Ultra-thin cross-sections have recently been prepared 
from the xylem of Callitris glauca (Fig. 4) and it can be 
seen that the thickenings are caused by extensive eccentric 





a h 


Fig. 1. Callitris glauca. Photo-micrographs of a cross-section (a) and a 
radial longitudinal section (+) showing the thickenings (arrowed) in the 
vicinity of bordered pits 





Fig. 2. C, glauca, Electron-micrographs of carbon replicas of the lumen 

sides of a radial wall (a) and a tangential wall (ò), showing the extent of 

the thickenings. Note the wart structure which tends to disappear 
within the confines of the thickenings 





Fig. 3. C. glauca. Electron-micrograph of a thick tangential longi- 

tudinal section shadowed with platinum—paliadium, showing the 

thickenings arching over a pit and giving the appearance of a double 
border 





Fig. 4. C. glauca. Composite picture of electron-micrographs of a 


cross-section shadowed with platinum—palladinm, showing the extremely 
thick S; layer (T) on the radial wall, compared with the normal thickness 


ofS. 





Fig. 5. C. glauca. Electron-micrograph of a cross-section through part 
of the thickened S, laver and including a wart 
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ih, of the innermost layer of the secondary wall, 
rally known as the S, layer, as was suggested by 
ardrop®. The thickest layer of the secondary wall is 
ormally the S, layer, consisting of 30-150 lamellae’, 
: vhereas the S, layer is normally much less than 30 lamel- 
-lae. In callitroid thickenings, however, the S, layer is 
~ about twice the thickness of the S, layer. 
A highly magnified section through the wart structure 
| ‘is illustrated in Fig. 5. The wart structure has been des- 
- eribed by Wardrop and Davies? as a localized thickening 
-of the cell wall in the form of a papilla. While this des- 
: cription is in general verified by Fig. 5, it can be seen that 
_ the wart itself has a different structure from the S, layer. 
Tt can be concluded, therefore, that the wart itself i is not 
_ simply an extension of the S, layer. Examinations of other 
pens spp. are being carried out. 
ce : G. W. Davis 
H. D. INGLE 
i o 8. I.R.O. Division of Forest Products, 
— South Melbourne, Victoria, Australia. 
+ Patton, R. T., Proe. Roy. Soc. Victoria, 40.(1), 1 (1927). 
dane, Fe W., The Structure of Wood (A. and C. Black, London, 1956). 
onshaw, J., J. Inst. Wood. Sei., 8, 12 (1961). 
ese, W., Ber. Deutsch. Bot. Ges., 64, Suppl. 31 (1951). 
ayashi, K., and Utsumi, N., J Jap. For. Soc., 85, 393 (1951). 
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Genetics of Cuckoo Egg Polymorphism 


SCENT work on avian chromosomes has opened new 
in the investigation of egg polymorphism i in cuckoos. 
uestion of how some of the parasitic cuckoos can 
tently parasitize several unrelated host species in 
area, usually with eggs well-matched to those of each 
3, has long puzzled biologists. Speculations on the 
es involved have been undertaken by Millert and 
tt (in Chance’) among others; these need re- 
sal in the light of newer ideas and discoveries. 
innett (loc. cit. and ref. 5) discussed among other 
ilities that of Y-inheritance, and remarked that it 
d fail to account for the marked deviations from 
‘fect mimicry known to occur in the case of the common 
skoo (Cuculus canorus)’. With due regard for Occam’s 
zor and modern cytogenetic knowledge, it is here 
posed that the simple W-chromosome (to use the 
derm Z-W terminology for avian sex chromosomes) 
eritance hypothesis is probably correct. The first 
itive identification of a W-chromosome in birds was 
reported in 1963 for the budgerigar (Melopsittacus 
undulatus)’. Recent work at the City of Hope Medical 
Center, Duarte, California (unpublished), has disclosed 
“the presence of a large W in a Passerine species. Ohno 
et al. have shown that macrochromosomes are remarkably 
uniform in the avian sub-class Carinatae’. Hence it is 
likely | that cuckoos will be found to possess a W-chromo- 
some in the heterogametic (female) sex, a highly conjec- 
tural possibility prior to 1960 (when all the speculations 
‘on cuckoo inheritance occurred). 

It is suggested therefore that W -inheritance can explain 
all observed polymorphic phenomena in C. canorus 
specifically, and in other cuckoo species with similar 
breeding biologies also. Briefly, some of the arguments 
involved are as follows: 
> A female cuckoo of a certain host-specifie gens (egg- 
nonomorphie tribe within a species)? would transmit to 
her daughters the same egg-colour gene complex that 
herself has. According to the gens theory, these 
hters would be ‘imprinted’ to their foster-parent 
#8, Each daughter would then continue to lay 
atiching eggs in nests of that species regardless of 
ns of her father. Occasional deviations from this 
vean be explained by (1) crossing over (or trans- 
location) between Z and W; (2) breakdown of imprinting; 
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(3) lack of proper host nests, and other accidental situa- 
tions. Any of these could explain the oecasional cases of 
mis-matching cited by Southern’. It is possible that cases 
of more frequent misplacement which apparently occur: 
in some areas!? coald be ascribed to breakdown in 
absolute W-linkage. For example, a translocation (or 
cross-over) between 2 and W involving egg-colour genes 
could become estabashed and spread through a local 
population because of imperfect discrimination by the 
host(s) in that area. 

The foregoing seems to apply well to the didric cuckoo 
(Chrysococcyx capriuss in South Africa®-°, in which species, 
however, gentes have not yet been demonstrated. ‘This 
common bird should prove very suitable for the interesting 
task which remains: testing the W hypothesis cyto- 
logically and genetically. 

I thank Drs. U. E. Abbott and W., J. Hamilton TIT, 
University of California, Davis, and M. B. Markus of 
Pretoria University, South Africa, for their advice. 


R. A. ©. JENSEN 
Department of Poultry, 
University of California, 
Davis. 
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Localization of Ribonucleic Acid in the 
Cutice of Nematodes 


THE demonstratiorm of esterase enzymes in the cutii 
of Ascaris lumbricoides! indicated that this complex 
structure was metabclically active. The increase in size 
after the final moult in many nematodes with consequent 
growth of the cuticle would imply that some biosynthesis 
takes place during tais period. It has been assumed, 
however, that such biosynthetic activities occurred in the 
hypodermis. Here E report the demonstration of RNA 
in the cortical layer əf three parasitic nematodes, Aspi- 
culuris tetraptera, Syphacia obvelata and Ascaris lumbri- 
coides. 

Two methods for the localization of RNA. have been 
used, namely the acridine orange method of Bertalanffy 
and Bickis and Kernick’s methyl green-pyronin Y 
method, both methocs as given by Pearse®. With the 
former method, fresh frozen 8u sections were used, and for 
A. tetraptera and &. olveiata it was necessary to embed in 
2-5 per cent gelatin before sectioning. Sections were cub 
on a Pearse~Slee cryostat at — 20° C. With Kurnick’s 
method, 6u paraffin sections of worms fixed in Carnoy’s 
fixative (6: 3:1) for 2h were used. With both methods, 
controls were pre-incubated in a solution of ribonuclease 
type ITA (Sigma Chemical Co.) containing 0-5 mg .of 
enzyme per ml’. Ths substitution of Fenwick’s saline*, 
at the same pH, for Krebs’s Ringer solution had no detect- 


able effect on the intensity of staining with acridine 
In all the three species examined, only the inner’ 


orange. 
cortex of the cuticle was positive; the reaction was 
absent in all controls including controls of ascarid material 
pre-incubated in a solution of RNase previously: heated 
at 90° C for 10 min. 

The demonstration of RNA in the inner cortex of the 
cuticle of these nematodes by two different methods 
precludes the possibility of artefacts and points to the 
synthesis of proteins in this layer. Chemical analyses of 
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the cuticle of Ascaris** and histochemical observations 
on Aspiculuris and Syphacia® have indicated that a large 
proportion of the cuticular solids are proteins. 

The outer cortex in all the species examined is stabilized 
by disulphide linkages while the inner cortex stains 
intensely for sulphydryl groups®’. These observations 
would suggest that a keratin-like protein is present in the 
cortex, but the X-ray diagram of this region of Ascaris 
is of the typical collagen type. The matrix layer which 
lies below the cortex shows close similarities to collagenous 
structures**, but the interface between the two layers 
constitutes the so-called fibrillar layer which may not 
necessarily be a morphological entity®-*. 

Investigations of collagen fibrogenesis have shown that 
ascorbic acid is required for the process and it has been 
suggested that this carbohydrate is necessary for the 
hydroxylation of proline residues’*. By means of the 
method of Bacchus? for the detection of ascorbic acid, it 
has been demonstrated that in Aspiculuris and in Ascaris 
ascorbic acid is distributed diffusely in the inner cortex. 
Both ATPase (using Wachstein and Meisel’s method) and 
acid phosphatase (using both the azo-dye coupling 
technique and Gomori’s lead nitrate method)’ have been 
located in the inner cortex of the three nematodes. 
These enzymes are known to participate in the formation 
of one or other of the structural proteins discussed here. 
It seems reasonable, therefore, to suggest that the cuticle 
of nematodes, as distinct from the hypodermis, partici- 
pates in the synthesis of some of the proteins of which it 
is constituted. Presumably amino-acids and other 
smaller molecules necessary for such synthesis of protein 
macromolecules are supplied from the hypodermis. A 
fuller report of these investigations, now in preparation, 
will be published elsewhere. 

I thank Dr. D. L. Lee for his interest and critical 
discussions during this work. 
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Adhesion of Lymphocytes to Large Motile 
Cells in Cultures of Rabbit Thymus 


McFarland and Heilman?! have described the attach- 
ment of lymphocytes to macrophages and to transforming 
blast cells in cultures of leucocytes derived from the mixed 
venous blood of two unrelated donors. The purpose of 
this communication is to direct attention to a similar type 
of association between small lymphocytes and large motile 
cells, which has been observed repeatedly in cultures of 
rabbit thymus. 

Thymic tissue was taken from healthy rabbits of either 
sex, their ages ranging from 21 days of foetal life to 
mature adults, and explanted under ‘Cellophane’ strips in 
a modified Rose culture chamber*. The chambers were 
filled with a fluid medium composed of equal parts of 
pooled rabbit serum and T'O Medium 199 (Glaxo). After 
24 h in vitro the explants showed profuse migration of 
small lymphocytes, together with occasional typical 
macrophages. In addition, numbers of large motile cells 
(LMC) were constantly found in the outgrowth, differing 
in morphology and pattern of movement from the macro- 
phages. 
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The behaviour of the. LMC was recorded by time-lapse 
cinemicrography on 16 mm film, with the culture chamber 4 
on the stage of a phase-contrast microscope enclosed in 
an incubator maintained at 37° C, and also by a series of 
still photographs on 35 mm film. 

The appearance of a typical LMC is illustrated in Fig. 1; 
it is an elongated cell, with a broad veil of thin cytoplasm 
at the advancing edge, behind which lies an irregularly 
indented nucleus containing one or more nucleoli. Behind 
the nucleus there is an area of cytoplasm containing 
granules and small vacuoles, tapering off into a narrow 
cytoplasmic ‘tail’. The time-lapse films reveal that the 
pattern of movement of LMC is characteristic, with the 
cytoplasmic veil at the anterior end undergoing rapid 
undulation; the remainder of the cell preserves a constant 
shape, with little or no surface activity. The most striking 
feature of these cells, however, is their ability to carry 
small lymphocytes which, having become attached to the 
‘tail’ of the LMC, are then dragged along as the motile 
cell proceeds through the culture medium (Figs. 1-5). 
Throughout their association with the LMC (which may 
continue for a period of time varying from several minutes 
up to 1 h or more) the lymphocytes display a more or less 
complete cessation of their own normally active move- 
ments, remaining entirely passive and adhering to the 
same point on the surface of the LMC; occasionally a 
lymphocyte is seen to become detached and is left behind 
as the LMC moves on. The ultimate fate of such detached 
lymphocytes is not known, but during the first few 
minutes following their separation they can be seen to 
have some surface movement. They do not appear to 
regain the usual rapid motility of the small lymphocyte, 
but neither do they show any morphological evidence of 
impaired viability. 

The number of lymphocytes attached to an individual 
LMC varies from 0 to 10 or more. In one culture chamber, 
containing 8 explants, 120 LMC were counted, to which 
were adhering a total of 271 lymphocytes. The frequency 
of occurrence of the association does not appear to vary 
with the age of the donor of the thymic explants; it is 





Figs. 1-5. 


Typical examples of the adhesion of small lymphoc to 
motile cells in living cultures of thymus taken from 
13 ys (Fig. 1) AnA weeks (Figs. 4, 5) and from a 


23-day ; 
h case LMC was moving from right to left. That in Fig. 5 


2,3). Ineac 
has ingested the pyknotic agri of A lymphocyte. Phase contrast. 
x 7 
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Fig. 6. Close contact between lymphocytes and a large cell with pale, 
slightly granular cytoplasm. Imprint of thymus, stained May-Griinwald 
and Giemsa, (x 410) 


. 7, 8 Grouping of bgp =e es round cells with irregular nuclei 
and vacuolated cytoplasm. Fresh, unfixed suspension of cells teased 
from thymus. Phase contrast. (x 700) 


seen as commonly in cultures of thymus from foetal 
animals as in those from neonatal or adult rabbits, with 
the qualification that, in mature adults, the thymus tends 
to be replaced by adipose tissue, with consequent reduction 
in the numbers of motile cells in the cultures. 

If an association of this kind occurs in the intact 

_ thymus in vivo, and is not merely a result of the abnormal 

_ environment of the living cells in vitro, it might be antici- 
pated that some evidence of it would be visible in histo- 

| logical preparations; in fact, the density of the cell 
population in the thymus makes it extremely difficult to 

ognize such a relationship in stained sections, although 

_Ishidate and Metcalf* have reported the congregation of 
dividing lymphocytes round PAS positive cells in sections 
of regenerating mouse thymus after cortisone-induced 

atrophy. However, the examination of stained imprints, 
or fresh unfixed suspensions, of thymus, in which there is 

some degree of separation of the cells, indicates that the 

close association of small lymphocytes with larger cells 
can be observed quite frequently (Figs. 6-8), suggesting 
that the events seen in the cultures may indeed take 
place in the intact thymus in vivo. 

_ There is a strong resemblance between the behaviour 
of the thymic lymphocytes in the cultures described here 
and the attachment of peripheral blood lymphocytes to 
other cells depicted by McFarland and Heilman’. As 
these authors have pointed out, this type of contact 
differs from the active participation of lymphocytes seen 
in ‘emperipolesis’* and in ‘peripolesis’*>, where they move 
rapidly around either within the cytoplasm or over the 
external surface of other types of cell. The lymphocytes, 
both in the cultures of blood leucocytes and in those of 

thymus, remain immobile during their period of contact. 
MeFarland and Heilman have suggested that such 
attachments may permit the transfer of RNA or other 

_substances from cell to cell. The functional interpretation 

of the contacts between lymphocytes and LMC in the 
thymic cultures must take into account the nature and 

origin of the LMC. Judging by their morphology and 
pattern of movement they are not typical macrophages; 
urthermore, on the evidence at present available, they do 
not appear to possess highly developed phagocytic powers; 
ig. 5 shows the only example so far encountered of phago- 
by a large motile cell. The appearance and activity 

f these cells suggest, if anything, that they may be 

to the large lymphocyte. The general appearance, 

phase contrast, of the cytoplasm immediately behind 


l 
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the nucleus is compatible with the possession of an active 
Golgi apparatus; tkis, coupled with the existence of 
well-developed nuclecli, leads to the tentative hypothesis 
that the LMC may be actively synthesizing and secreting 
a substance, either iato the culture medium or directly 
into the cytoplasm of the attached lymphocytes. 


J. A. SHARP 


Department of Anatomy, 
University of Leeds. 
*MoFarland, W., and Heilman, D, H., Nature, 205, 887 (1965). 
* Sharp, J. A., Ezp. Cell Res. 17, 519 (1959). 
* Ishidate, M., and Metcalf, D., Austral. J. Exp. Biol., 41, 637 (1963). 
‘ Pulvertaft, R. J. V., Proc. Roy. Soċ., B, 52, 315 (1959). 
* Sharp, J. A., and Burwell, R. G., Nature, 188, 474 (1960), 


Hydrodynamic Simulation of Small, Passively- 
sinking Biological Objects 


SINKING velocity is an important ecological factor for 
many small biological objects such as pollen grains, air- 
borne fruits and micreplankton. Elaborate structures are 
often developed to increase drag and reduce sinking 
velocity, but their effectiveness cannot be directly investi- 
gated because of the difficulties involved in manipulation. 
The hydrodynamics cf such small objects can be investi- 
gated, however, by using models of convenient size in 
highly viscous fluids. We have recently used this method 
in considering the feasibility of a planktonic mode of life 
for an extinct bivalve mollusc! and think the method 
should interest planktologists, palynologists and others 
who do not read palaeontological literature. 

The flow pattern around bodies sinking steadily in a 


fluid depends on the Reynolds number R = a where 


pọ = the density of the fluid, p its viscosity, v the sinking 
velocity and 1 (length) a typical dimension. When the 
Reynolds numbers of the flows around geometrically 
similar prototype (suffixp) and model (suffix,) are the 
same the flow patterns are also similar. For example, a 
bivalve molluse of lp = 1 mm sinking in water at 1 mmj 
see will have a similar flow pattern to a model of lm = 
80 mm sinking in glycerol at about 10 mm/sec. 

To find the effect of different drag-producing structures 
on the prototype they may be simulated on the model and 
the sinking velocities and immersed weights of the variously 
modified models found experimentally over a range of 
viscosities. The equivalent settling velocity of the proto- 
types in water or air can then be calculated. 

When sinking steadily a body experiences a drag force 
(D) equal and opposise to its immersed weight. When 
the Reynolds number is less than about 10* the drag force 
may be expressed: 

D = auvi = aut 
ẹ 
where g is a function only of R, the Reynolds number. 
From the experimente it is possible to construct a curve 
of aR: R. Knowing the immersed weight of the modified 
prototype (=D) and the viscosity and density of the 
fluid «Rp can be calculated. Reference to the experimental 
curve produces Rp whence: 


vy = He As 
Pp lp 


The only apparatus required is a series of U-tube 
viscometers and a hydrometer and a wide dropping tank 
deep enough for the model to travel at terminal velocity 
for a time sufficient such that it can be measured with a 
stop watch. A suitable range of Reynolds numbers can 
be obtained by mixing liquids of different viscosity such 
as glycerol and water. Thixotropic liquids (for example, 
methyl cellulose and water) must not be used. 
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Models are widely used to investigate the hydrody- 


namics of prototypes larger than themselves, but their 


use with very small prototypes is relatively unexplored. 

P. MINTON 

Department of Civil Engineering, 

Imperial College, London, 8.W.7. 
R. P. S. JEFFERIES 

Department of Palaeontology, 
British Museum (Natural History), 
London, 8.W.7. 


* Jefferies, R. P. 8., and Minton, P., Palaeontology, 8, 156 (1965). 


Continuous Recording of the Hydrostatic 
Pressure in a Sea Anemone 


INVESTIGATION of the hydrostatic skeleton in the 
invertebrates has generally been limited to the use of 
manometrie techniques to determine the hydrostatic 
pressures involved both at rest and during activity’. 
Some workers, notably Batham and Pantin*, have based 
their results on manometer readings taken at frequent 
intervals, but there seem to be few reports of work using 
continuous recording of pressure changes. 

Some recordings have been made of the hydrostatic 
pressure of the coelenteron of the actinian polyp Tealia 
felina with the view of making some comparison with the 
results previously obtained on Calliactis and Metridiwm':* 
before investigating other animals. A _ four-channel 
pen recorder (manufactured by E. and M. Instrument 
Co., Texas) was coupled by d.c. amplifiers to a myo- 
graph to record activity, and a Bourdon gauge, by way 
of a photoelectric transducer, to record, simultaneously, 
pressure. The Bourdon gauge used had the advantage of 
low fluid displacement, about 15 mm? per 130 cm water 
pressure applied, and a sensitivity of 1 em pen deflexion 
for 6 em water pressure at maximum gain. It was not 
convenient, however, to work at maximum amplification 
for long periods, but the instrument proved stable enough 
at lower gain to register constant pressures steadily over 
periods of at least several hours. 

A glass cannula of 3 mm diameter with the mouth cut 
obliquely to minimize blockage was inserted through the 
lower part of the wall of the column of an anemone and 
connected to the gauge. A thread from the margin of the 
disk and a light isotonic lever were used to record simul- 
taneously the movement of the Tealia. While the anemone 
remained fairly constant in shape the pressure recorded 
from the enteron gave values of up to 3:5 em of water, 
comparable with those observed by Chapman for Calliac- 
tis*. Some considerable movement was recorded at night, 
including what appeared to be sharp retractions, but with 
no corresponding changes in pressure. A gradual increase in 
pressure of 2-8 cm of water was recorded, however, during 
20 min at the commencement of activity and this was 
sustained during activity. This is in general agreement 
with the findings of Batham and Pantin’, who point out 
that an increase in muscle activity will raise the average 
hydrostatic pressure. A typical recording of a naturally 
occurring contraction (Fig. la) shows a rapid build-up in 
pressure and a slow subsequent drop. The maximum 
pressure recorded from a natural contraction was 10 cm 
of water, the anemone in this case taking 1-75 h before 
returning to the initial pressure. Mechanical stimulation 
by poking hard at the base of the column gave maximum 
pressures (15 cm of water) when the anenome was half 
retracted before stimulation (Fig. 1b), but pressures of 
only 2 or 3 cm of water when the polyp was originally 
fully expanded. Long periods of relaxation were again 
experienced. These values of pressure recordings are 
again comparable with those observed in Calliactis? by 
use of manometric techniques. Although the Bourdon 
gauge in its present form is not so sensitive as the more 
refined manometric techniques’, its use over longer periods 
and for continuous pressure readings without observa- 
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Fig. 1. Recordings of hydrostatic pressure changes in Tealia. Upward 
movement of the pressure traces indicates an increase in pressure, the 
scales representing a pressure of 20 cm of water and a 30-sec time mark. 
a, The sharp increase and slow relaxation of pressure (upper trace) of a 
naturally occurring contraction (lower trace, downward deflexion); 


b, rapid retraction of the anemone with mechanical stimulation at the 
point indicated 


tional fatigue is clearly of value. Investigations are 
proceeding into the continuous recording of the coelomic 
pressure during burrowing in annelids and of the pressure 
relationships of heart and haemocoele in molluses. 


E. R. TRUEMAN 
Department of Zoology, 
University of Hull. 
! Chapman, G., Biol. Rev., 33, 338 (1958). 
* Batham, E. J., and Pantin, C. F. A., J. Exp. Biol., 27, 264 (1950). 
* Chapman, G., J. Mar. Biol. Assoc, U.K., 28, 641 (1949). 


MICROBIOLOGY 


Effects of the Diethyl Ester of Pyrocarbonic 
Acid on Bacteriophage and Transforming 
DNA 


Tue synthesis of the diethyl-ester of pyrocarbonic acid 
(DEP) was first reported by Boehm and Metha! in 1938. 
Later, G. Hecht? observed that this compound had a 
strong bactericidal effect. It is also known that DEP 
rapidly decomposes in water into toxicologically indifferent 
products; carbon dioxide and alcohol: 


C,H,—O—CO—O—CO—O—C.H, + H,O > 
2 0,H,OH + 2 C0, 


These two characteristics—its bactericidal effect and its 
decomposition in water—make it useful as a sterilizing 
agent. In recent years a number of publications recom- 
mended it as an advantageous preservative for use in the 
food industry*. The mechanism of its bactericidal effect 
is not yet known exactly. 

We performed experiments aimed at testing the effect 
of DEP on bacteriophage and on DNA capable of genetical 
transformation. 

The phage material and the bacterial strains used in 
our experiments originated from the collection of the 
Microbiological Institute of the Medical University of 
Szeged (Hungary) and the DEP was a commercial product 
of Farbenfabriken Bayer A.G. 

The virulent Bacillus subtilis phage referred to as 4L 
was propagated in yeast extract peptone media* on the 
sensitive strain of Bacillus subtilis, Marburg. The lysate 
we received contained 5 x 10’ plaque-forming units 
(p.e.u.) per ml. 1 mil. of the lysate was incubated at 
room temperature with 0-02 ml. DEP (dissolved in 96 per 
cent ethanol in concentrations of 50—0-5 per cent) and 
after 24 h (after the decomposition of DEP) the number 
of infective phage particles was tested as described by 
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Table 1. INHIBITORY ACTION OF DEP oN 4L PHAGE 


Concentration of P.F.U. per ml 
tial DEP at the begin- r24h Inhibition 
P.F.U. per ml ning of incubation incubation (per cent) 
(mg DEP per ml.) 
6 x 10° 0 5 x 10° 0 
5 x 10° 0-1 5 x 10° 0 
5 x 10° 1-0 5 x 10° 90 
5 x 10° 10°0 100 


Ivanovics and Csiszar*. The results of the experiment are 
shown in Table 1. 

In another experiment we studied the effect of DEP 
on DNA capable of genetical transformation. The DNA 
was prepared from Bacillus subtilis 168 prototrophic 
strain according to the method of Marmur®. 1 ml. of DNA 
(0:8 mg DNA per ml., dissolved in 0-015 M sodium chloride 
plus 0-0015 M trisodium citrate, pH 7-0) was incubated 
at 0° C with 0-02 ml. DEP (alcoholic solution in concen- 
trations of 50—-0-5 per cent) and after 4 days the trans- 
forming activity of 0-1 ml. DNA solution was tested on 
the tryptophan auxotrophic strains of Bacillus subtilis 
168 according to the method of Anagnostopoulos and 
Spizizen*. Table 2 summarizes the results of these experi- 
ments. 


Table 2. EFFECT OF DEP ON DNA CAPABLE OF GENETICAL TRANSFORMA- 
TION 


Initial concentration of DEP in a Percentage transformation to 


08 mg DNA per mil. solution prototrophy by 0-1 ml. DNA 
(mg DEP per mi.) after incubation for 4 days 
0 0:10 
0-1 0-18 
10 0-10 
10-0 0-12 


These data show that DEP possesses a phage-inhibiting 
action in addition to its well-known bactericidal effect. 
On the other hand, the fact that the transforming activity 
of DNA practically was not altered by DEP indicates 
that its phage-inhibiting action probably takes place 
through the protein part of the phage particle. 

At present, in our other experiments we routinely use 
DEP for phage elimination in bacterial filtrates and for 
sterilizing different DNA solutions. 

I. FEDORCSÅK 
I. TURTÓCZKY 
Department of Genetics, 
Eötvös Lorand University, 
Budapest. 


* Bochm, T., and Metha, D., Ber. dtsch. chem. Ges., 71, 1797 (1938). 

* Hecht, G., Zeitschr. J. Lebensm. Unters. Forsch.,114, 242 (1961). 

* Farbenfabriken Bayer A.G. Baycovin zur Kaltentkeimung alcohol-freier 
Getränke, Ausgabe vom 1 Juli 1964. 


ee G., and Csiszár, K., Acta Microbiol. Acad. Sci. Hung., 9, 200 
*Marmur, J., Methods in Enzymology, 6, 726 (1963). 
* Anagnostopoulus, C., and Spizizen, J., J. Bacteriol., 81, 741 (1961). 


CYTOLOGY 


Electron Micrography of Human Chromosomes 


As a field of research, human cytogenetics is only 9 
years old, but outstanding results have already been 
reported in numerous diseases. Further advances depend 
now essentially on the resolution of the microscope; as 
the limits of the optical system seem to have been reached, 
important new developments in cytogenetics should not 
be expected. 

We therefore approached the present problem by elec- 
tron microscopy, as several authors have recently done 
for animal cells of different origins'~*. 

Mitoses were obtained from human blood cultures and 
submitted to hypotonic solutions containing trypsin and 
RNase. Either of the following techniques was then 
used: 

(1) The cell sediment was fixed in acetic acid-methanol 
and spread on collodion films. The best mitoses were 
selected by phase-contrast microscopy and their support- 
ing film transferred on grids which were floated on uranyl 
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acetate solution. Fig. 1 shows one chromosome from such 
a mitose. After DNase treatment, chromosomes appear 
empty, with an electron-dense envelope. 

(2) The cell suspension was digested with trypsin- 
KNase-EDTA, mixed with a cytochrome solution, and 
spread on the surface of a Langmuir trough. The material 
was picked up on formvar—carbon-coated grids, fixed, 
dehydrated and conically shadowed with platinum. 
Depending on the strength and duration of enzyme 
action, chromosomes and nuclei appeared more or less 
fragmented, giving rise to many fibres of different sizes, 
most of which were parallel and showed some periodicity 
(Figs. 24). Fairly frequently, loose bundles of individual 





Fig. 1. A chromosome No. 1 (Denver classification) (x 18,000) 








acked DNA fibres which can be followed 
of at least 30x (= 8,000) 


Bundles of 
over a lengt 


Figs, 2 and 3. 





Fig. 4. Loose bundles of individual DNA threads which can be followed 

over a length of at least 404. They present cross-links at rather regular 

intervals. From these points, loops of individual DNA fibres spread on. 
No free ends of threads can be seen (x 24,000) 


DNA threads presenting cross-links at somewhat regular 
intervals were found. 

These methods enable investigation of human chromo- 
somes to be made at much higher magnifications than 
previously ; they show DNA fibres and their gross arrange- 
ment and structure. 

A. GOVAERTS 

Fondation Médicale Reine Elisabeth, 

Brussels. 
D. DEKEGEL 
Institut Pasteur du Brabant. 
! Du Praw, E. J., Proc. U.S. Nat. Acad. Sci., 58, 161 (1965). 
* Du Praw, E. J., Nature, 206, 338 (1965). 


* Hotta, Y., and Bassel, A., Proc. U.S. Nat. Acad. Sei., 53, 356 (1965). 
* Wolfe, S. L., J. Ultrastruct. Res., 12, 104 1965 


Cytoplasmic Inclusions in Neurores of 
Cercopithecus Monkeys 


DuRING the examination of spinal dorsal root ganglia 
from a large number of South African vervet monkeys 
(Cercopithecus aethiops pygerythrus) we have observed 
that eosinophilic cytoplasmic bodies are usually present 
in a high proportion of ganglion neurones at all levels of 
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the cord. These bodies may be single or multiple, are 
commonly round but may appear discoid when seen on 
edge (Fig. 1) and may have basophilic internal structures 
(Fig. 2). Inoculation of ganglion suspensions into monkey 
kidney tissue cultures has not produced changes in these 
cultures. 

Similar bodies have only very occasionally been observed 
in the anterior horn cells of the spinal cord. Cytoplasmic 
inclusions had not been noted elsewhere in the central 
nervous system until they were seen in the thalami of 
several monkeys used in the transmission of a non-viral 
toxicosis from ticks fed on these animals. A careful 
search of sections of the brains and cords of vervet monkeys 
used in a variety of other experiments has revealed iden- 
tical inclusions, chiefly in the thalami, in over half the 
animals examined, including monkeys not inoculated m 
the central nervous system. In the brain the bodies are 





_ 


Inclusion body in spinal ganglion neurone. 
(x ¢. 1,450) 


Fig. 2, 





Shorr's stain 


Fig. 1. Inclusion body in spinal ganglion neurone, 


(x ¢. 900) 


Fig. 3. Inclusion body in thalamus neurone. Haematoxylin and eosin 


stain (x e. 1,450) 


~ 
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« usually round and regular in outline, measuring 4-5 


in diameter (Fig. 3). They are eosinophilic, but may have 
faintly discernible unstained internal structures. ‘The 
bodies usually occur singly within neurones; but a large 
number of cells, especially in groups, may be affected, and 
in one section of thalamus measuring 8 mm by 10 mm 
more than ninety inclusions were seen. No clinical signs 
are associated with their presence. 

These bodies were also observed in the thalami of 
monkeys inoculated intracerebrally with human brain 
biopsy material from cases of subacute inclusion encephali- 
tis, and wrong conclusions about their presence may have 
been drawn if they had not been noted in the brains of 
other monkeys. 

M. MALHERBE 
Poliomyelitis Research Foundation, 
South African Institute for Medical Research, 
Johannesburg. 


VIROLOGY 


Susceptibility of the Rhesus Monkey (Macaca 
mulatta) to H-I Virus 


THE host range of the H-viruses, a new group of small 
agents approximately 200 A in diameter, is as yet 
unknown. H-1, H-3 and HB have been isolated from 
tumours, embryos, and placentae of human beings? ?, 
while RV and X-14 have been obtained from tumour 
tissue of rats? +, All these viruses are distinguished by 
their ability to produce an infection in new-born hamsters 
that results in death or a ‘mongoloid-type’ deformity, 
depending on the concentration of virus given. The 
present communication indicates that the rhesus monkey 
(Macaca mulatta) is also susceptible to an H-virus. 

Two adult and healthy female monkeys, approximately 
3 years old, were injected subcutaneously with 0-5 ml. of 
H-1 virus that had a haemagglutination (HA) titre of 
1: 2,560 with guinea-pig red cells. This was the same 
virus suspension previously described and used’ for one 
of two human cancer patients (No. 2) who developed an 
H-1 virus viraemia and afterwards high antibody titres 
to H-1 after injection of this agent. .The two monkeys 
injected with H-1 also developed a viraemia. Whole 
blood, drawn from the animals 4 days after the injection of 
virus, was inoculated subcutaneously into 2 litters each of 
new-born hamsters®, all of which died within 13 days. 
H-1 virus was isolated from the livers and kidneys of the 
dead hamsters. The pre-injection blood, used as a control, 
caused no harm to two other new-born hamster litters. 
Sera from the latter animals, bled at 21 days of age, were 
tested for the presence of antibodies to H-1 and were 
negative. 

Both pre-injection and post-injection sera from the 
monkeys were examined for the presence of antibodies to 
H-1. After treatment with kaolin to remove non-specific 
inhibitors’§, the sera were tested in various dilutions for 
their ability to inhibit the haemagglutination of guinea- 
pig red cells by 8 units of H-1 virus. The results were 
expressed as the highest serum dilution that completely 
inhibited the haemagglutination. HA-I antibodies 
appeared by the twelfth day in one monkey and were 
present in both animals by the nineteenth day (Table I, 
Monkeys No. 1 and No. 2). The antibodies had disap- 
peared by day 33, at which time the monkeys received a 
second injection of the same virus preparation. An 
anamnestic-type response occurred. The antibodies were 
specific for H-1 since similar tests with HB, H-3 and RV 
viruses were negative. Sera with HA-I titres also neutral- 
ized H-1. When undiluted and 10-! dilutions of these 
sera were mixed with an equal volume of the H-1 virus 
used for injection of the monkeys, they afforded new-born 
hamsters complete protection, while a mixture of pre- 
injection sera plus virus killed control hamsters in 5 
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Table 1. HAEMAGGLUTINATION-INHIBITION TITRES TO H-1 VIRUS OF SERA 
FROM ADULT RHESUS MONKEYS PREVIOUSLY INJECTED WITH H-1 


Monkey Monkey Juvemle monkey with 
Day of treatment No. 1 No. 2 induced tumours 
Pre-inj. 0 0 0 
Day 7 0 0 0 
12 40 0 80 ` 
19 80 80 1,280 (died) 
33 0 0 — 
1 week after re-inj. 80 80 — 
1 month after re-inj. 0 0 — 


* Guınea-pig cells were used for these procedures. Results are expressed as 
the highest serum dilution that completely inhibited haemagglutination of 
the cells by 8 units of H-1 virus. 


days. It should be noted that the monkeys did not 
appear ill at any time. 

The HA-I titres prcduced in the two normal monkeys 
were rather low compared with the high HA-I titres of 
1 : 2,560 or more, previously observed in the human cancer 
patients. Since H-1 kas been isolated from proliferating 
tissues such as human tumours, embryos, and placentae, 
it was thought that this agent might possibly multiply 
best where rapidly growing tissues were present. Accord- 
ingly an attempt was made to find a rhesus monkey with 
@ spontaneous tumour. None was obtained, but through 
the courtesy of Dr. S. Munroe, a 1-year-old male rhesus 
monkey carrying thre> induced Rous-virus tumours?’ was 
made available. This animal received 0-5 ml. of the same 
suspension of H-1 given to adult monkeys No. 1 and No. 2. 
It developed an HA-I antibody titre of 1: 1,280 to H-1 
by day 19 (Table 1) at which time it died of complications 
due to the induced Kous-virus tumours. It is certainly 
not possible to ascribe the high antibody titre observed in 
this single animal tc the presence of rapidly growing 
tissues. On the other hand, it is noteworthy that no 
impairment of antibody production to H-1 was observed 
in this monkey because tumours were present and the 
animal was in a terminal state. 

In addition to the adult monkeys, six new-born full- 
term rhesus babies, housed at the Bionetics Research 
Laboratory, Falls Ckurch, Virginia, were injected sub- 
cutaneously on the dey of birth with 0-5 ml. of H-1 virus 
(Table 2). Three different strains of H-1 virus with high 
HA titres of 1: 5,120 were used for these six animals. 
Monkeys No. 536 and No. 538 were injected subcutan- 
eously with 0-5 ml. of the first hamster passage of H-1 
isolated from the blood of human patient No. 2 noted 
previously, 4 days afser the injection of virus. Monkeys 
No. 577 and No. 578 received another first hamster 
passage from this same 4-day blood, while monkeys No. 
565 and No. 566 were injected with virus derived from the 
third hamster passaze of H-1 isolated from a human 
embryo. Five of ths six animals developed HA-I and 
neutralizing antibodies to H-1. The sixth animal (No. 
538) died at 2 weeks, possibly before antibodies could be 
detected. No antibodies to HB, H-3 or RV were found in 
any of the sera. All the monkeys died with an autopsy 
diagnosis of pneumonia. The attendant nursery-room 
staff recorded as noteworthy that all six monkeys had a 
‘rough coat’ and that ‘painful’ skin rashes occurred in four 
of the animals (Nos. 536, 566, 577 and 578). These obser- 
vations were considered unusual in a large nursery with a 
daily capacity at anv one time of approximately 45 indi- 
vidually isolated rhesus babies. The average expected 
death rate for such full-term infants is about 25 per cenz. 


Table 2. HAEMAGGLUTINATION-INHIBITION TITRES TO H-1 VIRUS OF SERA 
FROM RHESUS MONKEYS INJECTED AT BIRTH WITH H-1* 


Monkey No. 
Time of 536 538 577 578 565 566 
treatmentt (9) (9) (3) (9) (8) (9) 
Pre-inj. 0 0 0 0 0 0 
2 weeks 320 0 320 320 40 0 
Died Died 

3 weeks — 1,280 1,280 -80 
Died Died 

2 months 180 2,560 

Died 
3 months 320 
Died 


* Same procedures used for titration as outlined, Table 1. 
t Three different strains of H-1 virus were used for injections, two monkeys 
were injected with each strain. 
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On the basis of this preliminary work, death of the baby 
monkeys cannot be attributed to the virus injection. It 
can. be concluded, however, that both adult and new-born 
rhesus monkeys are susceptible to infection with H-1 virus. 
A. related observation is the recent report!® that H-1 and 
H-3 viruses can be grown and passaged in monkey as well 
as human tissue cultures with the production of a cyto- 
pathic effect (CPE). 

The work on new-born monkeys was carried out in 
collaboration with the staff of the Bionetics Research 
Laboratory, Inc., Falls Church, Virginia, under a contract 
to the National Cancer Institute, Bethesda, Maryland. I 
thank Dr. A. Pallotta, Dr. R. Miller and the nursery room 
staff for their help, and I also thank Dr. S. Munroe for 
supplying the juvenile monkey with Rous-virus-induced 
tumours. 

This work was supported by grants CA—02042—11, CA~ 
07826-01 and CA-07826-02 from the National Cancer 
Institute, National Institutes of Health, U.S. Public 
Health Service, and grants H-110# and E-343 from the 
American Cancer Society. 
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VETERINARY SCIENCE 


Hypocuprosis of Cattle in the Argentine 
Hyroovrrosis in cattle is defined by low concentrations 
of copper in the liver!-* or in the blood?-4-5 or other tissues’ 
and is usually associated with some general external 
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symptoms such as unthriftiness, diarrhoea and depigmen- 
tation of the hairt. Anaemia is sometimes, but not always, 
present. The levels of copper in the tissues which have 
come to be regarded as diagnostic of hypocuprosis are 
for the blood less than 0-70 y per ml.‘:5 and for the liver 
less than about 30 (refs. 1 and 6) p.p.m. dry-weight ; the 
severity of the condition increases as the tissue concentra- 
tions of copper fall below these thresholds, until at levels 
of 6 p.p.m. dry-weight of copper in the liver, sudden death 
in cattle has been recorded?. 

Hypocuprosis has been reported from @ number of 
areas of the world’. Of these reports, only a few have 
been concerned with a deficiency induced by the presence 
of unusually low concentrations of copper (less than 
3 p.p.m.) in the feed*. The majority of the reports’ refer 
to a ‘conditioned’ copper deficiency in which there is & 
blocking of the utilization of normal amounts of copper 
in the forage (6~16 p.p.m.) by other constituents present, 
such as molybdenum and sulphate. These two com- 
ponents of the forage have been amply demonstrated 
to limit the copper storage in sheep*®, and have been 
reported to be involved in the same phenomenon in 
cattle’. 

Up to the present no information has been available 
regarding the copper status of cattle in the Argentine. Now, 
however, as part of a project initiated by the Special 
Fund of the United Nations with the assistance of the 
Food and Agriculture Organization, and. the co-operation 
of the Instituto Nacional de Tecnologia Agropecuaria, 
this work has been undertaken. The report presented here 
indicates, for the first time, that conditions exist in parts 
of the Province of Buenos Aires which induce low levels 
of copper in the liver and blood of cattle pastured there. 
The values given in Table 1 refer to Aberdeen Angus 
cattle of the breeding herds during the period of active 
growth and located mainly in the eastern half of the 
Province. l l 

From time to time reports had been received from differ- 
ent areas of the Province that some of the animals in the 
herds were unthrifty, were affected with diarrhoea and had 
rough coats, the hair of which showed depigmentation. 
On investigation these conditions were confirmed ; sef 
ever, the depigmentation was found to range from a mil 
browning about the ears in some animals to & more general- 


Table 1 
(a) LIVER AND BLOOD COPPER* STATUS OF SOME CATTLE IN PARTS OF THE PROVINOE OF BUENOS AIRES-——1964 
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(b) COPPER, MOLYBDENUM AND SULPHATE CONCENTRATIONS OF GRAZED PASTURE 
Cu (p.p.m. d.w. 7-0 8-4 76 87 8-9 66 75 96 6-4 
Moeta an 6°2 5-3 2-0 1-7 32 14:5 26°9 18-9 8'0 
Cu: Mo 11 1-8 3g 5-2 2-8 0-45 O28 0-52 9-1 
SO} (%) 0-63 0 62 O41 — 0°52 0:31 0-27 0-53 043 - 


* Copper determined from optical density at 435 mz of diethyldithiocarbamate complex extracted into iso-amyl acetate 


t On dry-welght basis. 
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ized lightening of the colour of the hair along the back 


and the flanks in others, to a frank greying of the entire - 


coat in still others. 

The pastures which the animals were grazing in these 
areas were mixtures of grasses, trefoils and herbs. Samples 
of these pastures were collected by random plucking across 
the sward, bulked and analysed for copper, molybdenum! 
and inorganic sulphate!?. The values found for the copper 
contents showed that these were within the normal range, 


_ being from 6 to 11 p.p.m. dry-weight. The molybdenum 


concentrations were, however, as high as 27 p.p.m. dry- 
weight and not lower than 3 p.p.m. dry-weight. The 
sulphate contents ranged from 0-27 to 0-63 per cent dry- 
weight. 

The possibility of the existence of a conditioned copper 
deficiency in the animals grazing these pastures and show- 
ing these symptoms was therefore explored. Samples of 
blood were taken by venepuncture with a stainless steel 
needle and, at the same time, samples of liver tissue were 
secured by biopsy’. The samples were then analysed for 
their copper content after the organic matter present had 
been destroyed by wet digestion with mixed sulphuric, 
perchloric and nitric acids}. 

Comparative data of the blood and liver copper con- 
centrations from cattle in four zones investigated, together 
with some information on the copper, molybdenum and 
sulphate content of the pastures m the same areas, are 
presented in Table 1. Data from Zone 1 are divided into 
three parts. On the affected area (a) where the animals 
showed rough and visibly depigmented coat, diarrhoea 
and retarded growth, blood and liver samples were taken 
three times at approximately three-week intervals. On 
each occasion the same low values were found indicating a 
condition of chronic hypocuprosis. On another area (b) 
where the animals were obviously in better condition, 
showing little sign of depigmented hair and no diarrhoea, 
the copper-levels of the blood and liver were significantly 
higher than those encountered on the affected area (a). 
A sub-group of animals of the same strain as those grazing 
area (a) of Zone 1 were transferred following weaning to 
improved pasture on the high land of the Balearce Experi- 
ment Station. These animals, which presented prime 
appearance with normal lustrous coats and no diarrhoea, 
were sampled at the same time as those on Zone 1 (a). 
The animals on Zone 3 showed extreme depigmentation 
of the hair. 

While more extensive information will be necessary 
before a causal relationship can be drawn between the 
hypocuprosis of these cattle and the copper, molybdenum 
and sulphate contents of the forage which they graze, the 
data presented strongly suggest that these factors may be 
involved. 

Where the copper: molybdenum ratio is less than 
2-8 : 1 the incidence of a hypocuprosis in the animals is 
evident; where the ratio is greater than 2-8 : 1 the copper- 
levels of the liver and blood of the animals are significantly 
higher. The effect of copper supplementation on the copper 
status of animals in the affected areas is now under investi- 
gation. 

The description of the soils where this hypocuprosis 
occurs will be reported elsewhere; but in general they are 
alkaline rather than saline—a condition which would lead 
to greater availability of molybdenum to plants. The 
waters lying on these soils as well as those of subterranean 
origin have beon found to contain up to 1,000 p.p.m. of 
sulphate. This high sulphate intake in the water, super- 
imposed on that found in the pastures, could raise the 
total sulphate intake to a level where relatively small 
amounts of molybdenum might be potentiated? to reduce 
the copper reserves of cattle exposed to this environment. 
An investigation is being carried out of the efficacy of 
treatment with copper (as Cu-EDTA given subcutaneously) 
in preventing this hypocuprosis. 

We thank Dr. J. P. Culot for some of the molybdenum 
analyses of the pastures and for comments regarding the 
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soil conditions in the area, and Dr. G. K. Davis for valuable 
discussions. 
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AGRICULTURE . 


Blood Copper-levels in Sheep in Relation to 
Genetic Factors, Parity and Previous 
Swayback History 


Bioop copper-levels are known to be associated with 
the incidence of swayback in lambs (see Barlow et al.)'. 
A sample of fifty-five swes was bled some 6 weeks prior to 
lambing and almost a year after a 15 per cent incidence of 
swayback had occurred among the lambs in the flock 
from which these ewes were drawn. The flock consists of 
three breeds (Scottish Blackface, Soutn Country Cheviot 
and Welsh Mountain) and the crosses between these 
breeds. The ewes belong to two breeding classes, outbred 
(F) and 25 per cent inbred (J,), and to four parities. The 
choice of animals for bleeding took account of these sub- 
divisions within this flock and of swayback history of the 
lambs born to ewes of parity 2 and more in 1964. Blood 
copper values were estimated by the method of Butler 
and Newman’. 

The blood copper values (obtained by least squares) 
for the effects of breed and differences due to inbreeding, 
parity (in-lamb for first time versus later parities), sway- 
back history and cross-breeding, are shown in Table 1. 
Breed had an apparent effect on total variation in blood 
copper (0-1 > P> 0-05), although not all the six breed 
types differed significantly from each other. On average, 
Blackfaces had the lowest blood copper value. Heterosis 
was suggested by ths crosses having on average higher 


Table 1, BLOOD COPPER VALUES (26/100 ML. Wrote BLOOD) For SIX 
BREED TYPES OF EWE iND DIFFERENCES DUB TO CROSS-BREEDING, 
INBREEDING, PARITY AND SWAYBAOK HISTORY 


Class Copper value* S.E. 
Blackface 27°79 4-80 
Cheviot 35 35 4-78 
Welsh 40°50 4-70 
Cheviot-Welsh 43-15 4°83 
Blackface—Welsh 37°89 4°67 
Blackface—Cheviot 40°75 4:67 
Cross-bred mean~purebred mean t 6-05 3 35 
eet ot ~ 3°63 8-32 
Deviation, from later parity ewes with 
no previous swayback lambs, of 
First paritv ewes 10°08 4°26 
Later parity ewes with previous 
swayback lambs ~ 15°68 3°98 


* The breed effects shown refer to the F, class and to the later parity with 
no previous swayback lambs. The average of the six fitted breed values 
(37-57) may be compared w-th the actual average of 28°55 for the blood copper 
values determined for the 55 ewes. 


+ Difference derived from the fitted breed values. 
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values than the average of the purebreds (0-1 > P> 0-05). 
The difference between inbreds and outbreds was not 
significant. Most clearly, ewes which nearly a year ago 
produced lambs with swayback had much lower blood 
copper values than contemporaries which had previously 
had normal lambs (P < 0-001). Females in-lamb for the 
first time had significantly lower values than ewes which 
had lambed previously (P < 0:05). 

For about 6 weeks prior to bleeding, the ewes, which 
ran together as one grassland flock, had access to a mineral 
lick containing 718 p.p.m. copper. It is possible, therefore, 
that sheep may have ingested different quantities of 
mineral, which could complicate interpretation of the 
results. However, the special management circumstances 
of the experimental flock are such that there was no 
segregation of the flock by breed or by the other sub- 
divisions in the analysis. In spite of the access to a mineral 
lick containing copper, only two of the fifty-five sheep had 
blood copper values greater than the 60 ug/100 ml. whole 
blood, which has been accepted as a ‘normal’ level in the 
literature (for references see Barlow et al.4). 

It has recently been found? in the same flock that the 
incidence of swayback in lambs in 1964 was clearly associat- 
ed with breed and breed cross. The mean blood copper 
values of the three pure breeds ranked inversely to the 
percentage of lambs with swayback among these breeds in 
the previous year. The overall correlation between the 
present blood copper levels of the six breed types of ewe 
and the percentile incidence of swayback among the lambs 
of the same six breed types in the same flock a year ago 
was —0-82 (P < 0-05). The genetic implications of these 
findings merit further investigation in relation to the 
swayback syndrome. 
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PSYCHOLOGY 


Age, Cardiac Output and Choice Reaction 
Time 


In an earlier communication to Nature it was argued 
that the attempt to resolve the discrepancy in data on 
choice reaction time in relation to age in terms of the 
effective duration of signals? must be regarded as inade- 
quate. The observations were based on a small sample 
(N = 48) of data from a psycho-physiological study of the 
possible effects of ageing on professional (that is, airline, 
military and test) pilots. The present communication is a 
brief account of some of the further results obtained to 
date in a larger sample (N = 201). 

The design of the psychological experiments is intended 
to reflect the fact that flying requires, inter alia, making 
high-speed decisions and detecting low probability signals, 
as well as an ability to receive and retain significant 
amounts of information in the course of routine control 
procedures. Consequently in the measurement of choice 
reaction times, latencies of responses are recorded not 
only under normal (‘basic’) conditions but also under those 
of ‘information overload’—in an attempt to estimate 
‘reserve capacity’. For a more detailed description of the 
methods used in this investigation the reader is referred 
to the earlier reports'*4, The evidence summarized in 
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Table 1 makes ıt clear that,“as before, the principal age 
differences in our sample of some two hundred active 
pilots are to be found in the intercept constant of the 
formula for choice reaction (RT = a + b log, n) under 
conditions of information overload, not in the slope con- 
stant. The b constant, however, appears to be directly 
related to cardiac output, as assessed on the basis of 
ballistocardiogram stroke volume and of heart rate, 
recorded after exercise. Furthermore, the results of the 
pulmonary physiology studies under conditions of maxi- 
mum. effort are also in line with this trend. 


Table 1 
(Response time =a -+b logs n) 


Correlation r*=rate of gain of information with age and cardiac output 
(ballstocardiogram stroke volume and heart rate) 


Serial cholee Serial choice task Difference 
task alone with overload (basic-overload) 
r Pp T Pp r Pp 
Rate of gain of information 
x Age ~018 NSt ~ 0 27 0001 025 0-001 
x Cardiac output 
, (pre-exercise) 006 NS 001 NS ~006 NS 
x Cardiac output 
(post-exereise} 0 08 NS 008 NS 0 04 NS 
Constant a (intercept) 
x Age 0038 NS 022 0-01 018 002 
x Cardiac output 
(pre-exercise ~ 0 04 NS 001 NS 0:03 NS 
x Cardiac output 
(post-exercise) 002 NS -~ 0:02 NS ~ 0°03 NS 
Constant b (slope) 
x Age 002 NS 007 NS 0-07 NS 
x Cardiac output 
(pre-exercise) 001 NS ~005 NS ~005 NS 
x Cardiac output 
(post-exercise) ~O08 NS ~0:26 0:01 23 O01 
r p 
; (Pre-exercise) x age 015 NS 
Cardiac output AR ago = 0-17 0 05 
axımurn effort) x age -Q 
Oxygen pulse x Difference ın rates —020 001 


* Quantitative analysis carried out with the ald of a Burroughs 5500 


computer 
+ NS' not significant. 


It is felt that these findings raise important questions 
of fact and of analysis. In the first place, they confirm the 
general impression that age differences in physiological 
and psychological tests are more revealing when observed 
under conditions of stress than under baseline or resting 
conditions’. In the second place, they add to the slowly 
accumulating evidence! 46-8 that the population samples 
in those studies of ageing in which the occupational and 
health status of the subjects was not clearly defined may 
have to be regarded in some sense as non-normal. In 
particular, with reference to data on choice reaction times, 
the present investigation suggests that those earlier in- 
vestigations which reported slowing of response with age 
as an increase in the slope constant must have included, 
no doubt inadvertently, sub-clinical cases of cardiovascular 
disorder. Of course, studies of ageing which would be 
entirely free of pathology are to some extent imaginary ; 
however, the difficulties which arise about ‘unserambling’ 
the effects of ageing and those of minimal pathology are 
not the most convincing confirmation of the supposed 
vulnerability of function in later adulthood. 

This work is supported by a grant from the U.S. National 
Institutes of Health (H.D-0518). 
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Monday, February 21 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 5 pm.—Lt-Col. J. A. Simson, M.C., and Mr. C. J. Sweeney, O B.B.. 
“The Ordnance Survey and Land Registration”. 


INSTITUTION OF ELECTRIOAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C 2), at 5.80 pm.—Conference on “Delay Devices 
for Pulse Compression Radar”. 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S.W.1), at 5.30 p.m Mr. J. C. Wood’ ‘Developments in 
the Control of Ectoparasites of Livestock”. 


UNIVERSITY OF LONDON (in the Botany Theatre, University College, Gower 
Street, London, W.C.1), at 530 p.m Prof. E. Bourliére (University of 
Paris): “The Ecology of Herbivores in the African Savanna and Forest” 
(Further lecture on February 23).* 


Tuesday, February 22 


INSTITUTION OF CHEMICAL ENGINEERS, SOUTH-EASTERN BRANCH (at the 
Royal Aeronautical Society, Hamilton Place, London, W.1), at 2 p mD =~ 
Symposium on ‘'Some Practical Aspects of Process Control by Computer”. 


SOOIETY FOR ANALYTICAL CHEMISTRY, SPECIAL TECHNIQUES GROT?P ün 
the Lecture Theatre, Wellcome Building, Euston Road, London, N.W.1), at 
8 p.m.—Meeting on “Special Techniques in Gas Analysis”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT IE B 
LE.R E. MEDICAL ELECTRONICS GROUP (at the Institution cf Electrica 
Engineers, Savoy Place, London, W C 2), at 5 30 p.m.~Dr, P. A. Marton: 
“Muscular Control’, 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
London, S.W.7), at 5.80 p.m.—Prof G. E, H. Reuter. ‘‘Some Mathematical 
Problems In the Theory of Random Processes” (Inaugural Lecture).* 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 630 p mM- 
Prof. E. F. Gale: “Microbes, -Macromolecules and Mayhem”. (Twelfth of 
fifteen lectures on “The Scientific Basis of Medicine” organized by the 
British Postgraduate Medical Federation).* 


UNIVERSITY OF LONDON (in the Engineering Lecture Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Prof, Jean Hiernaux 
(Brussels): ‘“‘Blological Studies on Some Human Populations of Central 
Africa. I. The Populations of Ruanda. Methods of Analysis”.* 


Wednesday, February 23 


SOCIETY oF CHEMICAL INDUSTRY (joint meeting of the Food and Micro- 
biology Groups, at the School of Pharmacy, Brunswick Square, London, 
ER sat 230 p.m.-Meeting on “‘Microblological Flora in Relation to 
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GEOLOGICAL SOCIETY (at the Royal Tnstitutlon, Albemarle Street, London, 
W.1), at 5 p.m.—Prof. V. Beloussov (Academy of Sciences of the U.S.S.R.): 
“The Earth's Crust and the Upper Mantle; Dr. M. H. Hey, Mr. E. A. Jobbins 
and Dr. A.J Meadows’, “The Barwell (Leicestershire) Meteorite, 24 December 
1965” (demonstration). 


INSTITUTE OF MATHEMATICS AND ITS APPLICATIONS (in the Physics Depart- 
ment, Imperial College of Science and Technology, London, S W.7), at 
5.30 p.m.—Dr. J. W. 5S. Cassels, F.R §,: “What are y-Adic Numbers?” * 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C 2), at 5.830 pm —Mr. J. L. Bliss: “Remote 
Synchronization of Television Waveform Generators”. 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION {at Savoy 
Place, London, W.C.2), at 5.30 p m.—Mr. F. Bentham: ‘Theatre Lightung in 
Britain To-day”. 


INSTITUTION OF ELECTRONIO AND RADIO ENGINEERS, JOINT LE R.E / 
ILE.E. MEDICAL ELECTRONICS GROUP (at 9 Bedford Square, London, W.C.1), 
at 6 p.m.—Discussion on “Mental Stresses Induced by Audio and Visual 
Hazards” opened by Mr. B. Shackel. 


SOCIETY OF ENVIRONMENTAL ENGINEERS, PACKAGING GROUP (in the 
Mechanical Engineering Department, Imperial College, London, 8.W.7), at 
6 p.m,—Mr. F. Bailey: “Climatic Protectlon of Packaged Goods?”’. 


SOCIETY FOR ANALYTIOAL CHEMISTRY, BIOLOGICAL METHODS GROUP (at 
the Chemical Society, Burlington House, Piccadilly, London, W 1), at 7 p.m. 
ae tty Hobbs. ‘‘Modern Techniques in the Bacteriological Examination 
of Food”. 


Thursday, February 24 


PARLIAMENTARY AND SCIENTIFIC COAMNTTEE (in the River Room, Savoy 
Hotel, London, W.C.2), at 11.30 a.m —-Annual General Meeting. 


ROYAL Socrery (at Burlington House, Piccadilly, London, W.1), at 
4.30 pm.—Prof. Henry Harris: “Hybrid Cells from Mouse and Mana 
Study in Genetic Regulation”. 


St. Mary’s HOSPITAL MEDICAL SCHOOL (in the Lecture Theatre of the 
Wright Fleming Institute, London, W.2), at 5 p m.— Prof, R. A. Gregory, 
ERS: “The Gastric Antral Hormone’ Past, Present and Future” 
(Augustus Desiré Waller Memorial Lecture) * 


UNIVERSITY oF LONDON (at the Middlesex Hospital Medical School, 
Mortimer Street, London, W.1), at 5 pm.—Prof. F. W. Spiers: ‘Biological 
and Physical Aspects of the Irradiation of Bone’’.* 


UNIVERSITY OF LONDON (in the Physiology Theatre, University College, 
oe Sirot, London, W.C.1), at 5 p.m.-—Prof. S, V. Perry: “Biochemistry 
of Muscle”. 


INSTITUTION OF CIVIL ENGINEERS, HYDROLOGICAL GROUP (at Great 
George Street, London, S.W.1), at 5.380 p.m.—Iinformal Discussion on 
“Automatic Data Processing” introduced by Mr C. W. Pugh. 

UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-34 Gordon 


Square, London, W C.1), at 5 30 p.m.—Prof. G. J. Huxley: “Excavations 
and Studies in Kythera 1965”.* à 
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UNIVERSITY OF LONDON (st the Institute of Psychiatry, The Maudsley 
Hospital, Denmark Hill, London, S.E.5), at 5.80 pm.—Prof. D. Ploog 
(Munich) ‘Social Behaviour and Group Interaction in Squirrel Monkeys." 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gewer Street, London, W.C.1), at 5.30 p.m— 
Dr. S. J. G. Semple: ‘‘Respiretion and the Cerebrospinal Fluid.” (Thirteenth 
of fifteen lectures on “The Scientific Basis of Medicine” organized by the 
British Postgraduate Medical Federation).* 


UNIVERSITY OF LONDON (in the Engineering Lecture Theatre, University 
College, Gower Street, Londen, W.C.1), at 5.30 p.m.—Prof. Jean Hiernaux 
(Brussels): ‘Biological Stucies on Some Human Populations of Central 
Africa. II. Ecological Factors: The Effects of Heredity and Environment’’.* 


CHEMICAL SOCIETY (in the Large Physics Lecture Theatre, Imperial Col- 
lege, London, S.W.7)} at 6 p.m.-Dr E J. Bowen, F.R.S.: “light Emission 
from Organic Molecules” (Liversidge Lecture). 


Friday, February 25 


INSTITUTE OF RURAL LIFE AT HOME AND OVERSEAS (at Friends Inter- 
national Centre, Courtauld House, Byng Place, London, W.C.1), at 1.15 p m. 
—Dr. Roy C. Hoather: “Waterin Rural and Urban Life”. 


UNIVERSITY OF LONDON (st the Postgraduate Medical School of London, 
Du Cane Road, London, W.18), at 4 p.m-—~Dr. A. M. Dawson’ “Fat 
Absorption’’.* 


INSTITUTION OF EQECIREIAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C £), at 630 p.m—Mr. J. O Scanlan and Mr. B., 
Levy: “Distributed Network Synthesis”. 


TELEVISION SOCIETY (in the Conference Suite, I.T A., 70 Brompton Road, 
London, S.W.3), at 7 p.m —Mfr. D. J. Parkyn: “The Use of Test Line Signals 
for Remote Monitoring of Pioture Quality at Unattended Transmitters”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 p.m — 
Prof W. H. G. Armytage: “History of the Future”. 


Sacurday, February 26 


ASSOOIATION OF THE WILLIAM PENGELLY CAVE RESEARCH CENTRE (at the 
British Museum (Natural History), Cromwell Road, London, 8.W.7), from 
10.30 a m. to 6 pm.—Symnosium on ‘Living In the Dark”. 


INNER LONDON Epucamon AutTuoniry (at the Horniman Museum, 
London Road, Forest Hill, London, S.E.28), at 3.30 p.m.—Mir, Rex Wailes: 
“The Industrial Monuments Survey”.* 


Monday, February 28 


INSTITUTE OF ACTUARIES (at Staple Inn Hall, High Holborn, Londan, 
Ma C1 } at 5 p.m. —Mr. S. Benjamin: “Putting Computers on to Actuanal 
ork”. 


UNIVERSITY OF LONDON ‘at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.80 p.m— 
Prof. C. J. F Böttchler (Lecden): “Pathology and Chemistry”.* 


UNIVERSITY OF LONDON (in the Eugenics Theatre, University College, 
Gower Street, London, W.D 1), at 6 pm—Prof. J. W. Tukey (Princeton 
ER “Numerical Spectrum Analysis”. (Further lectures on March 2 
and 4). 


PLASTICS INSTITUTE, LONDON SECTION REINYORCED PLASTICS SUB-GROUP 
{at the Wellcome Building, Euston Road, London, N W 1), at 6.30 p.m— 
Mr. I. Scollay and Mr. G. Caldwell, ‘‘Cold Press Moulding”. 


ROYAL GEOGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, S.W.T), at 
8.15 p.m —Mr. Michael Ward’ ‘‘On the Highland Frontier of North Bhutan”. 


APPOINTMENTS VACANT 


APPLICATIONS are invitec for the following appointments on or before the 
dates mentioned’ . 

ASSISTANT LECTURER (with research experience in the field of algology, 
microbiology or biochemistry) IN THE DEPARTMENT OF MARINE BIOLOGY — 
The Registrar, University College of North Wales, Bangor, North Wales 
(Yebruary 25). . : 

LECTURER IN THE SCHOOZ OF EpUCATION—The Registrar, The University, 
Liverpool, quoting Ref. CV/418 (February 26) 

LECTURER OR ASSISTANT LECTURER IN THE SUB-DEPARTMENT OF MATHE- 
MATICAL Stavistics—The Registrar, The University, Liverpool, quodng 
Ref CV/427 (February 26). 

UNIVERSITY LECTURERS (2) IN METALLURGY-—The Secretary of Faculties, 
University Registry, Oxford (February 26). 

LECTURER (honours graduate in science, pharmacy or medicine) IN 
PHARMACOLOGY——The Registrar, University of Strathclyde, George Street, 
Glasgow, ©.1 (February 28). 

SENIOR RESEARCH ASSDOIATE (with a Ph.D. degree in chemistry or 
equivalent experience in research) to work on the chemistry of boron in 
collaboration with Prof N N. Greenwood—Prof. N. N. Greenwood, Depart- 
ment of Inorganic Chemustry, The University, Newcastle upon Tyne 
(February 28). 

A.R.C. RESEARCH ASSIBTANT (graduate in the biological sciences or In 
chemistry) IN THE DEPARTMENT OF BOTANY to work with Dr. J S, Pate on 
the metabolic functioning of leaves—The Secretary, Botany Department, 
The Queen’s University, Belfast, Northern Ireland (March 1). 

LEOTURER (with good honours degree and some postgraduate experience) 
IN MECHANTOAL ENGINEERING-——-The Secretary, Battersea College of Tech- 
nology, Battersea Park Road, London, S W 11 (March 1). 

SENIOR LECTURER OR LECTURER IN PHYSIOLOGY OR ZOOLOGY; and an 
ASSISTANT LECTURER OR DEMONSTRATOR IN ZCOLOGY—The Secretary, Wye 
College (University of Loudon), near Ashford, Kent (March 1). 

READER IN APPLIED MATHEMATICS at Queen Mary College—The Academic 
Registrar, University of London, Senate House, London, W.C.1 (March 4). 

READER IN NUMERICAL ANALYSIS IN THE DEPARTMENT OF MIATHEMATICS— 
ane E University of Strathclyde, George Street, Glasgow, C.i 

are 

CHAIR or ZooLocy—The Registrar, The University, Hull (March 5). 

LECTURER/ASSISTANT LECTURER IN THE DEPARTMENT OF BIOCHEMISTRY— 
Tho Registrar, The Univeczsity, Hull (March 5). 

CHAIR OF MATHEMATICS--The Secretary, University of Stirling, P.O. 
Box 1, Stirling (March 7). 

LECTURER IN THEORETICAL oe Registrar, The University, 
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LECTURER IN ZOOLOGY at University College, Dar-es-Salaam (Universi 
of East Africa}—The Inter-University Council, 83 Bedford Place, London, 
W.C.1i (March 8). 

READER IN EXPERIMENTAL PHYSICS at Royal Holloway College, Englefield 
Green, Surrey—-The Academic Registrar, University of London, Senate 
House, London, W.C.1 (March 9). 

SENIOR LECTURER or LECTURER IN MATHEMATICS at the University of 
Basutoland, Bechuanaland Protectorate and Swaztland—The Inter- 
University Council, 33 Bedford Place, London, W.C.1 (March 11). 

RESEAROH ASSOCIATE (preferably young graduate with biological, surgical 
or pathological training, with or without previous research experience) for a 
two-year project on various experimental aspects of fibrosing mechanisms 
and wound healing in pigs, etc.--The Secretary, A.R C. Institute of Animal 
Physiology, Babraham, Cambridge (March 15). 

CHAIR OF HUMAN BroLoay—The Secretary, Battersea College of Tech- 
nology, Battersea, Park Road, London, S.W.11 (March 31). 

CHAIR OF METALLURGY -The Registrar, The University, Sheffield (March 


31) 
amore 2 R oF Paysics-——The Registrar, The University, Sheffield 
are ; 

UNIVERSITY LECTURER and a UNIVERSITY DEMONSTRATOR IN THE DEPART- 
MENT OF ANIMAL PATHOLOGY in the School of Veterinary Medicine, for duties 
which will include teaching and research in either morbid anatomy or micro- 
biology—T. D. Kellaway, Department of Pathology, University of Cambridge, 
Tennis Court Road, Cambridge (March 31). 

UNIVERSITY LECTURER IN THE DEPARTMENT OF METALLURGY—The 
Secretary of the AD ointments Committee of the Faculty of Physics and 
Gremis 3G Chemical Laboratory, The University, Lensfield Road, Cambridge 

re 3 

PROFESSOR (with registrable medical qualifications) IN THE DEPARTMENT 
OF ANATOMY, University of Ibadan, Nigeria—The Secretary, Senate Com- 
mittee on Higher Education Overseas, University of London, Senate House, 
London, W.0,1 (April 12). 

LECTURER or ASSISTANT LECTURER (with a good honours degree and 
experience in modern semiconductor circuit design, and preferably an interest 
in communications engineering) IN THE DEPARTMENT OF ELECTRICAL 
ENGINEERING-—~The Secretary, The University, Edinburgh (April 30). 

CHIEF LIBRARIAN (scientist with an aptitude for, and experience in, 
library work, or trained librarian with an interest in science, particulari 
chemistry}—The Director, Paint Research Station, Waldegrave Road, 
Teddington, Middlesex. 

HEAD (man or woman, with a good honours degree and teaching experience, 
and preferably previous service in a College of Education) OF THE GEOGRAPHY 
DEPARTMENT—The Clerk to the Trustees, Homerton College, Cambridge. 

PHYSICAL CHEMIST capable of pursuing and supervising a range of basic 
and applied researches mainly on electrodeposition and electroformin —The 
Secretary, The British Non-Ferrous Metals Research Association, Euston 
Street, London, N.W.1. 

PHYSICIST (with a good honours degree) to join a small group working on 
radiation protection ponema associated with neutron radiation—The 
Director, Radiological Protection Service (Mimstry of Health and Medical 
Research Council), Clifton Avenue, Belmont, Sutton, Surrey. 

RESEARCH ASSISTANT IN THE DEPARTMENT OF FORENSIC MEDICINE to 
assist ın a programme of research into the development of rapid methods of 
toxicological analysis-~Dr. Harold V. Street, Department of Forensic 
Medicine, University of Edinburgh, Teviot Place Bainun. 

RESEARCH DEMONSTRATORS (with a good degree in botany or horti- 
culture) IN THE DEPARTMENT OF HORTICULTURE to assist with practical 
classes and carry out research in the physiology of horticultural plants—The 
Assistant Bursar (Personnel), University of Reading, Reading. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


The Zoological Record, Vol. ‘100, Section 2 (1968): Protozoa. Part 1 
compiled by Dr. R. A. Neal and Pauline Curds. Part 2 compiled by Pauline 
Curds and Sarah E. Bunney. Pp. 156. (London: The Zoological Society of 
London, 1965.) 30s8.; 4.23 dollars. {812 

Johnson Matthey and Co, Ltd. Platinum Metal Catalysts. Pp. 20. 
(London: Johnson Matthey and Co., Lid., 1965.) {812 

Bulletin of the British Museum (Natural History). Geology. Vol. 10, 
No. 10: Cretaceous Ammonites and Nautiloids from Angola. By Dr. Michael 
Kingsley Howarth. Pp. 335-412+18 plates. 55s. Vol. 10, No. 11: The 
Fauna of the Portrane Limestone, ITJ—The Corals. By Dimitri Kaljo and 
Einar Klaamann. Pp. 418~484+4 plates 18s. Vol. 11, No. 3: Middle 
Jurassic Ostracoda from the Grey Limestone Series, Yorkshire By R. H, 
Bate. Pp. 78-133 +21 plates. 80s. Vol. 11, No. 4. Human Skeletal Material 
from Ceylon, with an Analysis of the Island’s Prehistoric and Contemporary 
Populations. By Dr. Kenneth A. R. Kennedy. Pp. 135-213+165 plates. 
453. Zoology. Vol. 18, No. 8: Studies on the British Dermanyssidae (Acari: 
Mesostigmata). Part 1: External Morphology. By G. Owen Evansand W M. 
ail ) iP 247-294, 21s. (London: British Museum (Natural HRONI 
1 ; 2 

Philosophical Transactions of the Royal Society of London Series A: 
Mathematical and Physical Sciences. No 1095, Vol. 259 (9 December 
1965): Second Order Vibration of Flexible Shafts. By R. E. D. Bishop and 
A. Q. Parkinson. Pp. 1~31+plate1. 18s. 6d.; 2 dollars. Series B: Biological 
Sciences No. 763, Vol, 250 (9 December 1965): A Study in the Tornocera- 
tidae: The Succession of Zornoceras and Related Genera m the North 
American Devonian. By M. R. House. Pp. 79-130+plates 6-11. 383s; 
4,95 dollars. (London: The Royal Society, 19865.) [812 

Building Research Station Digest (Second Series), No. 85 (December 
1965): The Selection of Clay Bullding Bricks—1. Pp. 4. (London: H.M. 
Stationery Office, 1965) 4d. 

Southern Regional Council for Further Education. Triennial Report 
1962-1965. Pp. 69. (Reading: Southern Regional Council for Further 
Education, 1965.) [2212 

The Gas Laser and Its Experimental Applications. By R. J. Horton and 
Dr. P. D. Cook. Pp. 31. (London: Scientifica and Cook Electronics, Ltd., 
1985.) 12s. 6d. [2212 

The Overseas Development Institute. Ald in the Commonwealth. By 
AA E ae Pp. 56. (London: The Overseas Development menn 
1 + 3. 

Chemistry and Industry Buyers’ Guide. Chemicals, Chemical Plant. 
Laboratory Equipment and Apparatus. Pp. 146. (London: The Society of 
Chemueal Industry, 1966) 78. 6d. {2212 
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í Other Countries 


Annals of the New York Academy of Sciences. Vol 131, Article 2; Mechan- 
isms of Dental Carles. By Theodore X. Barber and 48 other authors. Pp. 
685-930, (New York: Now York Academy of Sciences, 1965.) 5 dollars. [812 

New Zealand. National Roads Board: Road Research Unit. R.B.U. 
Bibliography No, 2. Liquids in Solls—an Alphabetical Author Index, 1955- 
1964, Compiled by E. E. Swinbourn. Pp. 46. (Wellington, N.Z.: National 
Roads Board, 1965.) {812 

Transactions of the American Philosophical Society. New Series, Vol. 55, 
Part 7: Open-Field Husbandry and the Village Community—-a Study of 
Agrarian By-Laws in Medieval England. By Warren O. Ault. Pp. 102. 
2.60 dollars. New Series, Vol. 55, Part 8. Eleven-Digit Regular Sexagesimais 
and Their Reciprocais. By Owen Gingerich. Pp. 38. 1 dollar. (Phila- 
delphia; American Philosophical Society, 1965.) [812 

United States Department of the Interior: Geological Survey Bulletin 
1175: Geology of the Cortez Quadrangle, Nevada. By James Gilluly and 
Harold Masursky Pp. v+117+plates 1-3. Water-Supply Paper 1580-E; 
A Comparison of Methods Used in Flood-Frequency Studies for Coastal 
Basins in California. By R. W. Cruff and S. E. Rantz. . V+ 56+ plates 
i986) 2. 70 cents. (Washington, D.C.: Government Printing Ones 

United States Department of the Interior: Geological Survey. 
Paper 4338~D: rete and Cation-Exchange Capacity of Sediments from. 
Selected Streams. By Vance C. Kennedy. Pp. lii+28. 25 cents. Profes- 
sional Paper 448~H: Low-Flow Characteristics of Streams in the Missis- 
sippi Embayment in Tennessee, Kentucky and Illinois, By Paul R. Speer, 

. J. Perry, John A. McCabe, O. G. Lawa and others. With a section on 
Quality of the Water by H. G. Jeffery. Pp. ii+36+plates 1 and 2. Profes- 
sional Paper 473-0: Geologic and Hydrologic Studies in the Birmingham. 
Red-Iron-Ore District, Alabama. By Thomas A. Simpson, Pp. tv+47+4 
plates 1 and 2. Professional Paper 488: Geomorphology and Quaternary 
Geology of the Owensboro Quadrangle, Indiana and Kentucky. By Louis L. 
Ray. A hee toa 1. Professional Paper 495-A: Stratigraphy and 
Geologic History of the Uppermost Cretaceous, Paleocene and Lower Hocene 
Rocks in the Wind River Basin, Wyoming. By William R. Keefer. Pp. 
iv +77 + plates 1~4. Professional Paper 503-—D: Marine Jurassic Gastropods, 
Central and Southern Utah. By Norman F. Sohl. Pp. HH -+29-+ plates 1-5 
45 cents. Professional Paper 503—E: Revision of Some Paleozoic Coral 
Species from the Western United States. By Willam J. Sando. Pp. lil+ 
38+ plates 1-15. 65 cents. (Washington, D.C.: Government Printing 
Office, 1965.) {812 

Organization for Economic Co-operation and Development. The Research 
and Development Effort in Western Europe, North America and the Soviet 
Union: An Experimental International Comparison of Research Expenditures 
and Manpower in 1962. By C. Freeman and A. Young. Pp. 152. (Paris: 
Organization for Economic Co-operation and Development; London: H.M. 
Stationery Office, 1965.) 10 francs; 15s.; 2 50 dollars. $12 

United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1759-8: Water Resources in the Vicinity of Municipalities on 
the Western Mesabi Iron Range, Northeastern Minnesota. By R. D. Cotter, 
H. L. Young, L. R. Petri and ©. H. Prior. Pp iv+24+plate 1. Water- 
Supply Paper 1759-D: Water Resources in the Vicimty of Municipalities on. 
the Central Mesabi Iron Range, Northeastern Minnesota. By R. D. Cotter, 
HK, L. Young, L. R. Petri and C. H. Prior. Pp. iv+20+plate 1. Water- 
Supply ae 1759-E: Water Resources in the Vicinity of Seba on 
the East-Central Mesabi Iron Range, Northeastern Minnesota Y R. D. 
Cotter, H. L. Young, L. R. Petri and C. H. Prior. Pp. iv +23 + plate l. 
Water-Supply Paper 1799: Geology and Occurrence of Ground Water in 
Otero County and the Southern Part of Crowley County, Colorado. By 
William G. Weist, Jr. Pp. vi+90+ plates 1-5. Water-Supply Paper 1809-K- 
Hydrology of Melt-Water Channels in Southwestern Minnesota, By Gerald L. 
Thompson. Pp. iiit+11+plates 1-3. Water-Supply Paper 1809-P: Water 
Supply Potential from an Asphalt-lined Catchment near Holualoa, Kona, 
Hawaii. By S.S W. Chinn. Pp.itv+25. Water-Supply Paper 1811: Hydro- 
logy of the Little Plover River Basin, Portage County, Wisconsin, and the 
Effects of Water Resource Development. By E. P. Weeks, D. W. Ericson and 
C. L. R. Bolt, Jr Pp.v+78+ plates 1-6 Water-Supply Paper 1953: Quality 
of Surface Waters of Alaska, 1961-63. Prepared under the direction of 
S. K. Love. Pp. vi+ 95. 35 cents. (Washington, D.C.: Government Printing 
Office, 1965.) {2212 

East African Common Services Organization. East African Trypano- 
somiasis Research Organization Report, July 1663-December 1964 Pp. 
ii+70. (Tororo, Uganda: East African Trypanosomiasis Research Organiza- 

tion, 1965) 4s. {2212 

Canada. National Research Council and Medical Research Council 

Annual Report on Support of University Research, 1964-65. Pp. vil+271. 


Professional 


(N.R.C. No. 8627.) (Ottawa: National Research Council and Medical 
Research Council, 1965.) 50 cents. 2212 
United States Department of the Interior: Geological Survey. Bulletin 


1187: Quicksilver Deposits of Southwestern Alaska. By C. L Sainsbury and 
E. M. MacKevett, Jr. Pp. vi+ 89+ plates 1-8. Bulletin 1194-H: Mesozoic 
Formations in the Comobabi and Roskruge Mountains, Papago Indian 
Reservation, Arizona. By L. A. Heindl. Pp. tli+16. 10 cents. Bulletin 
1201-E: Bedrock Geology of the Grand Lake Area, Aroostook, Hancock, 
Penobscot, and Washington Counties, Maine. By David M, Larrabee, 
Charles W., Spencer and Donald J. P. Swift. Pp. 1v+38+plate 1, Bulletin 
1224-0: The Lexington Limestone (Middle oido vidan of Central Kentucky, 
By Douglas F. B. Black, Earle R. Cressman and William O. Macquown, Jr. 
Tapit. 15 cents. (Washington, D C. Government Printing Oe 
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Unicam now offers all the advantages of a grating 
filter monochromator combined with the proved 
features of the SP200 prism spectrophotometer, The 
first order of the NPL grating is isolated by four inter- 
ference filters, brought into play by an automatic 
mechanism exclusive to Unicam. The resolution is as 
high as 3 cm~ at 3000 cm and stray light is less than 
1% throughout most of the range and never exceeds 
2%. The wavenumber accuracy is better than 2 cm~“ at 
1000 cm~! and 4 cm~ at 3000 cm-t, To this performance 
are added the advantages of the flat bed recorder, the 


accessible sample compartment and the convenient E ORT PE E 


operation of the SP200. The new SP200G is constructed over 830 cm~1 to 955 cm-1 at the slow- 
and finished to the high degree of precision for which est scan speed under maximum reso- 

: i f D RE R luton conditions using the scale 
Unicam instruments are famous. Descriptive literature expansion accessory. 





is available on request. 


Precision Spectrophotometers 


Unicam Instruments Limited > York Street - Cambridge - Telephone: Cambridge 61631 + Telegrams: Unicam Cambridge + Telex: 81215 
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CERN: AN OPPORTUNITY 


FTER the session of the Council of the European 
Organization for Nuclear Research (CERN) in 
December 1965, it was announced that twelve of the 
member States (that is, all of them with the exception 
of Greece) had decided to participate in the supplementary 
programme for the construction of a pair of intersecting 
storage rings to be operated in conjunction with the 
28-GeV CERN proton synchrotron. This decision, the 
culmination of a long period of discussion, study and 
planning, has great significance in relation to the future 
development of the CERN Laboratory and of high-energy 
physics in Europe as a whole. 

When, in the early ’fifties, a handful of enthusiastic 
and far-sighted senior physicists from a number of 
European countries came together to plan the CERN 
laboratory, few of them could have foreseen how successful 
their efforts would prove. In little more than 10 years a 
great centre of high-energy physics has been established 
with a world-wide reputation for carrying out research of 
high quality and originahty. The movement of some of 
the brightest and most talented young scientists in this 
field from Europe to the United States has not been halted, 
but it has been supplemented by a simular, if smaller, 
movement in the opposite direction, so that it is beginning 
to take the form of a very desirable two-way stream. 
CERN has in fact become a centre of research attracting 
scientists from all over the world. As a centre of interna- 
tional scientific collaboration it has inspired, by its success, 
similar co-operation in other fields and serves as a model 
for the development of such centres. 

The intersecting storage rings project envisages the 
construction alongside the CERN proton synchrotron 
of two roughly circular concentric rings about 300 m in 
diameter which are distorted so that they intertwine, 
crossing in eight places with an intersection angle of 15°. 
Pulses of protons will be injected from the proton syn- 
chrotron into the rings. Systems of magnets will maintain 
these injected protons moving in opposite senses round the 
two rings so that at the intersection regions the two beams 
of protons will clash almost head on. Many hundreds of 
pulses will be injected into each ring until a circulating 
current of up to 20 amp will be stored in each and it should 
be possible to maintain these stored beams of protons for 
a day or more. 

The great attraction of clashing beams stems from the 
fact that in the interaction between two protons, one in 
either beam, the mass centre of the two particles is almost 
at rest so that the resultant total momentum of the system 
is small. This is in contrast to the situation in a conven- 
tional accelerator where interactions occur between one 
energetic and one stationary particle. Since in the final 
system the total momentum of the products has to be the 
same after as before the interaction, the greater part of the 
energy, in the case of particles accelerated in a conventional 
accelerator, has to go in providing this momentum. In 
the intersecting storage rings, on the other hand, almost 
the whole of the energy will be available for producing 
nuclear interactions. 

The total energy of about 56 GeV that will be available 
im the intersecting storage rings should therefore produce 
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interactions between protons which, for a conventional 
accelerator, would require an energy of 1,700 GeV. On 
present indications a conventional machine of such a 
high energy seems urlikely to be bwilt within the next 
generation, if at all Although the collision rate obtainable 
in the intersecting storage rings will be much smaller than 
that for a conventional accelerator of equivalent energy, 
the estimated rate of 105 interactions per sec 1s as much 
as can comfortably be handled with the types of detection 
techniques suitable for use with this system. Indeed, for 
many experiments ıt will be advantageous to operate with 
a smaller circulating current. 

The construction and operation of the intersecting 
storage rings will present some challenging technical 
problems. In the kidometre-long tubes that carry the 
beam a pressure not greater than 10-° mm of mercury 
will have to be maintained, while in the neighbourhood 
of the intersections the pressure will nced to be kept 
down to at most one-tenth of this. In the course of the 
time during which the beams will frequently be stored 
the protons will traverse a distance hundreds of times as 
great as that from the Earth to the Sun. While traversing 
this great distance they wil) need to be confined within 
a tube with a maximum cross-section of 16 cm. 

The very magnituds and novelty of the technica] chal- 
lenge are only slightly less exciting than the physics which 
will be made possible when these problems have been 
successfully overcome. Nobody has any real doubt that 
they will be overcome. The team that has been working 
on the design of the intersecting storage rmgs and will 
be responsible for the technical supervision of their 
construction embraces a quite unique range of experience, 
technical know-how and capacity for daring innovation. 

The substantial increase in effective interaction energy 
which will become available as a result of the construction 
of this machine should yield information of great sigm- 
ficance for the solutim of some of the most fundamental 
problems relating to the nature of matter and of inter- 
actions between particles of great energy and at very 
small separations. The range of new physical phenomena 
revealed by experiments with existing accelerators has 
proved to be unexpestedly rich. The lines of the mter- 
pretation of these phenomena have been suggested, bnt 
decisive tests of these interpretations seem likely to be 
possible only when much greater effective interaction 
energies are available. This is the case in the investigation 
of the so-called strong interactions—which include the class 
of interactions respcnsible for the stability of atomic 
nuclei—where there 1s evidence to suggest that the striking 
symmetries that have been recognized in the past few 
years may perhaps be understood in terms of the existence 
of three kinds of very massive primeval particles (quarks). 
The isolation of these quarks, would, however, require 
interaction energies much greater than those available 
from any existing accelerator. 

It is also the case in the investigation of the weak 
interactions—which melude the class of interaction re- 
sponsible for §-radioactivity—where the available experi- 
mental evidence strongly suggests moderation of the 
interaction through the so-called W particle (or inter- 
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mediate boson) of mass too large to be produced with 
presently available accelerator energies. 

The actual experimentel programme of the CERN 
proton synchrotron has proved very much more diverse 

and interesting than any that was predicted for it when 
it was being planned in 1954. This 1s likely to be the case 
also for the intersecting storage rings. Nature is far richer 
than the mind of the most imaginative physicist can foresee. 

Experimentation with the intersecting storage rings 
presents problems of great difficulty. It will be necessary 
to develop detectors with better time resolution than 1s 
generally available at present, capable of operating under 
conditions where many particles are produced in the same 
interaction, and of discriminating between colliding beam 
interactions and interactions with the background gas, 
Considering the pace of technical development, however, 
these difficulties do not seem more daunting than others 
that have already been successfully solved in the field 
of high-energy physics instrumentation. 

The cost of the intersecting storage rings is estimated 
at approximately £28 million spread over 6 years. It 
will involve an increase of about 35 per cent in the CERN 
budget, one-quarter of which is covered by the British 
contribution. This extra expenditure has, however, to be 
measured against the returns it will bring in the form of an 
extension of the useful working life of the CERN labora- 
tory throughout the period 1970-80 when it should bein a 
position to make a unique contribution in this field of study 
that could be made neither by the 70-GeV proton syn- 
chrotron of the Serpukhov Laboratory in the U.S.S.R., due 
to come into operation at the end of 1967, nor by the 200- 
GeV United States machine which is expected to be 
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operational by 1972 or 1973. Judged from the point of 


view of its role in maintaining a centre of excellence in - 
high-energy physics research in Europe, it appears to be an 
Imaginative and worth-while investment. 

It is most gratifying that firm commitments to proceed 
with the construction of the intersecting storage rings 
came just prior to the retirement of V. F. Weisskopf from 
the post of director-general of CERN. During his period 
of office, Weisskopf worked tirelessly to impress on the 
appropriate authorities in the member States of CERN 
the need for long-term planning of the future European 
programme in high-energy physics. His initiative and 
enthusiasm led to the setting up in 1963 of the European. 
Committee for Future Accelerators under the chairman- 
ship of E. Amaldi. With the agreement on the intersecting 
storage rings, the first part of the programme recommended 
by this Committee is in the process of being implemented. 
The second, even more important and certainly much more 
costly part of the programme recommended by this 
Committee, the construction of a 300-GeV proton syn- 
chrotron in Europe, is still being studied. The intersecting 
storage rings are in no way an alternative to such an 
accelerator, because the latter can also produce beams of 
energetic mesons and other particles which are a very 
important additional experimental resource for high- 
energy physics. For the production of such beams, the 
motion of the centre of mass in proton—proton collisions 
is an essential advantage, as it provides much of their 
energy. In view, therefore, of the complementary nature 
of the two parts of this programme, European high-energy 
physicists will hope that a favourable decision on this 
other part of the programme will not be too long delayed. 


HIGHER EDUCATION IN BRITAIN 


HE debate on higher education in the House of 

Lords on December 1, which was opened by Lord 
Robbins, did not re-examine the question of the scale 
of university expansion, except in so far as to express 
doubts about whether the agreed target could now be 
achieved, in view of the 6 months standstill imposed on 
new university building. This standstill; as Lord James 
of Rusholme promptly pointed out, in practice meant a 
delay of at least a year. The question of organization, 
which had been the other main theme of the debate in 
December 1963, was again to the forefront, and Lord 
Robbins strongly attacked what he termed the ‘binary 
system’ set up in the Ministry of Education and Science 
by the Government. The other two main topics of the 
debate were the development of the colleges of advanced 
technology and the position of the teachers’ training 
colleges. 

Lord Robbins questioned the wisdom of the decision 
that no new universities, beyond the six recommended 
by the Committee on Higher Education, should be 
created during thé next 10 years, and suggested that this 
decision might create difficulties for forward planning in 
later years. He was more concerned, however, that tho 
assumption of university status by the colleges of 
advanced technology might be accompanied by a change 
in work or function as well as position. He emphasized 
the vital importance of their continuing to develop on 
their existing basis and in this he received strong support 
from. Lord Kings Norton, who insisted that the preponder- 


ating position of the sandwich course must be maintained, 
as well as the collaboration between industry, commerce, 
the professions and the teaching staff. 

Lord Robbins’s other anxiety concerned the teacher 
training colleges, and he argued strongly, as did the report 
of his committee, that the administration of the colleges 
should be transferred to the universities. He thought 
that this question of status could be of vital importance 
in ensuring that an adequate supply of candidates of high 
ability was forthcoming; he regarded the failure to 
implement this recommendation as an outstanding weak- 
ness of the new binary system. Lord Robbins did not 
receive general support in this view, though he was 
strongly supported by Lord Murray of Newhaven. Lord 
Murray was also concerned about the effect of centralizing 
administrative arrangements in the Department of 
Education and Science on higher education and research 
generally. He was disturbed at the possibility that com- 
plete absorption of the universities and the research 
councils in one Ministry might prejudice the development 
of higher education as well as research. Lord James of 
Rusholme, although he supported the idea of a single 
Ministry, strongly attacked the financial policy which the 
Government had in practice pursued towards the univer- 
sities. He insisted that the financial arrangements required 
overhaul and, while willing to accept closer financial 
controls, emphasized that such controls must provide 
security and flexibility. His argument was strengthened™ 
by a powerful aside in pleading for adequate finance for 
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university libraries, which at the lowest were as essential 
as laboratories or apparatus. 

Lord Snow, conceding the crucial importance of aca- 
demic freedom, was more optimistic as to the possibility 
of achieving it within the framework of existing arrange- 
ments, particularly if information was distributed 
effectively. He defended the binary system, and in his 
reference to the teachers’ training colleges went a long way 
towards accepting Lord Robbins’s argument. On the 
question of strengthening the University Grants Com- 
mittee he was silent, and although Lord Robbins’s 
original plea here was taken up by Lord Hankey and 
Lord Sherfield, and particularly by Lord Annan, who 
made several constructive suggestions, it received no 
comment from the Earl of Longford, who concluded for 
the Government. Lord Todd also was dubious about 
the Government’s financial arrangements for university 
building, but the main point in his speech related to the 
use of television, particularly in the development of 
what had been described as a ‘university of the air’. He 
thought that there were three educational objectives of 
major importance which should receive priority at this 
time. First, there was the provision of school courses in 
science and mathematics to offset the present shortage of 
teachers of these subjects; secondly, the provision of 
courses in science and technology for re-education and 
training; and thirdly, the development of extra-mural 
education by the universities. 

Lord Todd thought it was in regard to the two last- 
mentioned objectives that television had a vital con- 
tribution to make. If the problems of technical traming 
and adult education were to be tackled, the universities 
- and colleges of technology would have to play their 
part, and for this they needed a ‘university of the air’. 
Lord Todd was supported by Lord Annan but, while the 
Ear! of Longford confidently affirmed the Governments 
belief that the target figures of 218,000 university places 
in 1973-74 would be achieved despite the fact that 
building starts for 1967-68 and 1968-69 had not yet 
been agreed, on the ‘university of the air’ he said no 
more than that all the implications were being carefully 
considered. He thought that a ‘university of the air’ 
would need a substantial share in a television channel 
with national coverage. He agreed, however, that the 
University of Strathclyde could play a useful part in any 
national scheme by training staff and by preparing and 
producing programmes that could be transmitted nation- 
ally. He declined to commit himself as to licences for low- 
powered transmission by this or other universities. He 
did not reply to Lord Wynne-Jones’s observation that the 
estimates in The National Plan provided for only 170,000 
university students by 1970 and not 199,000, nor was he 
forthcoming as to alternative sources of university 
finance, such as higher fees or student loans which had 
been mentioned in the debate. On the colleges of advanced. 
technology, he merely said that the Government recog- 
nized that the National Council for Academie Awards 
had a major part to play in shaping the future of the 
technical colleges as centres of higher education. 

The impression of ‘woolly’ thinking on the part of 
Government spokesmen in this debate is strengthened, 
rather than otherwise, by some of the papers contributed 
to the symposium on “The Modern University” at the 
University of Strathelyde in November. Sir Denis 
Brogan, dealing with “The Democratic University: 
American and British”, and Dr. Magnus Pyke, discussing 
“Universities in the Modern Age of Scientific Under- 
standing”, dealt with some of the wider issues which had 
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been raised in the debate in the House of Lords. Dr. Pyke 
made a powerful plea that the universities should en- 
deavour to produce the ‘all-rounder’ as well as the 
specialist. Prof. S. G. E. Lythe also gave a firm warnmg 
against yielding to professional pressure, and maintained 
that the first task of 2 modern university was to ensure 
that all its graduates had experienced a rigorous intel- 
lectual discipline in one field of investigation in which 
they have penetrated to fundamentals. G. E. Hartley 
offered some wise words about research and teaching and 
about the danger of forgetting that only a few students 
eventually become unzversity teachers; while I. F. Clarke 
insisted on the imporzance of a broad curriculum. 

One significant characteristic of the local contributions 
to the symposium was the way in which they pointed to 
practical means of increasing efficiency or diminishing 
the costs of university education by attention to points 
which, possibly trivial in themselves, could in the aggre- 
gate be considerable. Mr. E. W. Hughes, of Newcastle 
upon Tyne, spoke on “New Patterns in University 
Organization” and was followed by a very practical 
contribution from Mr. L. McGougan, “A Philosophy for 
University Administration”. The contributions on 
library services and students’ book grants, and notably 
Mr. W. Scotts paper on “Technological Services in a 
Technological University”, were characterized by a like 
valuable pragmatism. It would seem from this sym- 
posium that the possibilities of increasing efficiency are 
far more clearly grasped within the universities than by 
the Government. This was very conspicuous in the papers 
from K. J. W. Alexander, on “The University and Adult 
Education”, and from A. Ward on “The University of 
the Air”. Such arguments as were put forward were by 
no means disposed of by the Earl of Longford in the 
House of Lords debaze or by what was added in a written. 
answer in the House of Commons on December 21. 

The existence of serious concern over the Government’s 
attitude to the universities was even more apparent in a 
later article by Lord Robbins in the Universities Quarterly. 
Such concern is also reflected in the report of the Flowers 
Committee, in the annual survey of the University 
Grants Committee for the academic year 1964-657, and 
in some remarks of Dr. W. H. F. Barnes, vice-chancellor 
of the University of Liverpool, at the annual meeting of 
the University Court: Immediately before the Christmas 
recess, on December 21, the Secretary of State for 
Education and Science, Mr. A. Crosland, did announce 
that the Government accepted the recommendations of 
the Flowers Report, but proposed to spread the expendi- 
ture over 6 instead of the 5 years recommended. Little 
else emerged to remcve the misgivings expressed, and the 
argument for the five essential freedoms of the universities 
could not well have been better expressed than by Dr. 
Barnes. 

Dr. Barnes agreed that the universities must expect to 
account to the Government for the expenditure of the 
large sums voted to them. They must, however, remain 
free to select their staff and choose their students, to 
determine their degrees and standards and courses for 
undergraduates, to decide on their own research pro- 
grammes and to allocate their financial resources. Dr. 
Barnes insisted in particular that universities should not 
accept the extreme thesis that their function was to 
supply graduates in the proportions required by the 
latest economic blueprint. He was also concerned that 
variety in sources of financial support should be encour- 


* Univers y Grants Committee-Annual Survey, Academic Year 1964- 
1965, Pp. 15. Omnd. 2846. (London: H.M.8.0., 1065.) 18. 6d. net. 
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aged, particularly if the freedom of a university to decide 
on its own research programme was not to be affected 
by over-dependence on grants from research councils or 
from industry. 

Apart from the final emphasis on the difficulties and 
uncertainties which the building deferment policy inevit- 
ably involves in the expansion of the universities to meet 
the Government’s objectives and in the arrangements to 
be made for the next quinquennium, the University 
Grants Committee in its annual survey only touches on 
its differences with the Government in muted terms: the 
frustrations and anxieties are obvious but are allowed to 
speak for themselves. The Committee, however, is in full 
agreement with the concept of a dual system of higher 
education, with each sector—the autonomous and the 
public—making its own contribution. The Secretary of 
State for Education and Science developed this idea in a 
speech at the Woolwich Polytechnic on April 27, 1965, 
and has discussed its implications with the Committee of 
Vice-Chancellors and Principals. It regards the Minister’s 
decision not to support the proposed integration of the 
Lanchester College of Technology at Coventry with the 
University of Warwick, while encouraging the closest 
possible academic co-operation, as giving a guide for the 
practical application of the policy of the dual system. 

On university expansion and building programmes, the 
Committee decided to make an immediate allocation 
among the universities of the £33 million for building 
starts in 1966-67, but to postpone the allocation of the 
provisional £25 million for each of the following two 
years until it had completed the investigations and dis- 
cussions necessary to establish final figures for these 2 
years. The Committee foresaw considerable difficulties, 
both for itself and for the universities, if decisions about 
the priorities of particular building projects had to be 
taken in relation to allocations which might later be 
significantly altered to take account of under-capital- 
ization and obsolescence. The Committee is grateful to 
the universities for their response to the request for a 
detailed return of the total amount of accommodation 
available, or expected to be available, by 1967-68, 
together with an assessment of the suitability of buildings 
for continued use for university purposes. Owing to 
such co-operation in this massive and laborious opera- 
tion, the University Grants Committee was able to 
submit in May a comprehensive analysis of the whole 
accommodation available by 1967—68 in relation to the 
student population at that date and the extent of the 
deficiencies which it would be necessary to make good. 
The analysis was discussed with the Department of 
Education and Science, but the discussions had not been 
concluded when the Chancellor of the Exchequer amn- 
nounced the Government’s economic measures on July 27. 
Since then, the University Grants Committee has been 
ascertaining from the universities the precise effect of 
the deferment policy on their building programmes for 
1965-66 and has discussed with the Department of 
Education and Science the extent to which exemptions 
from the general rule may be considered in particular 
cases and the repercussions of the deferment policy on 
the allocations of building starts for later years. 

The Committee and its Medical Sub-Committee were 
much concerned during the year with planning measures 
to increase the student intake of the medical schools. 
There is still a large gap between the actual annual intake 
and the intake which would be needed to correct the 
inereasingly critical shortage of doctors—the present 
bottleneck being at the preclinical stage. In the present 
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financial situation there is no prospect of embarking on 
a comprehensive programme of modernization, but the 
Committee has been invited to submit evidence to 
the Royal Commission on Medical Education, under the 
chairmanship of Lord Todd, appointed on June 29. 
Arrangements have been made to carry forward the 
planning for the new Medical School and Teaching 
Hospital at Nottingham where the Committee has already 
given financial assistance towards the initial cost of the 
staff and the development of the library. 

The University Grants Committee was also asked to 
advise on the additional provision of a recurrent grant 
which it would be appropriate to make during the last 
2 years of the present quinquennium to continue the 
build-up of the Imperial College of Science and Tech- 
nology, the Manchester College of Science and Technology 
and the University of Strathclyde, while encouraging and 
expanding promising developments in the technological 
departments of other universities. Supplementary recur- 
rent grants totalling £1 million for 1965-68 and 1966-67 
were announced on June 29 for allocation to these three 
institutions to rectify certain serious deficiencies in tech- 
nology, to consolidate existing activities, and to support 
selected important projects which were developing out of 
existing activities. At the same time, the Government 
indicated that it intended to make available up to 
£400,000 over the same period for selected approved 
technological projects in the remaining university fields. 
The Committee has also advised on the recurrent grant 
requirements of the colleges of advanced technology for 
these 2 years and on proposals for the acquisition of 
additional sites for development submitted by the Birm- 
ingham College of Advanced Technology and the Bradford 
Institute of Technology. 

The remaining matters with which the survey is mainly 
concerned are the comparative analysis of university costs 
and the control of capital expenditure. On the former, 
the Committee has become increasingly conscious of the 
need to obtain more detailed information about university 
costs and to develop improved techniques of comparative 
analysis. The Working Party set up in March 1965 under 
the chairmanship of Sir Harold Sanders “to review the 
content and layout of the financial and other returns 
submitted to the University Grants Committee by 
universities with a view of improving them as instruments 
of comparative analysis of university past and projected 
expenditure” has already reported, and the University 
Grants Committee has accepted its recommendations. 
The Committee has also discussed the proposed new 
arrangements with representatives of the Committee of 
Vice-Chancellors and Principals. 

The Working Party agreed that the essential basic 
requirements for the purpose of comparative analysis were 
to separate expenditure on research and to calculate an 
undergraduate unit cost. This would necessitate separ- 
ating and quantifying, on a consistent basis, the cost of 
undergraduate teaching, the cost of postgraduate work, 
and the cost of research carried out by university staffs. 
The Working Party recommended, accordingly, that 
revised forms of return should be issued to universities 
for completion in respect of the academic year 1965-66, 
and that the operation, once introduced, should be a 
continuing one, though the arrangements might need to 
be revised and adjusted in the light of the first year’s 
working. The universities have agreed to put these 
arrangements into operation for 1965-66, subject to 
further discussions on the precise techniques to be used. 
They have reservations, however, about the reliability of 
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the information in the form in which it is sought, par- 
ticularly as regards the division of effort between teaching 
and research, and about the use of the information when 
it becomes available. 

In the light of the study made by the joint Working 
Party, set up by the Committee and the Department of 
Education and Science, to review the existing arrange- 
ments for controlling the cost of residential accommo- 
dation in-institutions of higher education, the Committee 
and the Department concluded that there was no justi- 
fication for any variation in standards between residential 
accommodation in’ universities, colleges of advanced 
technology and colleges of education. It believed that a 
single-cost system, flexible enough to deal with the 
varying requirements, was both possible and desirable. 
The revised system recommended by the Working Party 
is in essence a refined version of the previous system, 
operated on the basis of a ‘study—bedroom unit’ and 
designed to retain and increase the flexibility allowed to 
universities and their architects. The new arrangements 
were conveyed to the universities in April 1965; essen- 
tially they apply to all residential schemes programmed 
to start in 1965 and subsequent years for which cost lists 
have not already been fixed. 

A joint Working Party with the Department of Educa- 
tion and Science has also been set up to review the 
cost—control procedures applyimg to academic buildings 
where the problems are far more complex. The require- 
ments for teaching and research vary from one university 
or department to another, and with science buildings. a 
wide range of specialized services has to be covered. The 
Working Party is accordingly proceeding by stages, 
starting with the simpler types of teaching and office 
building. In order to encourage the application of indus- 
trialized building techniques to university buildings, the 
University Grants Committee and the Department of 
Education and Science are collaborating with the Bristol 
College of Science and Technology and its architects in 
developing and applying the ‘C.L.A.8.P.’ system of con- 
struction [see Nature, 209, 768; 1966] to increase its 
suitability for science and technology buildings. The 
Committee has also been giving much attention to de- 
veloping a system of monetary allowances which would 
serve as ‘norms’ for assessing the value of the equipment 
needed in new university buildings, both for teachmg and 
for research. The present arrangement is laborious and 
time-consuming, and it would simplify the Committee’s 
control procedures if monetary allowances could be 
worked out in relation to the subjects concerned and to 
the numbers of students and staffs in the new buildings. 

The Committee is also conscious of the serious problems 
which face universities in replacing and modernizing 
equipment in existing buildings. The problem of financing 
university purchases of equipment has been compre- 
hensively examined by a joint Working Party of officials 
of the Committee, the Department of Education and 
Science, the Treasury and the Science Research Council. 
The report of this Working Party is now under con- 
sideration, and a Working Party of officers of the Com- 
mittee and of the Ministry of Public Building and Works 
is examining how the use by universities of the Ministry’s 
facilities for the supply of furniture can be encouraged 
and extended. 

The survey makes no comment on the report of Prof. 
B. H. Flowers’ Working Group on the supply of com- 
puters beyond stating that the Committee considered it 
and passed its views on to the Government at the begin- 
ning of August. The two things that stand out from this 
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survey, however, are. first, the extent to which Govern- 
ment policy has itself enhanced the difficulties and uncer- 
tainties of the University Grants Committee, and secondly, 
the persistent failure of the Government to strengthen 
the Committee’s powers to discharge its growing respons- 
ibilities. Part of the pressure on the Committee is directly 
of the Government’s making and could be removed by a 
consistent policy on the part of the Government. Part, 
however, is the direct outcome of the Committee’s steadily 
increasing responsibilities. 

The survey shows how admirably the Committee is 
itself seeking to meet the new situation and to face new 
and legitimate demands. It substantiates all that was 
said in the Robbins Report and has been reiterated in 
Parliament as to the imperative need to strengthen the 
staff of the Committee. The Department of Education 
and Science, however, on which the main responsibility 
for the failure to strengthen the Committee must fall, does 
not present such a satisfactory picture. Doubts as to the 
wisdom of placing the University Grants Committee under 
the Department of Education and Science cannot but be 
raised by the frequent references to that Department in 
this brief survey, esp2cially ın the absence of any positive 
action by the Department to strengthen the Committee 
or of evidence of a real understanding of the problems of 
university expansion and development on the part of the 
Minister himself. Co-operation with the Department of 
Education and Science there must clearly be, but without 
including a word of criticism this survey cannot but raise 
serious misgivings in the universities and elsewhere as to 
Government policy in higher education. If the debate in 
the House of Lords on December 1 was largely incon- 
clusive and somewhat disappointing, any subsequent 
debate that may take place in the House of Commons in 
the light of this annual survey is likely to be far more 
incisive and could well be extremely disconcerting for the 
Department of Education and Science. 


POLITICAL AND PHILOSOPHICAL 
IMPACT OF SCIENCE 


Science as a Culturel Force 

Edited with an Introduction by Harry Woolf. (The 
Shell Companies Foundation Lectures.) Pp. vii+110. 
(Baltimore, Md.: The Johns Hopkins Press; London: 
Oxford University Fress, 1965.) 32s. net. 


HE four lectures collected in Science as a Cultural 

Force fall neatly into two groups : the administrative 
and the philosophical. The first two lectures by former 
science advisers to the President of the United States 
are concerned with the challenge from without, repeatedly 
identified as the fact that the U.S.S.R. is producmg 
twice as many scientists as the United States. But their 
main preoccupation is with the challenge from within: 
the new pattern of relations that is emerging between the 
Government and tke scientific community. Dr. James 
R. Killian believes that the executive branch of the Govern- 
ment should make a greater use of scientists in policy- 
making and in the co-ordination of scientific activities. 
There is increased governmental pressure resulting from 
larger grants to universities for research, and the con- 
sequent danger of unwittingly imposing constraint on the 
creative process on the one hand: On the other, society 
as a whole is becommg more and more research-conscious 
and research-reliant. This entails the msk that every 
state, every district, will consider itself thwarted if it 
does not have its own research centre. These problems 
must be faced by the scientists themselves. Their tradi- 
tional fear of overarching bureaucracy has kept them 
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aloof, but: they can no longer elude the fact that the prob- 
lem of priorities and the political pressure for geographical 
distribution. of Government funds are likely to mean more 
politics in science. Somehow they will have to learn to 
work effectively in the political arena. 

This leads to the question of the allocation of public 
funds. How is the State to distribute money for research ? 
Or rather, how is the scientist to enlighten the politician 
on the research that is important but that yields no 
immediate results? This is by no means an easy task if 
we believe Dr. Jerome B. Wiesner. As a Special Assistant 
to President Kennedy, he was confronted with angry 
demands to explain how particular pieces of research 
could possibly be useful. The problem lies in the fact that 
while the research scientist is primarily motivated by an 
urge to explore and understand, society supports him 
primarily because experience has demonstrated how 
essential research is for the continuing progress in tech- 
nology. ‘The trick would be to convince down-to-earth 
Congressmen that acquiring scientific knowledge is a form 
of capital investment. They might be willing then to 
consider Dr. Wiesner’s proposal that the United States 
spends & billion dollars on fundamental research, which, 
after all, would still be Jess than 20 per cent of the space 
budget. 

The third lecturer, Dr. Michael Polanyi, raises the dis- 
cussion to the philosophical level when he argues against 
the ideal of scientific ‘detachment’. His two conten- 
tions are that all knowledge is based on a measure of 
personal participation and that we know more than we 
can tell. The evidence he adduces are cases of ‘sub- 
ception’, when an individual becomes aware of an 
anomaly and subconsciously reacts to adjust himself 
to its requirements. Whether we can conclude from these 
examples that knowing is indwelling is open to doubt. 
So is the claim that the explanation of all living processes 
by physics and chemistry collapses unless we deny alto- 
gether the existence of consciousness. It is, of course, 
impossible to do justice to such topics in @ lecture or a 
short brief essay. Yet they may whet the reader’s appetite 
and entice him to look up what Dr. Polanyi has written 
about this elsewhere. 

Dr. Gerald Holton tries to bridge the gap between 
science and the humanities by showing that a simple- 
minded view of the inductive process (which he seems to 
identify with the hypothetico-deductive method) is 
misleading. In order to understand how scientific theories 
are constructed we must be aware of the presuppositions 
that underlie them. To empirical and analytical state- 
roents, which he likens to v- and y-axes, Dr. Holton adds 
a third or z-axis. This is the dimension of the fundamental 
propositions, notions, terms, methodological judgments 
or decisions—in short, the themata or themes that under- 
pin and penetrate a scientific explanation. This thematic 
analysis has been fruitful in other fields and it is only 
recently that it has attracted the attention of the his- 
torians and the philosophers of science. Possible examples 
would be the heuristic concept of ‘force’ in physics, 
or the pervasive laws of conservation. This kind of 
enquiry would help us to a view that goes beyond the usual 
antithetical juxtaposition between science and the 
humanities. The lamented separation between science 
and the other components of our culture depends on the 
oversimplification which implies that science is done only 
in the contingent plane, whereas scholarly or artistic 
work involves basic decisions of a different kind, with 
predominantly aesthetic, qualitative, mythical elements. 
In Holton’s view, the dichotomy is attenuated, if not 
eliminated, if we see that science, too, needs more than 
the contingent plane. But what is there beyond the con- 
tingent that is more than a merely provisional absolute ? 
The thematic analysis that is suggested is becoming in- 
creasingly common, but we have yet to be told how 
themes are to be compared, and according to what norms. 

W. J. SHEA 
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SOCIAL IMPLICATIONS OF 
EDUCATION 


Education and Values 
Essays in the Theory of Education. By G. H. Bantock. 
Pp. 182. (London: Faber and Faber, Ltd., 1965.) 25s. net. 


Educational Values in an Age of Technology . 

By F. B. Pinion. (The Commonwealth and Internationa 
Library of Science, Technology, Engineering and Liberal 
Studies. Education Division, Vol. 1.) Pp. xi+ 184., 
(London: Pergamon Press; New York: The Macmillan 
Company, Ltd., 1964.) 17s. 6d. net. 


IKE G. H. Bantock in the essays collected under the 
title Education and Values, Mr. Pinion is concerned 
with educational and other values, but what the two 
books have in common both with Dr. Michael Young’s 
Innovation and Research in Education and with Mr. F. C. 
Palmer’s little book on Student Guidance is very striking. 
It is perhaps not surprising to find Mr. Palmer’s insistence 
on the importance of the teaching of English reflected in 
one or two of Mr. Bantock’s essays and in different context 
by Mr. Pinion. More impressive is not merely the insist- 
ence on the importance of more research into education 
in all four books but also the emphasis on the social 
implications of education and its place in modern society. 
Moreover, it is not just an expansion of educational 
research that is urged: searching questions are asked 
about its nature and the methods of investigation as well 
as the choice of subjects. 

This consensus of opinion, if not altogether unexpected, 
is encouraging. Mr. Bantock discusses educational research 
in only one of his eight essays, but, even so, in that essay 
his criticism endorses much of Dr. Young’s thesis, while 
elsewhere he enters more fully into some of the character- 
istics of society to-day from which that thesis 1s developed. 
He demonstrates how the facing of questions of values 
stimulates fresh thinking about the content of curricula 
as well as about methods of teaching, and that the 
decisions we take as to values determine the appropriate- 
ness of our whole educational system for this age of 
technology. It involves considering afresh the different 
roles which the arts and sciences fulfil in developing the 
complete human. being. Nor can our decisions on values be 
wisely made without regard to the relations between 
school or university and the community, and the value 
we place on the individual. Just as firmly as Dr. Young 
or Mr. Palmer, he challenges accepted principles and 
preconceived ideas and stimulates fresh thought about 
the moral issues involved, and how the needs of a technolo- 
gical and changing society are to be reconciled with the 
development of human personality. Again, like Dr. Young 
and Mr. Palmer, he maintains that Jearning remains the 
most vital prerogative and task of our schools. 

Mr. Bantock, nevertheless, realizes that an education 
concerned simply with a social justice limited to economic 
purposes would be imperfect, and he makes his point in 
the context of technological and technica] education. Mr. 
Pinion is more especially concerned with these subjects, 
though his warning against obsession with class and 
opportunity interpreted in political terms is given also in 
a discussion of education, social justice and sociologists. 
It, too, is reflected by Mr. Pinion, particularly in reviewing 
the general problems in educational organization, where 
he comments trenchantly on the influence of class pre- 
judices and emphasizes the need for safeguards. “‘Educa- 
tion”, he observes, “is too precious and costly to be the 
shuttlecock between opposite political parties”. 

Educational Values in an Age of Technology 18 in two 
parts. The first part is essentially a factual appraisal of the 
situation in Great Britain. Besides the chapter just noted 
in which he refers to such diverse matters as administra- 
tion, the supply of teachers, curricula reform, examina- 
tions, finance and research, it includes separate chapters 
on the growth of technology, the schools, the universities 


No 5026 February 26, 1966 


and colleges of advanced technology, and on other forms 
of further education, which he reminds us are for many 
more appropriate than either a university institution or 
a college of technology. The second part, which occupies 
less than 50 of his 180-odd pages, is more philosophical 
and exploratory. Its three chapters, on the cultural criss- 
cross, on the limitation of intellectualism, and on science 
and religion, seek to outhne the dilemma in which the 
rising generation is placed by the steady erosion by 
specialization of the areas of agreement and mutual 
understanding. 

Even the factual survey is packed with sense and con- 
structive suggestions and makes a useful contribution to 
any discussion on the impact of science on society which 
does not make comfortable reading for those responsible 
for policy. He has no use for policy which is not determ- 
med on educational grounds but by political ideology. 
Mr. Pinion has an eye for the essentials and is every bit 
as forthright as Dr. Young in condemning the waste of 
resources on trivialities and in asserting the need for fresh 
and unprejudiced thinking. It 1s, however, above all in 
what he writes, in his second part, about communication 
between scientist and non-scientist and on the limitations 
of intellectualism that he is most challenging. In contrast 
to Mr. Bantock, who has reservations regarding tech- 
nology, he has, like Sir Eric Ashby, a deep sense of the 
value of science and of technology as cultural elements 
themselves, and his final chapter on science and religion 
is outstanding in its insight and balance. The greatness 
and value of science are that, besides teaching us the 
wonders of creation, it also, seen in the perspective of its 
conclusions, gives us a sense both of man’s power for 
good and of his fallibility and weakness. Science and 
religion, in Mr. Pinion’s view, can meet, but both must 
adjust their attitudes. His book is well written as well 
as stimulating and his wide and apt quotations are sup- 
ported by an admirable reading list. Fully as effectively 
as either Mr. Bantock or Dr. Young, he brings us face to 
face with some of the vital issues with which the advent 
of compulsory education and the prospect of universal 
literacy has confronted civilization for the first time 
within the past hundred years. He points alike to the 
need for fresh thinking and enquiry if the issues are to 
be resolved in terms of respect for human personality 
and on the basis of fact rather than fiction or prejudice. 

R. BRIGHTMAN 


GEOGRAPHY OF THE ICE AGE 


Environment and Archeology 

An Introduction to Pleistocene Geography. By K. W. 
Butzer. Pp. xvii+ 524. (London: Methuen and Co., 
Ltd., 1965.) 84s. 


EX VIRONMENT and Archeology is an attempt to show 
how the geography of the Pleistocene period may be 
reconstructed and to illustrate the extent to which such 
reconstruction is at present possible. Part 1 is introductory 
and largely concerned with the abnormal nature of the 
Pleistocene, its extent in geological time and the present 
state of success in dating it in absolute terms. Part 2 is 
concerned with the interpretation of vegetation, soils and 
landforms in terms of climate, Part 3 with the interpreta- 
tion of sedimentary evidence, Part 4 with the inter- 
pretation of biological evidence, mostly pollen and 
macroscopic plant analyses and studies of mammalian 
faunas. Part 5 is a series of reconstructions mostly of the 
Late Pleistocene geography of different regions with a 
natural bias towards the Mediterranean and African 
areas with which the author is most familiar. Part 6 is 
virtually a series of essays on aspects of prehistoric 
human geography. 

It may be appreciated from the foregoing summary 
that the field attempted is vast, and this is the source of 
both the strength and weakness of the work. No one 
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Pleistocene specialist will attempt to cover more than 
one or at most two specialized aspects: he may be a 
“beetle man’ or a ‘snail man’ but rarely both; he may be 
a ‘plant and landform man’ but not a ‘plant, landform 
and mammal man’. Thus, any synthesis such as this must 
place a great deal cf reliance on secondary sources, on 
review papers and on the standard teaching manuals on 
landforms, soils and vegetation. This is inevitable, but 
it does lead in places to an air of certainty which the 
specialist would probably disclaim. Practically all ques- 
tions on such subjeczs as the origin of landforms and the 
precise controls of piant and animal species distributions 
are open ones. But when such evidence is used in palaeo- 
geographic reconstruction one particular interpretation 
must be chosen for each line of evidence and the inter- 
pretation of one piece of evidence may be conditioned by 
that already put on another. The result may be a sum 
of truths or a sum of errors, or more commonly a mixture. 
Perhaps it would have been better not to have attempted 
to teach the skeletal and hence seemingly dogmatic 
treatments of soil science, climatology and geomorphology 
of Part 2, but to refer the reader to reference works for 
systematic information and to discuss more fully the 
interpretative doubts. 

Yet the apparent dogmatism is conditioned more by 
the telescoping necessary to cover the field than by any 
lack of critical appreciation on the part of the author, 
who deals critically with such vexed questions as the 
differences between modern and Pleistocene periglacial 
climates consequent on the different latitudinal positions, 
with the possibility of the vegetation succession being 
either climatic or edaphic and with many other awkward 
problems. Perhaps he relies more on vertebrate evidence, 
which is subject to human as well as to physiographic 
controls, than on the invertebrate evidence of such 
creatures as beetles and snails, which more nearly reflect 
only physiographic controls—but this may only be a 
difference of taste between the author and myself. Al] in 
all, the book is very valuable and very welcome. In a 
period when Pleistacene investigations, like many other 
branches of knowledge, are in danger of disintegrating 
into mutually semi-comprehensible specialisms, it performs 
the invaluable constructive and difficult task of synthesis. 
As such, it should be received with praise and charity by 
undergraduates, researchers and all interested in the 
fascinating field of Pleistocene geography. 

B. W. SPARKS 


EQUILIBRIA IN IRON AND STEEL 
MAKING 


Phase Equilibria Among Oxides in Steelmaking 

By Prof. Arnulf Muan and Prof. E. F. Osborn. Pp. 
xXx +236. (Reading. Mass. : Addison-Wesley Publishing 
Company, Ine. ; London: Pergamon Press, Ltd., 1965.) 135s. 


N any long-estabHshed industry there is a well-defined 

art which, as knowledge increases, develops into a 
science. The art exists because it is successful and, al- 
though it may have complexities based more on tradition 
than on logic, the majority of the practice has evolved 
from sound, factuel experience. Following as it does 
on the art, the science is not always received as enthusi- 
astically as the scientist may desire: this arises, partly, 
from the difficulties of communicating the use of new 
ideas to technologists whose training has preceded the 
advancement of the science. Furthermore, it can happen 
that the facility to manipulate scientific data is lost in a 
disastrously short time by the scientist working in industry. 
Any attempt to overcome these difficulties in converting 
an art to a science is laudable, but the task is difficult, 
criticism is freely given, and failure is fairly easy. 

The American Iron and Steel Institute has for some 
years sponsored irvestigations of phase equilibria in 
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Steel-plant refractories in the College of Mineral Studies 
at the Pennsylvania State University. The College has 
made many original contributions to this subject since the 
project started in 1949: this work has, in one sense, 
culminated in the publication of the book, Phase Equili- 
bria Among Oxides in Steelmaking. The authors, Profs. 
Muan and Osborn, have aimed to bring together all 
available data on relevant oxide systems, and to apply 
this scientific information to process problems in the iron 
and steel industry. The presentation of the information 
has been designed for use by those meeting these problems 
as they assist in practising the art of operating the pro- 
duction plants. 

The first three-quarters of the book gives data relating 
to equilibria ın some sixty oxide systems of importance 
in iron and steel making, and sets out the basic principles 
underlying the formation. This part of the book is 
excellent. No attempt is made to over-describe the basic 
science of the subject, references being given to many 
of the excellent texts already available: the essential 
principles are`made clear by reference to the equilibria 
in the different types of system discussed. The special 
interest of the authors in thts part of the work may 
be clearly discerned; more than three hundred original 
references are cited, and the subject is treated in an 
objective and critical manner. Whenever possible, the 
information is presented in a standard diagrammatic 
form, and the authors have redrawn many published 
diagrams in order to give a commendably uniform presen- 
tation. The diagrams are,.in general, clear, but some of 
the more complex illustrations would benefit from the use 
of colour, a device which would, unfortunately, increase 
the price of an already expensive book. 

The three final chapters of the book deal with the 
application of the equilibrium data to slags, oxide in- 
clusions, and refractories. As in the preceding chapters, 
the information is handled in a clear and constructive 
manner ; bearing in mind the audience at which the book 
is aimed, however, these sections do not maintain the 
high standard set by the earlier chapters. A few: slag 
systems are discussed in reasonable detail, but more 
examples would have helped the average reader to extend 
the treatment to other systems. The validity of this 
criticism is emphasized by the authors themselves, when 
they point out that many simplifications and assumptions 
are necessary In order to discuss the chemistry of steel- 
making slags. Similarly, the logically presented infor- 
mation on oxide inclusions could have been extended, 
with benefit, to make more clear the ways in which the 
different phase relationships can affect the morphology 
of the precipitates. l 

Despite these criticisms, however, the book will be of 
undoubted value to those involved in the practical 
problems of iron and steel making. It should also find 
considerable use in providing examples for the amplifi- 
cation of university courses dealing with problems of high- 
temperature equilibria. D. § OLIVER 


SKIN AND HAIR—A FORWARD- 
LOOKING PROSPECT 


Biology of the Skin and Hair Growth 

Edited by A. G. Lyne and B. F. Short. (Proceedings of a 
Symposium held at Canberra, Australia, August 1964.) 
Pp. xi+806. (Sydney: Angus and Robertson, Ltd:, 
1965.) A.210s.; 21 dollars. 


Je onr of the Skin and Hair Growth is a large and 
wide-ranging book. Among the subjects covered 
are the skin structure of snakes and lizards; the develop- 
ment of feathers and hair; studies of hair growth waves 
and rhythms in cattle, sheep, rodents and séals; radia- 
tion effects on hair; the detailed biochemistry of keratin 
structure and fibre formation; endocrine effects on fibre 
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growth; and the cytology and morphology of hair 
follicles. 

Inevitably, in a book of 46 chapters, many of which 
incorporate original work, the quality of papers varies. 
But the average standard is very high and the overal] 
impression is that each subject is treated authoritatively. 
The emphasis of the book is on dynamic features of the 
skin~hair complex rather than on the classical aspects of 
anatomy and morphology. As with most symposia, 
complete coverage of the field was understandably not 
achieved. In this particular case, several important but 
specialized topics are virtually excluded; for example, 
the work of Bullough and his associates on the control of 
cell division in the hair follicle and the epidermis, and 
the subject of skin transplantation immunity. ‘There has 
been no attempt to make a general synthesis, but in view _ 
of the variety of material presented this might well have 
proved an almost impossible task. The nearest approach 
to generalization comes in the opening paper by Billingham 
and Silvers which deals with some of the important 
remaining problems of skin biology. 

Of the numerous sections deserving comment it may be 
permissible to sample a few. Papers by Straile and by 
Priestley and Rudall both suggest that the morphology 
and rate of growth of hair fibres may be controlled by 
a ‘cellular shunt’ mechanism determining which of the 
cells formed in the follicle bulb enter the hair fibre and 
which enter the follicle inner root sheath which invests 
it. Such a mechanism involves the spatial relationships 
between streams of newly divided celis moving distally 
from. the follicle bulb matrix. These relationships may be 
determined by changes in the shape of the dermal papilla. 
This work and the studies of Fraser and of Short, Wilson 
and Schinckel on the proliferation rate of the follicle 
matrix cells may together hold the key to a complete 
understanding of the process of hair growth at the cellular 
level, : , 7 

Cohen, by means of an audacious technique mvolving 
the transplantation ‘of individual follicle papillae, ‘has 
carried out a successful experimental attack on the funda- 
mental problem of epigenetic specificity as between’ the 
dermal papilla and the epidermis. Chapman has con- 
structed a highly ingenious theory which accounts for the 
formation of wool crimp by postulating periodic econ- 
tractions of the follicle-attached pilomotor muscles. 
However, there still seems on this theory a difficulty in 
accounting for the situation in certain British breeds of 
hill sheep. Here the primary fibres (which are all associated 
with arrector pill muscles) may comprise a mixed popu- 
lation of Joosely-crimped and uncrimped fibres, whereas 
adjacent secondary fibres (which lack associated muscles) 
‘are all clearly crimped. One hopes that Chapman will be 
able to direct his attention to this problem m the future. 
Different types of hair-growth rhythm and the factors 
controlling them in a variety of species are thoroughly 
dealt with in chapters by Chase, Lyne, Elizabeth Johnson, 
Ebling, Ling, Hutchinson and Hayman. Aspects of 
blood-flow to the skin are discussed ın several papers, 
and here Molyneux revives, from a new point of view, the 
subject of arterio-venous anastomoses in the skin and their 
possible role in thermoregulation. Endocrine effects on 
hair growth are considered by Rougeot, by Houssay, 
Epper and Pazo, and by Downes and Wallace. A com- 
prehensive paper by Ferguson, Wallace and Lindner 
indicates the bewildering complexity of present knowledge 
concerning hormonal influences on wool growth. 

It should be evident, even from this selective discussion, 
that here is an essential reference book for all workers 
interested in the fields of skin and hair growth. Others 
on the fringe, such as endocrinologists, physiologists, pure 
zoologists, histochemists and biochemists, will find many 
chapters of value. 

The book is very well produced, both editing and 
presentation being of an unusually high standard. 

J. SLEE 
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Comparative Atherosclerosis 

The Morphology of Spontaneous and Induced Athero- 

sclerotic Lesions in Animals and its Relation to Human 

Disease. Edited by James ©. Roberts and Reuben 


Straus, with Miriam S. Cooper. Pp. xxi+426+ Atlas of 


Colour Plates. (New York and London: Hoeber Medical 


Division, Harper and Row, 1965.) 150s. 


i be volume arose primarily under the impetus of a 
conference on comparative atherosclerosis, and its 
fifty-six authors are leading investigators in this field. 

The primary purpose of the volume was “‘to ferret out 
and consolidate valuable knowledge buried amid the 
welter of accumulated information in the literature. A 
need was recognized for an authoritative reference which 
would compile and catalogue this knowledge in logical 
sequence and accessible form, sharply delineate differences 
and similarities of the disease in all species of animals, 
and determine which animals are acceptable as models 
for the most vital phase of all this research effort, 
which is the testing of mechanisms and materials to 
understand, prevent, and/or treat atherosclerotic disease 
in man”. 

Observations on more than four hundred species of 
animals are discussed and co-ordinated in seven principal 
sections dealing, respectively, with atherosclerosis in 
swine, birds, rats and wild animals, canines, primates, 
rabbits and man. The eighth section is devoted to sum- 
maries of more general problems such as: (æ) the histo- 
chemistry of spontaneous and expermental arterial 
lesions; (b) the relationship between spontaneous athero- 
sclerosis in animals and man; (e) comparison of experi- 
mentally induced atherosclerosis m animals with spon- 
taneous human atherosclerosis; (d) an outlook which 
probes the probable future of research in this field. 

The professional investigator will undoubtedly profit 
by the exceptionally clear and well-organized presentation. 
of this 1mmense material. It will permit him to select 
those animal species which suit his immediate purpose 
best and help him to find his way across the enormous 
literature which deals with this important field. 

Not the least attractive feature of this 426-page volume 
are the 672 illustrations, including an atlas of 416 excel- 
lent coloured photographs and a meticulously prepared 
index. H. SELYE 


Canine and Feline Nutritional Requirements 

Edited by Oliver Graham-Jones. (Proceedings of a 
Symposium organized by the British Small Animals 
Veterinary Association, London, May 1964.) Pp. x+160. 
(London and New York. Pergamon Press, Ltd., 1965.) 
63s. net. 


HIS volume contains the proceedings of a symposium 

organized in 1964 by the British Small Animals 
Veterinary Association, with the object of bringing to- 
gether information gained by scientific workers in the 
field of nutrition, and the practical experience of veterin- 
ary surgeons. 

The book is divided into two sections; the first is 
mainly theoretical, and contains a review of the growth, 
development, and chemical maturation of pups and kittens 
during the suckling period, and leads naturally to a 
discussion of protein and calorie requirements, and of the 
problems involved in the design and evaluation of diets. 
Some special aspects of the nutrition of the cat are dealt 
with in separate chapters. Two chapters in this section 
emphasize the importance of the interrelationships 
between. nutrients and between the diet and other factors, 
as exemplified by investigations of the effects of different 
diets on the course of Toxocara cames infestation in dogs. 
The section closes with a description of some diets designed 
for special purposes such as the treatment of obesity and 
diabetes in dogs. 

The second section, on practical dietetics, contains a 
review of the requirements of Antarctic sledge dogs, 
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including recommendations for the calorie intakes needed 
for weight maintenance at different work loads. Follow- 
ing chapters contain information about the breeding 
and rearing, for labaratory purposes, of dogs and cats 
on standardized diets and tinned foods, and the conclud- 
ing chapter describes diets in, use at Basle Zoo for all 
canine and feline animals. P. R. PAYNE 


Coincidence Tables for Atomic Spectroscopy 

By J. Kuba, L. Kučera, F. Plzák, M. Dvořák and J. Mraz. 
Pp. xxxi+ 1,136. (Amsterdam, London and New York: 
Elsevier Publishing Company, 1965.) 130s. 


HIS large work gives essentially a series of tables 

showing, for the strongest lines of each element, the 
likely lines from other elements which might coincide in 
wave-length over intervals corresponding to three ranges. 
for instruments with dispersions 0-5-20 A/mm. The 
authors have been most pamstaking and one admires 
their enthusiasm; one wonders, however, whether such 
a task could not hava been handled both in selection and 
reproduction by computer techniques. The wave-lengths 
are based on the lists of G. R. Harrison dating from 
before 1939, and the opportunity has not been taken of 
making corrections and improvements from more recent 
investigations. Thus, work during the past few years on 
rare earth lines (R. N. Niseley, V. A. Fassel and ©, F. 
Lentz, Spectrochem. Acta, 16, 863; 1960) and spectral-line 
intensities (W. F. Mergers, C. H. Corliss and B. F. Scribner, 
U.S. National Bureau of Standards Monograph 32, 1961) 
has not been includexl. In some ways recent advances in 
spectroscopic technique, particularly the increasing use 
of gratings to give higher dispersions, have helped to 
decrease errors in analysis arising from the influence of 
overlapping lines. 

British spectroscopists will be grateful that, although the 
authors are distinguished Czechoslovakian spectrochem- 
ists, the book is in English with only minor difficulties of 
translation, for exaraple, ‘self-inversions’, and ‘ionisation 
tension’. As a general guide to spectrochemical procedure 
in wave-length measurement and a convenient summary 
for identifying lines, the book will form a useful although 
expensive addition to an analytical laboratory library. 

L. Bovey 


Collected Papers of L. D. Landau 

Edited and with an Introduction by D. Ter Haar. Pp. 
xx+836. (New York: Gordon and Breach; London. 
Pergamon Press, Ltd., 1965.) 200s. 


ERHAPS the məst valuable feature of this collection 

of papers is concerned with the nationality of the 
author. The most important (in fact, the majority) of 
Landau’s published. works are presented in this rather 
large book, all in English and in chronological order. 
A few outdated or incorrect works are listed, with com- 
ments, in an appendix. The introduction consists of 
a very short biography and a brief indication of the con- 
tents of the papers. My only criticism of the introduction 
is 1ts brevity and not its existence, the need of which the 
editor seems to doubt. There are few physicists to-day 
who are not specialists, which surely implhes that the 
majority of us nee some guidance through the works 
of a man of Landau’s range of interests. Those who agree 
with the editor’s sentiment can, of course, skip the in- 
troduction. 

The publishers are quite right m stating that this book 
is an “essential addition to the shelves of every library”, 
but it is unlikely that many individual workers will wish 
to acquire it, due zo its high price. There is, however, 
some hope for the impecunious, since the same publishers 
are introducing a new series of books entitled Men of 
Physics, two volumes being devoted to Landau. The 
combined volumes will contain twenty of the more 
important papers and will cost 17s. 6d. each (paperback). 

L. L. J. Viorx 
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OBSERVATIONS OF THE RUSSIAN MOON PROBE LUNA 9 
By Pror. J, G. DAVIES, SIR BERNARD LOVELL, O.B.E., F.R.S., R. S. PRITCHARD and Pror. F. G. SMITH 


University of Manchester, Nuffield Radio Astronomy Laboratories, Jodrell Bank 


N January 31, 1966, Tass announced the launching 
of the Moon probe Luna 9. Signals from the probe 
were acquired at Jodrell Bank on February 1 and on 
February 2 the observations were transferred to the Mark 
I 250-ft. diameter radio telescope. From previous 
information available from the flights of Lunas 5, 7 and 8 
it was anticipated that the probe would arrive at the 
Moon during the evening of February 3, an expectation 
supported by a second Tass announcement that Luna 9 
would reach the Moon at 22h 00m v.1. on February 3. In 
the event, the landing of Luna 9 on the Moon occurred at 
18h 45m. The purpose of this article is to give a short ac- 
count of the observations made at Jodrell Bank of the 
landing phase and reception of the television photographs 
from this first successful landing of scientific apparatus on 
the lunar surface. 


Experimental Arrangement 


The receiving system consisted essentially of the Mark I 
250-ft. radio telescope working on a frequency of 183-535 
. Mejs. The gain of the telescope on this frequency is 40 
dB and its beamwidth 2 deg. to half power. The full gain 
was not realized in this experiment because the telescope 
was simultaneously engaged on other research programmes 
and the pre-amplifier had to be placed at some distance 
from the primary feed involving a cable loss of about 
2:5 dB. The pre-amplifier was a DHT29 grounded grid 
triode with a 2-dB noise factor. After further amplifica- 
tion the output of the pre-amplifier was converted to an 
intermediate frequency of 10:555 Mc/s using an oscillator 
locked by means of a Gertsch F'M-6 frequency meter to a 
1-Me/s frequency standard with a short-term stability of 
+2 x 10-10, The 10-555 Mejs signal was then fed into a 
Racal RA17 receiver. The local oscillator of this receiver 
had a frequency stability of 2 ejs over 1 min with a maxi- 
mum excursion of about 20 c/s. 

The signal from the 100 ke/s intermediate frequency of 
the Racal with an 8-ke/s bandwidth was fed to a phase- 
locked oscillator and by synchronous detection the phase 
modulation was extracted. The detected phase-modulated 
signal was recorded together with appropriate time and 
frequency standards on an Ampex FR1004A tape recorder. 
The frequency of the phase-locked oscillator, which was 
proportional to the signal frequency, was measured using 
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a digital counter and printed out automatically every 
2sec. The printed figure was the integral frequency count 
of the previous l-sec interval. 


The Landing Phase 


The variation in received frequency from 17h 50m to 
18h 45m v.T. is shown in Fig. 1. From 17h 50m to 
18h 44m v.r. the intermediate frequency decreased 
from 100,932 to 100,638 c/s, representing an increase in 
the line of slight component of the velocity of 494 m/sec, 
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Fig, 2. The variation of received signal frequency from Luna 0 between 

18h 44m U.T, and 18h 45m v.t. on 1966 Febr. 3. The ordinate 1s the 

intermediate frequency minus 100 ke/s. Abscissa is time in UT. on 
February 3, 1966 
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Fig. 3. Tracing of the received signal strength from Luna 9 during the 

landing phase ‘The ordinate is the signal amplitude in arbitrary units 

(the level at 4 is about 12 dB signal - noise ratio). The abscissa is the 
time in u.r. on February 3, 1966 
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\ reconstruction of a panoramic sequence of the lunar surface as received from Luna 9 on 1966 Febr, 5 between 16h 40m V.T. and 17h 40m T.T 
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and the rate of change of frequency increased from 2 c/s 
min to 24 ¢/s/min. Extrapolating this curve to 18h 44m 
30s, the time at which impact would have taken place 
had the retro-rockets not been fired, the rate of change of 
frequency at impact would be 25:8 c/s/min, corresponding 
to an acceleration of 0-705 m/sec*. Comparing this with 
the Moon’s surface gravity of 1-62 m/sec*, it appears that 
the landing occurred approximately 64° from the centre 
of the Moon’s visible disk. This compares well with the 
value of 61° computed from the published landing area 
and allowing for libration. 

The variation of frequency from 18h 44m to 18h 445m 
is shown in more detail in Fig. 2. Each measured point 
lies on one of three smooth curves. Up to 18h 44m 08s, 
the points lie on the curve corresponding to free fall; from 
18h 44m 10s to 18h 44m 52s a rapid deceleration occurs, 
increasing from 32-4 to 76-0 m/sec* over theinterval. After 
I8h 44m 54s, the frequency remained constant within 
2 c/s, corresponding to the transmitter being at rest on 
the Moon’s surface. The total frequency change from 
l8h 44m O8s to 18h 44m 54s is 675 c/s, corresponding 
to a line of sight velocity of 1,108 m/sec, or total velocity 
of 2,540 m/sec, or 1-07 times the escape velocity from the 
lunar surface. Integration of thedeceleration curve indicates 
that the retro-rockets were fired at a height of 68-5 km. 
Insufficient detail of the moment of landing is available, 
but it is clear from the shape of the curve that the impact 
velocity was very low. 

The variation of strength of the received signal over the 
landing phase is shown in Fig. 3. The deceleration 
commenced at the point marked A, and produced no 
significant change in strength. Approximately 15 sec 
later the strength decreased over about 1 see to about a 
third of the original power. At the point marked B, 
the deceleration ceased, once again without much change 
in signal strength. Twelve seconds later, at 18h 45m 07s, 
the signals ceased. During all this time the carrier was 
modulated with telemetry information. 


The Reception of the Photographs 


Approximately 4 min after landing at 18h 49m 38s the 
signal reappeared at precisely the same frequency, with an 
amplitude somewhat less than the original and with 
telemetry of a type different from the previous transmis- 
sions. At 18h 58m 45s the type of telemetry again changed 
and the detected phase modulated signal consisted of a 
variable tone in the range 1-4—2-6 ke/s. This was quickly 
recognized to be a facsimile transmission with an approxi- 
mate one-second line scan. This variable tone was fed 
through a Muirhead Type D 665 FM/AM convertor into a 
Muirhead picture receiver Type D-700-A. Fig. 4 is an 
example of one of the photographs received on February 4 
during the facsimile transmissions which began at 15h 30m 
and ceased at 16h 55m v.r. The Russians stated that the 
horizontal scale of the pictures issued from Jodrell Bank 
was compressed in the horizontal direction by 2-5 times. 
An approximate correction of Fig. 4 to allow for this 
extension is shown in Fig. 5. Fig. 6 is the panoramic view 
received on February 5 between 16h 40m and 17h 40m 
u.r. The signal strength during the reception of the 
facsimile transmissions decreased from 12 dB in an 8 ke/s 
bandwidth on February 4 to 3 dB on February 6. 

The variation in the length of the shadows between 
February 4 and 5 is clearly visible by comparison of Figs. 
4 and 6, and an idea of the scale can be obtained from the 
appearance of the protective fairing in the foreground of 
both pictures. For example, the conspicuous stone near 
the fairing is about 6 in. across and, on the assumption 
that the camera was 2-3 ft. above the surface, the horizon 
is 0-5-1 mile distant. Other parts of the probe are visible 
in Fig. 6. 

We thank the editor of the Daily Express for his 
co-operation in lending us the Muirhead convertor and 
picture receiver. 
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THE MOON FROM LUNA 9 
By Dr. G. FIELDER and L. WILSON 


University of London Observatory, Mill Hill 
AND 


J. E. GUEST 


Department of Geology, University College, Londen 


=- THE Russian probe Luna 9 was reported to have landed 
=- A at the selenographic position % = 64° 22° W., B = 
= TOS N. (astronautical convention). This places it 
70 km north-east of the rim of the well-known 64-km 
_ diameter structure, Cavalerius, on the border of Oceanus 
_ Procellarum. The touchdown appears to have been on a 
bright, slightly elevated area within a few kilometres of a 


group of hills known, from Earth-based studies, to mark 
out the arc of a partial ring some 100 km in diameter. 
=- When Luna 9 landed, this whole region was in darkness; 
morning broke on the scene about an Earth-day later and 
picture transmission commenced soon afterwards. As a 
yisequence of the Sun being only a few degrees above the 
orizon, even small obstacles cast long shadows; contrast 
as high and detail sized appreciably less than 1 em 
as recorded in the near field of each photograph. 
‘Blocks of rock 1 ft. or so in diameter and depressions 
re. not uncommon and, at smaller sizes, the terrain is 
tremely rough. In the highly successful Ranger 
xperiments carried out by the United States, 1 ft. was 
pout the best resolution attained by the last photographs 
wh series; yet, even at this resolution, positive 
raphy, such as blocks of rocks, was rare and virtually 
he easily identifiable topography in the Ranger 
ography was negative. Rangers 7, 8 and 9 impacted 
are-type country, and the greater proximity of the 
chdown point of Luna 9 to lunarite hills may be thought 
explain the increased numbers of rock blocks per unit 
surface. However, one clear-—perhaps the most 
portant—explanation of the difference between the 
merican and Russian pictures is that ground resolution 
tained by Luna 9 is better by two orders of magnitude 
1an that of any of the Ranger cameras. 
~The difference is not simply a function of the respective 
1mera-to-ground distances and the lens characteristics ; 
n the Moon the amount of detail recorded on photo- 
graphs is critically dependent on the altitude (A) of the 
_. Sun and, while the first pictures from Luna 9 were taken 
© with A = 7°, the later pictures of the three Ranger 
=> series were taken with A = ~ 20°, ~15° and ~10°, 
© respectively. 
- Thus the terrain would necessarily appear smoother 
. on the Ranger photographs. Although some astronomers 
argued that the Ranger programme supported the ‘deep- 
-. dust’ theory, it was known that, in order to satisfy the 
-= Moon’s peculiar light-scattering properties, the surface 
must in fact be highly porous. Elementary visual’, 
_ photographic? and millimetric? observations combined 
had argued convincingly against an appreciable dust 
--eover. Furthermore, evidence from the Ranger photo- 
=- graphs themselves has been used‘ to demonstrate that 
= apparent smoothness on the photographs may not be 
veal. We believe that the greater part of the Moon 
ill show a roughness comparable with that shown by 
una 9. For the first time there would seem to be com- 
ete proof that this part of the Moon does not have an 
eciable cover of unsintered dust. 
è first pictures from Luna 9 reveal a remarkable 
of detail down to half a centimetre im size. A 
) is apparently one of the petal-shaped covers that 


















































ropped away from the camera housing after touchdown. 


B is the sunrise shadow of the rock C, which itself is very” 
pitted and may be as porous—possibly with a pulk 
density as low as @-5 g/c.c—-as the surrounding terrain. 
It is a rounded rock about 15 em in diameter, some 2 m 
from the camera. D is a second, rounded rock-block 
much larger than 2. We have used two methods to 
estimate its size. First, the apparent roughness of the 
terrain between C and D changes by a factor of 10, so, 
assuming the average size of irregularities is constant 
over this distance, anit apparent transverse length at D 
is actually ten times the same unit at C and the distance 
from the camera to D is ten times the distance froni the 
camera to C, quoted as 2m. Thus the distance to D i 
about 20 m. This, and a second method based on the 
fact that the appareat (foreshortened) width of the shadow 
of D is a monotonic function of distance from the camera 
and the height of the camera above the ground, yield 
results compatible to within a factor of 2 on the assump- 
tion that the terrain is flat: the estimated diameter of 
block Dis ~l m. Many other blocks of rock or boulders 
may be seen in Fig. 1. The closest appear to be rounced 
and to be buried by enly a small fraction of their diameters. 
This finding and the observation that the vehicle did 
not penetrate to any great extent indicate that the surface 
has an appreciable bearing strength. From caleulations 
based on possible ejecta from a supposed impact crater 
photographed by Ranger 9, G. P. Kuiper’ estimated a 
crushing strength of > 1 kg em and this appears to be 
consistent with what is known of the Luna 9 landing 
vehicle. a 

















cannot be meteorites; ve 
of 2-4 km sec- they would have penetrated some di ; 
and scooped out impact craters explosively, breaking up 


in the process. Furthermore, it is unlikely that the bloeks 
are ejecta from a primary impact crater, since the velocities 
of the secondary perticles would still be of the order of 
l km sec and, as these velocities, the blocks would 
probably break up on impact. Now towards the skyline 
in Fig. 1 there is a erater-like depression DA estimated by 
us to be of the order of 10 or 20 m in diameter. Could 
it be that this is a secondary impact crater—cither of 
meteoritic or volcanic origin—and that the blocks were 
jettisoned as tertiary objects at low velocity? On 
another picture a similar-sized depression occurs a short 
distance away. Urdcoubtedly, these two objects would 
have been interpreted on Ranger photography as depres- 
sions without raised rims. Such depressions are generally 
regarded to be collapse craters. The Luna 9 pictures do. 
not show clearly whether the rounded rims of these 
craters are raised above the surrounding terrain—wahich 
is hummocky-—or not. If the depressions are due to 
collapse, then it would seem that the blocks strewn around 
outside could be volcanic bombs tossed out during mild 
eruptive phases. A similar distribution of particles can 
be seen around certain terrestrial volcanic centres*-*. 
There appear to be some sub-parallel features FF 
running across Fig. 1. The fact that there is more than 
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Fig. 1, 


one apparent lineament and that the terrain appears to 
change character across the lineaments suggests that they 
are real. ‘These markings could be flow lines on, or 
fronts of, a lava flow; or they could be part of a concentric 
fracture system related to impact. Because of the similar- 
ity of the terrain to a lava terrain we prefer the former 
interpretation. 


Luna 9 photograph received from the U.S.S.R., February 4, 1066. 
Press picture issued by the Official Soviet News Agency, Tass.) 


lhis shows the closest view yet taken of the lunar surface. (Associated 
Bottom, key (see text) 


The skyline is reported to be only 1-5 km away. It 
undulates, like all the terrain, gently; slopes on a metre 
scale being of the order of 4°, excepting those of 
crater walls such as GA which have slopes steeper than 
13°. Such craters may be primary or secondary impact 
craters. Secondary craters may be produced by the throw- 
out from a primary impact site or they may be produced 
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when blocks hurled from an explosive voleanie eruption 
dig into the surface materials. 

A whole plethora of steep-sided irregularities are, 
however, found on the centimetre scale. At this scale 
(H in Fig. 1) the lunar surface bears a remarkable similar- 
ity to the scoriaceous surface of an aa (Hawaii) type of 
lava flow, but we recognize that the irregularities might 
equally well have been sculptured by meteoritic churning. 
In any event, solar sputtering must have played a part in 
shaping the sub-centimetric irregularities and the short- 
wave and corpuscular radiation from the Sun must, in 
addition, have darkened the rocks from their original 
lighter tone. 

It is well known that the lunar surface has reflexion 
properties unlike those of any terrestrial materials. 
These unusual properties are well illustrated by the graph 
in Fig. 2. The figure shows the brightness of marial 
material as a function of angle of observation for a given 
constant angle of incidence (in this case 30°), and is con- 
structed by reducing the lunation brightness curves of 
many points to the curve of mean albedo; data have 
been derived from measurements by Fedoretz® and 
Bennett. It seems that the observation that the Moon’s 
surface (in both maria and highland areas) scatters a 
large fraction of the mcident light back in the direction of 
incidence can only be explained satisfactorily by assuming 
that the surface is very rough and, in particular, that 
individual holes or pores are interconnected. 

We have attempted to explain these features on the 
assumption that at least some parts of the lunar surface 
consist of lava flows. If this is so it will be appreciated 
that the lava reaching the surface encounters not an 
atmosphere as in the case of the Earth, but a high vacuum, 
and as a result any release of entrapped gas is likely to 
cause a higher degree of vesicularity than in the corre- 
sponding terrestrial case. Following Dobar et al.4, we 
have, therefore, rapidly evacuated the atmosphere from 
vessels containing molten igneous rocks and examined 
the resulting solids after cooling to room temperature. 
In all cases a highly vesicular material is found consisting 
of interconnected vesicles from 0-1 to 2 or 3 cm in diameter. 
Such material, when darkened by solar radiation, is 
consistent in appearance with the terrain so far resolved 
in the Russian photographs, and our material also repro- 
duces the observed lunar photometric properties. It is 
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Fig 2 Scattering diagrem for mara with angle of incidence of sunhght 
=80 degrees The dasked lines indicate the Iimits of probable errot 


not yet possible to decide to what extent the surface 
has been broken up by meteoritic impacts and re-sintered 
by the solar bombardment; photographs taken with a 
resolution of less than 1 mm will be needed to resolve 
such questions. There is, however, strong evidence based 
on polarimetric observations” that the irregularities photo- 
graphed by Luna 9 will be found to be peppered with 
darkened but individual grains that are certainly produced 
by micrometeorites. 

Part of this work was supported by a research grant 
from the Science Research Council. 
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OBITUARIES 


Sir Gordon Morgan Holmes, C.M.G., C.B.E., F.R.S. 


Sır Gorpon Morcan Hormes died at his home in 
Farnham, Surrey, on December 29, 1965. He was in his 
ninetieth year. 

Holmes was born in Castlebellingham, Co. Louth, 
Treland, in 1876. After gaining his M.D. with the gold 
medal of the year from Trinity College, Dublin, he was 
for a short period a resident medical officer at the Rich- 
mond Hospital in Dublin, but then turned to the study 
of the comparative anatomy of the-nervous system and 
proceeded to the Anatomiical Institute at Frankfurt, then 
directed by the famous neuro-anatomist, Ludwig Edinger, 
where Holmes also encountered- another pioneer in the 
field, Carl Weigert. . 

During the two years that he remained at Frankfurt 


he produced work on the nervus acusticus, on- the fore- 


brain of the bird, and was given by Edinger the task of 
working out the residual anatomy of one of Goltz’s ‘dogs 
without forebrain’. So umpressed was Edinger by his 
voung student that he offered Holmes a position as his 
assistant, and this might well have determined Holmes’s 
future place and order of study. However, he came to 


England and turned. to neurological medicine, filung suc- 
cessively the roles of resident medical officer, pathologist, 
director of research and finally physician to the National 
Hospital, Queen Scuare, London, until his retirement 
during the Second World War. 

From his first arrival at this well-known neurological 
hospital, which enjoyed an international reputation for 
research many years before it finally achieved university 
recognition after Holmes’s retirement, his output of 
original work was ccntinuous. It covered the anatomical 
and morbid anatomical investigation of the human 
nervous system and the manifestations of diseases of the 
nervous system over a wide range. 

The study and analysis of cerebellar defect, due to 
disease or injury, began in 1904 when, with Grainger 
Stewart, he published the first adequate study of cere- 
bellar tumours. Later, during the First World War, 
which he spent in France as neurological consultant to 
the British Forces, he amplified his analysis of cerebellar 
function by investigations on acute injuries from gunshot 
wounds. The final rasults cf all his investigations on this 
subject were published m 1917 and 1922. i 


854 


During the opening decade of the century he worked 
in collaboration with Henry Head on disturbances of 
sensation associated with cerebral lesions, drawmg from 
them inferences as to the role of the cerebral cortex in 
sensory function. 

This was a remarkable collaboration, for Holmes, his 
training soundly anchored in anatomy, not only devised 
quantitative methods of sensory assessment, but also was a 
brake on Head’s eager fancy. It will be remembered that 
Head’s early studies with Rivers on the afferent sensory 
system, though brilliant, had a fatal defect, in that 
Nature had not provided the structural facilities for the 
theories which they had put forward. Holmes, therefore, 
was an essential complement to his partner in this work, 
and between them they produced a more delicate and 
precise concept of the role of the cortex in sensation than 
any earlier one. 

Also during the period spent in France, Holmes made 
a number of valuable studies on disturbances of visual 
function from brain lesions. These included a somatopic 
cortical representation. of the afferent visual pathway, 
and the bases of visual orientation and attention. These 
considerable eerebellar and visual studies were collected 
and published as a supplement to Brain (of which journal 
Holmes was editor during 1922-37) in 1956 on his eightieth 
birthday. Appended to that supplement is a bibliography 
of his published work which reveals his immense pro- 
ductivity and the wide range of his thought over the 
fields of neurological anatomy, physiology, morbid 
anatomy and nosography. 

During the years between 1919 and 1939 Holmes also 
gained an international reputation as an incomparable 
teacher of postgraduate students in neurological medicine. 
These young men flocked to the National Hospital from 
the British Commonwealth and from the United States 
to join Holmes’s staff as clinical clerks. These clerks and 
his own house physicians formed a generation of neuro- 
logists still to be found in all parts of the English-speaking 
world, holding senior positions in neurological depart- 
ments. Holmes was an exacting taskmaster to these men, 
but he had the gift of lucid and logical exposition so that 
the ‘how’ and ‘why’ of his conclusions and of his diagnoses 
were apparent. He was not a showman anxious to impress, 
but a born teacher. 

Personally, Holmes was a man of great strength and 
inexhaustible energy and of a forceful temperament, 
sometimes frightening but never malicious, always 
gaining the respect and later the affection of those he 
taught. To be trained by him was a salutary ‘discipline. 
Committees he loathed, and was an impatient and some- 
times intolerant member of them. But for younger men 
in whom he saw a keenness and a capacity for original 
work he had infinite patience and sympathy. 

Finally, it is worthy of note that Holmes was one of 
the last representatives of those physicians of an earlier 
generation who depended entirely on the private practice 
of consulting medicine, whose research was carried out in 
their hard-won spare time, and who wholly lacked 
academic or other support. With the death of the volun- 
tary hospitals this way of life ceased to be. 

Holmes was appointed C.M.G. and C.B.E. during the 
First World War and was knighted in 1951. He was 
elected a Fellow of the Royal Society in 1935; he was 
an honorary member of numerous foreign medical 
societies, and received honorary degrees from the 
Universities of Dublin, Durham and Edinburgh and from 
the National University of Ireland. He married, in 1918, 
Rosalie, daughter of Brigade-Surgeon Jobson, and had 
three daughters. F. M. R. WALSHE 


Prof, William Wilson, F.R.S. 


WILLIAM Wison died on October 14, 1965, at the age of 
90. He retired in 1944 frömrthe-Hildred Carlile chair of 
physics at Bedford College, University of London, which 
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he held from the time of its creation in 1921. He came 
from a farming family and spent his boyhood at Goody i 
Hills in Cumberland. From the village school at Holme 
St. Cuthbert he obtained scholarships to the Aspatria 
Agricultural College and to the Royal College of Science. 
At this stage, he found difficulty in changing his course of 
study from one in biological subjects and temporarily 
abandoned his scientific career for school teaching. He 
taught English in the Berlitz School of Languages m 
Dortmund for a time, but was able to return to scientific 
work by studying physics and mathematics in German 
universities. Later in life he often praised the freedom 
of choice which was given to students in Germany and 
held that the British system of examinations imposed an 
undesirable and discouraging rigidity. 

His first published work, in the Annalen der Physvk for 
1907, is an extract from his Dr. Phil., Leipzig, inaugural 
dissertation. It is an account of experiments on photo- 
electric emission and on the photoconductivity of such 
materials as silver iodide. He long retained an interest ın 
the photoelectric effect and published a quantal theory of 
thermionic emission based on the idea that the electrons 
were ejected photoelectrically by quanta of radiation in 
thermal equilibrium. He showed that the temperature 
dependence would be similar to that deduced by O. W. 
Richardson, who used non-quantal arguments. It later 
became clear that these photoelectrons could account for 
only a small fraction of the thermuonic current. 

After becoming an assistant lecturer at King’s College, 
London, in 1906, his interest was aroused by the atomic 
speculations on nebulium of Prof. J. W. Nicholson, pro- 
fessor of mathematics at the College, which antedated 
Bohr’s theory of the hydrogen spectrum. In 1915 Wilson’s 
famous paper “The Quantum Theory of Radiation and 
Line Spectra” appeared in the Philosophical Magazine. 
In this he first proposed the Wilson—Sommerfeld quantiza- 
tion rules in the form: 


fp: dq, = ph 
fp: dge =0h 
Ips dq; = th 


where p, c, t,... are positive integers (including zero) and 
theintegrations are extended over the values ps and gs 
corresponding to the period 1/v;. The q are Hamiltonian 
generalized co-ordinates of position and the p are their 
conjugate components of generalized momentum. ‘The 
paper applied the rules to the simple harmonic oscillator, 
to find #,=phv. An application of statistical mechanics 
to an assembly of oscillators gave Planck’s radiation, 
formula but failed to give the Bohr frequency relation: 


hy = H, — E, 


In 1916 appeared “The Quantum of Action”, which 
preceded Sommerfeld’s first paper on the subject. In this 
Wilson deduced that if elliptic orbits existed in the atom 
they could only have a few discrete values of the eccen- 
tricity e given by 


/1—e*=a/(p +0) 


where o and p are positive integers as before. 

Wilson did not follow this up, but in the quite indepen- 
dent work of Sommerfeld on the other side of the firing 
lines in Germany it led to the idea of space quantization 
and to a theory of the fine structure of the lines of hydro- 
gen. In this theory the energies of the levels agreed with 
the values given later by the relativistic wave mechanics 
of Dirac. 

The sharply defined elliptic orbits used in the theory 
are incompatible with the indeterminacy relations of 
Heisenberg, so that their success in explaining the fine 
structure must be regarded as an accidental coincidence. 
In this, the theory resembles many other steps forward in 
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the history of quantum mechanics in which nearly every 
advance has been shown later to have contained some 
erroneous components. 

Wilson’s later work was mainly concerned with basic 
problems such as a search for a relation between general 
relativity, electromagnetism and quantum mechanics. In 
the final volume of his text-book Theoretical Physics, 
which appeared in 1940, he expressed the view that a 
unified theory may follow the ideas of Kaluza who, in 
1925, suggested that the paths of particles were geodesics 
in a -dimensional continuum. The fifth dimension would 
be related to the conservation of charge. 

In, all his researches he chose difficult subjects which 
were insoluble with the state of knowledge at the time. In 
his last years he was engaged m speculations concerning 
the shapes of the spiral nebulae. 

Wilson was a fluent and remarkable lecturer and teacher. 
He had an unusual gift for personal contact and discussion 
with each student, often during the course of a laboratory 
class. His Theoretical Physics, in three volumes, contains 
many short, clear and original derivations of formulae. 
After his retirement he published the Microphysical World 
and A Hundred Years of Physics. 

The latter contains valuable details of the history of 
recent ideas of the structure of the material world. It is at 
the same time an excellent, concise text-book of modern 
physics in which the human interest of the story helps the 
reader to follow the subtle arguments and experiments by 
which the facts have been established. The book is one of 
the “Hundred Years” series, but the title has perhaps 
deterred undergraduate students from appreciating its 
virtues as a source of information. 

Wilson’s wife died in 1957. He is survived by his son 
and his grandchildren. H. O. W. RICHARDSON 


Dr. Basil Roland Record 


Dr. B. R. RECORD, senior principal scientific officer in 
the Ministry of Defence, head of the Biophysics Section 
of the Microbiological Research Establishment, Porton, 
died at his home in the New Forest on November 17, 
1965. He was fifty-four years of age. 

He was educated at King Edward School, Birmingham, 
and as a schoolboy, passionately interested in chem- 
istry, carried out quite advanced chemical preparations 
in his garden-shed laboratory. With this interest he went 
on, naturally, to study chemistry at the University of 
Birmingham under the late Sir Norman Haworth and 
graduated with first-class honours in 1933. His first 
research study, also carried out at Birmingham, under 
the direction of Dr. S. R. Carter, was in the field of 
physical chemistry—an investigation of the molecular 


-weights of polysaccharide derivatives using osmotic 


pressure methods. The osmometer designed by Carter 
and Record for use with organic solvents formed, then, a 
notable advance in technique and is still quoted approv- 
ingly m modern texts. 

In 1937, with the aid of an extended scholarship from 
the Department of Scientific and Industrial Research 
and with Sir Norman’s encouragement, he was one of 
the earliest of those who went to work in Prof. Svedberg’s 
laboratory in Uppsala to use the ultra-centrifugal and 
diffusion techniques then recently developed there. He 
found the 18 months he spent in Sweden in the quiet 
university town of Uppsala among the happiest of his 
working days, and it was there that he produced his very 
successful results on the physico-chemical characteristics 
of a series of methylated glycogens and of the specific 
olysaccharides from Types I, II and IT pneumococcus. 
Although the publication of this work was much delayed, 


Bathe observations must have been the earliest demonstra- 


tion of the strong dependence of sedimentation and 
liffusion coefficients on concentration found with some 
naterials. 
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Although he thought seriously of remaining longer in 
Sweden, where he found the way of life much to his 
liking, the prospect of approaching war sent him back to 
England in 1938 to join Drs. A. S. McFarlane and R. A. 
Kekwick, who had by then brought both a Svedberg 
ultra-centrifuge and Tiselius electrophoresis apparatus 
into. operation at the Lister Institute. It is in striking 
contrast with present-day science that in his first year at 
the Lister Institute no financial support could be found 
for him from either the Lister or publie funds. In 1939, 
however, he was awarded a coveted Beit Memorial 
Fellowship, which he held until he resigned it m 1940 to 
undertake more active war work. It was during this 
period at the Lister that he worked with R. A. Kekwick 
on a physico-chemizal investigation of the develop- 
ment of diphtheria anti-toxin in the immunized horse 
and the characteristics of anti-toxin proteins, the 
work which he, in retrospect, thought of as his most 
successful. 

From 1941 until 1944 he worked in the Army Operational 
Research Group undsr Brig. Schonland, and principally 
on radar predictors, field fire-control procedures (anti- 
aircraft) and trials of new equipment. It was typical of 
him that, conceiving that he could not work freely and 
scientifically under senior army officers, he refused 
throughout to accept a commission though at much cost 
to himself in terms of income and the advantages of 
commissioned rank ir war-time. 

In 1944 he was released from the A.O.R.G. at the 
request of Sir Alan Drury to join the ‘Medical Research 
Council—Lister Blooc Products Unit’ which had been 
set up at the Lister Institute to undertake human 
plasma fractionation and, mitially, the preparation of 
fibrinogen and thrombin which, together with fibrin foam, 
were urgently required for war-time clinical application: 
at a later stage the work was extended to cover the 
production of y-globulin and albumin. He had a marked 
aptitude, and took much pleasure in his engineering 
skills and contributed to the design of pilot plant 
equipment for plasma fractionation under aseptic con- 
ditions. 

The final move in his career was made in 1947 when, 
at the urgent request of the director, Dr. D. W. Hender- 
son, he took up an appointment at the Microbiological 
Research Establishment. Here he was made responsible 
for the formation of a biophysics unit together with an 
extensive freeze-dryirg laboratory, for which he designed 
a range of freeze-drying machinery. Under his guidance, 
physico-chemical investigations of several biologically 
important macromolecular systems were made, including, 
particularly, botulinus toxin and polyglutamic acid, the 
latter of interest both biologically and as a member of 
the then emerging field of polyelectrolyte systems. He 
was, however, most particularly concerned with the 
fundamental aspects of the survival of micro-organisms 
during the freeze-drying process. 

His work was characterized by the most scrupulous 
attention to the conception, design, performance and 
analysis of experiment, by his insistence that deductions 
and conclusions were adequately based on experiment 
and by the preparation of careful, clearly written and 
unambiguous reports: nothing aroused his anger more than 
the inclusion of unwarranted speculation in @ scientific 
paper. Although somewhat retiring, he had a strong 
personality, and he was devoted to the idea, perhaps no 
longer really possible, that a scientist should be personally 
engaged in experimental observation and, in consequence, 
showed no desire to orm a large group of workers, but 
gathered and retained only a few bound to him by his 
integrity and friendskip. 

Conflicting with his laboratory-bound science was his 
wish to be actively engaged outdoors, and he was for- 
tunate in having spent his last years in a house with a 
large woodland garden in the New Forest, which gave 
him the greatest pleesure. R. G. WALLIS 
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NEWS and VIEWS 


The Royal Society: Vice-Presidents 


THE president of the Royal Society, Prof. P. M. §. 
Blackett, has appointed the following vice-presidents for 
the year ending November 30, 1966 (in addition to those 
already announced in Nature, 209, 134; 1966): Dr. S. G. 
Hooker, technical director (aero), Bristol Siddeley Engines, 
Ltd.; Dr. R. D. Keynes, director of the Institute of 
Animal Physiology, Babraham, Cambridge; Sir Hans 
Krebs, Whitley professor of biochemistry at the University 
of Oxford; Dr. N. Kurti, reader in physics, University of 
Oxford, and Senior Research Fellow, Brasenose College. 


Director of the Radio and Space Research Station: 
Mr. J. A. Ratcliffe, C.B., C.B.E., F.R.S. 


Mr. J. A. RATCLIFFE retires on February 28 from the 
directorship of the Radio and Space Research Station of 
the Science Research Council. He went to this post from 
the Cavendish Laboratory, Cambridge, in 1960. Educated 
at Giggleswick School, Mr. Ratcliffe proceeded to Sidney 
Sussex College, Cambridge, where he graduated in physics 
in 1924. He began research under E. V. Appleton at the 
time when he was making the important experiments 
which established the existence of the ionosphere, and it 
was Mr. Raicliffe’s collaboration in this work which first 
stimulated his enthusiasm for the subject which has since 
been his main scientific interest. He was appointed a 
demonstrator at the Cavendish Laboratory in 1927, and 
it was also during this pre-war period that he acquired 
his high reputation as a teacher of physics. After service 
in radar research and development during the Second 
World War, for which he was appointed an O.B.E. in 
1947, he returned to Cambridge and resumed work at the 
Cavendish Laboratory, where he became a reader in 
physics in 1947. The reputation he had acquired as a 
teacher and research worker attracted many young 
graduates to his radio research group and it quwekly 
acquired a high international reputation. A firm believer 
in the importance of international co-operation in science, 
Mr. Ratcliffe has played a prominent part in the work of 
the International Union for Scientific Radio, of which he 
is, at present, chairman of Commission ITI (lonospheric 
Research). He served as an overseas vice-president of the 
Institute of Radio Engineers of America in 1960. He 
was president of the Physical Society during 1958-60 
and is at present senior vice-president of the Institution of 
Electrical Engineers. The Institution has just announced 
the award to him of the Faraday Medal for 1966, in 
recognition of his “extensive researches on the ionosphere, 
and for his studies on the propagation of low frequency 
radio waves’. Mr. Ratcliffe was appointed C.B.E. in 
1959 and C.B. in 1965. He became a Fellow of the Royal 
Society in 1951. His College, Sidney Sussex, made him 
a Fellow in 1927 and an honorary Fellow in 1965. 


Dr. J. Saxton 


Dr. Jons Saxton has been appointed director of the 
Radio and Space Research Station, Ditton Park, Slough, 
Bucks, in succession to Mr. J. A. Ratcliffe. Dr. Saxton 
is director of the United Kingdom Scientific Mission in 
Washington, D.C., and Counsellor (Scientific) at the British 
Embassy there. Before taking up this appointment he was 
deputy director of the Radio Research Station. Educated 
at Loughborough Grammar School and the Imperial 
College of Science and Technology, London, Dr. Saxton 
joined the staff of the College after graduation and carried 
out research on artificial radioactivity before joining the 
Radio Division of the National Physical Laboratory in 


1938. (This developed mto the Radio Research Station 
in the early 1950’s.) Dr. Saxton’s work on the dielectric 
properties of the atmosphere and on studies of the pro- 
pagation of radio waves at very high frequencies have made 
him well known in Europe and North America. In 1961, 
at the invitation of the University of Texas, he spent a 
year there as visiting professor of electrical engineering. 


Master of Birkbeck College: Prof. F. K. Hare 


Pror. F. Kenneta Hare, professor of geography at 
King’s College, London, has been appomted master of 
Birkbeck College, in succession to the late Sir John 
Lockwood. Prof. Hare was born on February 9, 1919, 
and graduated B.Sc. (special) in geography at King’s 
College in 1939 at the early age of twenty. He had 
already started research on land use in Galloway and on 
geochronology in the Thames Valley, combined with 
graduate work in meteorology. Durmg the Second World 
War he was one of the small band of scientists behind the 
plans for the Normandy landings, where such difficult but 
vital problems as the relation between weather, soil, mud 
and ‘tank-performance had to be considered. Moving to 
Canada as assistant professor at McGill University, Hare 
soon succeeded to the headship of the Department of 
Geography, and became imvolved in such diverse activities 
as establishing research stations in Labrador and Bar- 
bados and the air survey of the Northlands. A. doctorate 
from the French-speaking Université de Montréal, a 
deanship at McGill, an Hon. LL.D. from Queen’s Univer- 


hs 


sity and election as honorary president (being a non- ° 


American) of the Association of American Geographers 
mark stages in North American appreciation of his work. 
Tempted back to England in 1963 to succeed his old 
chief, the late Prof. 8. W. Wooldridge, Hare has been 
playing an active part in both the Natural Resources 
Advisory Committee and the Natural Environment 
Research Council. 


United Kingdom Atomic Energy Authority : Prototype 
Fast Reactor 


In a statement in the House of Commons on February 9, 
the Minister of Technology, Mr. F. Cousins, said that the 
Atomic Energy Authority had advised him-that the 
design of a prototype fast reactor was sufficiently advanced 
to justify starting construction and this had been sanc- 
tioned by the Government. The prototype would generate 
250 MW and, with the associated fuel production plant, 
would cost about £30 million. It was expected that the 
reactor would come into operation in 1971. The Atomic 
Energy Authority had advised him that only the reactor 
development establishments at Dounreay. and Winfrith 
would be suitable sites from the technical point of view, 
and after considering all the relevant factors the Govern- 
ment had decided that it should be built at Dounreay. 
The fuel production plant would be sited at Windscale. 
A sumilar statement was made in the House of Lords, 
also on February 9, by .Lord Snow, who in reply to 
questions added that while Chapel Cross and Windscale 
had also been considered, only Dounreay and Winfrith 
merited serious consideration from the point of view of 
research and development facilities, although social 
factors had also been taken into consideration. 


Channel Tunnel : 

In a debate in the House of Commons on February 9, 
Mr. 8. Swingler, Joint Parliamentary Secretary to the 
Ministry of Transport, stated that the preliminary geo- 
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logical and geophysical studies for the Channel Tunnel 
- had proved very difficult and complicated. The surveys 
included the sinking of 73 boreholes, land borings, 
measurements of current, and weather studies. They 
were put in hand in agreement with the French Govern- 
ment following the Minister’s statement on February 6, 
1964, in an endeavour to find the best route for either a 
bored tunnel or a submerged tube. Besides the marine 
borings, site work completed last October, costing £2-] 
million to be shared between the two Governments, had 
included several hundred miles of geophysical survey, 
ten land borings in England, nine land borings in France, 
measurements of currents and tides in the Channel, many 
varieties of new tests in the boreholes, and laboratory 
tests on samples of rocks. For the marine borings, two 
special platforms and four drilling vessels were used as 
well as many support ships, and besides five firms of 
consulting engineers, specialists in geophysics and palae- 
ontology were engaged under the general direction of the 
Channel Study Group. A supplementary estimate of 
£845,000 represented the British share of the additional 
costs due to particularly difficult weather conditions, etc. 
A report on the survey was expected in March, and the 
report was likely to show the feasibility of the project. 
Discussions had also been proceeding between officials of 
the two Governments on the organization and finance of 
future stages of a Channel Tunnel project and how the 
juridical problems involved might be solved. 


Concord Project 


A FURTHER short debate on the aircraft industry in the 
House of Commons on February 9, in which Mr. R. Carr 
again emphasized the critical importance of deciding the 
stage at which decisions on a highly technical project 
should be firm, was concerned essentially with the Concord 
project. In replying on the debate, the Parliamentary 
~ Secretary to the Ministry of Aviation, Mr. J. Stoneham, 
said that there had been a slight increase in cost since the 
estimates were last presented to the House and the 
specification had been modified from 118 to about 130 
seats. The estimates had also been revised by a new 
system providing a more accurate appreciation of the 
costs involved, and the assessment, which was being made 
the part-certificate of airworthiness, would also include 
considerable costs. There would be a ground test pro- 
gramme of unprecedented scope, including airframe 
testing with the research facilities at Farnborough. There 
had been no technical delay, nor any increase in cost 
resulting from the review of the project, October 1964— 
January 1965. Much work had been done on the noise 
factor and the first prototype should be flying early in 1968. 


Royal Society Expedition to Tristan da Cunha 


THE volcanic eruption that began on Tristan da Cunha 
in October 1961 and led to the temporary evacuation of 
the whole population, though not of the domestic animals 
and birds, was soon followed up by the Royal Society’s 
Expedition in the early months of 1962. Geological and 
biological reports on this reconnaissance have been pub- 
lished separately. The latter includes the terrestrial botany 
of the whole island group (Tristan, Nightingale, Inacces- 
sible, also Gough Island) by N. M. Wace and J. H. Dickson; 
the fauna by M. W. Holdgate; the effects of the eruption 
on the vegetation of Tristan by J. H. Dickson; and on 
the fauna by D. E. Baird (Phil. Trans. R. Soc., Series 
B: Biological Sciences. No. 759, 249 (October 7, 1965). 
Pp. 257-434+ plates 32-47. London: The Royal 
Society, 1965. 85s.; 12.75 dollars). The monograph 
brings together most of the previous information from 
other expeditions, with a well-documented analysis of the 
status of the plant and animal species, both native and 
introduced by man. Tristan has already more than twice 
as many invading species of flowering plants as native 
ones, though they are still largely segregated. The plant 
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communities are described. The faunal analysis is much 
less complete, but it also shows that there are more 
introduced species of invertebrates, such as worms, myria- 
pods and beetles, than native ones. ‘Direct damage to 
vegetation by lava fow and ash was much less than that 
from toxic fumes which affected a broad zone on the 
north and north-east sides of the island. The abandoned 
domestic stock were severely attacked by feral dogs, but 
the unusual condizions apparently have not severely 
affected native birds. : 


The Alaskan Earthquake of March 1964 


On the afternoon of Good Friday, March 27, 1964, 
Southern Alaska was struck by perhaps the strongest 
earthquake to have hit North America within historic 
times, the epicentre being about 80 miles east-south-east 
of Anchorage, the largest city of Alaska, which suffered 
damage estimated at about 300 million dollars. - Anchorage 
normally houses a rather large contingent of geologists; 
and within two davs of the earthquake a committee of 
these local earth scientists, the membership of which rose to 
forty, was empowered to outline “the necessary and 
immediate courses of action” to be taken by the city. 
The group contracted for aerial photography, a drilling 
programme, soil testing, and geological mapping, produc- 
ing a preliminary appraisal within two weeks and a final 
report a month later. Probably no major earthquake 
has been so thoroughly investigated so soon after its 
incidence. Contemporancously, the United States Geo- 
logical Survey initiated a programme of longer-term 
investigations, and from the first of its reports to be 
published it seems likely that this shock will ultimately 
be more fully documented than any comparable catas- 
trophe (United States Department of the Interior: 
Geological Survey. Professional Paper 542-A: Effects 
of the Harthquake of March 27, 1964, at Anchorage, Alaska. 
By Wallace R. Hansen. Pp. iv+68+plates 1 and 2. 
Washington, D.C.: Government Printing Office, 1965). 
Damage at Anchorage was caused by direct seismic 
vibration, by ground cracks, and by landslides, the latter 
moving on nearly hcrizontal slip surfaces related to zones 
of low shear strength and high water content in a glacial 
clay underlying muzh of the area. Old landslides pre- 
dating the settlement of Anvhorage and presumably 
triggered off by earthquakes have now been widely 
recognized in the vicinity. This first monograph in a 
continuing series is extensively illustrated and it forms 
an important addition to the basic literature of engineering 


geology. i 


Electrolytic Hydrodimerization 


A SOIENTIFIC anc technological breakthrough into a 
new field of electro-organic chemistry has recently been 
proclaimed by the Central Research Department of the 
Monsanto Company, St. Louis, Missouri, of which a@ 
brief account is given in Monsanto Magazine (Monsanto 
Company, St. Louis, Missouri. 45, No. 5, December, 
1965). It is a fascinating story of tantalizing and frustrat- 
ing research which appears to have been initiated some 
years ago by Soviet scientists, but their process was not 
economically feasibla. The problem, put into simplest 
terms, was to convert a plentiful and relatively inexpensive 
compound, acrylonitrile, into a vital mtermediate in the 
manufacture of nylon; in fact, the compound adiponitrile. 
The basic argument was that theoretically two molecules 
of acrylonitrile, if placed end to end and supplied with 
one more hydrogen etom apiece, would structurally form 
one molecule of adiponitrile, but hitherto research experi- 
ments had failed to discover a modus operandi for econo- 
mically ‘splicing’ the two acrylonitrile molecules and at 
the same time adding the necessary hydrogen to complete 
the adiponitrile strueture. This process, as now realized 
successfully, is an axample of hydrodimerization. In 
the present case the chain of events was started by Dr. 
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C. A. Hochwalt, Monsanto research and technology vice- 
president (since retired), who studied the Russian reports. 
He formed the opinion that some phases of the Russian 
experiments were of technical interest and were worth 
following up by Monsanto scientists. It was Dr. M. M. 
Baizer of the Central Research Department who was 
critically concerned with one aspect of the Russian 
approach to the problem, that involving electrolytic 
reactions ; Dr. Baizer disagreed with widely accepted 
interpretations of the effect of an electric current on organic 
chemicals, in particular the alleged existence and functions 
of intermediate fragments, the ‘free radicles’; he was 
convinced that theso had been overrated, and were 
probably not involved at all in the main problem. Dr. 
Baizer accordingly set to work, on comparatively modest 
laboratory equipment centring on an electrolytic cell, 
to see whether his ideas were correct or otherwise. “In 
a few months, he was ready to report that ıt did appear, 
indeed, that free radicles did not necessarily figure in the 
results. In addition, he was able to report a breakthrough 
into a new field of electro-organic chemistry. It was the 
direct electrolytic hydrodimerization of a broad variety 
of petrochemicals into others twice their molecular size.” 
Later, his process was the basis for many patents, in one 
case ten being issued on the same day. The mechanism 
of the process involved is shown diagrammatically in 
colour in the article and may, in summary, be conveyed 
as follows: the sequence begins as two acrylonitrile 
molecules in an electrolyte-water solution are drawn 
together when current from a cathode breaks the carbon 
double bond in the first, ‘charging’ it, causing the carbon 
double bond in the second to break as the two molecules 
join (‘carbanion’); at this stage two hydrogen atoms from 
the water are attracted, thus the adiponitrile molecule 
is formed. Within two years of this discovery, a multi- 
million-dollar Monsanto plant, with batteries of electro- 
lytic cells many times larger than the original cell used 
by Dr. Baizer, 1s busily and efficiently converting acrylo- 
nitrile into adiponitrile at Decatur, Alabama; this 
was described as a technological feat for which, in 1965, 
Monsanto won one of the most prized honours in this 
field in America, the Kirkpatrick Award for Chemical 
Engineering Achievement. 


Morphological Analysis by Digital Computer 


A. COMPUTER-ORIENTED approach to the analysis of 
microscopic images has been developed by M. L. Mendel- 
sohn, W. A. Kolman, B. Pery and J. M. 8. Prewitt, of 
the Department of Radiology, University of Pennsylvania, 
around CYDAC, a data conversion system which scans 
through the microscope and records the optical informa- 
tion in digital form on magnetic tape (Methodik der 
Information in der Medizin, 4, No. 4; December 1965). 
The quality of the optical information thus made avail- 
able to the computer is surprisingly good, as shown by 
the reconstruction of the orginal image using the high- 
speed printer. Preparations for the computer interpreta- 
tion of scanned images are under way, using blood cells 
as a model system. Parallel attempts to classify human 
chromosomes by means of CYDAC scans have given 
encouraging preliminary results. 


Developments In Pure Chemicals 


At present the research and development programme 
of the B.D.H. Laboratory Chemicals Division 1s aimed 
mainly at the production of highly purified inorganic 
compounds used for optical purposes—principally the 
hot-pressing of infra-red windows and the growing of 
crystals for a variety of purposes. The emphasis is always 
on greater and greater purity since optical properties are 
profoundly influenced by small traces of some impurities. 
Associated with this programme is the preparation of 
highly pure acids and solvents; these are used primarily 
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by the electronics industry for the etching and cleaning 
of semiconductor surfaces, but they also have an obvious 4 
appeal to analysts and those concerned with the prepara- 
tion of very pure materials. In the past 5 years the 
company has been engaged in a major effort to make the 
United Kingdom less dependent on imported biochemicals. 
Apart from producing many materials formerly available 
only from the United States, the Biochemical Department 
has made its own contribution to the range of bio- 
chemicals available commercially. Examples include (a) 
a B.D.H. preparation for the world market of the reagent 
dansyl chloride and a series of dansyl derivatives of 
amino-acids which are important in protein research; 
(b) the commercial production of high quality s-(2 : 4- 
dinitrophenyl)-L-lysine hydrochloride which is important 
in determining lysine in foodstuffs, especially in milk. It 
has been important to lipid chemists in Britain that 
the company has provided reasonably priced methyl 
esters of very pure higher fatty acids. B.D.H. is playing 
a large part in the supply of reagents to hospital labora- 
tories. The bacteriologist has benefited from a mucous 
digestant, N-acetyl-L-cysteine; some tetrazolium salts of 
exceptional quality are speeding the work of the histologist 
and cytologist (also of those concerned with seed viability 
testing). Special attention is being paid to the demands 
of automatic analysis in clinical laboratories by providing 
ready-made solutions and convenient forms of other 
reagents. 


The Cape Asbestos Company, Ltd. 


Te Cape Asbestos Company, Ltd., is the parent com- 
pany of the Cape Asbestos Group, an international 
organization with widespread industrial ramifications. 
The Mines Division includes Cape Asbestos South Africa 
(Pty.), Ltd., the South African parent company, and 
affiliated firms, operating amosite mines at Penge, 
Weltevreden, Kromellenboog and Malipsdrift, blue asbes- 
tos mines at Koegas, Westerberg, Pomfret and Warren- 
dale; also the London-based Cape Asbestos Fibres, Ltd., 
concerned with the promotion, sale and distribution of 
raw and processed asbestos fibres. The Insulation Division 
is concerned with various proprietary insulating materials, 
for example, rockwool, asbestos yarn and cloth, asbestos 
millboard, rope lagging, packings and jointings, plastic 
finishing and insulating compositions and asbestos re- 
inforced plastic sheeting, insulation; this Division operates 
in London, Liverpool, Dublin, and at Benoni, Transvaal. 
The Board Products Division incorporates Cape Building 
Products, Ltd., Uxbridge, makers of ‘Asbestolux’ board 
and the well-known Uxbridge Flint Bricks, Harefield 
Lime Company, producing lime for brick manufacture, and 
Marinite, Ltd., London and Glasgow, who make the 
popular ‘Marinite’ asbestos sheet. 

Companies operating in the Engineering Division ìn- 
clude Small and Parkes, Ltd., Manchester, concerned with 
brake and clutch linings, disk brake friction pads for 
automotive and industrial applications, fanbelts, engin- 
eering plastics; others trading elsewhere in Britain, 
in Brussels, and at Benoni South, Transvaal, are con- 
cerned with general garage equipment. That at Fareham, 
Hampshire, is concerned with water jet propulsion units 
for pleasure and commercial craft. There is a separate 
Overseas Division, based in Chicago, Toronto and Turin, 
which handles the sale of various asbestos products. 
Associated companies, concerned mostly with packings, 
jointing and insulating products, are located in Argentina, 
Canada, France, and elsewhere. This information about 
the activities of the Group is chronicled in the house 
journal, Cape Magazine (14, No. 3; Autumn 1965. 
114 Park Street, London, W.1). Although most of this 
periodical is concerned with internal staff matters, from 
United Kingdom and overseas centres, a few short 
articles are of wider interest, one dealing particularly 
with the new rules (1965) governing structural fire pro- 
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tection in passenger and cargo ships, another with the 
safety precautions against accidents operating in the 
several factories belonging to the Group. 


Forest Diseases and Insects 


A GREAT deal of effort and investment is being directed 
to increasing forest production, but there are certain 
factors which are reducing the desired results. Many of 
these factors were discussed at a symposium held under 
the aegis of the Food and Agriculture Organization and 
the International Union of Forest Research Organizations 
at Oxford during July 1964 on *‘Internationally Dangerous 
Forest Diseases and Insects” (Unasylva, 19 (3), No. 78; 
1965. Food and Agriculture Organization. 3s. 3d.). Very 
little factual information is available on losses due to these 
causes, but in the United States it was estumated in 1952 
that they accounted for 35 per cent of the gross annual 
growth. Although old natural forest stands suffer most 
from decay and insect-caused mortality, the main con- 
cern of the future may be in the man-made forests, many 
of which are characterized by exotic species in pure, 
even-aged stands. Thus new problems are possibly being 
created. Of the various control measures likely to be 
practical on a forest scale, it seems that the so-called 
‘natural’ ones hold certain advantages. Appropriate 
silviculture and forest management can manipulate the 
species, stand composition and rotation and so help 
prevent disease and insect damage. This really involves 
no extra cost and the same may be said of biological 
control measures which can be self-perpetuating. On the 
other hand, although chemical control has the advantages 
of bemg rapid, easily applied and available for use against 
many insects and fungi, its economics are complex and its 
possible side-effects tend to strike a warning note. Very 
sound recommendations were passed at the symposium 
-and these included the need for more pathologists and 
entomologists, for more research and the quantitative 
evaluation of losses, for the certification of seed, the 
quarantine of plants and their disinfection and disinfesta- 
tion and for annual reports from all countries on disease 
and insect conditions. This volume of Unasylva is a very 
fine synopsis of the main subjects discussed at the sym- 
posium. It is to be followed by the publication in two 
volumes of the individual papers and by a third volume 
on Diseases of Widely Planted Forest Trees. These will 
meke available a great deal of useful information on sub- 
jects that are becoming more and more important in 
forestry practice. 


Vegetation Types 


Maps of vegetation types can be of great value to the 
silviculturist and forest manager because they indicate 
site conditions, and site is a very important factor influ- 
əncing production. The need for more detailed maps of 
vegetation types for parts of the Swiss Jura lying to the 
aorth-west of Lake Neuchâtel came about as a result of 
ad silver fir stands suffering from the drought years of 
“1945-50. ‘These stands, with southerly aspects and 
situated on shallow, calcareous soils, began to perish when, 
n their weakened state, they suffered from bark beetle 
ittack (Ips curvidens). Thus, the Forest Service was 
‘aced with reforestation work, and so it was decided to 
nake a detailed investigation of the natural vegetation 
X£ the region. This was done during the 10-year period 
nding in 1961 and the results are now available (Extraits 
fe la Carte Phytosociologique des Forêts du Canton de 
Veuchétel. Par Jean-Louis Richard. Commission Phyto- 
‘éographique de la Société Helvétique des Sciences 
Yaturelles. Matériaux pour le levé Géobotanique de la 
tuisse, Fascicule 47. Pp. 48+1 carte. Berne: Editions 
Tans Huber, 1965. 25 Sw. francs). It is claimed that in 
1ost of the forests of the Swiss Jura, man has nowhere 
“egraded the natural vegetation to such an extent that 
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it ıs irreversible. Indeed, even some changes in the woody 
vegetation have scarzely affected the herbaceous cover 
and the soil, and so there is little difference between the 
actual and the potential vegetation. Thus, where potential 
and not actual vegetazion has been mapped, this has been 
done without fear ot any risk of serious error. Four 


blocks of forest totalling more than 26,000 hectares were 


examined and their physical features, geology, soils and 
vegetation are described. Twenty-eight natural forest 
associations are listec, together with their characteristic 
species and notes on the soils. The vegetation type map 
with three blocks on a scale of 1: 25,000 and one at 
1:10,000 shows a wealth of detail and the reproduction 
is excellent. It is true to say that the entire work and its 
usefulness are typical of the efficiency that is associated 
with Swiss forestry. 


Physiodormancy 


Dr. Jons WIEBE, of the Horticultural Experiment 
Stations, Vineland Station, Ontario, has written to the 
Editor as follows: “Al deciduous, temperate zone, 
perennial plants cease growth and enter dormancy at 
some time in summer or autumn. They remain dormant 
until growth begins again in spring under favourable mois- 
ture and temperature conditions. Frequently, temperature 
and moisture conditicns in late summer and autumn are 
favourable for the continuation of growth, yet the plant 
remains dormant. If a dormant plant 1s brought into a 
greenhouse before its rest period, or cold period require- 
ment, has been satisfied, it will remain dormant. Oncs 
the rest period has been satisfied by exposure to a suitably 
low temperature for a sufficient time, the plant is capable 
of resuming growth as soon as it ıs in a favourable en- 
vironment. Because of continuing unfavourable tem- 
perature, 11 may however, and usually does, remain 
dormant for some time after its rest period has been 
satisfied. Because ‘rest period’ or ‘cold period requirement’ 
are ambiguous terms, I propose the term *physiodormancy”’ 
for that component of the dormancy of a plant which is 
controlled by physiological or biochemical agents. Thus, 
a plant is said to be physiodormant when it will not start 
into growth at normally favourable conditions of moisture 
and temperature. The plant may continue to remain 
dormant, when it is no longer physiodormant, if tem- 
perature or lack of moisture prevents the resumption of 
growth”. 


Scientific Research 


Scientific Research 1s a new addition to the list of 
monthly magazines which may be received gratis by those 
actively engaged in research in physics, chemistry or the 
life sciences. J. D. Luntz, editor and publisher of the 
magazine for McGraw-Hill, Ince., states in the first issue 
(January 1966) that she contents provide interpretative 
commentary on technical developments, selected tech- 
nical articles, and new product information of specific 
use to experimenters. The feature article in the first issue 
is by C. Laverick on superconducting magnets, and the 
new products section consists of comprehensive surveys 
of commercially available (English, American and 
Japanese) storage oscilloscopes and American signal- 
averaging computers, together with a preview of some of 
the instruments which were exhibited at the Physics 
Show in New York during the annual meeting of the 
American Physical Scciety and American Association of 
Physics Teachers during January 26-29, 1966. A literature 
survey and reader service card are included. Three new 
improved designs of electron-microscopes, computer time- 
sharing, and a report on the disastrous fire that wrecked 
the Cambridge (Massachusetts) electron accelerator bubble 
chamber hall in July 1965, form the main features of 
“Science Roundup”, the section dealing with recent 
developments. 
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Acta Physica 


Acta Physica, devoted to the publication of origmal 
research work in the field of theoretical and experimental 
physics, is published by the Hungarian Academy of 
Sciences. Contributions deal with theoretical problems of 
the principles and applications of quantum mechanics, 
quantum chemistry, solid-state physics, thermodynamics 
and statistical mechanics, elementary particles, and 
experimental investigations in spectroscopy, crystal 
physics and nuclear and elementary particle physics. 
Papers are printed in English, German, French or Russian, 
with abstracts in various languages. Beginning in 
1966, Acta Physica will appear in two volumes annually, 
each containing approximately four hundred pages, with 
four issues per volume. The subscription rate per volume 
is £3. The editor is P. Combás and the editorial board 
consists of Z. Gyulai, L. Jénossy, L. Kovács and K. 
Novobátzky. 


New Members of the Advisory Council on Technology 


Mr. D. K. FRASER, of G. A. Harvey and Co. (London), 
Ltd., and Mr. A. Siddall, of Joseph Lucas, Ltd., have been 
appointed members of the Advisory Council on Technol- 
ogy. They replace Lord Brown, who resigned on appoint- 
ment as Minister of State at the Board of Trade, and 
Prof. M. J. Lighthill, who resigned on appointment as 
Honorary Physical Secretary of the Royal Society. 


Scholarship at the National Vegetable Research Station 


APPLICATIONS are invited by the National Vegetable 
Research Station for a postgraduate scholarship tenable 
at the Station from October 1. The purpose of the 
scholarship is to enable the recipient to pursue further 
studies and to obtain training in one of the following lines 
of research in progress at the Station: biochemistry; 
biometry; ecology and control of weeds; entomology ; 
plant pathology. The scholarship, which is of the value 
of £600 per annum, will be awarded for two years, with 
possible extension for a third year. Further information 
can be obtained from the Secretary, National Vegetable 
Research Station, Wellesbourne, Warwick. The closing 
date for receipt of applicaticns is March 31. 


Smithson Bicentennial Addresses 


Tar Smithsonian Institution has announced that the 
eleven addresses delivered at the scholarly sessions of the 
James Smithson bicentennial celebration, held in Wash- 
ington, D.C., during September 16-18, 1965 (Nature, 
208, 320; 1965), are to be published in a volume now in 
the press. The collection will include papers by James 8. 
Bruner, Herbert Butterfield, Sir Kenneth Clark, Ian 
McTaggart Cowan, G. Evelyn Hutchinson, Arthur 
Koestler, Claude Lévi-Strauss, Lewis Mumford, J. Robert 
Oppenheimer, Stephen ©. Toulmin, and Fred L. Whipple, 
together with an introductory essay by S. Dillon Ripley, 
secretary of the Smithsonian. Readers of Nature have 
already had the benefit of a preview of a few of the 
papers (208, 923, 1033, 1036, 1145; 1965; and 209, 10; 
1966). The book is scheduled for publication in the 
spring of 1966 by Simon and Schuster, New York, in 
association with the Smithsonian Institution. Further 
information can be obtained from the Editorial and 
Publications Division, Smithsonian Institution, Washing- 
ton, D.C. 


University News: Birmingham 


Mr. M. E. Lorerro has been appointed lecturer in the 
Department of Physical Metallurgy. Dr. G. Sweeney has 
been appointed senior Research Fellow in the Department 
of Mechanical Engineering. The following Research 
Fellows have also been appointed: Mr. D. K. Davies 
(geology); Mr. J. A. F. Wickramasinghe (physiological 
chemistry). 
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Liverpool 


Pror. D. HULL, professor of physical metallurgy, has 
been appointed to the Henry Bell Wortley chair of metal- 
lurgy, on the resignation of Prof. W. 8. Owen. The 
following lecturers have also been appointed: Mr. K. G. 
Evans, Dr. G. R. Jones and Mr. D. P. Sen Gupta (elec- 
trical engineering and electronics). 

Manchester 


Dr. J. G. Daviss, reader in radio astronomy, has been 
appointed to an additional chair of radio astronomy. 


Sheffield 


Tue following lecturers have been appointed: Dr. J. D. 
Harry (physiology); Dr. G. M. Birtwistle (electronic 
computation in the Department of Applied Mathematics). 


Sussex 


Tux following appointments have been made: Professor- 
ships: Mr. J. F. C. Kingman (mathematics and statisties); 
Dr. F. J. Bayley (mechanical engineering); Lectureship: 
Dr. S. Shall (biological sciences); Senior Research Fellow- 
ships: Dr. M T. Gillies and Dr. K. A. Stacey (biological 
sciences). 


Announcements 


Mr. J. F. Garrens has been appointed technical 
assistant to the scientific director of the Universities 
Federation for Animal Welfare. 


Pror. T. F. Drexon has resigned from his position as 
head of the Department of Biochemistry in the University 
of Singapore in order to join the Eastern Mediterranean 
Region of the World Health Organization. 


A SEMINAR on “Atmospheric Physics” will be held by 
the American Institute of Physics in Washington on 
Marci 14. Further information can be obtained from 
Eugene H. Kone, American Institute of Physics, 335 Kast 
45 Street, New York 17. 


A CONFERENCE on “Historical Aspects of Microscopy” 
will be held by the Royal Microscopical Society at Oxford 
on March 18. Further information can be obtained from 
the General Secretary, Royal Microscopical Society, 
Tavistock House South, Tavistock Square, London, W.C.1. 


- Tue 1965 Guthrie Lecture of the Institute of Physics 
and the Physical Society will be delivered by Dr. J. B. 
Adams (director of the Culham Laboratory) on the subject 
“Nuclear Fusion Research” on March 28. Further in- 
formation can be obtained from the Meetings Officer, 
Institute of Physics and the Physical Society, 47 Bel- 
grave Square, London, S.W.1. 


A MEETING of the Biochemical Society wil be held at 
the University of Hull during March 24-25. The pro- 
gramme will include a colloquium on “The Metabolism 
of C, Compounds”, a-discussion forum on ‘‘Mucopoly- 
saccharides”, and a visit to the Biological Laboratories 
of Reckitt and Sons, Ltd. Further information can be 
obtained from the Administration Officer, the Biochemical 
Society, 20 Park Crescent, London, W.1. 


Tum anniversary meetings of the Chemical Society will 
be held in Oxford during March 28-31. The programme 
will include symposia on complexes of the heavy donor 
atoms, contemporary topics in organic chemistry and 
methods of studying molecular interactions in gases, 
liquids and solids, a discussion on the uses of pro- 
grammed learning in the teaching of chemistry to degree 
standard, the Robert Robinson Lecture on “Some New 
Developments in the Chemistry of Natural Colouring 
Matters”, to be delivered by Lord Todd, and various tours 
and visits. Further information can be obtained from 
the General Secretary, the Chemical Society, Burlington 
House, London, W.1. 
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To feature article accompanying the annual report 
for 1964-65 of the British Council is this year con- 
cerned with libraries and library development (Annual 
Report of the British Council, 1964-1965. Pp. vii+99+ 
12 plates. London: The British Council, 1965. 2s. 6d.). 
It contrasts the present position of libraries in Britain 
where normally upwards of 250,000 titles are in print at 
the publishers, 7,000 periodicals are available, and library 
co-operation offers access to more than 100 million books, 
and the publie library service with a stock of about 80 
million volumes issued more than 500 million books on 
loan from 40,000 points of service with the position of 
British Council libraries abroad and the work of the 
Council’s libraries. The Council now maintains 141 British 
libraries overseas and sends regular supplies to a further 
55. These 196 libraries, including 62 in Asia and 42 each 
in Africa and in Europe, cover 83 countries; 252,372 
volumes were supplied to them in 1964 and they lent 
about 4-5 million books. Their three major functions are 
to provide a ready and comprehensive service of informa- 
tion on any subject falling properly within the Council’s 
field; to keep the serious student using them in touch 
with recent British developments in his or her field; and 
to support the Council’s work in teaching English with 
technical works and dictionaries and with appropriate 
text-books at all levels. They are built up over the years 
on the detailed advice of Council staff working in the field. 
~ In India and Pakistan, and on a smaller scale in Ceylon, 
Nigeria and Trinidad, the Council has set up special 
collections of multiple copies of English text-books which 
are prescribed reading for local university and other 
courses, concentrating on aspects of science, technology, 
economics and social sciences, with some medicine and 
dentistry. ‘In India alone, some 60,000 such text-books 
have thus been made available to the libraries of 150 
universities and colleges. 

Use is made of some 2,200 periodicals published in 
Britain, and subscriptions to these and annual reference 
books total nearly 50,000. More than 150 professional 
librarians are now employed by the Council, and the 
trained librarian occupies a key position in developing 
the Council’s library services overseas. The Council is 
also giving special attention to the development of public 
libraries in the new Commonwealth countries, and in the 
-past 6 years 22 schemes in 9 countries have been assisted. 
Some £370,000 has been spent on capital grants and other 
forms of aid under this scheme, and the projects have been 
uniformly welcomed by the Governments of the countries 
concerned. The grave shortage of qualified and experi- 
enced librarians, however, has been a constant brake on 
library development in all fields and is likely to constitute 
a limiting factor for some years to come which only 
assistance from overseas can remove. Even so, the Council 
is concerned as to whether sufficient is being done to 
expand library services in the developing countries of 
the Commonwealth. 

The Councils budget of £10,736,000 for 1964-65 in- 
cluded £676,000 from earnings and donations, grants of 
£5,388,000 from the Foreign Office, £3,977,000 from the 
Commonwealth Relations Office, £304,000 from the Colonial 
Office, £371,000 from the Ministry of Overseas Develop- 
ment, and £20,000 from the Board of Trade making up 
the remaining part. The Council also administered the 
expenditure on technical assistance schemes of £2.5 million 
from the Ministry of Overseas Development. There are 


NATURE 


861 


COUNCIL 


now 60 posts for English language teaching experts m the 
Council’s career service at a cost of £280,000 a year and 
these activities tend to concentrate increasingly on 
training teachers. Television officers have been appointed 
in Ghana, India, Iran, Kuwait, Nigeria and the Sudan 
and, in 1965, in Latin America and Ethiopia, while places 
for nearly 600 teachers of English from overseas are pro- 
vided in summer schools in Britain. The Council helped 
to finance a project to develop programmed materials for 
teaching English, and a large-scale enquiry conducted by 
the National Foundation for Educational Research into 
the language difficalties of overseas students and col- 
laboration with the British Broadcasting Corporation im 
the production of fims for teaching English continued. 

Further requests were received during the year, par- 
ticularly from Commonwealth eountries, for assistancs im 
training science teachers and in the reform of school 
curricula in scientafic subjects, and the Council has 
created six posts for scientific officers in East and West 
Africa. Of some 713 specialist tours, advisory visits and 
delegations arranged during the year, 113 were concerned 
with science and technology, 91 with medicine and 240 
with education. A scheme of exchanges between British 
universities and the Centres of Advanced Study in India 
was started. Of 63 awards toward the cost of travel 
between Commonwealth countries, 43 were to university 
teachers on leave, 15 to distinguished scholars invited by 
universities for shart visits and 10 for postgraduate 
university workers with research grants. Under the foreign 
scheme, 130 short visits were paid by senior members of 
university staffs, 3 longer visits and 103 visits under the 
younger research warkers interchange scheme. Of 11,130 
overseas visitors to Britain assisted by the Council, 2,664 
were concerned witk science and technology, 1,284 with 
medicine, 2,440 with social studies, and 2,612 with 
education. 5 

Further progress is reported with the Overseas Students 
Welfare Expansion Programme, and by August 31, 1965, 
provision for more than 3,750 places had been approvəd 
since the scheme was launched in 1861, and grants for 
hostel development totalling £2,525,000 had been made. 
An encouraging feature is the extent to which the welfare 
needs of overseas students are being met by the institutions 
in which they are studying. More than 340 young Russians 
visited Britain in 1964-65 under the student exchange 
programme; and nearly 500 final-year students from Latin 
America, many of whom were concerned with develop- 
ments in industry and technology, came to Britain under 
a programme initiated in 1962 in association with the 
Institute of Directors. Of the 9,923 overseas students met 
on arrival, 6,221 were from the Commonwealth and 1,713 
from Colonial territories. Permanent accommodation in 
Council residences was arranged for 297, in lodgings for 
6,125, and in university and other hostels and halls of 
residence for 2,026, apart from transit or temporary accam- 
modation. Hospitality was accepted for 14,567 students; 
16,200 were members of Council centres, 2,877 attended 
holiday courses of 7-10 days, and 22,200 attended week- 
end courses, study units and surveys. In October 1964, 
two additional Council scholarships were created .to 
provide undergraduaszes from the Federal Republic of 
Germany with an opportunity of taking a first degree at 
a British university, and the present estimates (1965-66) 
provide for an increased programme of youth exchange 
between Germany and Britain. 
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_THE BRITISH RADIOLOGICAL PROTECTION ASSOCIATION AND THE 
JOINT HEALTH PHYSICS COMMITTEE 


CIENTISTS of many specialities are concerned with 
some aspects of what, for want of a better name, has 
usually been referred to as ‘health physics’. This may be 
taken to be the investigation of problems of radiological 
protection including, for example, radiation dosimetry 
and operational techniques connected with the use of 
1onizing radiations in industry, medicine and scientific 
research. Some co-operation of the various appropriate 
learned societies and other bodies concerned was therefore 
felt to be desirable, and in December 1961 the Joint 
Health Physics Committee was set up to co-ordinate the 
arrangement of symposia in this field. This Committee 
had representation from the British Institute of Radiology, 
the British Occupational Hygiene Society, the Faculty of 
Radiologists, the Hospital Physicists’ Association, the 
Institute of Physics and the Physical Society, the 
Radiological Protection Service, and the Health and 
Safety Branches of the Central Electricity Generating 
Board and the United Kingdom Atomic Energy Authority. 
After its formation in 1963, the Society for Radiological 
Protection was also represented. 

This co-operation was fruitful, each organization in 
turn arranging a symposium open also to interested 
members of the other organizations. Some twelve sym- 
posia have been held during the period 1962-65 with 
attendance between 150 and 300, the distribution between 
the various specialities varying with the nature of the 
subject. 

The Health Physics Society, which was formed in the 
United States in 1955, was intended to be an international 
organization. In fact, by 1964 ıt did have some 20 per 
cent of its membership in some fifty countries outside the 
United States, and a number of national sections (including 
the Society for Radiological Protection in the United 
Kingdom) had been formed. However, it was apparent 
that other national or regional health physics organiza- 
tions were also being formed and, with the initiative of 
Dr. K. 2. Morgan, of the Health Physics Society, dis- 
cussions were started with representatives of many 
countries for the formation of an International Radiation 
Protection Association. to promote international scientific 
co-operation in health physics and, at intervals, to arrange 
international meetings m this field. A provisional con- 
stitution was agreed at a meeting in Paris in December 
1964, under which the International Radiation Protection 
Association was to consist of an affiliation of national 
societies (one from each country or region) with individual 
members of these societies having, as appropriate to their 
qualifications, either full or associate membership of the 
Association. 

To meet this new situation, and after detailed discus- 
sions between the societies concerned with the Joint 
Health Physics Committee, it was agreed to form instead 
the British Radiological Protection Association. This is 
an affiliation of learned societies concerned with radio- 
logical protection, formed to affiliate itself to the Inter- 
national Radiation Protection Association as the associate 


society for the United Kingdom. For a small annual 
subscription (at present 10s. per annum) interested 
members of any of the constituent societies may then 
join the British and also automatically the International 
Radiation Protection Association as individual full or 
associate members, according to their qualifications as 
laid down in the constitution of the International Radia- 
tion Protection Association. The Joint Committee of the 
British Radiological Protection Association has representa- 
tion from each of the constituent societies (together with 
one or two non-voting co-opted members) and will 
function ın plaee of the Joint Health Physics Committee 
to co-ordinate the arrangement of symposia on health 
physics subjects m Britain. It will also arrange for dis- 
cussion of relevant topics with the British representatives 
of the British Radiological Protection Association on the 
executive council of the International Association, who, 
under the constitution, will have been elected by a ballot 
of the individual full members of the Association. 

The founder constituent societies of the British Radio- 
logical Protection Association are the British Institute 
of Radiology, the British Occupational Hygiene Society, 
the Faculty of Radiologists, the Hospital Physicists’ 
Association and the Society for Radiological Protection 
(now no longer a section of the Health Physics Society). 
The Society of Radiographers has also been accepted as 
a constituent society. That there is general support for 
the Association is evident from the fact that already more 
than three hundred individual full members have been 
registered and accepted for membership of the British 


p 


and International Associations. This number will entitle - 


the British Radiological Protection Association to five 
votes on the executıve council of the international body. 

Affiliations to the International Radiation Protection 
Association have now been accepted from a total of eleven 
societies, including organizations in France, the United 
States, Luxembourg, Scandinavia, Japan, United King- 
dom, Belgium, Israel, Italy, Netherlands and Central 
Europe,andotherapplicationsarepending. Thus, theInter- 
national Association is well established and its first Inter- 
national Congress is to be held in Rome in September 1966. 

Meanwhile, the Joint Committee of the British Radio- 
logical Protection Association is planning two symposia m 
the United Kingdom in November 1966, one to be organ- 
ized by the Faculty of Radiologists on “Radiation 
Genetics’, and the other to be organized by the British 
Occupational Hygiene Society on the “Hazards Associated 


with the Use of Lasers”. It is to be hoped, therefore, that - 


such co-operation, both nationally and internationally, 
will be of general and scientific value to those concerned. 
with the various aspects of radiological protection. 
Further details of the British Radiological Protection 
Association and its functions can be obtained from any 
of the constituent societies, or from the honorary secre- 
tary of the Joint Committee, Mr. R. Oliver, the University 
Radiation Protection Office, 15 Parks Road, Oxford. 
R. OLIVER 


NUCLEAR AND ENGINEERING CERAMICS 


HE position of ceramics in nuclear engineering is now 
well established. The same cannot be said for their 
structural applications in engineering if the relative 
number of papers on these two aspects presented at the 
meeting of the Basic Science Section of the British Ceramic 
Society held at the Atomic Energy Research Establish- 


ment, Harwell, during October 25-27, 1965, is truly repre- 
sentative. Of the thirty papers presented, only five dealt 
with potential non-nuclear applications. Mr. N. Parr 
(Admiralty Materials Laboratory, Poole, Dorset) dis- 
cussed the difficulties encountered in attempts to establish 
the technology of reaction-bonded silicon nitride and its 
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application as a structural engineering material. Of 
particular interest was the philosophy lying behind his 
engineering designs to take into account the brittle nature 
of his material. The complexities attending the pyrolytic 
preparation of silicon carbide formed the main theme of 
the paper presented by P. Popper (British Coke Research 
Association, Stoke-on-Trent). This process, which super- 
ficially seems quite simple, was obviously sensitive to a 
number of process variables which had a considerable 
effect on the structure and hence the properties of the 
deposited material. There were three papers dealing with 
mechanical properties as such, two concerning themselves 
with beryllia and one with silicon carbide. Quite respect- 
able strengths are now available in carefully fabricated 
polycrystalline ceramics. The paper by N. A. Hill, J. 8. 
O’Neill and D. T. Livey (Atomic Energy Research Estab- 
lishment, Harwell) showed that by control of grain size, 
moduli of rupture of approximately 50,000 Ib./in.? were 
obtained in beryllia. W. P. Rotsey, K. Veevers and N. 
MeDonald (Australian Atomic Energy Commission, Lucas 
Heights) showed that in addition to grain size, surface 
preparation and the presence of water vapour were critical 
features in determining the room temperature strength of 
beryllia. Results of investigations of the delayed fracture 
in air of a self-bonded silicon carbide reported by J. C. V, 
Rumsey and A. L. Roberts (University of Leeds) showed 
that delayed fracture behaviour could be adequately 
correlated phenomenologically and that at elevated 
temperatures well-defined primary and secondary creep 
stages were exhibited. 

With respect to the nuclear aspects of the meeting, it is 
interesting to compare the nature of the papers presented 
at this meeting with those presented at a very similar 
meeting at the same venue 4 years previously. The 
general headings are approximately the same, but the 
emphasis has, as one would have expected from the rapid 
progress in the nuclear field, changed considerably. 
Whereas 4 years ago interest was mainly centred on the 
fabrication and properties of uranium and plutonium 
oxide ceramics with a little attention being paid to the 
carbides, on this occasion practically noattention was given 
to the pre-irradiation, preparation and characterization 
of oxide ceramics, the main interest in these areas now 
lying with uranium and plutonium carbides with a little 
attention being given to other uranium compounds. The 
papers by D. George and N. R. Williams (Atomic Energy 
Research Establishment, Harwell) and by J. M. Horspool 
and N. F. Rose (Dounreay Experimental Reactor Estab- 
lishment, Caithness) showed clearly that the preparation 
and fabrication by sintering of uranium monocarbide and. 
uranium plutonium monocarbide were close to becoming 
well-controlled fabrication routes, most of the problems 
associated with the preparation of fine powders, their 
- handling and the selection of a suitable binder, having 
been overcome. In both these papers the use of nickel 
as an additive to promote sintering to greater than 95 
per cent theoretical density at temperatures as low as 
1,550° C was advocated. It became quite clear, however, 
that the true role of nickel as a sintering promoter was far 
from understood, and this was emphasized by the paper 
of B. L. Eyre, A. F. Bartlett and D. Barry (Atomic Energy 
Research Establishment, Harwell) which described a 
transmission electron microscope investigation of sintered 
uranium monocarbide with and without the nickel addi- 
tions. Differences in structure were observed and possible 
effects on sintering behaviour were discussed again 
without any very definite final conclusions being reached. 

The complexity of phase relationships in the uranium— 
nickel-carbon, uranium carbide—iron—nickel, and uranium 
carbide—iron—chromium systems was illustrated in a paper 
by 8. K. Dutta and J. White (University of Sheffield). 
Probably the most interesting point which arose from this 
work was that solid uranium carbide was likely to be com- 
patible at elevated temperatures with only a very limited 
range of iron—chromium alloys despite the fact that it was 
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completely compatible with both iron and chromium. 
This situation arose as a result of the formation of the 
compounds Cr, and UFe,. The sensitivity to com- 
position of the mechanical properties of uranium mono- 
carbide and closely associated alloys was the basic theme 
of the papers by J. S. Pottinger, M. ©. Regan and H. J. 
Hedger (Atomic Exergy Research Establishment, Harwell) 
and A. Accary, P. Magnier and M. Marchal (Commissariat 
à l'Énergie Atomique, Saclay). The former authors used 
hot hardness measurements to show that hypostoichio- 
metric compositions softened rapidly above 600° C, while 
hyperstoichiometrie compositions showed a slower decrease 
of hardness up to about 1,000° C. Partial substitution of 
tungsten, niobium and vanadium for uranium in the 
carbides was particularly effective in increasing the resist- 
ance to deformation by indentation. At higher tempera- 
tures the French investigators showed that mechanical 
behaviour was strongly dependent on the total carbon 
content and that st approximately 2,300° C the plastic 
properties were such that extrusion and die-forming were 
possible. Measurements of self-diffusion in uranium 
carbide were reported by H. M. Lee and L. R. Barrett 
(Imperial College, London), who concluded that the activa- 
tion energy of bulk diffusion in the slower diffusing species, 
namely, uranium, was in good agreement with sintering 
kinetic data, but that the mechanism of creep was likely 
to be more complieated than that usually described as 
the Herring—Nebarro mechanism. 

The growing importance of fuel in the form of micro- 
spheres (approximately 500. diameter) was represented 
by papers dealing with the preparation, coating, evaluation 
and irradiation testing of sol gel oxide mucro-spheres by 
R. G. Wymer and J. H. Coobs (Oak Ridge National 
Laboratory, United States), and the consolidation of 
earbon-coated fuel particles in a graphite matrix by hot 
pressing by G. H. Williams, J. B. Morris and D. W. 
Savage (Atomic Enezgy Research Establishment, Harwell). 
The use of sol-gel techniques for the preparation of very 
high density oxide spheres at relatively low temperatures 
was pioneered at Oak Ridge, and they have now extended 
their work both in scale and in scope to include plutonium 
dioxide, thorium dicxide—uranium dioxide and plutonium 
dioxide—uranium dioxide, rare earth oxides and curlum 
oxides. These particles have to be coated usually with 
pyrolytic carbon to retain fission products and their 
incorporation into a matrix without cracking the coating 
is a delicate operation which has apparently been solved 
by the British authors. 

Work reported on the irradiation behaviour of fissile 
ceramics was confined largely to uranium dioxide, as would 
be anticipated from its present pre-eminent position as @ 
nuclear fuel. As was re-stated by R. 8. Barnes and R. 8. 
Nelson (Atomic Energy Research Establishment, Harwell) 
in their general papar on the behaviour of inert gases in 
ceramic fuels, structaral changes have an overwhelmingly 
important effect on gas release. The paper by J. R. 
McEwan and J. Hayashi (Atomic Energy of Canada, 
Ltd.) detailed the effect of time, temperature and five 
other potential variables on isotherma] grain growth in 
uranium dioxide. Of general interest was the observation 
that porosity elimination was not rate controlling so far as 
grain growth was concerned. The use of an arc image 
furnace to study columnar grain growth in a tempera- 
ture gradient of uranium dioxide, both with and 
without additions of other oxides, was reported by 
T. J. Potter and C. A. Elyard. Matters relevant 
to the dimensional stability of uranium dioxide taken 
to high burn-ups ware the subject of papers by B. T. 
Bradbury, J. T. Demant and Mrs. P. M. Martin 
(Atomic Energy Research Establishment, Harwell) and 
by J. D. B. Lambert (Atomic Energy Research Establish- 
ment, Harwell). The former authors were concerned with 
the nature and distribution of solid fission products in 
irradiated uranium dioxide. Above approximately 3 
cent burn-up, whita inclusions were found at grain 
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boundaries which ‘contained a, mae of the solid feo 
“product elements. .Mr. Lambert reported on the irradiation 
behaviour. of uranium dioxide /particles-in cermets at 
buryjsups in the range 5-12 per cent and was mainly 


‘ concerned with the swelling which appeared to proceed 


> eventually at an inexorable rate of about 1-7 volume per 


cent per 1 per cent of burn-up. 

‘Detailed investigations of the behaviour of krypton 
gas ‘bubbles introduced by ion bombardment in uranium 
dioxide using the electron microscope were described by 
G: H.. Bannister, R. M. Cornell and B. M. Jeffrey (Central 
Electricity Generating Board, Berkeley). 

There were more papers dealing with the irradiation 


_ behaviour of non-fissile ceramics than with any other 


$ 


single topic. Both gas release and dimensional stability 
were, as were fissile oxides, major topics for consideration. 


.. In-pile release of helium from beryllia had been investi- 


_ gated by Y. Carteret, J. Bareau and J. Elston (Commis- 


sariat à l'Énergie Atomique, Saclay), who showed that after 


. 8. few. hundred hours the release of helium attained a con- 


stant level. Measurements of the diffusional release of tri- 
tium from beryllia by fast neutron annealing had been 
made by K. T. Scott and L. L. Wassell (Atomic Energy Re- 


- search Establishment, Harwell). The behaviour exhibited, 


namely, that of initial bursts followed by steady-state 
release, was very similar to that of inert gas in fissile 
oxides. Activation energies varied from 48 to 59 keal/ 
mole. Investigations of the nature of fast neutron-induced. 
defects in single crystal alumina and in polycrystalline 
alumina and magnesia, using transmission electron 
microscopy, changes in lattice parameter, density and 
length were reported by R. S. Wilks eż al. (Atomic Energy, 
Harwell), by M. Stevanovic and J. Elston (Commissariat & 
l'Énergie Atomique, Saclay) and by R. P. Thorn and V. C. 


REVIEW OF THE 


SYMPOSIUM entitled “A Review of the Fossil 

Record”, organized jointly by the Geological Society 
of London and the Palaeontological Association, was held 
at the University College of Swansea during December 
20-21, by invitation of Prof. F. H. T. Rhodes, head of 
the Department of Geology. It was attended by some 
160 members. 

The meeting had been arranged in order to discuss a 
projected publication volume by the Geological Society, 
and in this respect it followed the pattern of the sym- 
posium on the Phanerozoic time-scale held at Glasgow in 
February 1964. The volume in preparation is to consist 
mainly of contributions by more than a hundred specialists, 
covering the whole fossil record, both plants and animals, 
organized into thirty chapters on a systematic basis. 
Each contributor was asked to recommend a classification 
of his allotted taxa, and to document the first and last 
reported fossil occurrence of each taxon. To do this 
thoroughly was thought to be a sufficient task, and it 
carried the implication that there was continuity of life 
between these first and last occurrences, even if no inter- 
mediate record had yet come to light. Thus, a survey of 
the ranges of taxa covering all fossils through geological 
time could be included in a single volume. It was left to 
the contributor in each case to decide on the degree of 
taxonomic sub-division; so in some cases families and 
genera, and in others, super-families or orders, have been 
recorded. In this way some idea of the diversification 
can be given, without departing from the minimum 
requirement for first and last documented records, 

An editorial committee shared the systematic editing 
and maintained contact with specialist contributors. The 
committee also worked out a standard stratigraphical 
scale, so that data could be presented in a uniform way. 
To this end, questionnaires were first sent out, and 
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Howard (Reactor Materials Laboratory, Culcheth). A 


still more sophisticated technique for studying irradiation- %. 


induced defects by the scattering of long wave-length 
neutrons was reported by D, G. Martin (Atomic Energy 
Research Establishment, Harwell), who showed that the 
smaller clusters often visible under the electron micro- 
scope as irresolvable dots probably contained less than 
thirty defects per cluster. The overall situation on irradia- 
tion effects in ceramic oxides was well summarized in & 
paper by B. S. Hickman and D. G. Walker, who discussed 
at some length correlations between the irradiation 
behaviour of beryllia, alumina and magnesia as well as 
zine oxide. The irradiation behaviour of only one non- 
fissile carbide, namely, polycrystalline, self-bonded, 
porous, cubic, silicon carbide, was discussed by R. P. 
Thorn, V. C. Howard and B. Hope (Reactor Materials 
Laboratory, Culcheth) in terms of dimensional change and 
X-ray parameter measurements. The saturation growth 
obtained was, as is normal, a function of temperature and 
was paralleled by saturation effects in thermal conduc- 
tivity. There was, however, an appreciably slower 
recovery on annealing of thermal conductivity compared 
with dimensions. 

The meeting was organized by Dr. D. T. Livey of the 
Metallurgy Division, Atomic Energy Research Establish- 
ment, Harwell, and, as was apparent, received a consider- 
able amount of international support. It was attended by 
152 people and, as has now become the well-established 
form with the Basic Science Section meetings, approxim- 
ately half were members of the Society and half were 
guests. The papers presented at this meeting will be 
published as a separate volume of the proceedings of the 
British Ceramic Society. 

J. WILLIAMS 


£ 


FOSSIL RECORD 


after some discussion a scale was agreed on, admittedly 
arbitrary and temporary, for the use of the symposium 
only. However, some longer-term benefit may result 
from this, for although the scale was divided into units 
of about stage rank and did not attempt any tidy or 
final codifying of these units, the committee did never- 
theless define the base of each selected unit reasonably 
precisely and unambiguously. This project demonstrated 
the need for a standard global stratigraphical scale, and 
illustrated the principle of defining units by single refer- 
ence horizons at their bases. The degree of division of 
the stratigraphical scale was a compromise, being on the 
one hand too fine for much international correlation, and 
on the other too coarse to plot some precisely known 
records. The stratigraphical scale was used for a series of 
charts on which the ranges of taxa were plotted as lines 
joining first and last records. Some precision was also 
lost because presence only, and not position, within each 
division was plotted. These working charts were on dis- 
play at Swansea, and will be re-drawn for publication in 
the forthcoming volume. 

The object of the symposium meeting was to discuss 
issues relevant to this compilation. Eight main papers 
and several short prepared_contributions were presented 
and will appear, with some of the discussion, in the 
symposium volume. 

The symposium was introduced with a review of the 
origin and development of Pre-Cambrian life and the 
base of the Cambrian system by J. W. Cowie. Speculation 
on the origin of life on this planet, as related to hypo- 
theses of the composition and state of the hydrosphere 
and atmosphere, was briefly surveyed, and was followed 
by a review of the earliest organized structures in rocks. 
Mention was made of the recent discovery by Barghoorn 
of organized carbon residues about 3,000 m.y. old, possibly 


i 
+ Pra aes 


vo.sozs February 26; 1966 NATURE ©. ei 1 05 866 


È a 


” 


older than the better-known stromatolitic dolomite of analyses had shown independently, namely, the genius of: 
5 MoGregor from Bulawayo which has been dated only by John Phillips 125 years ago in distinguishing the broad 
correlation with distant rocks via 2,700-m.y.-old granite. Palaeozoic, Mesozoic and Cenozoic divisions of life. ‘ House 
In rocks less than 2,000 m.y. old, stromatolitic, algal and surveyed the progress and diversification of most mejor ` 
acritarchal structures are common. ‘The first faunas so taxa through Palaeozoic time. In assessing claims for an. 
far established may not be much older than established evolutionary explosion it would be important to dis- 
Cambrian; how much older they are raises the question tinguish between taxonomic diversification and~ the . 
of the biostratigraphic definition of the base of the Cam- numerical abundance of individuals within each taxon.» |. 
brian. The distinct and now well-known Edrocara fauna However, an initial multiplication of genera to a high 
is only marginally older than archaeocyathid or trilobite- early maximum was followed by a slower decline. More-, ` 
bearing Cambrian. Thus, shelled brachiopods could be over, early diversification was more rapid in higher ranks ` 
the oldest animal fossils yet known, the newly discovered of taxa. Although rocks of Cambrian age have yielded 
obolids from arctic Canada having been uncertainly records of most phyls, the Ordovician might well prove 
argued, from radiometric evidence, to be about 700 m.y. to be the time of moss marked explosion and proliferation. 
old. The degree of ( ? explosive) evolution of the known The detailed pattern was probably controlled ecologically, 
Lower Cambrian fauna was then examined in relation to and might have been markedly affected by the feeding 
various hypotheses. habits of different groups. 

In discussion, it was pointed out by P. C. Sylvester- By reference to the Dalmanellacea, V. G. Walmsley. 
Bradley that’a distinction should be made between com- showed how relatively minor and continuous taxonomuc 
plex organic chemicals preserved in ancient rocks, which revision could produce major changes in range charts. 
might be abiogenic, and relics of organized life. It was But, as pointed out by B. M. Funnell, when many records 
argued by R. Goldring that trace fossils (except, for are combined small changes will be self-cancelling and 
example, burrows) were commonly formed at the sedi- so will not seriously affect the kind of statistical study 
ment—water interface, which itself might not be generally conducted. à 
preserved. This would account for the discrepancy Permo-Triassic changes were discussed in a paper by 
between ranges of fossils and traces of presumed similar F. H. T. Rhodes (read by M. J. S. Rudwick), who argued 
animals. Even so, there was a marked increase in traces first that the Permian was a time of rich and diversified 
of biological activity with the appearance of trilobites. faunas, even those taat were shortly to become extinct; 

A computer analysis of the fossil record was presented thus there was little prior indication of impending changes, 
by B. M. Funnell and J. L. Cutbill. The committee had Although substantial extinctions took- place.towards the 
decided that the large amount of data to be assembled end of Permian tims, the noticeable effect was due to 
according to a common pattern justified some attempt at many gaps not being immediately filled, so that early 
computer analysis. It was only possible to report at the Triassic faunas lacked variety and contrast. Certainly, 
meeting results based on the unedited charts already although none of the many hypotheses for these changes 
submitted; however, 1,566 taxa from these were used, has yet been substantiated, and few continuous marine 
and it seemed unlikely that later submissions would successions across the boundary are known, the marked 

~ alter the results in any substantial way. Taxonomic rank change in the fossil record does not appear to be an 
depends perhaps as much on the history of palaeonto- artefact and demands explanation. i 
logical investigations as on any biological hierarchy, and Triassic/Jurassic vertebrate changes were discussed by 
therefore no particular attempt was made to correct C. B. Cox, who showed that the most fundamental 
according to their systematic rank the taxa which had changes on land took place in Triassic time, though cor- 
been selected by contributors, except that in three cases relation of some of the continental strata is uncertain. 
where large numbers of families had been documented in Extensive adaptation to marine conditions was a dis- 
a limited part of the stratigraphical column these were tinctive feature of Triassic time. This pattern gave same 
reduced to super-families. Errors-affecting the ranges of coherence to the Mesozoic era so far as vertebrates were 
taxa were inevitable, not only. because of the many concerned. 
limitations of the fossil record, but also as the result of Cretaceous—Tertiary marine faunal changes were dis- 
the systematic attribution of fossils and the history and cussed by J. M. Hanesck, who limited himself to a careful 
geography of palaeontological research. A significant bias study of the commonly accepted dramatic extinction of 
was inevitably introduced by the fact that living repre- ammonites and possible continuation of belemnites. 
sentatives of taxa, rather than fossils, had been docu- Decline was already evident in Campanian time and, 
mented for the latest stratigraphical unit, thus heavily indeed, gradual extinction was also taking place in 
over-weighting this latest interval by comparison with Maestrichtian time, although world-wide regression at 
-all other intervals, which depended solely on the fossil the close of Maestrichtian time obscured the record. 
record. For analyses of ranges standard units were taken Many important occurrences have been recorded recently 
as equal, although many were known geochronologically from Danian and Upper Palaeocene rocks so that changes, 
to be unequal, and others were not sufficiently known. while gradual in detail, were yet distinctive when viewed 
The known units averaged about 5-6 m.y. back to the on a sufficiently broad scale. 

Triassic, and 5-10 m.y. back to the Devonian, increasing G. M. Phillip commented on the record of the Echinoids, 
to 15 or even 30 m.y. for the early Palaeozoic ages. which evolved slowly through Ordovician to Triassic 
The authors were under no illusions about the limitations time, with about ons new family per period, and then 
of what could be obtained by numerical abstracting and dramatically diversifed in Lower Lias time, with new 
presentation of the data (for example, in histograms, with families continuing to appear at about 15 times that rate 
successive smoothing), but nevertheless it was possible to to the present day. 
draw some general conclusions from the tabulations Plant—insect relationships were next discussed. The 
presented. Frequencies of all taxa, initial or final records apparent dramatic zhanges in the insect record are 
per stratal unit with major taxa taken separately or largely attributed to the relatively few rich fossil insect 
totalled, were not random; some trends were noticeable, horizons, but some established stages of insect evolutian 

—aceflecting rapid diversification in early Palaeozoic time were nevertheless outlined by J. M. Smart. A number of 

and a distinct Palaeozoic mode, with a marked ‘low’ in suggestions were made by N. F. Hughes about plant 
«the curves at about the Permian/Triassic boundary. The evolution and its possible relationship to insect develop- 
Mesozoie/Cenozoic boundary was not so distinctly ment. Most insects depend directly on plants for food, 
narked. and the suggested later Cretaceous development of angio- 

Lower Palaeozoic appearances were discussed by M. R. sperms may not have had much impact on insect evolution 

Mouse, who first commented on what the computer because the pre-angiosperms (pteridophytes and gymno- 
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sperms) provided’ a similar habitat when equatorial. A 
critical stage may have been reached with the emergence 
of tall land plants in Devonian time; insects would have 
crawled up these plants and developed flight. The im- 
portant diversification of reproductive structures in plants 
in early Carboniferous time was probably a protective 
response to attack by insects, which themselves became 
adapted in diverse manners. Insect pollination could have 
begun in Permian time. 

The last principal contribution, biochemical evolution 
and the fossil record, by L. B. Tarlo, reviewed a rapidly 
expanding field of investigation, largely consequent on 
recently developed techniques using amino-acid analysis. 
Comparative biochemistry has long provided some in- 
dependent taxonomic criteria, but only recently has the 
systematic investigation of the biochemical record of the 
rocks been stimulated by the possibilities of protein 
taxonomy. With what reliability particular combmations 
of amimo-acids may be used to infer the presence of, for 
example, collagen is still uncertain, but this line of 
investigation promises well. It is complicated by the 

zovery that not only do many fossils yield rich bio- 
chemical results, but so do their enclosing rocks; hence 
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the source of any particular compound is often difficult 
to determine. 

A. Hallam, from studies of strontium/calcium ratios in 
cephalopod shells, suggested that later Palaeozoic nauti- 
loids may be related to more ‘primitive’ forms than 
goniatites. 

Throughout the discussion the basic questions of 
evolutionary cause and effect recurred, often incon- 
clusively. Linguistic care was necessary to avoid ‘loaded’ 
descriptions such as one form ‘ousting’ another from its 
‘ecological niche’. But not all was negative. Some cor- 
relation between changes due to physical environment 
and those due to selective pressure for evolutionary 
adaptation seemed reasonable. If this were pressed in 
terms of what is becoming known about the inevitable 
interplay of tectonic, eustatic, gradational and climatic 
changes, for example, then the evident rate of biological 
change may be partly explicable. 

It is hoped that the whole symposium and volume will 
stimulate palaeontologists and others to extend this study 
to progressively lower levels of taxa as a contribution to 
the record of evolution of the biosphere as a whole. 

W. B. HARLAND 


CALEDONIAN MAGMATISM IN NORTH WALES 


By J. E. THOMAS 


Sedimentology Research Laboratory, Department 
of Geology, University of Reading 


M. H. DODSON* and D. C. REX 


Department of Geology and Mineralogy, 
University of Oxford 


AND 
G. FERRARA 


Nuclear Geology Laboratory, University of Pisa, Italy 


N a survey of the British Caledonides, Read? emphasized 
the need for more information on the many aspects of 
Caledonian magmatism in Britain. He briefly discussed 
the few available isotopic ages for the Caledonian granites 
of the ‘metamorphic’ and ‘non-metamorphic’ belts, but 
pointed out that further determinations were clearly 
required. More recently, Fitch et al.2 have published 
geochronological data relating to magmatic activity 
within the ‘non-metamorphic Caledonides’ of North Wales, 
and have reviewed aspects of Caledoman orogeny and 
metamorphism in Britain*4. This article reports the 
results of isotopic age determinations on biotites from 
hornfelses associated with the Tan-y-grisiau ‘microgranite’, 
Ffestiniog, North Wales, and briefly discusses their signific- 
ance in investigations of Caledonian magmatism. 
Several authors®-?° have made reference to the Tan-y- 
grisiau intrusion, but little detailed work has been pub- 
lished concerning its petrology, form and age. Recently, 
one of us (J. E. T.) has made a petrological and petro- 
chemical examination of the mtrusion and its aureole. 
During this work biotite-bearing metamorphic rocks were 
collected from the south-east margin. of the intrusion 
(850 yd. west of Brynmelyn cottage, SH687430) which 
have since proved suitable for age determinations by the 
potassium-—argon and the rubidium-—strontium methods. 
The samples are representative of two rock types: a 
biotite-rich contact hornfels and a biotite-bearing xeno- 
lithic rock included in granite veins penetrating the 
country rock. Buotites in the granite itself were examined 
in thin-section but were found to be extensively chlori- 
tized and unsuitable for age determinations. The dating 
of an intrusion solely by means of measurements on 
associated hornfelses does not appear to have been reported 
previously, although Erickson and Kulp™ and Hurley 
et al. have given data for fine-grained hornfelses, which 
agreed well with results from associated igneous mica. 
Whole-rock determinations on the granite itself are in 
hand. 


* Present address. Department of Geology, University of Leeds. 


Potassium-—argon determinations were made at Oxford, 
where a Franz isodynamic separator was used for mineral 
separation. Argon was determined on a Reynolds mass 
spectrometer using an isotope dilution technique with 
argon-38 tracer. Potassium was determined by flame 
photometry. The analytical precision for both elements is 
estimated as +2 per cent from replicate determinations. 
The uncertainties in the ages given in Table 1 are based 
on, this figure, giving a precision of +3 per cent in the 
Ar/K ratio. The rubidium-strontium determinations 
were done at Pisa. The biotite sample used for the deter- 
mination on the contact hornfels was taken from a separa- 
tion done at Oxford, part of which had already been used 
for duphcate potassium—argon determinations. The 
xenolithic biotite was separated at Pisa using a Franz 
separator. A selected sample was further purified by 
grinding under alcohol and resieving. The rubidium and 
strontium contents of the biotite were determined by an 
isotope dilution method using an Atlas CH4 mass spectro- 
meter with normal collector. The analytical results are 
given in Table 2. 

The ‘uncorrected ages’ in Table 2 are based on an as- 
sumed normal ®’Sr/**Sr ratio of 0-712 at the time of meta- 
morphism. Because of the difference between these and 
potassium-—argon ages, it was decided to make some ‘whole- 


Table 1. POTASSIUM-ÅRGON DATA 


Sample No. and E tår Atm Ar 
description (per cent) (p.p.m ) Total år Age(my) 
(per cent) 
JETIL 
Contac 5'54 0-117 46 398 + 11 
hornfels 5 a4 0-180 3:3 409 + 11 
(biotite) mean 404 +8 
JETI? 
Xenolith 5°58 0°183(5) 4-7 413 +11 
(biotite) 
JETIS 7 
Dolerite 1-75 0-363 44 314 +9 


(whole-rock} 
Decay constants: 4¢ = 0584 x 10-1 yr.7; 4g = 4:72 x 10" yr., 
Isotopic abundance of *°K = 0-0119 atomic per cent. 


pi 
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Tabie 2, RUBIDIUM-STRONTIUM DATA 


Age Age 
Sample No. and Rb Com.8r "Srrad §rrad uncor- cor- 
description (p.p.m.) (p.p.m) (p.p.m) sis; tob rected rected 
(m.y.) (m.y.) 
ZEINI 
Contac 50248 247+04 0889+0035 034 424+21 412 
hornfels 
(biotite) 
JET /2 
Xenolith 327+6 48:9+08 0O590+0041 015 488430 429 
(biotite) 


ty = 47 x 10! yr. 


rock’ rubidium-strontium measurements on the hornfelses. 
The method by which such measurements can be used to 
give a calculated age which takes account of variation in 
isotopic composition of strontium at the date of meta- 
morphism has been demonstrated for the Moine Series by 
Long and Lambert?*. 

For JHT/\ the whole-rock measurements gave the 
ratios: total Rb/Sr = 0-8 by weight, ®’Sr/*Sr = 0:737 
(atomic ratio) and a corrected biotite age of 412 m.y. For 
JHT/2 the corresponding figures were 1-04, 0-732 and 
429 m.y. This latter apparently discrepant age may be 
attributable to lack of uniformity of composition in sample 
JET /2. It was not possible to make the whole-rock 
determinations on exactly the same sample from which 
the biotites had been separated. 

The data support 408 + 7 m.y. as the date of meta- 
morphism of the hornfelses, which on the simplest interpre- 
tation would be the date of emplacement of the granite. 
However, a long period of cooling would mean that these 
ages were younger than the date of emplacement. Alter- 
natively, they could be the result of a post-hornfelsing 
thermal event in the history of the rocks. In the absence 
of evidence in support of the latter two possibilities we 
shall, for the present, consider the simplest interpretation 
to be the correct one. 

Isotopic dating of a magmatic episode is of greatest 
value when the age of the magmatism is known relative 
to other events comprising the geological history of an 
area. In discussing the relative age of the acid magmatism 
represented by the Tan-y-grisiau intrusion, reference 
should be made to the following events in the structural 
evolution of North Wales: emplacement of basic magma 
(as represented by ophitic augite-dolerite sills and dykes); 
the impression of the regional cleavage(s); folding; fault- 
ing and crushing; and mineralization. A brief summary is 
given here of the available information which is relevant 
to such a discussion. 

The Cambrian and Ordovician strata of Caernarvon- 
shire and Merionethshire have been intruded by an im- 
mense bulk of basic magma in the form of dykes and 
sills*, the majority of which are ophitic augite-dolerites. 
Although many basic intrusions of Ordovician age are 
known to occur, for example the intrusive sheets of 


- Cader Idris (pre-Upper Ordovician)#, most of the dykes 


and sills are thought to be late Caledonian®.*®. Recent 
field-work has shown that the Tan-y-grisiau intrusion is 
cut by several of such dykes, and, therefore, pre-dates the 
episode of basic magmatism represented by them. Some 
of these dykes have beon affected by subsequent shear 
movements while others are only slightly sheared. (A 
whole-rock potassium-—argon determination has been 
made on such a dyke, see Table 1.) The previously held 
view® that the Tan-y-grisiau granite “‘must be appreciably 
younger than the dolerites’’ has to be reconsidered. If 
there were but one episode of late Caledonian injection of 
basio magma (namely, that which produced the dykes 
cutting the granite), then this view is incorrect. If more 
than one phase is envisaged, then the Tan-y-grisiau in- 
trusion pre-dates at least one of them. It is interesting 
to note that Caledonian microgranophyres cut by late 
Caledonian ophitic dolerites have been reported from the 
Moel Hebog area’. The recognition of post-granite 
dolerite injection means that Read’s! catalogue of events 
for the ‘‘non-metamorphic Caledonides” must be modified. 
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Further modifications seem likely in the light of recent 
discussion‘. 

There is no general agreement regarding the age of the 
late Caledonian dolerites relative to the impression of the 
regional cleavage. Both pre-cleavage®:? 14.15 and post- 
cleavage’ 16.17 ophisic dolerites have been described from 
Caernarvonshire and Merionethshire. Consequently, it is 
not feasible to establish the date of emplacement of the 
Tan-y-grisiau intrusion relative to the impression of the 
regional cleavage by reference to dolerite/cleavage age 
relations. Furthermore, the recognition of polyphase 
folding in the Caledonides of North Walesi’, each phase 
accompanied by the development of cleavage, underlines 
the need for restraint in interpreting records of cleavage/ 
dolerite age relations until the chronology of the regional 
structure has been fully determined. Preliminary work by 
C. T. Harper at Oxford (personal communication) suggests 
that the cleavage associated with F, folding was impressed 
415 m.y. ago. This compares with an average age of 
410 + 10 m.y. quoted for & cleavage event which affected 
rocks in Anglesey and Arvon*. 

More direct evidsnce concerning the date of emplace- 
ment of the intrusion has been noted by several authors. 
It has been tentatively suggested’ that emplacement post- 
dated the cleaving of the surrounding Tremadoc rocks, as 
“angular cleaved fragments” of the latter were said to lie 
in offshoots from ths intrusion. However, an examination 
(by J. E. T.) of localities where such fragments show 
bedding and cleavage suggests that the cleavage may well 
be related to pre-intrusion faulting and not to the regional 
cleavage. In the spotted Tremadoc slates of the south- 
west part of the Tan-y-grisiau aureole the spots are said 
to have grown in slate which was already cleaved’, 
implying that the intrusion is younger than the regional 
cleavage. The occurrence of distorted fossils in massive 
hornstones close to the margin of the intrusion has been 
cited in support of shis view!’. However, observations on 
spotted rocks near she margin of the granite suggest that 
the intrusion pre-dates the regional cleavage*®. More 
work is obviously needed to resolve these conflicting views. 

The date of emplacement of the granite relative to the 
regional thrusting, which produced the zone of shear 
disturbances running from the Tremadoc area into 
Deudraeth, has been demonstrated in the area a mile and 
a half south-west of the main outcrop of the granite’. 
Here the spotted azreole rocks have been disrupted in a 
zone of minor thrusting which is later than the formation 
of the spots. Hence the thrusting post-dates the emplace- 
ment of the intrusion. This has been confirmed by 
observations made în an area a quarter of a mile south of 
the granite margin™. It has been stated that the augite- 
dolerite sills of Deudraeth post-date the regional thrusting’. 
If so, they must post-date the Tan-y-grisiau intrusion and 
confirm the observetion that there was injection of basic 
magma later than the acid magmatism which produced. 
the Tan-y-grisiau mass. 

Research in the Aberglaslyn area? has shown that an 
inferred concealed intrusion “produced local thermal 
metamorphism and tourmalinization of the early Caradoc 
sediments in post-Earnagian and pre-Longvillian times”. 
If, as Fearnsides!? and Shackleton? have suggested, this 
thermal metamorphism is attributable to a hidden exten- 
sion of the Tan-y-g-isiau granite, then the intrusion is of 
Caradocian age, that is of the same general age as the 
intrusive rhyolites of Moel Hebog’. Indeed, Beavon?° 
has suggested that she Tan-y-grisiau intrusion “‘is a sub- 
volcanic granophyre related to the Snowdon Volcanic 
Series, rather than a Caledonian ‘granite’’’. However, 
there is no direct evidence for relating the Aberglaslyn 
thermal metamorphism to the Tan-y-pgrisiau intrusion. 
Dating of the Bwich-y-Cywion intrusion would be of 
interest for comparison. 

Until recently the mineralization associated with the 
Cambrian and Ordovician rocks of the Harlech Dome was 
thought to be of either Ordovician* or post-Carboniferous** 
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age, although part of it has been regarded as Caledonian”*. 
Moorbath*, however, on the basis of vestigations of 
lead isotope abundance, suggested a probable Silurian 
age for the mineralization (mean model age of 430 + 
40m.y.). Ifthe lead dates are accepted the Tan-y-grisiau 
intrusion post-dates the mineralization. 

The data given in Tables 1 and 2 suggest that the age 
of the Tan-y-grisiau intrusion is slightly, but not signifi- 
cantly, greater than the ages of the “Caledonian Newer 
Granites” given by Lambert and Mills**. The statement of 
Fitch et al? that the principal Caledonian magmatism in 
North Wales occurred some 400-420 million years ago 15 
supported by the data presented here. Although Beavon’s 
contention that the age of the intrusion is Caradocian’’ 
cannot be conclusively refuted, the possibility of a late 
Silurian age must still be borne in mind, especially as a 
minimum age of 445 m.y. has recently been recorded for 
alleged Lower Caradocian, volcanic rocks in Scotland**. 

The single apparent age of 314 + 9 m.y. for the dolerite 
is anomalous and, since the rock is slightly sheared, is 
possibly the result of argon loss. However, it does con- 
firm the view, based on the absence of olivine in the rock, 
that the dykes are unrelated to the early Tertiary dykes of 
Snowdonia. 

Our thanks are due to Prof. P. Allen, Dr. R. St J. 
Lambert and Dr. A. Lees for their comments at various 
stages in the preparution of the manuscript, and to Mr 
C. T. Harper for permission. to quote unpublished data. 
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STEREOCHEMICAL RELATIONSHIP BETWEEN CODING TRIPLETS 
AND AMINO-ACIDS 


By Dr S. R. PELC and Miss M. G. E. WELTON 
Medical Research Council Biophysics Research Unit, 26-29 Drury Lane, London, WY¥.C.2 


ASED on the genetic code as published by Nirenberg 
et al.1, the following correlations between codons 
and amino-acids were deduced?: the amino-acids with 
hydrocarbon residues have U (uridine) or © (cytosme) as 
the second base, those with branched methyl groups have 
U as the second base; the basic and acidic amino-acids 
have A (adenine) or G (guanine) as the second base; the 
aromatic amino-acids and amino-acids derived from a 
common organic acid are grouped together; a simple 
structural change in an amino-acid is accompanied by 
a change of one base only, such that 16 out of 20 amino- 
acids are interconnected (Fig. 1); if the third base in a 
triplet influences the coding, it does so only by being 
either a purine or a pyrimidine. It seems unlikely that 
such a logical arrangement could have arisen by chance, 
and it was suggested that a structural relationship 
between coding triplets and amino-acids exists. Similar 
suggestions were made by Nirenberg and his collabora- 
tors', Weinstein? and Woese’. 

The hypothesis of a stereochemical relationship between 
nucleotide triplets and amino-acids was tested by con- 
structing models: this article reports some results of this 
investigation. 

Models were built using Courtaulds space-filling com- 
ponents in the usual way. Triplets were made up as if 
they were part of an RNA-chain, comprising bases, ribose 
sugar and phosphate bonds in the 3’-5’ sequence. Full 
flexibility of the RNA within the limits given by the 
models was assumed. Amino-acid molecules were as- 
sembled separately, and then fitted into the triplets by 
means of hydrogen bonds, stacking bonds and covalent 
bonds. Hydrogen bonds were only accepted when they 
were within the distances and angles defined by the com- 
ponents. Stacking of the heterocyclic structures was used 
when they were in contact or nearly so, and when they 


overlapped to within approximately 2 A. Amino-acids 
with hydrocarbon residues possess no sites for the forma- 
tion of hydrogen bonds on the hydrophobic residue. It 
was assumed that by removing hydrogen from a CH, 
group on the residue and from a base, a covalent bond 
between residue and base could be formed. For example, 
after the bonding of a terminal methyl group on leucine 
to uracil in this way, uracil resembles thymine. Methyl 
bonding is referred to in more detail in the discussion. 
Possible bonds to the ribose sugar or phosphate link 
were not used. The —OH group of the carboxyl group 
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Fig.1 Connexion between amino-acids by simple transformations of the 
genetic code Each line marks a change in the structure of an amino- 
acid accompanied by a change of one letter of the code. For example, 
the structural difference between Gly (GGU) and Ala (GCU) is due to 
one CH, group Note that biochemical relattonships are different 


4 


No. 5026 February 26, 1966 





x Photograph of mode) of lysine fitted to PETS of AAG 


on the head of the amino-acid was left free, since it is 
known that this provides the link with the tRNA during 
transfer as well as participating in the peptide linkage. 

We started with the assumption that the specificity 
of the third base might be low because it codes for a 
part common to all amino-acid molecules, namely, the 
H,N.CH.COOH group; the residue was then fitted to the 
first and second bases. An assembly was considered 
satisfactory when at least four possible bonds, of which at 
least two must be with the residue, could be effected with- 
out strain and without undue distortion of the triplets. 
The head of an amino-acid can always be fitted with 
hydrogen bonds to one or two bases. To provide specificity 
additional bonds to the residue are required. 

In the following examples of amino-acids fitted into 
triplets, the diagrammatic representation of the arrange- 
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ment is distorted due to the transfer of a three-dimen- 
sional pattern to two dimensions; in the models all bonds 
are at permissible engles and distances. 

Amino-acids with acidic or basic residues could be fitted 
by hydrogen bonds alone to their codons in a satisfactory 


manner. The fitting of other amino-acids was more 
complicated. 
Lysine. Forms four hydrogen bonds with its codons 


AAG (Fig. 2) and AAA. The first two bases AA— are 
planar, with the third base stacked above the second. 

Asparagine. Can form five hydrogen bonds with its 
codons, AAU (Fig. 3), and AAC. 

Tyrosine. Can be fitted into UAU (Fig. 4) and UAC 
using three hydrogen bonds and one stacking bond. 
The amino-acid lies above the central base (A), the three 
bases lying approximately in the same plane. 

Leucine. Since no sites for hydrogen bonding are 
available on the residue, this can be fitted with hydrogen 
bonds to the head only, and by shielding the hydro- 
phobic residue of the amino-acid in a fairly satisfactory 
way to CUA and DUC and less satisfactorily to UUG. 
Leucine can also be fitted in ways whieh are strained or 
otherwise unsatisfaetory to UUC and UUU. This shield- 
ing of the residue using Courtaulds models is a very sub- 
jective criterion of a fit. 

If it is assumed that terminal methyl groups can bond 
to bases (Fig. 5), leucine can be fitted in a planar arrange- 
ment to UUG, CUG, CUU, CUC, CUA and UUA. Thus 
leucine fits the triplets of the genetic code in a manner 
which can be clearly defined. 

Methionine. Wil form a planar arrangement with four 
hydrogen bonds, two of which are to the sulphur atom 
with AUG and AUA. If it is assumed that terminal 
methyl groups can bond to a base (see later) methionine 





Figs. 3-6. 


Diagrammatic re 
dimensional pattern. Note 


free. Fig. 3. Asparagine-AAC. 


resentations of models. The distortion of some bonds is due to the transfer of a three-dimensional to a two- 
t in all cases the =0 of the head of the amino-acid is hydroge 
Fig. 4. ine-UAU. Note the stacking bond (0). 
terminal methyl groups. Fig, 6. Methionine-AUA. Note the two hydrogen bonds to S 


n-bonded to the third base, the hydroxy! group is 
rig 5. Leucine-UUG. Note the bonding of the two 





ala GCU .GCC mae Sate | aes Se 
arg 4 OGUt Cac” E 0 O- 
AGA (8) 
asp -QAU GAC 4 0 Q 
sap N AAU AAC & 6 o 
Bhs UGU UGC 4 0 0 
lu GAA GAG 6 0 0 
giy GGU GGO GGA GGG 3 0 0O +2 possible to chain 
his CAU CAC 4 1 0 
len UUA UUG CUU CUC 2 0 2 
CUA CUG 
lya AAA AAG 4 0 O0 
i AUU AUC 2 0 2 
met AVA AUG 4 Q i 
phe — UUU. UUC 2 1 0 
pro COU- CCC CCA CCG 2 1 O Uncertain 
sex UCU cc weg UCA? 3 0 1 
AGU? AGC+ 
thr ACU. ACC ACA ACG 3 0 1 
tryp UGA UGG 3 1 i 
tyr VAU UAC 3 1 0 
val GUU GUC GUA GUG() 2 0 2 


 Codons as assigned by Nirenberg et al. (ref. 1), marked +, could not be 
fitted; (a) strained fit, 

Bonds: number of H, hydrogen bonds; 2, stacking bonds; M, methyl bonds 
(for ser a similar bond was used). 
will form four hydrogen bonds and one such methyl 
bond, the methyl bond being to the second base, with 
AUA (Fig. 6) and in a strained model with AUG. 

Other amino-acids. The results of attempts to build 
models of the possible combinations of other amino-acids 
to triplets assigned to them in the genetic code are shown 
in Table 1. A more extensive investigation into other 
possible fits and possible specificity of the system will be 
reported separately. 

If utilizing the methyl bond is accepted, only four 
combinations of codon and amino-acid cannot be effected, 
three of which involve uncertain placings in the code, 
namely, ser-UCA, AGU, AGC and arg-CGU (ref. 5). 
Combinations regarded as strained are doubtful since the 
parameters of the components used cannot be assumed 
to represent the dimensions of molecules with perfect 
accuracy. There is thus good, though not perfect, agree- 
ment with the genetic code, so far as the criterion for a 
fit is concerned. : 


Except for the smallest amino-acids all satisfactory 
models were built by fitting first the H,N.CH.COOH 
rroup, the head of the amino-acid, to the third base of the 
3 attempts to do otherwise ended in failure. Since, 


as is shown in Table 1, most amino-acids can be success- 
fully fitted to the respective codons, it can be concluded 
that this is the correct way to approach the problem. So 
far as these models are concerned the angle sub-tended 
between the base and the rest of the RNA forms the 
difference between purines and pyrimidines in aligning 
























7 a), a 


by the number of possible bonds which is a function of 
suitable configurations on the amino-aeid residue and on 


the bases, and (b) by the spatial relationship of the atoms - ss 


suitable to form the bonds. The substitution of pyrimidine . 
for purine in the third base does not significantly change 
the number of possible bonds between the amino-acid and. 
the bases, but the spatial relationship can be altered in 
such a way that the amino-acid will not successfully fit 
some combinations. : ye 
No sites for possible hydrogen bonds are available on 
the residues of some amino-acids. In afew instances good | 
fits were obtained when the bases formed a cavity envelop- 
ing the residue and protecting it from contact with water, 
but the arrangement cannot be considered satisfactory 
until forces to effect and to stabilize such a system are 
defined. It was assumed that terminal methyl groups 


on an amino-acid residue could be bonded to a base. The - 


formation of such bonds, which change bases in such a way 


that they resemble methylated bases, would require an - 


enzyme. Methylated bases in (RNA -and the required 
enzymes (tRNA methylases) have been found®? ; it. se 
possible that the function of these enzymes is connected 
with the assembly of complexes of amino-acids and RNA. — 
Utilizing this principle, more satisfactory assemblies _ 
were constructed. | l | a 

The small amino-acids, glycine and alanine, follo 
genuine double code because only two bases are bound to 
the amino-acid; other amino-acids, such as threonine, > 
follow a code which is only double in appearance, since. 
all three bases are bound to the amino-acid, but the third =- 
base is non-specific because the difference in angle between ~ 
purine and pyrimidine is insufficient to make attachment 
impossible. z a ee 

It can be concluded that it is possible to fit amino-a 
stereochemically to their codons and that the low spec 









city of the third base can be explained by our findings. 


1 Nirenberg, M., Leder, P., Bernfield, M., Brimacombe, R., Trupin. 
Rottman, F., and O’Neal, C., Proc. U.S. Nat. Acad, Set., 58,1161 (1 
2 Pele, S. R., Nature, 207, 597 (1965). Tans 
* Weinstein, I. B., Cold Spr. Harb. Symp. Quant. Biol; 28, 579 (it 
+ Woese, ©. R., Proc. U.S. Nat. Acad. Sci., 54, 7111965). Da 
s Brimacombe, R., Trupin, J., Nirenberg, M., Leder, P., Bernfield, M 
Jaouni, T., Proc. U.S. Nat. Acad. Sci., 54, 984 (1985) 0 ocus 
e Srinivasan, P. R., and Borek, E., Science, 145, 548 (1964). O EER ea 
7 Baliga, B. S., Srinivasan, P. R., and Borek, E., Nature, 208, 556 (1805) 


SPECIFICITY OF THE STEREOCHEMICAL RELATIONSHIP BETWEEN 
RIBONUCLEIC ACID-TRIPLETS AND AMINO-ACIDS 


By Miss M. G. E. WELTON and Dr. S. R. PELC 
Medical Research Council Biophysics Research Unit, 26-29 Drury Lane, London, W.C.2 


N the preceding article the stereochemical fitting of 

amino-acids to the codons ascribed to them by Nirenberg 
et al3 was reported. The possible existence of structural 
relationships between amino-acids and their coding triplets 
had already been suggested by Nirenberg et alt, Wein- 
stein? and Woese, and the correlations between amino- 
acids and their coding bases have been established by 
Pele‘. 

We used Courtaulds space-filling components to con- 
struct amino-acid molecules and sections of RNA chain 
_ complete with bases. The amino-acids were then stereo- 
chemically fitted to the base triplets. Except for glycine 
and alanine, the two smallest amino-acids, the head of 
the amino-acid, NH,.CH.COOH, is always bonded to the 


third base, and the similarity of the hydrogen bonds used 
explains the low specificity of the third base. In fitting ae 
the amino-acids to their codons we realized that. changing _ 
a purine for a pyrimidine, or vice versa, as third base, did _ 
not alter the possible bonds, but did alter the alignment — 
of the amino-acid with the other two bases. In fact the 

bonds made with the third base orientate the amino-acid 
relative to the RNA chain. The amino-acid is then 


fitted to the other two bases using hydrogen bonds, — 


stacking bonds, and methyl bonds (see preceding article _ 
for further details). ae en 2s 

Models of 90 per cent of the codon-ami 
required by the genetic code could. 
introducing undue strain. The prese 


omplexes É 
chieved without — 
article reports oe 
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a Table i, SURVEY OF AMINO-ACIDS FITTED TO TRIPLETS 





PGS BSS Other Not 
Ae Codons =- _- good Strained Imposs. accoun- 
ne -Ris ted 
= OGU*, CGO, CGA © 8 1(4+2?) 48 6 
oo OGG, AGA, AGG 
ap GAC, GAU 0 0 32 30 
ooo aspN AAU, AAC 2 7 36 17 
Poi Ban CAA, CAG 4 0 20 88 
Me CAT, CAC (0) (0 (62) (0) 
w cent UUA», UUG*, CUUS (0) (4 (49) (9 
, CUA, CUG* 
<kbug UVA, UUG, CUU 2 0 56 0 
Soper: GUG, Cua, cue 
Aye AAA, 1 3 37 21 
oo ooo metit AUA, AUG (12) (2) (40) (8) 
ere motz AUA, AUG 0 1 58 3 
ger UCU, UCO, UCAS 3 3 §2 0 
ss UCG, AGU*, AGC 
oo thr ACC, ACU, ACA, ACG 0 8 40 12 
= tyro UAC, UAU (0) (0) (52) (10) 
val GUC, GUU, GUA, aug 4 40 16 0 
AOS 86 (4*) 19 67 395 128 
-of 640 5-0 fitted 80 100 620 19-3 
CES UES S 0-6 not fitted 
0M Of BI? 6-2 fitted 3-7 14-0 76-0 
es OB not fitted 


2. Dota No. of triplets for 10 amino-acids is 640, of which 517 were tried. 
iudeu Z and met 2: models were constructed utilizing methyl bonds, ieu 1 
and met 1: constructed without methyl bonds. Codons: as assigned by 
_igeuhors el al. (ref. 1). Codons marked with an asterisk (*) could not be 
Atted, all others were good fits with no strain. Strained and impossible: some 
uncertainty is attached to these placings since, if standards of accuracy are 
ced, some combinations which we deemed impossible might be regarded 
trained or even good fits; furthermore, the limitations imposed by the 
sndardized sizes and angles of the components have to be borne in mind, 
Not accounted: the number of combinations that were not tried at all or 
sufficiently tried to justify assignment, Per cent of 640: percentages 
‘ing to all possible combinations; since there are 64 triplets and 10 amino- 
were examined in sufficient detail, there exist 640 possibilities, Per 
f'517: percentages relating to all combinations which were examined, 
as S840 “not accounted). Figures with question mark (?) are uncertain 
i figures in parentheses were ceri igi for statistical evaluation—ieu 
id met 1 because the use of methyl bonds gives better agreement with 
riments, the aromatic amino-acids his and tyr because of the uncertain 
ificity of the stacking bonds. 






















ts of further investigations on the specificity of these 
‘eochemical fits. For this purpose a triplet was built 
and the head of the amino-acid was bonded to the third 
Fitting of the amino-acid to the first and second 
“was then attempted. The head of an amino-acid 
always be fitted to one or two bases and will make at 
t two hydrogen bonds with them; this bonding is 
erefore non-specific. An assembly was considered satis- 
ctory when the residue formed at least two bonds with 
the triplet so that, including the bonds to the head, 
a minimum of four bonds between amino-acid and triplet 
is achieved without undue strain or distortion of the 





Asparagine. Can form five hydrogen bonds with a 
_ suitable triplet. It was found that neither a pyrimidine 
~ nor G can be the second letter; the last letter is always a 
_ pyrimidine. U, and probably G, cannot be the first letter. 
_ Satisfactory arrangements with five hydrogen bonds can 


be formed with AAU*, AAC*, CAC and CAU. 






_ Ifthe hydroxyl group is utilized for hydrogen bonding, 
asparagine can also be fitted to the following triplets: 
_ AGC, AGU, CGC, CGU and AGA. We consider such an 
_ arrangement unsuitable because then the —-OH group 
_ would not be available for peptide forming or enzyme- 
ATP binding. 
Methionine. Will form a planar arrangement with four 
_ hydrogen bonds, two of which are to the sulphur atom with 
_AUG* and AUA*. If it is assumed that terminal methyl 
groups can bond to a base (see preceding article and later 
1 this article) methionine will form four hydrogen bonds 
d one such methyl bond in a satisfactory arrangement 
h AUA* and in a strained configuration with AUG* 
euctne. Since no sites for hydrogen bonding are 
vailable on the residue, this can be fitted with hydrogen 
` bonds to the head only, and. by shielding of the hydro- 
carbon residue of the amino-acid by the bases, to CUA* 
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and CUC* which are satisfactory, and to UUG* whichis _ 
less so. Leucine ean also be fitted in ways which are 
strained or otherwise unsatisfactory to GUG, UUC and 
UUU. It can be fitted neither to CUU*, CUG*, UUA*, 
nor to any triplets with CC— as the first two bases, or 
triplets with G or A as the second base. However, these 
fits involving shielding of the residue tend to be very 
subjective. 

If it is assumed that terminal methyl groups can Dond 
to bases, leucine can be fitted in a planar ngemoant to 
UUG*, CUG*, CUA*, CUU*, CUC*, UUAS, UUU and 
UUC. It will be seen that in this case the fitting of leucine 
agrees with the genetic code and, since leucine is bound to 
ribosomes with UUU and UUC as ‘messenger’ im bio- 
chemical experiments, with the experimental evidence as 
well. 

Other amino-acids. The results of attempts to build 
models of the possible combination of other amino-acids 
to triplets are shown in Table 1. OEE 

Out of ten amino-acids (Table 1), if methyl bonding to 
the base can be assumed, methionine is specific and leucine 
agrees with the incorporation experiments, although not 
entirely with the genetic code. Of the nineteen combina- 
tions shown in the column ‘Other good fits’, six e 
regarded as possible if incorporation in bi F 
experiments, rather than inclusion in the code, 
as a criterion. The combinations mentioned in t 
‘strained fits’ have to be regarded as doubtful 











Nirenberg and his collaborators? . t 
tried, eleven, that is, 85 per cent, could be fitted, whi 
cannot be due to chance since on the large sample 9 


Our results indicate a high degree of specifi 
bonding amino-acids to codons, very good agreemen 
the experimental findings of Nirenberg and his collabor 
tors, and good though not perfect agreement with the 
genetic code. The placing of arginine and serine in the 
genetic code is not certain’. There is thus the possibility 
of even better agreement between the models and the 
genetic code. 


The way in whieh our model system can explain the. 
limited specificity of the third base has already been 
discussed in the preceding article. For example, lysine - 
will fit equally well into AAA* or AAG*, but not AAU or 
AAC, the pyrimidine molecules being too small to effect 
the necessary bonds in this case as third base. SEES. 

It can be concluded from the results in the preceding 
article that amino-acids can be fitted to codons and from 
the results summarized in Table 1 that the system provides 
some specificity. In view of the almost full specificity 
of threonine and sorne impossible fits, a correlation | tween 
amino-acid and anti-codon can be excluded. No reliable 
criteria for stacking bonds are available, and th p 
high degree of specificity of the fits for hist 
tyrosine, based on an overlap of the heterocye 
within 2 A, can only be provisionally accepted. 

The specificity of our system is determin 
factors, the succese of fitting of amino-acid 
codons, the possibility of fitting amino-acids ‘to 
other than codons and the impossible fits (T je 
There is good correlation between the triplets listed under 
the heading ‘Other zood fits’ and the experiments on the 
stimulation of ammo-acid incorporation by synthetic 
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Table 2, INCORPORATION OF MORK THAN 1-4 TIMES BACKGROUND OBSERVED* 
BUT NOT ACUEPTED FOR THE GENETIC CODE 


Triplet Amino-aeld Fitted 
TGC ala + 
CGC ala t + 
AGC ale “p 
LAG aap + 
GAU aspN t +" 
GAC aspN t + 
UGC aspN Q 
UGA aspN Ü 
UGA “ys 
AGU cys ~ 
AGC CYS ~~ 
AGA gin + 
UGA gin os 
CUE jeu 4 
CEUC lew + 
FAA lve + 
GCG thr =~ 

iF ti 
20 
4 aay 


Models: +, Can be fitted; 0, cannot be fitted; —, not tried. 

* Nirenberg et al. (ref. 1), Brimacombe et al, (ref, 5). 

t 1:3 times backgroand., 

té@RNA may have contained some “C-asp-tRNA (Nirenberg et al. (ref. 1)). 


mRNA (Table 2). The biological significance of these 
combinations ultimately depends on the possibility and 
number of ‘mistakes’ in an amino-acid sequence in a given 
protein synthesized im vivo. Little evidence on this point 
is available and it would seem prudent to defer discussion. 
The combinations listed as impossible in Table 1 form 
the majority of all possibilities. A few of them might 
ultimately be found to be possible, especially if different 
rules for building models are accepted. However, we 
feel sure that in most cases no such possibility exists, 
since the relevant parameters are too different. A minor 
shift from impossible to strained or even good fits would 
not materially affect the conclusion that the system is of 
limited specificity and that the degree of specificity is very 
similar to that of the relevant biochemical experiments. 

In view of the good correlation with experimental 
findings and the fact that Ingram and Sullivan’ observed 
that some amino-acids were attached to sRNA by bonds 
other than amino-acyl ribose bonds, it seems unlikely 
that such complexes are not used in biological systems. 
This point is also supported by Weinstein’s? argument 
that mutations of the genetic code would be expected 
in the absence of structural correlations between amino- 
acids and triplets; since the code is universal, that is, 
non-mutated, there must be a relationship which is still 
of importance. 

In 1958 Crick”, under the assumption that RNA. could 
not form ‘cavities’ to accept amino-acids, suggested the 
existence of an adaptor system for the recognition of 
codon and amino-acid. In the combination of adaptive 
enzyme and (RNA, this adaptor was found. Two possi- 
bilities of utilizing the findings reported here for the system 
of protein synthesis can be visualized. (a) With the 
help of an adaptive enzyme an amino-acid molecule is 
fitted to, or recognized by, the codon on the {RNA and 
the anti-codon on the same later recognizes the codon 
on the mRNA. (6) The adaptor system is used to insert 
an amino-acid molecule into the respective codon on the 
mRNA and protein synthesis then proceeds along the 
mRNA attached to a ribosome. The former suggestion 
does not lead to any major changes in the adaptor system 
as visualized at present (for reviews see refs. 9 and 10). 
In its favour also is the fact that both a codon (GCG) as 
well as an anti-codon (CGC) for alanine can be found in the 
sequence of bases determined for an alanine-t-RNA by 
Holley et al.™, 

The known binding of amino-acid molecules to the 
C—C-——A terminal group of tRNA would suggest either 
that the codon on the RNA only aids in recognition or 
that in fact the amino-acid is fitted into the codon during 
transfer. In all successful models listed in Table 1 the 
OH of the carboxyl group was not used for bonding to 
the bases and is therefore available for reactions. 
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In favour of the second possibility (4) is the considera- 
tion that the resulting system of pr otein synthesis would 
be more compact since ribosome, mRNA and the site of 
addition of amino-acids to the growing: peptide. would be 
near together. Bernfield and Nirenberg™ found that 
nearly 100 per cent of '4C-phe-t-RNA was. Spound to ribo- 
somes charged with poly-U. Since both the trinucleotides 
UUU and UUC were able to stimulate incorporation of 
4C-phe-tRNA this result. suggests that the affinity of the 
codon is for the amino-acid and not for the OANA. 
Experiments of Chapeville et al. showed that, if cysteine 
while bound to (RNA is changed to alanine, the amino- 
acid will still bond to ribosomes with poly-UG as primer. 
Preliminary trials have shown that alanine, as might 
be expected from its size, follows a double code and can 
be fitted to UGC, CGC, AGC, and GGC as well as to the 
codons beginning with GC-—— assigned to it. This is in 
agreement with the experiments of Nirenberg et al.’, who 
found that UGC, CGC and AGC stimulate the incorpora- 
tion of alanine into ribosomes. Cysteine can be fitted to 
UGC, UGU, CGC and CGU. There i is, therefore, an over- 
lap and some similarity in the codons, and the results of 
Chapeville et al. may not be so conclusive for the role of 
tRNA in protein synthesis as has been assumed. The — 
available evidence is clearly contradictory. It seems | 
more likely that a coding triplet on ¢RNA aids in recogni- 
tion (assumption a), but a more direct role of the mRNA 
should not be altogether rejected. 

The evolution of the genetic code may be reflected in 
the stereochemical relationship reported here. The 
structural sequences reported in the preceding article 
(Fig. 1) are in some instances similar to, and in others 
different from, the known biochemical and biosynthetic 
correlations, and a clear distinction between the evolution 
of amino-acids as chemicals and the evolution of a genetic 
code must be made. Our evidence rather suggests that 
the two are not coincidental. 

It should be emphasized that, at this stage, our ideas 
are tentative and that the evidence from molecular model 
building which we present is in itself not conclusive. 

Note added in proof. Recently, Hayashi and Miura 
(Nature, 209, 376; 1966) found that the rate of formation 
of phenylalanyl-¢RNA (phenylalanine code-—UUU and 

UUC) was strongly reduced when oligo-A was added to 
the reaction mixture, but only slightly reduced when 
oligo-U, and not affected when oligo-C, were added. 
Similarly, oligo-U, but not oligo-A or olige-C, strongly | 
reduced the rate of formation of lysyl-(RNA; and oligo-G 
and slightly oligo-C, but not oligo-U or oligo-A. reduced 
the formation rate of prolyl-¢RNA. Hayashi and Miura 
propose that the amino-acyl synthetase recognition site 
on the tRNA is the anti-codon for the respective ammo- 
acid. We suggest that, if the site recognizing the amino- 
acid is the codon (our assumption (a@)), the results can be 
explained as the formation on this site of Watson—Crick 
pairs with the oligo-nucleotide equivalent to the anti- 
codon, which would render recognition impossible. The 
weaker effects of oligo-nucleotides equivalent to the 
codons may be due to distortion of the (RNA molecules 
due to pairing of oligo-nucleotide and anti-codon, or to 
direct competition for the amino-acid. 

1 Nirenberg, M., Leder, P., Bernfield, M., Brimacombe, R., Trpin, J., 

Rottman, F., and O'Neil, C., Proe, U.S. Nat, Acad, Sei., 53, 1161 (1965). 

* Weinstein, I. B., Cold Spr. Harb. Symp. Quant. Biol., 28, 579 (1968). 

* Woese, C. R., Proc, U.S. Nat, Acad. Set. Wash., §4, 71 (19865). 

* Pele, 8. R., Nature, 207, 597 (1965). 


* Brimacombe, R., Trupin, 7., Nirenberg, M., Do P., Bernfleld, N. : , and 
Jammi, T., Proc. U.S. Nat. Acad. Sei., 54, ‘954 (198 5). 


Srinivasan, P. R., and Borek, E., Science, 145, 548 (1964). 
"Ingram, V. M., and Sullivan, E., Biochim. Biophys, Acta, 81, 583 (1962 
i Crick, F. H. C., Symp. Soe. Exp. Biol.,12, 138 (1958). 
! Brown, G. L., and Lee, S., Brit. Med. Bull., 21, 286 (1965). 
1 Arnstein, H. R. V., Brit. Med. Bull., 81, 217 (1965), 


=H Holley, R. W., Apgar, J., Everett, G. A., Madison, J. T., Marquise, 
Merrill, S. H, Penswick, J. R., and Zamir, A., Science, 147. oror 


1: Bernfield, M. R., and Nirenberg, M. W., Seience, 147, 479 (1085). 


3 Chapeville, F., Lipmann, F., Ehrenstein, G. von, Weishlum, B., Bay, W. F, 
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OPTICAL ROTATORY DISPERSION OF OLIGOADENYLIC ACIDS AND A CON- 
* SIDERATION OF THE FACTORS STABILIZING HELICAL POLYNUCLEOTIDES' 


By Dr. A. M. MICHELSON 
Institut Biologie Physico-Chimique, Paris 


Dr. T. L. V. ULBRICHT 
Twyford Laberatories, London, N.W.10 


AND 


Dr. T. R. EMERSON and R. J. SWAN 
Westfie'd College, London, N.W.3 


OME time ago we observed that when adenylic acid 
(AMP), the optical rotatory dispersion of which is 
similar to that of adenosine’, is combined in a dinucleotide, 
there is a remarkable change of the optical rotatory 
dispersion*. Whereas AMP has only a single weak Cotton 
effect in the region of the long wave-length absorption 
band (Amax 260 muy), adenylyl (3’-5’)-adenosine (ApA) 
exhibits two peaks (at 277 and 235 mu) and a deep trough 
(at 255 mu). To investigate this effect further, we have 
examined the optical rotatory dispersion of a series of 
oligoadenylic acids in buffered salt solutions (0-15 molar) 
at pH 4-86, 6-75 and 7-4 and 20°-25° C. The preparation 
and purification of the compounds are described elsewhere‘. 
Fig. 1 shows the optical rotatory dispersion of AMP, 
ApA, an oligoadenylic acid of average chain-length 12 
(A,,), and polyadenylic acid (poly A, average chain- 
length 200) in potassium fluoride solution over the 200- 
300 my range at pH 6-75. The molecular rotation is in 
terms of mean residue concentration. The biggest change 
in the form of the curve takes place on going from the 
monomer to the dimer. The main features of the optical 
rotatory dispersion curve of ApA have been discussed in 
an elegant paper by Warshaw, Bush and Tinoco®. These 
authors calculated that the interaction between the two 
bases in ApA leads to a splitting of the 260 mu absorption 
band of each adenine by 14 mu. The two bands produced 
must have Cotton effects which are of opposite sign and of 
approximately equal magnitude. Considering the approxi- 
mations involved in the calculation, the predicted positions 
of the two bands (253 my. and 267 my) are in reasonable 
agreement with the experimental cross-over points of the 
optical rotatory dispersion curve (247 my and 267 my). 
Overlap between the two Cotton effects leads to the deep 
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trough at 255 mu. It thus appears that the observed 
optical rotatory dispersion curve consists of a first positive 
Cotton effect (peak 277, trough 255 my) and a second nega- 
tive Cotton effect (trough 255, peak 235 my). There also 
appears to be a third positive Cotton effect with a peak at 
about 224 mu (sometimes as an inflexion on the 235 my 
peak) and a trough at about 215 mu. (These two extrema 
are not always observable and the figures are approximate.) 

Addition of further adenylic acid residues produces a 
gradual increase in base interaction which stabilizes the 
stacked, single-stranded form of polyadenylic acid now 
believed to exist at neutral pH*-*. Table 1 shows the 
increase in the amplitude of the first Cotton effect (first 
peak to first trough) with increasing chain-length. (The 
results at pH 7-4 were very similar to those at pH 6-75.) 
Investigations of cireular dichroism indicate that base inter- 
action at neutral pH reaches a maximum when the oligo- 
adenylic acid chain contains about 30 residues‘. In the case 
of the second Cotten effect (first trough to second peak) 
this gradual increase does not appear at all at pH 4-86, 
although at pH 6-78 it does for almost all chain-lengths. 

No significant change in the position of the extrema or 
cross-over points with chain-length or pH was observed 
in our investigations, with one exception. This change is 
associated with a dramatic change in amplitude and second- 
ary structure. Poly A at pH 4-86 has a trough at 251 
mu; this is significantly different from the value of 
255 + 1 my found in all our other measurements of this 
extremum. (There is a corresponding shift in the absorp- 
tion maximum of poly A from 257 to 252 my (ref. 7).) 
The amplitude of the first Cotton effect at pH 4-86 in- 
creases gradually up to A,» in a manner similar to that at 
neutral pH. However, whereas the increase in amplitude 
on going from A,, to poly A is less than 40 per cent at 
pH 6-75, it is more than 200 per cent at pH 4-86. This big 
change is undoubtedly due to a transition to the pro- 
tonated, double-helical form of poly A, known to exist 
below pH 5, At pH 4-5 the transition appears to begin at 
a chain-length of seven‘; it is clear from our results that, 
at pH 4-86, one is approaching the limiting pH for the 
stability of the double helical form, which requires a 
chain-length >12. The gradual increase up to A,» like 
the increases at neutral pH, is interpreted as being due to a 
single-stranded helieal form; again, the correlation is only 
with the first Cotton effect. 

These results are in agreement with conclusions drawn 
from other recent studies‘-*. In the past few years a 
remarkable change has taken place in theories regarding 
the stability of helieal polynucleotides. It was originally 
supposed, on the basis of the Watson—Crick structure, that 
hydrogen bonds between the bases were the main, or 
indeed the only, factor responsible for the stability of the 
DNA double helix im aqueous solution, despite the well- 


Table 1. MEAN RESIDUS AMPLITUDE OF THE FIRST, POSITIVE, COTTON 
EFFECT IN OLIGOADENYLIC ACIDS 
pr 
n 4°86 6-75 
2 272 272 
3 274 319 
5 351 330 
6 367 388 
7 404 423 
8s 435 44) 
~12 449 494 


Poly A 
~~ 200) 
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+ changes can be expected on heatin 
polynucleotide - in which the bases. 





that, whereas G + C form three hydrogen bonds, adenine 
and thymine form only two. It soon became apparent, 
however, that the hyperchr omic effect associated with the 
heat-denaturation of DNA could not be ascribed to the 
breaking of the hydrogen bonds between the bases’. A 
number of other results also indicated that hydrogen- 
bonding could not account for the stability of the DNA 
double helix. For example, the melting-temperature (Tm) 
of DNA is unchanged when all the hydrogen atoms are re- 
placed by deuterium’. Moreover, the classical hydrogen- 
bond breaking agents, such as urea, are much less effective 
in denaturing DNA than are, for example, certain anions 
like ClOg and Cl1,CCOO™, which are hydrophobic bond 
breaking agents. (The concept ‘hydrophobic bond’ implies 
that the attraction of the bases for each other is greater 
than their attraction for water molecules, with which they 
are surrounded on denaturation.) Recent theoretical 
studies also support the concept that the main factor 
stabilizing helical polynucleotides is base interaction!*~\4, 
Crothers and Zimm! still assume, however, that the 
increase in stability with GC content is due to the extra 
hydrogen bond between G and C. This assumption is 
unnecessary. Studies of the optical rotatory dispersion of 
oligoribonucleotides by Tinoco’s group have shown that, 
of the four RNA bases, uracil interacts less with neigh- 
bouring bases than do adenine, cytosine and guanine. If, 
therefore, stability is mainly due to base interaction, one 
would expect that DNA with the lowest thymine content 
(since thymine i is very similar to uracil), that is, the highest. 
GC content, would be the most stable. If this explanation 
is correct, the amplitude of the first Cotton effect in DNA 
should increase with increasing GC content, and this has 
indeed been found to be so!*. (Samejima and Yang actually 
found a linear correlation between GC content and the 
molecular rotation at the first peak of DNA. In our 
investigations we have preferred to use amplitude, as this 
eliminates. errors due to base-line shifts between readings.) 
It is not only the DNA double helix which is stabilized 
by base interaction. Oligo- and poly-nucleotides can exist 
in single-stranded helical forms, stabilized by base stack- 
ing, as shown by some of the papers already mentioned*-*»'5, 
and by a study of the optical rotatory dispersion of poly- 
eytidylic acid, which, like poly A, exists as a single-standed 
helix at neutral pH (ref. 17). The denaturation of these 
single-stranded structures is accompanied by a hyper- 
chromic effect and by a reduction in optical rotation, just 
as is the denaturation of double helical DNA. Similar 
changes accompany the heat denaturation of RNA, and 
in the past these have been interpreted as being due to 
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separation of. double-stranded regions of ie Jnolecule’* 













array as a result of base interaction. — ‘Conse y there .- 
is now considerable doubt regarding the secondary struc- - 
ture of RNA. It is interesting that, in the one type of 
soluble RNA (sRNA) the primary structure of which has 
been completely determined’, the base sequence is such- 
that the longest complementary sequence which could give 
rise to base-pairing between different parts of the chain is 
only five nucleotides long. Hence double-stranded regions 
in this molecule must be quite short or contain many 
imperfections in base-pairing, a conclusion which is in 
marked contrast to recently discussed models of sRNA 
with more than 80 per cent of base-pairing?®-**, 

Note added in proof. Recent studies of the optical 
rotatory dispersion of sRNA suggest that the main factor 
stabilizing its secondary structure is hydrophobie bond- 
ings, 28 

Measurements of optical rotatory dispersion were made 
with the Bellingham and Stanley/Bendix-Ericsson Spectro- 
polarimeter ‘Polarmatic °62’. ; 
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ROLE OF LYSOSOMES AND OF CELL MEMBRANES IN PHOTOSENSITIZATION 
By Dr. A. C. ALLISON, Dr. I. A. MAGNUS and M. R. YOUNG 


National Institute for Medical Research, Mill Hill, and Institute of Dermatology, St. John’s Hospital for Diseases of the Skin, London. 


AMAGE to cells and tissues can be produced im vive 
or in vitro by the combined effects of a photosensitiz- 
ing substance and light. Photosensitization occurs in vivo 
in humans or animals exposed to a variety of drugs or 
noxious substances, or accumulating certain metabolites 
as a consequence of congenital or acquired metabolic 
disorders. Among the compounds known to induce 
photosensitivity in man are phenothiazine tranquillizers, 
ehlorothiazide diuretics, sulphanilamide and the sulphony!]- 
urea hypoglycaemic agents’, demethylchlortetracycline* 
and eoal-tar derivatives in pitch’. 
‘Examples of metabolic disturbances leading to photo- 
sensitization are porphyria in man and hypericism, fago- 


pyrism, sporidesmin poisoning and tribulosis in animals’. io 
Some of these effects are indirect: thus ingestion of 
Tribulus terrestris causes liver dysfunction and accumula- 
tion of phylloerythrin (from ingested chlorophyll) in. 
peripheral blood and skin, and this is the actual photo- ` 
sensitizing agent’. A convenient model for i vivo ™ 
photosensitization is provided by experiments in: which : 
substances such as anthracene or porphyrin are placed on. 
or injected into the skin of human volunteers or experi- a 
mental animals. Within a few minutes. of : 
light of appropriate wave-length, 
formation, associated with an itchi ming | 
develops’. The action spectrum (magnitude of response at ` 
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erent wave-lengths) parallels the absorption spectrum 
© photosensitizer, as expected from the Grotthus— 
iper law (with the exception of the furocoumarins‘). 
‘Isolated cells can also. be destroyed by the action of 
_ photosensitizing agents and light. Detailed experiments 
on erythrocytes have been carried out by Blum’. It has 
also been shown that protozoa and other organisms, 
~ and mammalian cells in culture, become sensitive to light 
In the presence of such diverse agents as polybenzenoid 
_ hydrocarbons*-*, neutral red?*"4, acridine orange", eosin”, 
_ demethylchlortetracycline* and furocoumarins“. Blum? 
_ and Clare“ have reviewed much evidence showing that 
_ both light and oxygen are necessary for photosensitization, 
_ and there is general agreement that the damage is due 
to photo-oxidation. Very little is known, however, 
_ about which cellular constituents are affected, although 
__ it has generally been assumed that the cell membrane is 
involved. 
~ In the course of observations on the uptake of fluores- 
-Gent substances by living cells, we noticed that many 
___ of the classical photosensitizing agents are concentrated 
_ in lysosomes whereas others do not enter living cells at 
all. Further work has shown that two types of photo- 
nsitization occur, one due to increased permeability of 
sosomal membranes, with secondary effects from 
leased lytic enzymes, and the other resulting from 
ea permeability of cell membranes. These two 
pes of photosensitization differ in certain important 
ects, and they provide useful techniques by which 
tive damage to lysosomes or cell membranes can be 
eved. Studies by time-lapse ciné-micrography have 
aled a number of features characterizing the two types 
hotosensitization, and the availability of an efficient 
shromator has allowed us to determine action 
tra for in vitro photosensitization. 
ull types. Red cells were obtained from human or 
it blood collected into ethylenediamine tetraacetate 
‘washed three times in 0-01 M sodium phosphate- 
ered saline, pH 7-2. Guinea-pig and rabbit spermato- 
were obtained from the epididymis and suspended in 
er’s buffered sperm diluent!®, Cultures of mouse 
toneal macrophages, monkey kidney cells and human 
id cells (WI-38 strain) were prepared on coverslips 
‘previously described?®:?°, | 
Photosensitization. Anthracene, uroporphyrin I, eosin, 
utral red, rose bengal, acridine orange and vitamin A 
rë obtained from sources already listed”, Highly 
jurified samples of anthracene and uroporphyrin I, 
_ dissolved in serum and 0-1 M sodium bicarbonate respec- 
_ tively, were used for most of the work. Fluorescence 
- Microscopy’? and ciné-micrography and interference 
microscopy with a Baker interference microscope were 
_ used to determine the intracellular fate of various sub- 
. stances and to follow the effects of photosensitization. 
oo For determination of action spectra the high-intensity 
_ monochromatic light source described by Magnus et al.?1 
was used. Light from a high-pressure xenon arc passes 
_ through a large water prism and system of quartz lenses, 
_ focusing mirrors and slits, enabling investigation of any 
-region from 250 to 1,000 my. Measurements of light 
_ energy were made with a Schwartz linear vacuum thermo- 
-pile with quartz window coupled to a sensitive galvano- 
meter. Except at very short wave-lengths (340 my and 
_ less) coverslips with cells were illuminated within glass 
_ tubes, but outside the culture medium, to ensure sterility. 
__ Phe slit was adjusted so that part of the coverslip was 
iuminated, the remaining cells serving as one control, 
ther controls were provided by illumination of cells 
hout the photosensitizing agent, or after prior exposure 
the photosensitizing agent and incubation of the cells 
7° for 30 min in medium equilibrated with 95 per cent 
gen + 5 per cent carbon dioxide. 
tmates of cell viability. A modification was developed 
© eosin dye-exclusion method originally due to 
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Schrek#. The technique as usually applied gives erratit 
results on cells other than certain tumour cells for whick 
it was originally devised, as Black and Berenbaum** 
have recently emphasized. This is chiefly because the 
high concentratioas of eosin present produce variable 
amounts of photocynamic damage unless care is taken to 
exclude light in tke course of preparing specimens. We 
added 1: 10,000 (wt. vol.) eosin to the culture medium 
and incubated in the dark for 10 min; cultures are then 
washed in mediura without eosin before observation by 
fluorescence micrescopy. Dead cells showed marked 
uptake of dye and fluorescence, whereas very little or no 
fluorescence was present in living cells. Another wseful 
technique was incubation of cells for 30 min in the dark 
with euchrysine (1 : 100,000 in culture medium), washing 





in fresh medium and examination by fluorescence miero. ~~ 


scopy. In living cells, lysosomes fluoresce as discrete 
orange masses in zytoplasm, and nucleus and nucleolus 
green ; in dead cells there is weak, diffuse green fluorescence 
of cytoplasm. Estimates of viability by the two methods 
showed good correlation. on 
Histochemistry. Acid phosphatase staining of unfixed 
cells was carried out by the Gomori technique as described 
elsewhere?®, | ne 
Observations on localization of photosensitizing 
Living monkey kidney cells and macrophages | 
with non-toxic coacentrations of anthracene a 
polybenzenoid hydrocarbons, uroporphyrin I, vitar 
or neutral red showed localization of these compour 
lysosomes when examined by fluorescence microsc 
described previously”. The identification of these n 
elles as lysosomes was based on the combined use o 
fluorescence microscopy, light microscopy and acid ph 
phatase staining ir: the same preparations. The chars 
teristic distribution of uptake in different cell | NPEs, 
including spermatezoa, also supports the interpretation 
that lysosomes are mainly—if not exclusively—invelved. 
Acridine orange is taken up in living cells by both lysosomes 
and nucleus. There was no evidence that eosin or rose 
bengal in the concentrations used was taken up st-all 
by the living cells which we were investigating. gone 
Photodynamic damage to cell membranes. This was 
readily demonstrased by following the haemolysis of 
washed mammalian erythrocytes suspended in phosphate 
(0-01 M)-buffered saline at pH 7-2 in the presence of rose 
bengal, uroporphyrin or anthracene and light of wave- 
length absorbed by these agents. More detailed observa- 
tions were made by phase-contrast or interference mitro- 
scopy in the presence of rose bengal (1 in 105) using blue- 
violet light from @ high-pressure mercury source. After 
a brief interval, tke cells rapidly became spherical and 
momentarily showed an increased optical density; a 
sudden drop in optical density was followed by a gradual 
fading to a density equivalent to that of the surrounding 
medium. The latter change is due to release of haemo. 
globin. Corresponding changes in interference colours 
have been recorded in colour film. These observations 
show that agents which normally sensitize the lysosomes 
(for example, porphyrin, anthracene and euchrysine can 
also produce photedynamic damage to cell membranes. 
Further evidence in support of this view came from 
observations on rat and guinea-pig spermatozoa suspended 
in Baker’s medium. When euchrysine was added (loin 
10°) the spermatozoa were very rapidly immobilized by 
blue-violet light. To see how localized these effects could 




















be, Köhler illumination giving a narrow beam of light — 


10u in width was applied. It was found that light: dire 
on to the tip of the tail immobilized only that pai +o 
tail. These observations parallel the localized immobil 
tion of the trypancsome flagellum by a narrow beam of 
light described by Walker**. As previously observed with 
trypanosomes, if the spermatozoa had been incubated with 
dye for some time before microscopy they were relatively 
resistant to photo-immobilization. 
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In other experiments, effects of cell- 
membrane photosensitization were studied 
in mouse macrophages with rose bengal in a 
culture medium lacking serum. Within a 
few seconds of exposure to blue light, cells 
were killed, with leakage of potassium, and 
after a short interval they showed cyto- 
plasmic extrusion in the form of large bubbles 
(Fig. 1). 

Photodynamic damage to lysosomes. Pre- 
liminary experiments showed that a number 
of cell types (HeLa, strain A hamster, WI-38 
human diploid, mouse macrophages and 
monkey kidney cells) were sensitive to light 
after they had taken up neutral red, anthra- 
cene, porphyrin or acridines into their lyso- 
somes. Detailed investigations were carried 
out with coverslip cultures of monkey 
kidney cells and mouse macrophages incu- 
bated in the dark for 1-2 h at 37° C in 
medium containing anthracene or uropor- 
phyrin I (10 ug/ml). The cells were incu- 
bated for a further 30 min in fresh medium 
without the photosensitizers to avoid cell 
membrane damage of the type described in 
the previous section. The photosensitizers were then de- 
tectable by fluorescence microscopy only in lysosomes. 
Cultures were illuminated with monochromatic light (400 
my in the case of porphyrin and 360 mu in the case of 
anthracene) for 1-90 sec, corresponding to energies of 4 to 
_ 360 x 10t uW per cm?. Control cultures had no photo- 
sensitizing agent, no light, or were incubated for 30 min 
after uptake of the photosensitizing agents in medium 
without oxygen before illumination. Cultures were 
examined without further treatment or after incubation 
for 24 h at 37° C in the dark. 

Only with high doses of light (60 x 10* uW per em*) 
was there any immediately detectable change in the 
appearance of cells or loss of viability as judged by eosin 
staining. However, acid phosphatase staining of lysosomes 
of unfixed cells was detected after illumination with 
12 x 10t uW per em*. Control preparations which had 
been illuminated in the absence of the photosensitizer 
showed no lysosomal staining. Since undamaged lyso- 
somal membranes are impermeable to the 8-glycerophos- 
phate, substrate, the observations show that a very 
early change following illumination in the presence of this 
type of photosensitizing agent is increased permeability 
of lysosomal membranes. 

After incubation for 24 h the changes were much more 
marked. With high doses of light nearly all the cells 
were destroyed and many had been shed from the cover- 
slips into the medium. With lower doses of light, many 
of the cells had become rounded and ballooned, often with 
cytoplasmic vacuolation and pyknotie nuclei (Fig. 2). 


Fig. 2. 





Fig. l. Phase-contrast photomicrograph of mouse macrophages in 
ture 5 min after photosensitization with rose bengal, showing cyto- 
plasmic blebs. (x e. 430) 
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A, Fixed and stained mouse macrophages 24 h after photosensitization with 
anthracene (xe. 245). rounded. with la 


The cells are plasmic vacuolation and dense 


nuclei. B, Control culture of macrophages ( x e. 245) 


The changes resembled those seen in cells cultured in the 
presence of high concentrations of oxygen, which were 
associated with increased permeability of lysosomes*®. 
Diffuse acid phosphatase staining in cytoplasm and nuclei 
showed that lysosomal enzymes had, in fact, been released 
in the photosensitization experiments. The distinction 
between these two major types of photosensitization is 
summarized in Fig. 3. 

The viabilities of cells measured at 24 h by the eosin 
method are plotted in Fig. 4. These show a rather flat 
dose-response curve which does not depart greatly from 
linearity. This should not, however, be interpreted as a 
single-photon-hit mechanism at some critical site. Fluor- 
escence microscopy shows considerable cell-to-cell varia- 
tion in the number of lysosomes containing the photo- 
sensitizer, and even if enzyme has to be released from 
several lysosomes to damage a cell, the probability of 
achieving this result might be an approximately linear 
function of irradiation dose. The counts of killed cells 
are also underestimated at high doses because of loss of 
uncontrolled numbers of dead cells into the medium. 





Fig. 3. Diagrammatic representation of the two major types of photo- 
sensitization. Nuc., nucleus; t.. mitochondria; Lys., lysosomes. 
Some dyes, such as rose bengal, remain at the cell surface (A). If t 
of appropriate wave-length is absorbed, there is immedia 
oxidative damage to the cell membrane, with loss of then 
cytoplasmic extrusion (B). 

rphyrin, are concentrated in lysosomes (C). 
escape Into the cyto 


enzymes 
cell rounds up and dies (D). Photons of these wave- 
lessly through cells if no photosensitizing agent is present 
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These considerations have deterred us from attempting 
to estimate the quantum efficiency of cell killing. 

When cells treated with photosensitizers were illumin- 
ated in the absence of oxygen, marked protection was 
seen. Similarly the same doses of light in the absence of 
photosensitizing agents had httle or no effect. Hence, 
both light and oxygen are necessary for lysosomal photo- 
sensitization, as previously shown for photodynamic 
damage to red cells. Only cells in the path of the light 
beam were severely damaged, other cells on the edges 
of the coverslips appearing healthy. Hence the main 
effects were exerted on the individual cells themselves, and 
there was negligible accumulation of toxic materials in 
the culture media. 

In order to obtain action spectra, macrophage cultures 
similarly treated with anthracene or porphyrin were 
illuminated with a constant dose of hght (120 x 10* pW 
per cm?) at different wave-lengths and the proportion of 
cells killed after incubation for 24 h plotted (Figs. 5 and 
6). Short wave-length illumination of this intensity 
damages cells in the absence of a photosensitizer, 
as shown ın the control curve D of Fig. 6, but above 320 
my. it was possible to show the additional effects due to 
anthracene photosensitization. Thus the action spectra 
correspond quite closely to the absorption spectra, unlike 
the action spectrum for anthracene wealing, which falls 
off below 340 mu for reasons that will be discussed later. 

Photosensitization in vivo. It will be noted that sub- 
stances known to give rise to photosensitization in vivo 
(for example, porphyrin and anthracene) are of the type 
producing photodynamic damage to lysosomes in vitro. 
This led us to consider whether lysosomes might be 
involved in the hyperaemia, wealing and tissue damage 
associated with photosensitivity reactions in the skin. 
The problem is of interest because, although it is clear 
from action spectra that light absorption by the photo- 
sensitizing agents triggers off the responses, virtually 
nothing is known about the underlying mechanisms. 
Evidence is accumulating that lysosomes contain permea- 
bility factors that may be implicated in responses such as 
the Arthus reaction**-?*, Moreover, mast cell granules 
(which have many of the enzymes and properties charac- 
teristic of lysosomes) contain histamine which is released 
when they take up stilbamidine*®. A basic protein from 
polymorphonuclear lysosomes can release histamine 
from mast cells?. 

It therefore seemed possible that photodynamically 
induced permeability changes in lysosomes of dermal 
cells—-such as endothelial cells in the papillary vascula- 
ture, or nearby mast cells—-might be the primary event 
in photosensitization. 

In order to obtain more information about vascular 
responses in photosensitization, we have made some 
observations on the living mesentery of the rat. Fluores- 
cence microscopy revealed that about 5 min after intra- 
venous administration of acridine orange (5 mg), the dye 
was present mainly in the endothelial cells of small blood 
vessels; these showed green fluorescence of nuclei and fine 
green or yellow-orange granules in the cytoplasm. The 
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Fig. 4. Dose-response curve for killing of mouse macrophages (A) and 
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latter are almost certainly lysosomes, which have been 
identified in inflamec endothelial cells by acid phosphatase 
reactions in electron. micrographs*®. On the other hand, 
15 min after intraperitoneal inoculation of acridine orange, 
the most prominent aptake in the mesentery was by mast 
cells, the granules of which fluoresced a brilliant orange. 
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There was also nuclear and some lysosomal fluorescence 
in mesothelial and other connective tissue cells. Thus there 
is uptake of photosensitizing substances by lysosomes of 
both endothelial and mast cells, the former being more 
marked (at least initially) after intravenous administration, 
which presumably parallels the. carriage of blood-borne 
photosensitizer to the skm- in porphyria and other condi- 
tions. Mast cell uptake is more prominent with extravas- 
cular administration, and this may parallel direct exposure 
of skin to anthracene or other photosensitizing substances. 

Having established the lysosomal location of the photo- 
sensitizing substances, we examined the effects of light 
on the mesentery of the rat viewed with the Leitz ‘Ultro- 
pak’ microscope. Using the frog’s tongue, Castellani 
and his colleagues*! were able to show that, shortly after 
intravenous injection of relatively high doses of haemato- 
porphyrin, exposure to light leads to stasis of blood, 
aggregation of cells, intravascular haemolysis and 
irreversible damage. We have obtained similar results 
in the rat mesentery after intravenous injection of uropor- 
phyrin I or acridine orange (5 mg with prolonged illumina- 
tion for 5 min or more). If pontamine sky blue (0:2 ml. 
of a 5 per cent solution in saline) was injected intraven- 
ously 5 min after acridine orange (5 mg) exposure of the 
mesentery to a narrow beam of blue light from a carbon 
are produced within a few minutes localized vasodiletation 
and blueing; this did not occur if the acridine was omitted. 

Comparable experiments were then carried out in the 
skin of the guinea-pig. Male albino guinea-pigs (250 g) 
had their flanks closely clipped and 0-1 ml. of a solution 
containing 100 ug uroporphyrin I was injected intraderm- 
ally. Two hours later 0:5 ml. of 5 per cent pontamine 
sky blue was injected intravenously, and the skin ilumin- 
ated for 2 min from a carbon arc with heat-absorbing 
filters. Intense blueing occurred within 2 min around the 
site of injection of porphyrin followed by illumination ; 
later a weal developed at the site. Injection of porphyrin 
without illumination, or illumination at another site, had 
no such effect. This provides a convenient animal system 
for study of photosensitivity and the effects of drugs on 
the reaction. 

It thus seems that there are two stages in the photo- 
sensitization response: first, vasodilatation and increased 
vascular permeability, which could give rise to erythema, 
and wealing, and secondly, with high concentrations of 
the photosensitizer, haemolysis, vascular obstruction, 
haemorrhage and irreversible damage. The first change 
parallels the relatively mild photosensitization seen in 
experiments on human skin of the type already mentioned, 
and also in the common form of erythropoietic porphyria, 
that-is, the so-called erythropoietic protoporphyria™, 
Experimental lesions show only trivial inflammatory 
changes histologically, but in the natural lesions of 
porphyria, cutanea tarda changesin the capillary walls 
occur. In erythropoietic porphyria similar abnormalities, 
with deposition of periodic-acid—Schiff- and fat-staining 
material, are found. The more severe reaction we have 
observed brings to mind the haemolysis and marked 
histological abnormalities in the rare Gunther’s disease. 

These observations are consistent with arguments 
previously summarized by Magnus* that photosensitiza- 
tion in vivo is due to effects close to the base of the epider- 
mis rather than in the epidermis itself. The rapid onset 
of erythema following exposure to light suggests the release 
of a mediator substance very close to or within the blood 
vessels. In the skin of porphyric subjects (at least in 
Gunther’s disease?) porphyrin fluorescence is demon- 
strable mainly just under the epidermis in the region of the 
papillary, vasculature. The failure of short wave-lengths 
(below 330 my) to induce anthracene photosensitization 
in the skin, although they are effective im vitro, could be 
due to loss of light through scattering and absorption 
before it reaches the deeper layers of the skin (Fig. 5). 
Failure of anthracene photosensitization to occur if the 
blood supply is occluded before illumination suggests 
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that oxygen ıs necessary for photosensitization, im vivo 
as on vitro. 

In summary, the evidence is consistent with the inter- 
pretation that the imitial event in photosensitization 
in vivo is increased permeability of lysosomes of endothe- 
lial and possibly nearby connective tissue celis, with 
release of one or more chemical mediators. Antihist- 
amines sometimes reduce urticaria experimentally induced 
by light in porphyric subjects, so histamine may be one 
of the agents involved, but the general ineffectiveness 
of these drugs suggests that other agents are more often 
responsible for vasodilatation and increased vascular 
permeability*?. It is also possible that substances released 
from lysosomes of epidermal cells, and slowly diffusing 
down to the papillary vasculature, play a part in the 
delayed erythema following sunburn or short wave-length 
illumination, very little of which penetrates through the 
epidermis (Fig. 5). Damage to lysosomes of epidermal 
cells by light of these wave-lengths has been demonstrated 
by Weissmann and Fell”, . 

Our observations on photosensitization support the 
growing body of evidence that lysosomes play a part in 
early events in the inflammatory reaction. In most 
experimental situations it is difficult to define which 
responses come first and which later. In this case there is 
little doubt that the initial change must be in the lysosomes 
containing photosensitizing agents. The simplest inter- 
pretation of subsequent events would be that endothelial 
cells, which are flattened and curved around small blood 
vessels, tend to round up and withdraw their processes 
(compare Fig. 2); fluid and protein could then escape 
between cells. The availability of an experimental animal 
model system showing photosensitization should allow 
study of the underlying pharmacology. 

We thank Prof. C. Rimington and Prof. C. H. Gray 
for samples of porphyrin, Dr. B. E. Johnson for valuable 
help, Mr. C. Gilchrist for technical assistance and Mr. F. 
Wanless for the photomicrographs. 


1 Sams, W. M., J. Amer. Med. Assoc., 174, 2048 (1960). 

E Er rn W., and Weinstein, L., Proc. Soc. Exp. Biol. and Med., 118, 509 

3 Crow, K. D., Alexander, E , Buck, H. L., Johnson, B. E., Magnus, I. A., 
and Porter, A. D., Brit. J. Dermatol., 73, 220 (1961), 

‘Ford, E. J. H., in Comparative Physiology and Pathology of the Skin, edit. 
by Rook, A. J., and Walton, G. S., 351 (Blackwell, Oxford, 1965). 

5 Rimington, C., and Quin, J. I., Onderstepoort J. Vet. Sei., 8, 187 (1934). 

6 ate S L., Magnus, I. A., and Porter, A. D., Brit. J. Dermatol., 72, 249 
7 Blum, H. F., Photodynamic Action and Diseases Caused by Light (Reinhold, 
New York, 1941). , 

® Lewis, M., R., Anat, Rec., 91, 199 (1945). 
* Morimura, Y., Kotin, P., and Falk, H. L., Cancer Res., 24, 1249 (1964). 
1° Stilwell, E. F., Anat. Rec., 84, 193 (1842). j 
11 Klein, S. W., and Goodgal, 8. H., Science, 180, 629 (1959). Green, R. H., 
and Opton, E. M., Proc. Sec. Exp. Biol. and Med., 102, 782 (1959). 
13 Hill, R. B., Bensch, K. G., and King, D. W., Exp. Cell Res.,21, 106 (1960). 
33 Bolande, R. P., and Warz, L., Arek. Path., 76, 126 (1963). 
14 sare ae L., Recent Contributions to Cancer Research in Italy, 1, 167 


% Clare, W. T., in Radiation Biology, edit. by Hollaender, A., 3, 6938 (MeGraw- 
Hill, New York, 1966). ; 

10 Allison, A. C., and Mallucci, L., Nature, 208, 1024 (1964). 

17 Allison, A. O., and Young, M., R., Life Sciences, 3, 1407 (1964). 

18 Baker, J. R., Quart. J. Exp. Physiol., 21, 189 (1981). 

38 Allison, A. C., and Mallucci, L., J. Ezp. Med.,121, 463 (1965). 

20 Allison, A. O., and Paton, G. R., Nature, 207, 1170 (1966). i 

21 Magnus, I. A., Porter, A. D., McCree, K. J., Moreland, J. D., and Wright, 
W. D., Brit. J. Dermatol., 71, 261 (1959). i 

22 Schrek, R., Amer. J. Cancer, 28, 389 (1936). ' 

23 Black, L., and Berenbaum, M. C., Exp. Cell Res., 35, 9 (1964). 

2t Walker, P. J., Nature, 189, 1017 (1961). i 

233 Allison, A. C., Nature, 205, 141 (1965). 

zs dae S., Scherer, I., and Bean, M. A., J. Exp, Med., 122, 

2 Thomas, L., Proc. Soc. Exp. Biol. and Med.,115, 235 (1964). 

28 Burke, J. S., Uriuhara, T., Macmorine, D. R. L., and Movat, H. Z., Infe 
Sciences, 3, 1505 (1964). 

23 Riley, J. F., The Mast Cells (Livingstone, Edinburgh, 1959). 

30 Marchesi, V, T., Ann. N.Y. Acad. Sei., 118, 774 (1964). 

231 Castellani, A., Pace, G. P., and Concioli, M., J. Path. Bact., 88, 99 (1963). 

33 Magnus, I. A., in The oy Sk a Physiology and Pathology of the Skin, 
edit. by Rook, A. J., and Walton, G. S., 383 (Blackwell, Oxford, 1965). 

33 Weissmann, G., and Fell, H. B., J. Hap. Med., 116, 365 (1962), 

z4 eon as J. S., Blum, E. F., and Grady, H. G., J. Nat. Cancer Inst., 8, 

35 arr A aaa I. A., and Rimington, O., Brit. J. Dermatol., 76, 225 


a 


r 


vo soze February 26, 1966 


NATURE 


879 


COMPARATIVE BIOCHEMISTRY OF PHOTOSYNTHETIC PROCESSES 


By Pror HOWARD GEST 
Department of Zoology and Adolphus Busch Ill Laboratory of Mo'ecular Biology, Washington University, St. Louis, Missouri 


ooo S during the past 15 years have 
revealed important similarities in the molecular 
mechanisms of photosynthesis in bacteria and green 
plants. In both kinds of organisms, light energy is con- 
verted into chemical energy in the form of adenosine 
triphosphate (ATP) and cytochromes appear to participate 
in photochemical electron transfer. The latter is indicated, 
in particular, by the observation of rapid photo-induced 
oxidation: of reduced cytochrome over a wide tempera- 
ture rangel. On the other hand, the overall metabolism 
of photosynthetic bacteria is clearly distinguished from 
that of green, plants in respect of the source of net reducing 
power (primarily reduced pyridine nucleotide) for biosyn- 
theses?-4. "In green plants, water serves as the primary 
reductant and oxygen is evolved as a consequence. 
Oxygen is not produced in bacterial photosynthesis? 
and, at first glance, this suggests that the bacteria cannot 
uso water as an electron donor. If this is so, anaerobic 
photosynthetic growth on carbon dioxide as the sole 
carbon source would obviously require an alternative 
donor and, indeed, such growth is observed to be depend- 
ent on the presence of substrate quantities of an ‘acces- 
sory’ electron donor such as hydrogen, hydrogen sulphide 
or thiosulphate*. (The absence of oxygen production in 
bacterial photosynthesis could, however, be rationalized 
by assuming that water serves as the hydrogen donor for 
carbon-dioxide reduction and, in doing so, yields an 
oxidized product (OH) which is not convertible to oxygen; 
the function of the accessory electron donor, then, would 
be to reduce the oxidized product. This notion? has not 
received experimental support and seems to be no longer 
accepted by most of the workers in the ficld.) 

One of the major unresolved, and controversial, aspects 
of bacterial photosynthesis concerns the pathways 
through which electrons from accessory donors are trans- 
ported in the net generation of reduced pyridine nucleotide 
(PNH). Several kinds of mechanisms can be envisaged. 
With accessory electron donors of sufficiently low redox 
potential, such as hydrogen, reduced pyridine nucleotide 
can evidently be generated through enzymatic dark 
reactions, aS mm, non-photosynthetic bacteria®:®, Accord- 
ingly, in photosynthetic growth on carbon dioxide, 
together with hydrogen, the requirement for light can in 
principle be entirely attributed to its necessity for produc- 
tion of ATP by ‘cyclic’ light-induced phosphorylation’ *. 
This type of phosphorylation requires neither external 
reductants nor oxidants, and is believed to be coupled 
to a cyclic transfer of electrons within the photochemical 
system!:10 (gee Figs. 1 and 2). 

With physiological electron donors of relatively high 
potential, such as succinate, light is required to effect 
net reduction of pyridine nucleotide. According to the 
so-called ‘non-cyclic’ electron flow hypothesis, the reduc- 
tion of pyridine nucleotide with such donors requires 
direct intervention of the photochemical system, that is, 
the action of light presumably results in transfer of 
electrons from the photochemical system to pyridine 
nucleotide and these are ‘replaced’ by electrons derived 
from the accessory donor (for example, succinate) by way 
of a dark process*. (In some versions of the hypothesis!4, 
net formation of PNH is assumed to occur by this mechan- 
ism with all accessory donors, regardless of redox poten- 
tial.) In effect, this implies that one or more components 
of the photochemical system (for example, bacteriochloro- 
phyll) must act as a redox carrier in the transfer of 
electrons from donor to acceptor. Thus, in photosynthetic 
growth on succinate as sole carbon source, or with other 


accessory electron donors of high redox potential, light is 
presumed to be necessary both for ATP production and 
for the generation of PNH by means of non-cyelic electron 
flow. 

The light-dependent production of hydrogen from 
accessory donors :s mechanistically represented im the 
non-cyclic hypothesis as resulting from a similar transfer 
of electrons (that 1s, through the photochemical system) 
to the hydrogenase enzyme, but a satisfactory physio- 
logical rationale for operation of an electron transfer 
sequence of this kind has not been advanced’. 


Non-cyclic Light-induced Phosphorylation in Plants. 


In addition to cyclic phosphorylation, preparations 
from green plants also catalyse phosphorylation coupled 
to lhght-dependent net electron transfer. This process, 
which involves transfer of electrons from water, can be 
represented by the overall equation!: 


4Fdox + 2ADP + 2Pi + 2H,0 —> 4Fdyeq + 2ATP + 
4H+ + O, 


where F'dox is the oxidized form of the iron protein ferre- 
doxin; Fdyeg, the reduced form; ADP, adenosine diphos- 
phate; Pz, inorganic phosphate. Subsequent transport 
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Fig. 2. A ‘qualitative’ scheme for reverse electron transfer driven by the 
cyclic phosphorylation system of photosynthetic bacteria. ©, Hlectron, 
Pi, inorganic phosphats; ~P, ATP or related energy-rich phosphory- 
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of electrons (from Fdyea) to pyridine nucleotide is mediated 
by a flavoprotein. 

A working hypothesis suggested by R. Hill™ for light- 
induced electron transport and phosphorylation in green 
plants is depicted in Fig. 1. 

The scheme is based on the operation of two light 
reactions which transfer electrons against the thermo- 
dynamic gradient. These are connected by a thermo- 
chemical reaction (between approximately 0 V and 
+ 0-4 V), analogous to reactions characteristic of electron 
transfer in mitochondria. Phosphorylation coupled to net 
(‘non-cyclic’) transfer of electrons from water to Fdox 
is visualized as occurring in the thermochemical phase, 
that is, ‘“‘photophosphorylation may be regarded as 
oxidative phosphorylation in the sense used for the mito- 
chondrion”'4, ‘Cyclic’ phosphorylation is represented 
as being associated with an internal cyclic transport of 
electrons, promoted by Light Reaction I. This light 
reaction involves oxidation of reduced cytochrome f in 
higher plants, or of an analogous c-type cytochrome in 
photosynthetic bacteria and algae. 

There is as yet no evidence for more than one light 
reaction in bacterial photosynthesis. This, together with 
the apparent inability of the bacteria to use water as an 
electron donor, suggests that only Light Reaction I, 
or its equivalent, is operative in these organisms. 


Existence of Non-cyclic Light-induced Phosphoryla- 
tion in Bacterial Photosynthesis 


Pigmented particles from certain photosynthetic bac- 
teria catalyse a number of light-dependent oxidation- 
reduction reactions. Thus, with Rhodospirillum rubrum 
particles, light-dependent net reduction of diphospho- 
pyridine nucleotide (DPN) is observed when either ascor- 
bate + dichlorophenolindophenol (DCPIP)" or succinate 
is used as the electron donor. 

The results of an investigation!® with R. rubrum 
particles, using ascorbate + DCPIP, have been inter- 
preted316 as demonstrating the occurrence of phos- 
phorylation coupled to a non-cyclic light-induced flow of 
electrons. In the study cited, it was assumed that phos- 
phorylation observed in the presence of antimycin A, a 
potent inhibitor of cyclic phosphorylation, must necessarily 
be dependent on transfer of electrons from ascorbate + 
DCPIP to DPN. It has been shown!’, however, that 
DCPIP and certain other dyes have the capacity to 
catalyse an antimycin-resistant electron transfer bypass 
in the cyclic phosphorylation mechanism. This effect 
of DCPIP is particularly manifest when the redox condi- 
tions are suitably ‘balanced’. Over-reduction by ascor- 
bate + DCPIP, or other electron donors, of catalysts 
participating in cyclic electron flow causes severe inhibi- 
tion of phosphorylation" 17~19, and this can be effectively 
counteracted by addition of oxidants such as DPN or 
fumarate. Thus, by manipulation of the experimental 
circumstances, light-dependent antimycin-resistant phos- 
phorylation can be shown to have a putative ‘requirement’ 
for an electron donor system, ascorbate + DCPIP, and 
an electron acceptor, DPN or fumarate, even under 
conditions where there is no appreciable net electron 
transfer". 

Since the cyclic phosphorylation system in pigmented 
particles isolated from photosynthetic bacteria shows 
great sensitivity to the redox conditions, especially in the 
presence of reactive oxidation-reduction dyes such as 
DCPIP, the interpretation of results of experiments in 
which exogenous reductants, oxidants and dyes are used 
is frequently subject to serious ambiguity. The con- 
tention?’ that the uncertainties can be avoided simply by 
using high concentrations of ascorbate + DCPIP as the 
electron donor supply is contradicted by the results of 
other studies!?»1, 

The light-dependent oxido-reduction reaction between 
succinate and DPN, that is, succinate + DPN — fumar- 
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ate + DPNH, can be assumed to have physiological 
significance and in this respect presents a more suitable 
system for mvestigation of the problem under considera- 
tion. To my knowledge, there are no published data 
indicating that a phosphorylation is coupled to this net 
electron transfer. It 1s significant (see later) that addition 
of the phosphorylation reactants (adenosine diphosphate 
(ADP) + inorganic phosphate (Pi) + Mgtt+) causes m- 
hibition of the oxido-reduction reaction. 

In sum, it is concluded that clear-cut evidence for a 
(‘non-cyclic’) phosphorylation coupled to light-dependent 
net electron transfer between exogenous donors and DPN, 
or other acceptors, in bacterial photosynthesis has not 
yet been obtained. 


Energy-linked Reverse Electron Transfer 


Investigations with mammalian mitochondria have 
established that electron transfer against a thermodynamic 
gradient can be driven by ATP and energy-rich inter- 
mediates associated with oxidative phosphorylation®*. 
This (and suggestive discussions®*-2> of photosynthetic 
electron transport) prompted experimental study in our 
laboratory**?6 of the possibility that net oxido-reduction 
reactions dependent on, or promoted by, light in bacterial 
photosynthesis might also be examples of ‘reverse energy- 
linked’ electron transfer. Accordingly, the function of 
light would be to generate ATP, or energy-rich precursors 
of ATP, by means of the (anaerobic) cyclic light-induced 
phosphorylation mechanism; ATP or the related energy- 
rich intermediates would drive ‘dark’ transfer of hydrogen 
(electrons) from donor to acceptor (Fig. 2). Evidence 
supporting the reverse electron transfer formulation is 
briefly summarized: 

(1) Light-dependent formation of molecular hydrogen. 
Photoproduction of hydrogen by Rhodospirillum rubrum 
requires the presence of oxidizable organic substrates, 
such as citric acid cycle intermediates*?, Maximal yields 
of gas are observed with ‘resting cells’ and the quantities 
produced under certain conditions closely approximate 
those predicted on the basis of complete conversion of the 
organic compound to hydrogen and carbon dioxide’®, 
for example: 

C,H,0, -++ 4H,0O aa 4C0, + 7H, 
(succinate) 


The formation of hydrogen is severely inhibited by ‘un- 
couplers’ and compounds which interfere in other ways 
with cyclic phosphorylation, for example, antimycin 4, 
2,4-dinitrophenol, pentachlorophenol (PCP), m-chloro- 
carbonyleyanide phenylhydrazone (m-CCP), n-butyl-3,5- 
diiodo-4-hydroxybenzoate (DIB), and dyes which facili- 
tate over-reduction of catalysts of the phosphorylation 
system?*?8. Addition of appropriate concentrations of 
such agents to illuminated. cells not only abolishes hydro- 
gen formation, but usually also induces fermentation of 
endogenous reserves to fatty acids, a process normally 
seen only during dark anaerobic metabolism?5. That is, 
it appears that inhibition of cyclic phosphorylation leads 
to suppression of the overall photometabolism of hydro- 
gen-producing cells. 

Several lines of evidence clearly indicate that the light- 
dependent total conversion of succinate and other organic 
compounds to carbon dioxide and hydrogen occurs through 
operation of the citric acid cycle, coupled with a light 
(energy)-dependent process which in some way effects 
the reoxidation of reduced pyridine nucleotide by libera- 
tion of hydrogen®?*, The capacity to dispose of electrons 
in the form of hydrogen makes operation of the cycle 
possible under anaerobic condit’ons, that is, in the absence 
of an external terminal electron acceptor. 

Rationalization of the foregoing within the framework 
of the non-cyclic electron flow hypothesis is difficult and, 
at best, requires a number of tenuous ad hoc assumptions. 
On the other hand, a reasonable interpretation of the 
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available data is provided by the reverse electron transfer 
concept which supposes that the precursor of hydrogen 
is reduced pyridine nucleotide, generated by the oxidative 
steps of the citric acid cycle‘. *5, Formation of hydrogen 
from PNH ıs considered to occur by reverse electron 
transfer (that is. with the hydrogenase system functioning 
as the acceptor), promoted by energy-rich intermediates 
associated with cyclic light-induced phosphorylation. 
This explanation furnishes, moreover, a plausible physio- 
logical rationale for the phenomenon of light-dependent 
formation of hydrogen. Thus, energy-dependent produc- 
tion of hydrogen can be viewed as a regulatory mechanism 
which aids in mamtaming the pools of reduced pyridine 
nucleotide and ATP (or precursors) at levels consistent 
with the demands of the biosynthetic machinery*:?*, In 
this connexion, it 1s worth noting that photoproduction of 
hydrogen from organic compounds by ‘resting cells’ 1s 
inhibited by addition of NH,* or nitrogen gas, both of 
which can be readily used by photosynthetic bacteria for 
endergonic reductive biosynthesis of amino-acids and 
other cellular constituents*®, 

Direct test of.the assumption that PNH is the precursor 
of hydrogen has been hampered by failure, despite numer- 
ous attempts*!, to devise a procedure for preparing hydro- 
gen-evolving cell-free extracts from photosynthetic bac- 
teria. It is significant, however, that light-dependent 
production of hydrogen from reduced triphosphopyridine 
nucleotide has been observed in extracts made from the 
alga Chlamydomonas eugametos, using cells previously 
adapted to an anaerobic “H, metabolism’’s*; the effects 
of phosphorylation uncouplers on this activity have not 
yet been invest gated. Relevant also to the present 
discussion are resent reports®* which describe an ATP- 
dependent hydrogen-evolution activity in preparations 
derived from certain heterotrophic bacteria which, in 
common. with photosynthetic bacteria, have the capacity 
to fix nitrogen. (According to Bulen, W. A., LeComte, 
J. R., Burns, R. C., and Hinkson, J., in Non-Heme 
Iron Proteins: Role in Energy Conversion (edit. by San 
Pietro, A., 261, Antioch Press, Yellow Springs, Ohio, 
1965), W. 8S. Zaugg and W. A. Bulen have observed 
(unpublished experiments) ATP-dependent hydrogen- 
evolution by extracts from R. rubrum—it appears that 
the system is very labile.) Conceivably, in photosynthetic 
bacteria, a phosphorylation step might be required for 
the formation of a reduced compound other than PNH, 
that gives rise to hydrogen by way of an ordinary (dark) 
thermochemical conversion. Although this is considered 
unlikely, it may be remarked that a mechanism of this 
kind would, in effect, still represent a promotion of dark 
electron transfer by photochemically produced ATP or 
its congeners. (Only light-dependent formation of 
hydrogen is considered here; several photosynthetic 
micro-organisms produce hydrogen in darkness, either 
~ endogenously or from substrates such as formate and 
pyruvate, apparently through mechanisms similar to 
those characteristic of anaerobic heterotrophs*.**,) 

(2) Lnght-dependent net reduction of fumarate. Pig- 
mented particles obtained from hydrogen-producing cells 
of R. rubrum are capable of reducing fumarate with 
hydrogen when catalytic quantities of certam redox 
carriers are added®**, The relationship between the effect 
of light and the redox potential of the mediator can be 
seen In Table 1; in all instances, the oxidized form of the 
mediator is readily reduced by the hydrogenase (that is, 
with hydrogen) in darkness. As expected, mediators 
effective in the dark have redox potentials between, or 
overlapping, those of the H+/H, couple (Ey = — 0:42 V) 
and the fumarate/succinate couple (Ey = + 0:031 V). 
With mediators having potentials in the approximate 
range 0 to + 0-115 V, the overall reaction is stimulated by 
light, and with carriers of still higher potential, illumina- 
tion is required. 

The ‘light-dependent’ reaction with tetramethyl-p- 
phenylenediamine (TMPD; EH,’ = +0-26 V) serving as 
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mediator and the dark process catalysed by Nile blue 4 
(Ey = —0:119 V) have been examined with respect to 
the effects of agents which uncouple phosphorylation*®. 
Compounds such as PCP, m-CCP, and DIB inhibit the 
‘light-dependent’ a2tivity and, at concentrations which 
completely abolish the overall reaction, these agents 
do not affect the dark process. In our view***, these 
observations indicate that the action of light in systems 
with mediators of relatively high potential 1s concerned 
with generation of energy-rich intermediates, associated 
with cyclic phosphorylation, which drive hydrogen 
(electron) transfer azainst an unfavourable thermodynamic 
gradient, that is, from reduced mediator to fumarate. 
Consistent with this, oligomycin—a potent inhibitor of net 
ATP formation by the cyclic mechanism—does not 
inhibit the TMPD model reaction, and, in fact, appreciably 
stimulates the net oxidation-reduction process. In mito- 
chondrial oxidative phosphorylation, oligomyci is be- 
lieved to prevent specifically the formation of phosphoryl- 
ated intermediates from energy-rich non-phosphorylated 
precursors (or from ATP), but it apparently does not 
inhibit utilization of the postulated precursors for driving 
endergonic reactions**. 

(3) Light-dependent reduction of DPN with succinate as 


_electron donor. Although the mechanism of this reaction 


is popularly discussed in terms of the non-cyclic electron 
flow hypothesis, it has also been suggested*-*:** that the 
oxido-reduction may occur by reverse energy-lnked 
electron transfer, as in mitochondria. The fact that the 
succinate-dependens ‘“photoreduction’ of DPN by R. 
rubrum particles is inhibited when ADP + Pi + Mgtt 
are added!.34 indeed suggests a competition between the 
oxidation-reduction reaction and the phosphorylating 
system for a common reactant. In sharp contrast to the 
behaviour of the bacterial particles, the photoreduction 
of pyridine nuclectide by green plant chloroplasts is 
greatly accelerated on addition of ADP + Pz + Mgt+ 
(ref. 35). This strizing difference casts further doubt on 
the non-cyclic interpretation as applied to pyridine nucleo- 
tide reduction in bacterial photosynthesis. 

If the reduction of DPN by R. rubrum particles occurs 
by reverse electron transport, transfer of hydrogen from 
succinate to the pyridine nucleotide might be detectable 
using tritiated succinate as substrate. Unfortunately, 
the results of experiments?! designed to test this cannot 
be interpreted unambiguously, because the particles 
catalyse a hydrogea (tritium) exchange between DPNH 
and water. One alternative type of approach is to test 
the possibility that net reduction of DPN can be observed 
in darkness when ATP is provided. According to a 
recent investigation’’, this can be demonstrated using 
either succinate or ascorbate + TMPD as the electron 
donor. Furthermore, the dark reduction of DPN under 
these conditions is reported to be inhibited if the ‘energy 
supply’ (from ATP! is cut off by addition of ohgomycin. 
These observations obviously argue against the non-cyclic 
hypothesis, but are consistent with and predictable by 
the reverse electron transfer formulation. 


Table 1 KRFEOT OF LIGHT ON REDUCTION OF FUMARATE WITH HYDROGEN 
BY A. rubrum PARTIOLES! RELATIONSHIP WITH EF,’ OF THE REDOX MEDIATOR* 


Ey Light effect 
Mediator (V) (requirements) 

Benzyl viologen — 0:359 None 

Janus green B — 0:256 None 

Flavin mononucleotide t — 6-219 None 

Nile blue A — 0:119 None 
Menadione (vitamin Ks) — 0-044 None 
Methylene blue +0011 Stimulatory 
Thionimne + 6-063 Stimulatory 
N-Methylphenazonium methosulphate + 0-080 Stimulatory 
Coenzyme Qiyo (R. rubrum: +0089 Stimulatory 
Toluylene blue +0115 Stimulatory 
2,6-Dichlorophenolindophenol +0217 Obligatory 
Tetramethyl-p-phenyleneQamine +0 260 Obligatory 
Cytochrome ¢ (nammalian) +6 262 Obligatory 
p-Benzoquinone + 0280 Obligatory 
Cytochrome ca (R rubrum) +0 330 Obligatory 


* After Bose and Gest (cef. 26) 
+ Mediator function nos observed in the absence of a detergent such as 
deoxycholate 
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Two distinct general metabolic patterns can be clearly 
discerned in photosynthetic bacteria. I propose that these 
can be understood as follows?: 

(a) ‘Autoheterotrophic’ pattern. An organic compound 
serves as the source of carbon and through typical hetero- 
trophic mechanisms directly provides the intermediates 
necessary for biosynthesis of cellular constituents; 
quantitatively, reduction of carbon dioxide is not neces- 
sarily a major process. ATP and its energy-rich precursors 
are formed by an autotrophic mechanism, that is, by light- 
wnduced cyclic phosphorylation. Reducing power is 
obtained by dark oxidation of organic substrate (or 
intermediates), and in some instances this requires an 
energy contribution from the phosphorylation system. 

(b) Autotrophic pattern. ‘The reductive pentose cycle 
operates as a major mechanism and together with other 
pathways enables the conversion of carbon dioxide to all 
cellular constituents. As in (a), the ATP required for 
these conversions, and energy for other purposes, is 
furnished by the cyclic phosphorylation system. The 
inorganic ‘accessory’ electron donor provides net reducing 
power through dark oxidation or by energy-linked reverse 
electron transfer. 

The formation of molecular oxygen in green plant 
photosynthesis is considered to be a specific, and unique, 
consequence of the utilization of water as an electron donor 
for processes resulting in net production of physiological 
reductants. This particular means of generating reduct- 
ants is absent from photosynthetic bacteria, and there 
is no compelling reason to assume that the alternative 
devices used by the bacteria to create reducing power 
must be ‘minor variations’ of the green plant mechanism. 
Emphasis on this important difference, its meaning and 
consequences, should not be construed as a cryptic argu- 
ment against the notion of a general ‘biochemical unity’ in 
photosynthetic cells. Rather, I subscribe to the view?! 
that recognition, and exploration of the basis, of “bio- 
chemical diversity’ is no less important for an adequate 
understanding of the mechanisms and evolution of 
specialized biochemical functions. An evolutionary 
transition from anaerobic photosynthesis of the bacterial 
type to the oxygen-producing photosynthetic mechanism 
of green plants would have required a significant number 
of alterations. The acquisition of a new and singular 
system, Light Reaction II, may well have played a 
major part in the evolution of photosynthetic cells 
capable of using water as a primary electron donor*:1+:39, 
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INVESTIGATIONS OF LEUCOCYTE KINETICS IN NORMAL AND LEUKAEMIC 
INDIVIDUALS BY MEANS OF SCINTILLATION COUNTING 


By Dr. SEYMOUR PERRY and Dr. JOHN H. MOXLEY, Ill* 


Medicine Branch, National Cancer Institute, National Institutes of Health; Bethesda, Maryland 


INCE the introduction of tritiated thymidine in 1955, 

it has become an important tool for the study of 

cellular proliferation both in vwo and im vitro’. It is of 

particular value in the investigation of in vivo leucocyte 
kinetics in normal and leukaemic individuals. 

Tritiated thymidine has achieved this importance 
because it is a specific precursor for DNA and, since its 
8-emissions are of low energy, autoradiographs with high 
resolution can be obtained. However, the preparation 
and reading of autoradiographs are laborious and. their 
interpretation extremely difficult. Accordingly, it occurred 


* Present address: Peter Bent Brigham Hospital, Boston, Massachusetts 


to us that liquid scintillation counting might be advantage- 
ous. This article presents some examples of the leucocyte 
kinetic curves after the in vivo administration of tritiated 
thymidine in normal individuals and in patients with 
leukaemia. 

Patients admitted to the National Cancer Institute 
with a limited life expectancy were studied. So far three 
patients with localized malignancies have been given > 
tritiated thymidine. These individuals were in good con- 
dition without evidence of malnutrition or haematopoietic 
disorders and were considered the ‘normal’ group for 
purposes of this study. Twelve untreated patients with 
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chronic myelocytic leukaemia in relapse were studied 

together with three patients in blastic crisis and two HW, 69 15, W, 3 

patients with acute myeloblastic leukaemia. oe a ee 
Tritiated thymidine (specific activity 1-9 c./m.mole) was 

given intravenously at doses ranging from 40 to 100 pe./kg 

body-weight. At periodic intervals blood samples were 240 

obtained and processed by a method previously described?. 

The isolated leucocytes were washed in normal saline and 

an aliquot counted in an automatic cell counter (Coulter — 20 


counter, model B, Coulter Electronics, Hialeah, Florida). J 
A known number of leucocytes (about 1 x 10°) was centri- = | 
fuged at 2,100g for 10 min in a refrigerated International = 4 
PR-2 centrifuge. The cell button was then hydrolysed and = 

an aliquot counted in a liquid scintillation spectrometer © 12 


with an efficiency for tritium of approximately 20 per cent 
as previously described?, Quenching was monitored by a 
channels ratio method and internal standards were used ag  ® 
indicated’. 

The leucocyte kinetic curves obtained were consistently 
reproducible within each group. There were no significant 
differences in two patients who were studied on two suc- 
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cessive occasions. The amount of tritiated thymidine 0 
administered, within the range used did not appear to O 20 40 60 8 100 120 140 160 IBO 200 220 240 260 280 300 320 340 360 380 400 HOURS 
influence either the shape of the curve or the degree of o ' 2 3 4 § 6 7? 6 9 ON 2 a  t6 toas 
labelling. The statistical precision of the technique used Fig. 2. ‘Time course o? labelled leucocytes in the blood of a patient with 
will be reported separately. caronle myoldoy tio Igutapmia 

Fig. 1 is a curve obtained in a 46-year-old patient with 900 
an epidermoid carcinoma of the face and illustrates the 
type of curve obtained in haematologically normal indi- 800 R.D 36 Yrs, W, Ẹ 
viduals. A low level of radioactivity is present for the CML Blostic Crisis 


first three days, but on the fifth day the level begins to 
rise, reaching a peak on the seventh or eighth day. As 
will be reported separately, the low level of activity during 
the first few days is due to labelled mononuclear cells, 
particularly lymphocytes from the thoracic duct. 

In contrast to the curve obtained in normal individuals, 
the curve in patients with chronic myelocytic leukaemia 
is much more complex. Fig. 2 illustrates the results of a 
study in a 69-year-old woman with a white blood count of 
178,500 per mm? with the usual differential. Cytogenetic 
analysis of a bone-marrow aspirate revealed the presence 300 
of the Ph! chromosome. Heavy labelling is present 
immediately after the administration of the isotope. The 200 
level of radioactivity then declines in the first 10 h but 
then. rises to an initial peak at 24-40 h. Another peak is 
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present between 50 and 60 h and, finally, a third peak at 100 
5-7 days after administration of the isotope. This last 
peak generally appeared a little earlier than the corre- 0 
sponding peak in the normal individuals. O 40 80 120 160 200 240 HOURS 
ot 23 4 5 6 7 8 9 10 DATS 
240 






Fig. 3. Results of Kaai scintillation counting in a patient with chronic 
e 


AM, 46 is, 8, g myelcoytic leukaemia in blastic crisis 


"NORMAL" Fig. 3 illustrates the results in a patient with chronic 
myelocytic leukaemia in blastic crisis. This was a 36-year- 
old women with a white blood count of 4,937 per mm? 
and 50 per cent blasts in the peripheral blood. Again there ’ 
is an initially high level of radioactivity, rising rapidly to a 
double peak within 10-50 h and then declining with another 
small peak at 65 h. This curve is in marked contrast to 
that obtained in patients with chronic myelocytic leukaemia- 
in relapse as illustrated in Fig. 2. 

The leucocyte kinetic curve obtained in a patient with 
acute myeloblastic leukaemia is shown in Fig. 4. This was 
a 55-year-old man with a peripheral blood count of 81,600 
per mm}, 76 per cent of the cells being blasts. Leucocyte 
labelling is high immediately after administration of the 
label, with a rapid rise to a peak between 20 and 40h 
followed by another peak at 60 h. The general shape of 
0 the curve is quite similar to that found in the patients with 

O 20 40 60 80 [00 [20 140 [60 i80 200 220 240 260 280 300 HOURS chronic myelocytic leukaemia in blastic erisis as illustrated 
in Fig. 3. 
ee ee ea The leucocyte kinetic curve obtained for a normal 
eae 1. Results of liquid scintillation counting of peripheral blood leuco- individual by scinitllation, counting is similar to the curve ` 
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- Fig. 4. Time course of labelled cells in the blood of an individual with 
acute myelocytic leukaemia 
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, after tritiated thymidine reported by Cronkite*. In con- 
trast, in patients with chronic myelocytic leukaemia the 
configuration. of the leucocyte kinetic curves is much more 
complex. There is very early labelling with the appearance 
- of two and often three peaks. These secondary peaks were 
, also observed by tho Brookhaven group on analysis of 
autoradiographs of peripheral blood from patients with 
chronic myelocytic leukaemia labelled with tritiated 
thymidine’. The secondary peaks were seen only at the 
lower grain thresholds and were considered to be fluctua- 
- tions within the range of the theoretical counting error. 
~ However, since these secondary peaks are consistent and 
“reproducible by scintillation counting, they are probably 
not merely random fluctuations. Recently, the Brook- 
. haven group has suggested that the variations may be of 
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physiological significance’, The interpretation of these 
peaks awaits analysis of autoradiographic material. 

Finally, it is of interest that, kinetically, patients with 
acute myeloblastic leukaemia and patients in blastic 
crisis appear quite similar. In both instances there is early 
labelling with a rapid rise to peak radioactivity within a 
short time. It suggests that the cells in these diseases may 
be entering the circulation at a very rapid rate. Unfortu- 
nately, the complete curves have not been obtained in 
either situation as it has not been possible to continue 
beyond 4 or 5 days because of medical considerations. 

Although tritiated thymidine is the best label for DNA 
which is at present available, it has a number of dis- 
advantages. These have been considered extensively in 
previous publications, but the most serious problem in 
autoradiographs of blood smears is the low and variable 
geometric efficiency of tritium, which may be less than 5 
per cent (ref. 7). This makes precise grain counting 
difficult and results in inaccurate estimates of cell kinetics. 
Using the scintillation counting technique, efficiency for 
tritium is greatly increased. In addition, it is possible to 
evaluate a greater number of cells than is usually read in 
autoradiography. Finally, background labelling, which 
often presents serious difficulties in interpretation of 
lightly labelled cells, is not a problem in scintillation 
counting. The principal disadvantage of scintillation 
counting for the study of leucocyte kinetics is the in- 
ability to discriminate among different cell types. How- 
ever, by using both techniques simultaneously, it may be 
possible to overcome the most serious problems in the 
interpretation of leucocyte kinetic data. Such an investi- 
gation is now being carried out. 
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INDUCTION OF MULTIPLE BRAIN TUMOURS (GLIOMATA AND 
LEPTOMENINGEAL SARCOMATA) IN DOGS BY ROUS SARCOMA VIRUS 


By Dr. G. F. RABOTTI, A. S. GROVE, jun., R. L. SELLERS and W. R. ANDERSON 


Laboratory of Viral Carcinogenesis, National Cancer Institute, and Section on Neuroradiology, National Institute of 
Neurological Diseases and Blindness, National Institutes of Health, Bethesda, Maryland 


TTEMPTS to produce autogenic (primary) malgnant 
tumours in large mammals have usually been un- 
successful. No experimental model has yet been developed 
in which a predictable host response can be obtained under 
. specified conditions governing exposure to a carcinogenic 
agent. Since proof of malignancy by transplantation is 
not feasible in large animals, the clinical-pathological 
characteristics of malignancy should be carefully followed. 
They may be briefly summarized: (a) histological and 
cytological evidence of malignancy; (b) progression by 
invasion of the surrounding tissues resulting in the death 
‘of the host; (c) metastasis from those types of induced 
' tumours which are known to metastasize when occurring 
spontaneously. In the specific case of viral oncogenesis, 
__, cell-free preparations of virus (of known titre) should be 
--used in order to avoid complicating immunological factors 
such as graft rejection. 

In the experiments reported here, young dogs were 
inoculated intracerebrally with high doses of cell-free 
preparations of Rous! sarcoma virus (RSV). In a relatively 
short time, the dogs developed multiple brain tumours 


fulfilling the requirements of malignancy already stated. 
Oncogenicity of RSV has previously been documented in 
mice, rats, guinea-pigs and monkeys*~’. 

RSV cell-free pools of Bryan® strain (B-RSV) and of 
Schmidt-Ruppin® strain (S-RSV) were prepared from White 
Leghorn chicken wing-web tumours by the technique of 
differential centrifugation’. These two strains of RSV were 
shown to be capable of inducing gliomata in new-born 
hamsters moculated intracerebrally™*. The virus was 
suspended in 0-153 M potassium citrate and preserved at 
— 70° C in sealed ampoules. For inoculation, the virus was 
concentrated and resuspended, in phosphate buffer saline 
pH 7-2 (PBS) as previously described!!. The preparations 
were titrated against a known standard in chorioallantoic 
membrane from embryonated hens’ eggs. 

Five litters of mongrel dogs (identified in Table 1 by 
numerals I-V} were used in these experiments. A total 
of 29 dogs were inoculated in the midportion of the right 
cerebral hemisphere (at a depth of from 5 mm to 10 mm) 
using a 20-gauge needle. Different volumes of virus suspen- 
sion were used depending on the size of the dog. The 
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titres of these inocula, expressed éus-form units 
(¥.¥.U.), are shown in Table 1. In addition, two new-born 
dogs were inoculated subeutaneously in the right flank, 
one with 8-4 x 10’ ¥.¥.u. of B-RSV, pool No. 35, and the 
other with 7-5 x 10° F.¥.v. of B-RSV, pool No. 39. Of 
the 29 animals receiving the intracerebral inoculations, 
three died within the first 72 h after treatment and three 
were killed accidentally. The results in the remaining 23 
dogs are summarized in Table 1. 

Neurological symptoms began as early as 15 days after 
inoculation. The dogs often became somnolent and 
opisthotonie or occasionally developed ataxia and uni- 
lateral hemiparesis. One dog suddenly became paraplegic 
while others showed marked cachexia. Unilateral proptosis 
and limb weakness were frequently found. 

Five animals were kept until they died, while others 
were killed when they became moribund. Fourteen were 
killed in fair to good condition when they were 25-53 
days old. Autopsies were performed on all of them. At 
gross examination, multiple tumour nodules were fre- 






Table 1, DOGS INOCULATED INTRACEREBRALLY AT DIFFERENT AGES WITH 
RSV, RUPPIN AND BRYAN STRAINS, OBTAINED FROM CHICKEN 
WING-WEB SARCOMATA. THE VIRAL INOCULUM WAS TITRATED IX CHORIO- 
ALLANTOIC E OF EMBRYONATED HENS’ Eoas. 
EXPRESSED IN FOOCUS-FORMING UNITS (P.P.U.) 


No./ Inoculum tit eat Apparen 
nee V mi 1S S < Autopsy findings 


t 
Litter No.* ol. cause of 
Schmidt-Ruppin strain, RSV—Pool No. 44: Dogs inoculated less than 24 hold, 


VALUES ARR 


death 
(F.F.U. x 10°/ml.)+ (days) death 


1/1 5°8/0-35 28 Moribund Leptomeningeal sarcoma 
when killed and glioma 
oJI 7-4/0-45 30 5 i 
8/1 7-4/0-45 49 In con- pE] 
dition when 
killed 
4/11 91/055 31 Cachexia Sü 
5/1 10-9/0-60 31 Cachexia 


Bryan strain, RSV—Pool No. 19: Dogs inoculated less than 24 h old. 


6/11 4-0/0-45 19 IntracrarJal ‘š 
haemorrhage 

7/11 4-0/0-45 49 Tn fair con- A 
dition when 

killed 

8/11 4-0/0:50 18 Intracranial ĝi 
ata gs ll 

o/IT 5-0/0-60 17 Moribund w - 


Bryan strain, RSV—Pool No. 25: Dogs inoculated less than 24 h old. 


10/111 5°0/0-45 36 In fair con- * 
dition when 
killed 
11/111 10:1/0:50 36 m Negative 


Bryan strain, RSV—Pool No. 35: Dogs inoculated less than 24 h old. 


12/1 6°3/0°30 49 Infaircon- Leptomeni l sarcoma 
dition when and glioma 
13/1 84/040 49 pe Negative 
14/11 8:4/0-40 25 a Leptomenin sarcoma 
and glioma 


Bryan strain, RSV—Pool! No. 37: Dogs inoculated less than 24 h old. 
15/IV 7'8/0-35 38 Infaircon- Leptomeningeal sarcoma 


dition when and glioma 
killed 
Bryan strain, RSV—Pool No, 39; Dogs Inoculated less than 24 h old. 
16/V 75/035 27 In — con- Lepto eal sarcoma 
dition when and glioma 
killed 
Bryan strain, RSV—Pool No. 39: Dogs inoculated when 8 days old. 
17/V 7:5/0-35 53 In con- Negative 
dition when 
killed 
18/V 7:5/0:35 53 i. Negative 


Bryan strain, RSV—Pool No. 39: Dogs inoculated when 15 days old. 


19/V 75/035 53 In fair con- Leptomeningeal sarcoma 
as when and glioma 
20/V 75/035 31 Cachexia Brain abscess 


Control—Thermally inactivated virus: Dogs inoculated less than 24 h old. 


21/1TT 10-1/0-50¢ 36 Jn con- Negative 
dition when 
22JIV 7-8/0:355 38 aren Negati 
. . oT ve 
23/IV 7°8/0-369 38 Si Negative 


* Litters I, Il, ITT, IV, and V refer to mongrel mothers: I—black hound, 
ae ae callie. Itl—b und 


saline ik pH 7-2. 
n A- enn y inactivated virus (Bryan strain, RSV—Pool No. 25) at 75° C 
or . 
i J Enean inactivated virus (Bryan strain, RSV—Pool No. 37) at 75° C 
or 15 min. 
á LF aaa inactivated virus (Bryan strain, RSV—Pool No. 37) at 75° € 
or n. 
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1. Dog No. 2/I, 30 days od, injected intracereb 






in 10° f RSV, Schmidt-Rup train. (A) dba rg 
? x F.F.U. E 8 ro h 
i pin on the cortical surface 
















Note multiple infiltrating sarcomata loca 
periventricular glioma (x e. 20). (B) Undifferentiated lep 
sarcoma (x e. 235). (C) Subependymal astrocytoma (x ©. 235) 


quently found on the surface of the brain. They 
generally more numerous near the infundibulum and in 
the posterior fossa. Hydrocephalus was often present 
haemorrhagic areas were occasionally noted. Micré 
scopically, multiple tumours were found on the pi 
arachnoid and within the brain (Fig. 1A). 

The pia-arachneid tumours were found to be 
differentiated meningeal sarcomata, composed of 
which had oval vesicular nuclei and basophilic cyto 
plasm with thick processes (Fig. 1B). The deeply situat 
tumours were located in the periventricular subependyma 
tissue. These were made up of round glial cells with baso- 
philic cytoplasm, thin fibrillar processes and numerous 
mitotic figures. These findings are consistent with t 
histological diagnosis of astrocytoma (Fig. 10). 

In one dog, a neeplasm found in the lungs was interpre- 
ted as a primary virus-induced tumour rather than a _ 
true metastasis. Subcutaneous fibrosarcoma-like nodules F- 





were frequently found over the site of intracerebral in- 
jection. These were probably induced by leakage of the — 
virus along the needle tract. The failure of the virus- b. 
induced tumours te give rise to any clearly evident meta- 
stases is similar to the behaviour of spontaneous human 
and dog brain tumours, which rarely metastasize. 4 

The two new-bern dogs which were inoculated sub- 
cutaneously develeped nodules which regressed, within 
30 days. The subeutaneous nodules in the scalps of the 
dogs which received intracerebral injections frequently 
grew smaller if the dogs survived for more than 1 mon 
Similarly regressing subcutaneous fibrosarcoma-lik 
tumours induced by RSV have been observed in rabbits™-"* © 
and monkeys?*, 

Three control animals inoculated intracerebrally with 
virus suspension thermally inactivated at 70° C for 15 
and 60 min did not develop neoplasms during the 38-day 
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observation oa 
in parallel with. th 
inactivated virus. 
inactivated virus show 


are the first brain tumours which have ever been induced 
by viruses in large animals. 

We thank Dr. H. L. Stewart, the National Cancer 
Institute, and Dr. K. Earle, the Armed Forces Institute 
of Pathology, for a critical review of the histological 
sections; Dr. W. R. Bryan, of the National Cancer Institute, 

wand Drs. E. A. Bering, G. Di Chiro, W. E. Heston, R. 
a Manaker, F. J. Rauscher, and 8, E. Stewart for advice. 


‘no evidence of tumour growth. 
To the best of our knowledge, the tumours reported here 
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pA DEMONSTRATION OF ION-EXCHANGE PHENOMENA IN PHOSPHOLIPID 
MONO-MOLECULAR FILMS 


By EDUARDO ROJAS 














“INCE Rbt is a substitute for Kt and Li* is a sub- 
) stiute for Nat in axonal potentials!~*, the size and 
urgetof an ion have been thought by some to determine 
ass age through the cell membrane‘. The ionic radius 
‘is 0-21 A greater than the ionic radius of Rb*+ and 
‘109 A greater than the ionic radius of Lit-(ref. 5). 
On might expect, therefore, that Cst would substitute 

: Experiments indicate, eae that Cst acts 
ko K+ nor like Nat Coa , 6). It has i been 





















ger number of demonstrations of i ion effects on the ¢ axon 
, Oy there have been relatively few experiments 
nm the ch The use of mono- 
molecular films as structural models of the cell membrane? 
"| provides a system the properties of which could, by 
» analogy, give insight into this matter. 
~ . Earlier experiments® indicate that among the mole- 
ular components of the cell membrane, phosphatidyl- 
serine may provide negatively charged sites for cation 
exchange. In the present work, therefore, emphasis was 
~ placed on phosphatidylserine films. Silicic acid chromato- 
graphy was used to isolate this phospholipid from ‘animal 
` eephalin’ (Nutritional Biochemical Co.) and its purity 
< was tested by ascending paper chromatography’. 

The uptake of Ca*+ from a hypophase containing 0-1 
mmole caleium chloride at pH 6-00 + 0-25 was measured 
by counting the number of 8 particles emanating from the 
surface of a hypophase containing calcium-45 before and 
after spreading of a phospholipid monolayer. An increase 

‘in count was interpreted to indicate adsorption of Catt 
to the film. The technique has been described in detail 
elsewhere”. 

The experiments of displacing Cat+ from phosphatidyl- 
serine monolayers by Lit, Rbt and Cst were designed to 
show whether these monolayers would discriminate 
between, Li‘, Rbt and Cst. The amount of calcium-45 
d by the film in the presence of different concen- 
tre ons: -of lithium chloride, rubidium chloride and caesium 
chloride in the hypophase was taken as a measure of the 
Mie ye of a of Catt by Lit, Rb* and Cst. 
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Fig. 1 shows that Lit, Rbt and Cs*+ each ia the a 
same number of calcium ions from the polar groups of- 
the phosphatidylserine monolayer at any given con- è 
centration. This experiment substantiates previous 
findings’ with Nat and K+ and demonstrates that there is 
no discrimination among these monovalent cations. A 
it demonstrates that Ca*+ adsorption depends on comp et ig 
cation concentration. í 

The polar head of a phospholipid molecule would h 
a variable net ionic effect as determined by polar group: > 
configuration. It was thought that contaminating the o 
monolayer with an interacting molecule such as choles- 
terol? would alter the polar group configuration. 
to modify the position of the different ionogenic groups of 
the phospholipid molecule as previously postulated™. 
this were so, the contaminated monolayer would sh 
different ion association properties and, perhaps, se. 
tivity. Fig. 1 shows that addition of cholesterol (Sigma = - 
Chemical Co.) does not modify the result obtained. with ae 
phosphatidylserine alone. For example, the number of 
calcium ions per phosphatidylserine molecule is 0-23 + 
0-04 for phosphatidylserine monclayers and is O19 +. - 
0-05 for 50 per cent phosphatidylserine ; 50 per cent choles- 
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mmoles 


Fig. 1. Calcium displacement as a function of hypophase 
cation concentration, Fhe vertical axis represents the nt 

ions per phosphatidylserine molecule, The horizontal. 
concentration of competing counter jon in the hypo 
represents the average of 3-8 experiments and th 
twice the standard error. Area apo ee abo 
monolayer, @, CaCl, 0-1 mmole Calis. 

PS: A, ROCI, 0-1 mmole CaCl, PS; i mmole CaCl, F 
PS, Phosphatidylserine: c choles NOE oo O nE 
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x è contained | , a 
ee ile P i 1 1M 
; 4 : 1-0 4 aot mM g et 
ŽE 
)s E = S i s i 
ine There are, however, 3 Æ t | sxe es 
some uncertainties about whether or not ion EFO 0-5 + l sb 
-exchange occurs. Furthermore, no information ee 4:57 i 
< is available about the time-course of this ion wee | aE i 
i ; “exchange. nE 100 i j 5 
= The adsorption of Pm*+++ (promethium) from a E i td 
_ promethium chloride (PmCl,) hypophase at pH He 86-0 led 
6-00 + 0-25 was measured to determine whether ™ E- 0 | eee _, 500, 
_ or not ion exchange really oecurs between the 0 5 10 15 0 5 19.28 yg 
polar groups and the hypophase and to compare iin 




























binding efficiency of Ca++ and Lat+ by measuring 
promethium-147 adsorption at different con- 
centrations of calcium chloride or lanthanum 
ehloride (LaCl,). 

Fig. 2 shows the time-course of the pro- 
methium-147 adsorption when the hypophase 
contains calcium chloride or lanthanum chloride. 
; ean be seen that time is needed to reach 
steady adsorption. Since phosphatidylserine is 
i hydrogen form at the beginning of the experiment 
letermined by flame photometry), the increase in 
ts measures the exchange of hydrogen (or Ca++ or 
+ also present in the hypophase) by Pm*+++. It can 
-be seen that about 500 times more Ca++ than Lat++ 
weeded to produce the same equilibrium adsorption, 
ing from the same promethium chloride hypophase. 
m this experiment it ean be concluded that (a) ion 
ange actually occurs between the polar groups of the 
lipid mono-molecular film and the hypophase and 
at La**+ is a strong competitor for the Ca++ binding 
Therefore, the notion that Latt+ displaces Cat> 
inding sites at cell surfaces seems to be well sup- 
and could explain why La*++ reversibly blocks 
xcitable membrane and why the gap substance be- 
1 myelinated axons appears densely stained when 
is used as stain in electron microscopy’. Finally, 
lea of an ionic exchanger polar-group phase associa- 
d: to phosphatidylserine mono-moleeular films? seems to 
> supported and is consistent with both the molecular 
odel for the cell membrane" and ion-exchange properties 
bulated for cell surfaces'+:16, 











layer. The film was spread at time 1 min and the maximum increase in counto 
due to the film was 20,000 ¢.p.m. A, Hypophase, 1 umole lanthanum chloride and 


Fig. 2. Vertical axis represenis the fraction of promethium adsorbed. py phos- l 
phatidyiserine monolayers, thatis, adsorption of promethium when the hypophase 
contains a given concentration cf calcium chloride (Fig, 2.4) or 

ag, DL 
only 1 mmole lanthanum chloride. Each curve represents one experiment. ‘Hori- :. 
zontal axis represents time in min startin wit : 


lanthanum chloride = 


2B) divided by the adsorpGon of promethium when the hypophase contained 


with the solution 





hout the mono- >. 







calcium chloride; B, hypophase, lanthanum chloride 
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A RE-INTERPRETATION OF THE ROLE OF THE MAST CELL 
By Dr. J. CHAYEN, SALLY DARRACOTT and W. W. KIRBY* 


Department of Pathology, Royal College of Surgeons of England, Lincoln's inn Fields, London, W.C.2 


A LTHOUGH the lung and uterus of rats are known to 
_ CX contain very few mast cells’, it was found that 
_ structures resembling these cells were apparent in sections 
_ which had been stained by the histochemical reaction for 
- monoamine oxidase’, These tissue elements did not 
-appear to be coloured by the formazan developed in this 
_ reaction, but were yellow-brown, as if they had formed 
- an adrenochrome-like pigment from the tryptamine used 
‘In the histochemical test. They could not be identified 
rhen this substance was excluded from the test, nor 
üld they be found when un-inecubated sections were 
amined fresh. or after staining with methyl green and 
min. This indicated that the incubation, or the 
cholamine, may have induced some change in these 
8 that caused them to become apparent. To test 
ossibility, serial sections of the lung of a rat of 5-6 
of age were stained with methyl green and pyronin 




















z Present address: c/o Biology Division, Unilever Research Laboratories, 
io Sharnbrook, Bedford. ae 


after incubation for 2 h in the medium used in this test, 
with and without the tryptamine, or with histamine in its 
place. In all, there was a noticeable increase in the 
population of mast cells over that seen in sections which 
were not incubated before they were stained. 
However, to test this hypothesis more carefully, pieces 
of lung from rats, 5-6 weeks old, were maintained in a 
synthetic, non-prolicerative culture system as described _. 
by Trowell’; each piece weighed about 2 mg. After 24. 
h of such culture, seme pieces were removed and chilled 
at —70° C in hexane (B.D.H.: “free from aromatic” 
hydrocarbon” grade); the medium in which the other _ 
pieces were maintained was changed to a similar solution ©. 
which also contained 10-4 M histamine. 


refrigerated to about. ~ 30° C in which the knife was further 
cooled with solid carbon dioxide packed around its haft. 
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They were stained with a mixture of methyl green and 
pyronin both to demonstrate the structure of the tissue 
and to aid the recognition of the mast cells. In other 
studies it was found that the cells which were identifiable 
as mast cells by this procedure seemed to correspond with 
those seen, albeit more weakly, with toluidine blue. 
The area of the sections was measured by planimetry 
of the image, magnified by the use of a photographic 
enlarger. 

When fresh tissue sections were studied in this way, 
those of lung taken direct from the rat showed about two 
mast cells per cm? of section. In two series of experiments, 
culturing for 24 h alone increased the number to 8 and 
4 perem?, However, the effect of adding histamine to the 
medium was more profound. The number increased to 
20 per cem? after exposure for 5 min to this substance in 
culture; it became 40 and 66 after contact for 15 min 
and then declined to 0 and 13 after exposure for 30 min 
to histamine. These results are mean values for a number 
of sections. In contrast, this effect was not found if the 
tissue was kept at — 70° C for some days before it was 
sectioned and stained. This may be related to other 
histochemical changes found when such chilled tissue is 
stored at this temperature. Qualitatively, the mast cells 
,, observed after contact for 15 min with histamine were 
~ large and swollen, with prominent strongly staining 
granules, whereas after 30 min contact there were many 
granules lying in what appeared to be burst cells, The 
mast cells in both the treated and the normally cultured 
tissue occurred mainly at the periphery; this may be a 
reflexion of the conditions of culture. 

The brown reaction given by the tissue elements sus- 
pected of being mast cells was investigated both in rat 
lung which had been maintained in culture, and in sections 
of mouse skin which had been subjected to a carcinogenic 
agent, tricycloquinazoline (TCQ) or to its various deriva- 
tivest. The advantage of the mouse tissue was that 
there was a profusion of mast cells localized in a definite 
region; they were stained distinctly by the methyl green- 
pyronin method. In every case, but particularly clearly 
at the base of the growth produced by prolonged treatment 
with the carcinogenic agent, the mast cells stained strongly 
with the histochemical method for monoamine oxidase 
even when ‘Marsilid’ was added as an inhibitor of mono- 
amine oxidase activity in normal cells; however, the 
mast cells were coloured yellow-brown, or purple-brown, 
and not with the colour usually associated with the 
formazan of nitroblue tetrazolium. Similarly, in sections 
_of carcinogen-treated mouse skin, a moderate yellow- 
brown colour was found in the mast cells of sections which 
had been incubated in the presence of histamine and 
nitroblue tetrazolium, which gave no reaction in the cells 
. of the rest of the skin. 

From these results two main features emerge. First, 
it would seem that mast cells, in the rat, ean be hidden in 
tissue but that they swell and so become visible in response 
to these conditions of culture and. more strikingly, to 
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histamine. This seéms clear since, because the tissue was 
ed in culture, the increase in num- 
bers could not be due to migration into the tissue, The 
change in shape and size, effected by exposure to histamine, 
supports such a view. The second feature derives from 
the histochemical finding that, although these mast cells 
do not seem to contain appreciable amounts of amine 
oxidase activity, they do produce a yellow-brown pigment 
in response to tryptamine and, more weakly, even to 
histamine; the presence of a hydrogen-acceptor, here 
nitroblue tetrazolium, may be beneficial to this process. 
These results may indicate the presence of a system 
which ean form an adrenochrome-like substance. 

At first sight these findings and conclusions seem rather 
confusing since they appear to be at variance with the 
usual concept of the function of mast cells. It is generally 
believed!> that mast cells accumulate in damaged regions 
and eject histamine into such tissues. This belief is 
largely based on the facts that mast cells are found in 
large numbers in damaged tissues, that they contain a 
bound form of histamine, and that they may become 
disrupted and apparently lose their granules in damaged 
tissue which shows the traumatic effects of histamine. 
In the present investigation it has been shown that 
exogenous histamine caused an apparent accumulation of 
mast cells but, since they could not have come from the 
synthetic culture medium, it is more likely that the 
histamine merely made them visible. Moreover, it was 
found that, although exogenous histamine allowed them 
to swell, prolonged exposure to such a high concentration 
burst the cells and disrupted the granules. It would 
appear that catecholamines and related substances are 
capable of changing the permeability of the membranes 
of mast cells just as they do those of other tissue cells 
(unpublished data). Thus it is possible to re-interpret the 
evidence underlying the concept that mast cells congregate 
in damaged tissue and contribute to the damage by 
ejecting histamine: it is more likely, on the data presented 
in this article, that they are responding to elevated levels 
of tissue-histamine. The other reason for considering 
mast cells to be emitters of histamine is that they have a 
high concentration of bound histamine. However, the 
evidence that they may have a system which is capable of | 
converting tryptamine and histamine into a pigment, like — 
an adrenochrome or a melanin, indicates that they may 
be ‘detoxicating’ histamine rather than ejecting it. Only — 
with grossly excess tissue-histamine would they become ~ 
disrupted and release their normally bound histamine 
into the tissue. Such concepts may be of considerable 
significance not only in problems concerning tissue injury 
generally but also in anaphylactic shock’. 
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LARGE AMOUNTS OF DEOXYPHENYLALANINE IN THE HYDROLYSATE OF 
MELANOSOMES FROM HARDING-PASSEY MOUSE MELANOMA 


By Dr. H. TAKAHASHI* and Pror. T. B. FITZPATRICK 


Department of Dermatology, Harvard Medical School, Boston, Massachusetts 


D- has never been shown to be a constituent of 
any type of protein, although it has been found m 
free form in the seeds of certain plants!-?. This article 
reports our finding that it is possible to isolate and 
identify dopa from Harding~Passey mouse melanoma by 


_* Present address: Department of Clinical Oncology, Cancer Research 
Hospital, Wisconsin University Hospitals, Madison 6, Wisconsin. 


hydrolysis of the trichloroacetic acid (TCA) precipitate - 
of homogenized tumour tissue with strong hydrochloric — 
Two types of melanoma were investigated: Harding- 
Passey melanoma (HP) grown in albino Swiss mice, and — 
B-16 melanoma grown in C-57 black mice. Immediately. 
after excision, 2 g of the tumour to be investigated was- 





_ homogenized in 100 ml. of 10 per cent TCA, centrifuged, 
again thoroughly homogenized in 10 ml. of fresh 10 per 
= eent TCA and then recentrifuged. The precipitate thus 
= obtained was hydrolysed for 12-18 h in 300 ml. of 6 N 
<- hydrochloric acid with refluxing, cleansed of melanin by 
< filtration through a glass funnel and evaporated almost 
- to dryness. Half the residue was used for chromatographic 
isolation and spectrofluorophotometric assay* by a method 
recently devised in our laboratory. The pooled TCA 
supernatant was diluted with about 5 volumes of water 
and placed on a ‘Dowex-50-H*’ resin column (1-0 x 6-0 
= om) for removal of the TCA. The column was then washed 
with 50 ml. of 0-2 N hydrochloric acid followed by 100 ml. 
_ of water. The material still remaining on the resin was 
eluted with 100 ml. of 0-5 N hydrochloric acid, evaporated 
to dryness under reduced pressure at low temperature 
 {60°-60° C), and subjected to dopa analysis‘. 

_. The amounts of dopa recovered from 2-g specimens were : 
>L pg/g and 230-4 ug/g of fresh tissue respectively from 
_ the HP supernatant and precipitate ; 0-6 ug/g and 8-4 ug/g 
_ of fresh tissue from the B-16 supernatant and precipitate. 
_ dn a second series of experiments with 5 g of tumour 
< tissue, the TCA supernatants were found to contain almost 
negligible amounts of dopa, while hydrolysates of the 
TCA precipitates of HP and B-16 tumours contained 
approximately 239 ug/g and 11 ug/g of fresh tissue re- 
pectively. These findings indicate that neither type of 
imour contained an appreciable amount of free dopa, 
at that relatively large amounts of dopa were present in 
ie TCA precipitates of HP tumour after hydrolysis with 
trong acid. Dialysis of the TCA precipitates against 
ater and repeated freezing of suspensions of the 
recipitates failed to release dopa into the suspending 
edium. 

To permit accurate identification of the compound that 
gave high dopa-like values in chromatographic analysis 
of the hydrolysate of the TCA precipitate of HP melanoma. 
three experiments were carried out with large amounts of 
HP melanoma tissue. In each of these experiments, 100 g 
of freshly excised HP melanoma were thoroughly homo- 
genized in 200 ml. of 20 per cent TCA and centrifuged 
until the precipitate separated out. The resulting super- 
natant was discarded; the precipitate was again homo- 
genized in 100 ml. of 20 per cent TCA and centrifuged a 
second time. The dark precipitate obtained from this 
second centrifugation was hydrolysed for 24 h in 1,000 ml. 
of 6 N hydrochloric acid with refluxing, 100 ml. of con- 
centrated hydrochloric acid being added twice during the 
-. 24-h period. After hydrolysation, the insoluble melanin 
owas removed by centrifugation, ‘The supernatant was 
` concentrated to a syrup under reduced pressure at low 
-= temperature (50°-60° C) and redissolved in 1,000 ml. of 
~. Water. An extra step was necessary to remove the excess 
. weid and other extraneous material from this syrup. 
< The syrup was therefore redissolved in 1,000 ml. of water 
and put on a “Dowex-50-H*’ resin columm. After it had 
“passed through the column the resin was washed with 
1,000 mal. of 0-2 N hydrochloric acid followed by 2,000 ml. 
of water. The material still remaining on the resin was 

-then eluted with 2,000 ml. of 0-5 N hydrochloric acid. 

‘The eluate was evaporated to dryness under reduced 
pressure at low temperature. Since dopa is relatively 
stable in basic borate buffer* 5, 1,000 ml. of borate buffer 
(pH 9-0) containing 7-63 g of sodium borate and 0-62 g of 
boric acid were added to the evaporated eluate and the 
pH adjusted to approximately 8-6 with dilute sodium 
_ hydroxide solution. For convenience of manipulation, the 
resulting preparation was divided into ten 100-ml. aliquots, 
each of which was diluted with 100 ml. of water. These 
aliquots were applied to ten ‘Dowex-2-borate~’ resin 
columns and ten “‘Dowex-50-H+’ resin columns*. The 
eluates thus obtained were then pooled and evaporated to 
ness under reduced pressure at low temperature. 
The dried residue was dissolved in 25 ml. of aqueous borate 
~~ buffer (pH 9-0) and further purified by gradient-elution 
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chromatography on a ‘Dowex-2-Cl~’ resin column (2-0 x 
15-0), 800 ml. of 0-5 per cent aqueous borie acid solution 
being used as the mixer and 0-5 per cent boric acid in 
03 N hydrochloric acid as the reservoir. 6-ml. fractions 
were collected at a flow rate of 1 ml./min. Before elution 
started, 20 ml. of 0-5 per cent aqueous boric acid solution 
was layered over the top of the column to prevent meehani- 
cal disturbance. The ultra-violet absorption spectra of the 
compounds recovered from the column were determined 
by spectrophotometry. 

An unidentified compound (A), the ultra-violet absorp- 
tion of which wes maximal at 281 mu, appeared first 
in fraction No. 27 and was last present in fraction No. 37; 
its concentration was highest in fraction No. 28. A very 
small amount of material (B), the ultra-violet absorption 
of which was maximal at 275 mu, was found in fraction 
No. 17-—-the fraction that theoretically should contain 
tyrosine. The total quantities of compound A recovered in 
the three experiments were 16, 12 and 11 mg when cal- 
culated as dopa from the optical density at 281 mp of the 
dopa standard. 

The fractions containing compound A from all three 
experiments were pooled and again put on a ‘Dowex-50-H?*’ 
resin column (2-0 x 5-0 em) for further purification. by 
gradient-elution chromatography. 400 ml. of water was. 
used as the mixer, 8 N hydrochloric acid was the reservo 
the fractions were-each 6 ml., and the flow rate was 
min, Compound A was found to be present. in fractions 
No. 23 to No. 33. These fractions were pooled and 
evaporated to dryness under reduced pressure at Jow 
temperature. After hydrochloric acid had been removed in 
a sodium hydroxide—calecium chloride desiccator, the 
compound was dissolved in 4 ml. of distilled water and 
brought to approximately pH 5 by the careful addition of 
sodium bisulphate. About 1 ml. of ethanol was added 
before this purified material was crystallized in a deep 
freeze. Finally, the crystals were centrifuged and washed 
with 1:0 c.e. of cold distilled water and dried in a 
desiccator. The amount obtained was approximately 34 
mg. 

Absorption of uitra-violet light by purified compeund 
A was maximal at 281 mu in 0-5 N hydrochloric seid: 
absorption of ultra-violet by the known dopa standard 
was also maximal at 281 mu in the same medium. 

When compounc. A was oxidized by ferri-cyanide (0-05 
per cent in 1 M acetate buffer) at pH 6-0 and made alkeline 
with 20 per cent aqueous sodium hydroxide containing 
ascorbic acid‘, the spectra of the activation and emissicn 
of fluorescence were identical with those of a standard 
dopa control preparation, the maxima for activation and 
emission being 375 and 480 my respectively (Figs. 1 
and 2). 

When compound_A and its product were tested by paper 
chromatography following incubation with tyrosine 
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Fig. 1. Comparison of the spectra of fluorescence excitation (emission.at 
480 my) for the compound isolated from Harding-Passey melanoma and 
the control sample of depa after oxidation with ferri-cyanide’*. The curve 
of excitation for the material isolated from HP melanoma is lower than 
that for the control solution due to the presence of inorganic impurities. 
Fluorescence was measared with an Aminco—Kiers spectrofluorophoto- 
meter at slit No. 3. ‘Phe concentration of both samples was 1 ugiml, 
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Fig. 2... Comparison of the spectra of fluorescence excitation (excitation at 
875 my) for the compound isolated from Harding-Passey melanoma and 
the control sample of dopa after oxidation with ferri-cvanide’, The curve 
of excitation for the material isolated from HP melanoma is lower than 
that for the control solution because of the presence of inorganic 
impurities, Fluorescence was measured with an Aminco~—Kiers spectro- 
‘flucrophotometer at slit No. 3. The concentration of both samples was 
aie 1 pg/ml. 
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decarboxylase in the presence of pyridoxal phosphate, 
spots were produced identical with those produced by dopa 
and dopamine; compound A and the controls had identical 
Ry values in three different solvent systems under sulphur 
dioxide and produced the same colour changes in the 
-ferri-cyanide reagent, — red —» purple -> black (Fig. 3). 
When compound A was incubated with mushroom 
tyrosinase in phosphate buffer at pH 6-8, the red colour 
that instantly developed had a broad ultra-violet absorp- 
tion band with a flat peak at about 475 mu; this could not 
e distinguished from that of the red colour of the dopa- 
chrome produced in the dopa : mushroom-tyrosinase 
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Fig. 3. A. paper chromatogram of the compound isolated from HP 
melanomas and ita product after incubation with tyrosine decarboxylase. 
The solvent system consisted of Berg's solvent (methanol : butanol: 
benzene: water in the proportion of 2:1: 1:1) acidified with 1 per cent 
glacial acetic acid. The chamber of the chromatograph was filled with 
gascous sulphur dioxide. For identification of the o-dihydroxyphenolic 
compounds, the paper was sprayed with 0-05 per eent potassium 
ferri-cyanide in 0-2 M acetate buffer (pH 6-0) 


To determine the intracellular localization of compound 
A, which is probably contained in a protein, 10 g of HP 
melanoma were homogenized in about 9 volumes of 0-3 M 
aqueous sucrose solution and separated into cell-organelle 






fra ‘by the density-gradient centrifugation methods. 
AP sipitation by TCA and when dried under an infra- 
rec ‘proteins in each fraction were hydrolysed for 


100 ml. of 6 N hydrochloric acid with refluxing. 
soluble melanin in each fraction was removed by 


of 










HP tumours 








fugation the dialysate contained 29-7 ug of dopa. be 
hydrolysis and 77-9 ug after hydrolysis. In 
experiments the dopa content was approximatel 
times greater after than before : 


acid. 


Table 1. AMOUNTS of DOPA FOUND IN THE V. 


B-16 Mouse MELANOMA 
Fractions HP Bl6 
(mai) = (uae) 
I Supernatant tO oğ 
TCA ppt. 230-4 Reg 
2 Supernatant ~~ _ 
TCA ppt. 239-0 11-3 


Table 2, 


MOUSE MELANOMA 


Fractions 


Nuclear fraction 
Soluble protein 
Small granules 
Mitochondria 
Melanosome 


AMOUNTS OF DOPA FOUND IN THE VARIOUS FRACTION 
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ifferent fractions 


















hydrolysis with stro 


ous FRACTIONS OF HP A 


Dry weight Melanin. Dopa g : 
(mg) Ce i 


g 
332 ++ 204 
571 ~ 32 
256 a DF 
306 + 30 
940 ttt 885 


* Some fractions contained unhydrolysable melanin. 


Some of the dopa released from HP-melanoma protein: ‘ 
by pepsin digestion could have been localized at the N- 


terminal of the protein molecule. 


It is clear, however, 


that in addition to liberated dopa, the hydrolysate con- 
tains dopa derivatives, probably dopa-peptides. An . 
attempt is now being made to isolate dopa peptides from 
weakly hydrolysed HP-melanoma protein. The absence _ 
of dopa-containing proteins in B-16 melanoma might _ 
indicate that there is a genetic difference in the melanoso- 


mal proteins of HP 


account for the characteristic difference in the colour of - 


these tumours. 


This work was supported by grant CA-05010 from ti 
National Cancer Institute. Toa 
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tems. Vaginal transplants were used 
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LUTEINIZING HORMONE RELEASE FOLLOWING PREOPTIC STIMULATION 
IN THE MALE RAT 


By Dr. DAVID L. QUINN 


Department of Anatomy, Duke University 


IFFERENTIATION of the neural control of 

gonadotropin secretion depends on sex steroid 
secretion shortly after birth in the male or female rat. 
Regardless of the genetic sex of the rat, the non-cyclic 
male pattern of gonadotropin secretion develops in the 
presence of androgen or excessive oestrogen early in life. 
On the other hand, in the absence of sufficient levels of 
sex steroids the cyclic female pattern ensues!-*, 

Experiments carried out by Harris and Jacobsohn* 
and Martinez and Bittner’ revealed that the nervous 
system is the site of differentiation for the appropriate 
control of gonadotropin secretion, not the hypophysis as 
supposed by Pfeiffer’. Regardless of the sex of the donor, 
pituitary grafts beneath the median eminence of hypo- 
physectomized male or female animals assumed the 
functional characteristics associated with the respective 
sex of the host. Pituitary tissue from either male or female 
rats grafted beneath the median eminence of hypophy- 
sectomized female rats maintained normal oestrous 
cycles‘. Identical results were obtained in investigations 
in mice’. Furthermore, in castrated male mice bearing 
ovarian and vaginal grafts, continuous secretion of gona- 
dotropins occurred when either male or female pituitary 
tissue was grafted beneath the median eminence. 

The cyclicity of gonadotropin secretion appears to 
depend on sex steroids in circulation as well as on the 
appropriate differentiation of the neural regulatory sys- 
= as indicators of 
rhythmic or continuous gonadotropin secretion in cas- 
trated female and male rats bearing ovarian transplants‘. 
Concentric layers of cornified tissue interposed with 
nucleated epithelial cells and leucocytes in vaginal grafts 
revealed cycling of ovarian hormone secretion and there- 
fore cyclic gonadotropin release. Cyclic gonadotropin 
secretion was noted only in otherwise intact females with 
intrasplenic vaginal grafts. When sex steroid release to 
the peripheral circulation was greatly reduced by grafting 
ovarian tissue into the spleen of the castrated male or 
female rat bearing intrasplenic vaginal transplants, 


evidence of cyclic gonadotropin secretion was absent. 


hormone from the anterior pitui 


Cyclic gonadotropin secretion was also lacking in castrated 
male rats bearing intrasplenic vaginal transplants with 
ovarian tissue grafted outside the spleen. 
‘Electrochemical’ stimulation of the preoptic brain in 
the pentobarbital-blocked rat during proestrus or on the 
third day of dioestrus in the 5-day cyclic rat induces the 
‘normal ovulatory response’. In androgen-sterilized female 
rats the threshold of preoptic stimulation for ovulating 
hormone release appears to be raised*:*. With these experi- 
‘ments in mind, an investigation was initiated in castrated 
adult male rats bearing ovarian grafts. Ovarian tissue 
under these conditions remains primarily follicular in 
nature’. It was of interest to determine whether ovula- 
tion and/or luteinization could be produced in such experi- 
mental animals by stimulation of the hypothalamus. 
If this were so, it would reflect the release of luteinizing 


tary. 
Rats were obtained from a locally inbred Osborne-Men- 
del derivative strain and maintained on Purina ‘Labora- 
ry Chow’ and water ad libitum. From birth they had been 


vrer 


exposed to regular daily illumination for 14 h. Male rats 


were castrated when about 30 days old, and in each animal 
ovarian tissue (half an ovary) from a littermate was 
transplanted beneath the kidney capsule. At about 90 
days of age further procedures were instituted: (1) 
‘electrochemical’ stimulation of the medial preoptic area 
under pentobarbital sodium (31-5 mg/kg); (2) simple 


Medical Center, Durham, North Carolina 


electrode placement in the medial preoptic area; (3) 
injection of a known ovulating dose of NIH-LH-B, 
(unpublished observations, 8 pg/100 g body-weight). 
The electrical parameters of stimulation were 10 pamp 
d.c. for a period ef 20, 40, or 60 sec, and anodic current 
was applied through the 0-13 mm core of a stainless steel 
concentric bipolar electrode stereotaxically introduced. 
Histological procedures for ovarian and brain tissues were 
described previously’. 

The response of the castrated male animal to preoptic 
stimulation was much like that which can be expected in 
the female. Luteinization of the ovarian ants 
followed in nearly all rats receiving stimulation by 10 
pamp over a peried of 60 sec (Table 1). Three animals 
were autopsied the morning following stimulation and 
showed numerous fresh corpora lutea. Some of the corpora 
lutea had entrapped ova, while others did not. The rest , 
of the animals (six) in this group were autopsied 3 days 
after preoptic stimulation (Fig. 1). Five of six animals 
had ovaries with marked formation of corpora lutea 
(Fig. 2). 

The threshold fcr responsiveness in the castrated male 
rat appears to be slightly higher than in the adult proestrous 
female rat. A group of animals received low intensity 
preoptic stimulation (10 pamp d.c./20 sec), comparable 
to that required te evoke ovulation in all pentobarbital- 
blocked proestrous rats’. This threshold is somewhat 
lower than that necessary to induce ovulation by preoptic 
stimulation in late dioestrus of the 5-day cyclic rat 
(10 amp d.c./40 sec), and has been correlated with the 
lower level of luteinizing hormone required to induce 
ovulation in the former animals’:!°, In castrated male rats 

ing Ovarian transplants, preoptic stimulation with 
10 pamp/20 sec eveked the rélease of luteinizing hormone 
in four out of eight animals. Increasing the duration of 
the stimulus to 40 sec evoked gonadotropin release and 
corpus luteum formation in all animals. 

Animals submitted only to the stereotaxic and opera- 
tional procedures with the insertion of the electrode into 
the preoptic hypothalamus but without passage of electric 
current demonstrased uniform absence of luteinization 
(Fig. 3). | 
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Injection of a known ovulating dose of luteinizing hor- 
mone into castrated male rats with ovarian transplants 
produced marked luteinization. 

Preoptic stimulation thus abruptly augments the release 
of luteinizing hormone in the male as it does in the 
female rat. Ovulation and corpus luteum formation occur 
in Ovarian transplants following stimulation in the 
castrated male. Apparently the production and release of 
luteinizing hormone releasing factor by the neural tissue 
and of luteinizing hormone (LH) by the anterior pituitary 
are entirely adequate in castrated male animals bearing 
evarian transplants to allow for an ‘ovulatory surge’ of 
LH following preoptic stimulation. The threshold for this 
response is comparable with that on the third day of 
dioestrus in the 5-day cyclic rat and slightly higher than 
that for the day of proestrus in the 4-day cyclic rat’. 
By contrast, the preoptic threshold for stimulation of 
LH release in the androgen-sterilized female rat is higher 
than in the normal female*-*, 





Fig. 2. Transplanted ovarian tissue demonstrating corpus luteum forma- 
tion following preoptic stimulation of the castrated male rat. (x e. 20) 





Fig. 3. Transplanted ovarian tissue demonstrating vesicular follicles 
and absence of corpora lutea following simple electrode insertion into the 
preoptic area of the castrated male rat. (x e. 20) 
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RESULTS FOLLOWING PREOPTIC STIMULATION IN CASTRATED MALE 
RATS BEARING OVARIAN TRANSPLANTS 


Table 1, 


Treatment ults 

No. with No. without 

luteinization luteinization 
10 vamp/60 sec* 8 1 
10 pamp/40 sec 3 - 
10 pamp/20 sec 4 4 
Electrode placement 3 
LH injection 2 - 


* ‘Electrochemical stimulation’ in the media! preoptic area. 


Evidence from other experiments suggests the similarity 
in the response of the male and female rat with respect to 
gonadotropin secretion. Progesterone treatment in the 
castrated male rat bearing ovarian transplants provokes 
augmented release of luteinizing hormone to such an extent 
that corpus luteum formation takes place™. In the intact 
female, ovulation can be advanced one day (5-day cyclic 
rats) by progesterone treatment on the third day of 
dioestrus*, In some types of constant oestrous animals 
(spontaneous, light-induced, or with anterior hypothalamic 
lesions) progesterone treatment produces ovulation'*~"*. 
The failure to obtain ovulation with progesterone treat- 
ment in androgen-treated females is difficult to explain, 
except on the basis that the changes which take place 
after the treatment may be far more extreme than occur 
in the normal animal'*, This situation may be comparable 
with that in animals with lesions in the suprachiasmatic- 
medial preoptic area much larger than necessary to induce 
constant oestrus. These animals also fail to ovulate follow- 
ing progesterone treatment’, 

The analogous responses of the male and female rat to 
preoptic stimulation or progesterone treatment suggest 
that the differences known to exist in the neural control 
of gonadotropin secretion in the two sexes may, indeed, 
lie outside the preoptic-anterior hypothalamic-median 
eminence-pituitary system. The difference may exist in 
the nature of the afferent impulses to this neural region 
or the inability of the cells in the hypothalamus to interpret 
the afferent impulses. The fact that the hypothalamic 
system in the castrated male rat bearing ovarian trans- 
plants responds in a way similar to that of the intact 
female cannot be over-emphasized. Apparently, the 
necessary quantities of luteinizing hormone-releasing 
factor and pituitary LH are quite sufficient to induce 
ovulation when the appropriate stimulus is supplied either 
to the male or female. Furthermore, the neural components 
in the hypothalamus required to bring this about are 
functional in the male rat. 

This investigation was supported in part by U.S. 
Publie Health Service fellowship 1 F2AM-23, 550-01 
from the National Institute of Arthritis and Metabolic 
Diseases and in part by grant GB-1737 from the National 
Science Foundation administered by Dr. J. W. Everett. 
NIH-LH-B, was kindly supplied by the Endocrinology 
Study Section, National Institutes of Health. 

Note added in proof. While this paper was in the press 
an abstract by Moll and Zeilmaker" appeared, describing 
experiments comparable with those presented here, but 
differing in that far greater stimulation was used. 
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NUCLEAR MEMBRANE FRACTION AS INTERMEDIATES 
IN THE TRANSFER OF RIBONUCLEIC ACID FROM THE NUCLEUS 


TO THE CYTOPLASM 
By Dr. MICHAEL K. BACH and H. G. JOHNSON 


Department of Biochemistry, The Upjohn Company, Kalamazoo, Michigan 


HERE is considerable evidence to the effect that 
CCA messenger RNA (mRNA), together with all other 
cforms of RNA, is produced in the nuclei of mammalian 
 ¢elis!, This RNA is believed to travel to the cytoplasm, 
where it becomes the backbone of polysomes which are 
the subcellular aggregates responsible for protein syn- 
--thesis**. However, little is known concerning the manner 
--in which this RNA is conveyed to the cytoplasm, and only 
- small amounts of free mRNA can be detected in the cyto- 
plasm}. The possibility therefore remains that polysomal 
aggregates are actually formed in the nucleus or on the 
surface of the nucleus and travel from it as a unit. This 
article presents evidence for an association of polysomes 
th the nucleus and for the role of these polysomes as 
ermediates in the transfer of newly synthesized mRNA 
m the nucleus to the cytoplasm. This evidence is 
ybtained by relying on the ability of DNA solutions to 
xtract a specific microsome fraction from washed nuclei’, 
teLa cells were exposed to uridine-*H (U-°H) (4 ue./ml.), 
ile suspended in Eagle’s. minimal essential medium. 
Vashed cells were allowed to swell in distilled water’, 
omogenized with a tight-fitting Dounce homogenizer, 
nd the medium immediately adjusted to the following 
composition : 0-25 M sucrose, 5 x 10-° M magnesium 
hloride, 0-1 M potassium chloride, 0-05 M tris hydrochloric 
acid buffer, pH 7-8 (solution A), and 0-25 per cent Triton 
X-100'%. Nuclei were removed by centrifugation at 600g 
or 15 min, and the supernatant suspension adjusted to 
-05 per cent with respect to sodium deoxycholate (pH 7-8) 
nd used as the cytoplasmic fraction. The nuelei were 
washed several times in solution A plus Triton ‘X-100’ 
-and finally centrifuged through a layer of 2-2 M sucrose 
1 solution A at 37,000 r.p.m. for 4 h using the “‘SW-39’ 
rotor of the Spinco model L ultracentrifuge’. The washed 
= nuclei, which were free from any visible cytoplasmic con- 
tamination and virtually free from intact cells, were resus- 
-pended in solution A plus 5 mg/ml.salmon sperm DNA and 
allowed to stand at 0° C for 30 min. This suspension was 
then diluted with two volumes of solution A and recentri- 
fuged at 12,0009 for 30 min. The supernatant was adjusted 
to 0-5 per cent with respect. to sodium deoxycholate and 
will be referred to as the DNA extract of the nuclei. The 
remaining pellet represented the nuclear residue. When 
-such an experiment was carried out with a short labelling 
period (5 min) 52 per cent of radioactivity fixed was found 
jn the nuclear fraction and the remainder in the cytoplas- 
= mie extracts and nuclear washes. Under such conditions, 
about 40 per cent of the nuclear radioactivity was ex- 
tracted by exposure to exogenous DNA, and this material 
had the physical characteristics of polysomes. 
“In Fig. 1, the distribution of radioactivity in sucrose 
: gradient centrifugal separations of the cytoplasmic fraction 
(1A) is compared with that of the DNA extract of nuclei 
= (LB). In such homogenates the radioactive peak present 
- in the nuclear extract had an Sp, of approximately 110- 
_ 170 as compared to a nominal 70 8 for the single ribosome 
< peak. Comparatively little radioactivity was found in the 
toplasmie fraction after such a short labelling period 
ig. LA) compared with the amount found in the DNA 
tract of the nuclei of t arae cells (Fig. 1B). 



































whi. they were extremely 
‘Nase (1D). This is consistent 


oe ‘tneabhient: with DNase : 
: labile tominute amounts k 5 





with the interpretation that these fractions were aggre- 
gates having radioactive RNA as a backbone. 

The DNA whieh was used in the extraction did not 
appear to be bound in this complex in a way which would 
affect the aggregate size (Fig. 1C). This is in agreement 
with the results of Okamoto and Takanami et al.*%:"', 
who demonstrated that only single-stranded DNA formed 
complexes with ribosomes. The ability of DNA to effect 
this extraction was not dependent on the source of the 
DNA, nor on its molecular weight. Thus salmon sperm 
DNA was as effeetive as calf thymus DNA, and a shear- 
degraded DNA which was no longer precipitable. with 
two volumes of alcohol was still active in extracting the | 
polysomes from the nuclei. On the other han 
structural specifieity is required, since other. pc 
such as yeast RNA, heparin, and poly-ethene i 
acid were inactive when tested in the same sys om. ‘Tt 
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Fig. 1. Sucrose gradient centrifugation of extracts from: r 


with U-"H for 5 mia. Cell fractionation as described in. te 
gradients were linear (15-36 per cent) in solution A am 
15 ugm. poly-ethenesulphonic acid mol. wt. 12,906", Centrifugation 
at 25,000 r.p.m. for € hin the ‘SW 25° rotor of the Spinco model EL ult 
centrifuge. Results represent radioactivity in the acid insoluble fractie 
expressed. m cpm. iag protein. A, Cytoplasmic fraction; B, DNA extract 
of nuclei; ©; DNA extract of. nuclei after treatment with 2-5 agimi 

DNase at ay 1 for min; D, DNA extract of nuclei after treatment with 


0-068 mugiml, RNase at 37° C for 5 min 
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must be concluded th 
chemical extracta 
Further evidenc 
aggregates found 
Large numbers of ‘chains’ of particles which corresponded 
in size to ribosomes were readily demonstrated. Finally, 
the molecular size of the radioactive RNA species present 
in the various fractions from labelled cells was estimated 
by means of the sodium dodecyl sulphate procedure of 
Gilbert”. As can be seen in Fig. 2, the bulk of the radio- 
activity fixed into each of the three fractions during a 
5-min labelling period showed a very heterogeneous dis- 
tribution of sizes with a peak about 10S, corresponding 
to the characteristic size distribution for mRNA. It js 
interesting that, although most of the radioactivity in the 
cytoplasmic fraction had been found in the 708 region 
(Fig. 1.4), the isolated radioactive RNA from this material 
also. corresponded to mRNA in size and was indistinguish- 
able from the RNA in the DNA extract of the nuclei. On 
prolonged exposure to U-*H, the labelling pattern in the 
nuclei shifted towards larger RNA species which could be 
ribosomal RNA precursors!*, The change in the distribu- 
tion of radioactivity in the other two fractions indicates 
the incorporation of label into ribosomal RNA. The total 
amounts of radioactivity in the various fractions also 
changed markedly (Fig. 2 D-F). The large amount of 
DNA (extractant) present in gradient 2B and 2E prevented 
the detection of the characteristic peaks of ribosomal RNA 
by their. absorption at 260 mu. However, colorimetric 
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Fig.2.. Sucrose gradient analysis of the RNA from cell fraction obtained 
as described. 





ractof > ted that essenti 










the nuclear extract came from thè. 
fraction in the electron microscope. 
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0-8, typical of mammalian ribosomes. ro 

It is questionable whether the polysomes which + 
associated with the nuclei represented a random sampl 
the cellular polysome population, as might be expected 
they arose by some adsorption artefact, or whether, 
stead, they represented a special stage in. the life-cyel 
the polysomes. In order to answer this question the tims 
course of the incorporation of tritiated cytidine into the 
RNA of the various cellular fractions was followed. The 
results of one such experiment are shown in Fig. 
Virtually identical results were obtained on two sep 
repetitions of this experiment. The most rapidly labe 
fraction was the RNA in the nuclear. residue fract 
(curve 6). The RNA present in the cytoplasmic riboso: 
(curve 3) was the last fraction to become radioact 
Kinetically the polysomes of the nuclear extract (curv: 
and those associated with the cytoplasmic membranes 
(curve 2) behaved as intermediates in the flow of RNA x 
from the nucleus to the cytoplasm. The results are in 
accordance with the view that mRNA is first formed in __ 
the nucleus, becomes associated inte polysomes in oron 
the nucleus, after which the polysomes leave the nucleus 
in association with the membranes of the endoplasmic 
reticulum and finally end up as free polysomes. es 

The polysomes which were present after rapid pulse __ 
labelling appeared to be primarily membrane-bound. 
Essentially all the radioactive RNA of these cells was 
sedimented after centrifugation at 30,000g unless the 
preparations were first treated with sodium deoxycholate. __ 
Furthermore, both the DNA extract of the nuclei and the 
cytoplasmic microsome fractions had similar and typical 
phospholipid/protein ratios and comparable NADH- | 
cytochrome c reductase activities, in agreement with the | 
conclusion that the ribosome aggregates in these fractions — 
were bound to membranes. This is contrary to the results 
of Penman et al.’, who reported that the use of deoxy- 
cholate was not necessary in demonstrating the presence 
of polysomes in extracts of the S-3 clone of Heli 

Microscopic examination. of the nuclei befe 
extraction with DNA failed to show any det 
in their appearance. Furthermore, nucle 
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NA extract originated. inside ti the nuclei. Because of 
nounced difference in the relative amount of radio- 
ity which was bound to the membranes in this frac- 
‘it is likely that these membranes originated as 
ortions of the nuclear membrane rather than from the 
_ endoplasmic reticulum. : 

That polysomes which are bound to membranes are 
_ more. active in protein synthesis than those which are 
_ free in the cytoplasm is suggested by the findings of Hasel- 
korn and Fried, Pelmont. et al. and otherst*-*7, Thus 
free polysomes may represent the last stage in polysome 
development, and the movement of the polysomes from 
_ the nucleus to the cytoplasm may take place on the mem- 
branes of the nucleus and endoplasmic reticulum. It is 
_ possible that this movement is accomplished by movement 
- of the membranes themselves. 

We thank Mr. F. LaPlante for technical assistance. 
Triton ‘X-100 was obtained as a sample from Rohm and 
Ham Company, Philadelphia, Pennsylvania. 
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REGULATION OF CELLULAR AUTOLYSIS BY HYPERBARIC OXYGEN 

















NHIBITION of tissue autolysis by hyperbaric oxygen 
was first described by Paul Bert!, who aseribed it to 
inhibition of “ferments”. Few, if any, experimental 
a have appeared substantiating these observations or 
topting to ascertain possible mechanisms of action of 
nhibition. Much of this neglect may be due to the 
ailability of adequate experimental material. Several 
able features, including relatively uniform and pre- 
ble survival times and ease of mechanical handling, 
» protozoa excellent experimental subjects for in- 
tigations of oxygen toxicity, as described by Wittner’. 

ciliate protozoa such as Paramecium have well- 
eloped enzymatic mechanisms for intracellular diges- 
1 of exogenous as well as endogenous food materials’. 

hese attributes combined suggested that at least some 
of the hydrolytic enzyme. systems of these protozoans 
uld serve as test objects for an investigation of the 
ffects of hyperatmospheric oxygen concentrations on 
tracellular autolytic mechanisms. For our initial 
observations, we chose a sulphydryl dependent, intra- 
eellular enzyme system for which Paramecitwm possesses 
high levels of activity. 

“A single line clone of Paramecium caudatum was 
established according to the method of Sonneborn‘. For 
experiments, sub-cultures of feeding animals were pooled 
- and washed several times by centrifugation at low speeds 
(500 r.p.m.) in successive changes of de-mineralized- 

distilled water. 

For Papom to oxygen, aliquots of washed organisms 
-containing 2,000-4,000 animals were placed in small 
open Petri dishes. The final volume of liquid was kept 
„constant to permit equivalent diffusion paths with respect 

to depth and cross-section of the Petri dish. The pressure 
-vessel was a ‘Lucite’ cylinder re-inforced with brass ends, 

as described previously*?. Pure oxygen (Linde) was used 
_ up to pressures of 7 atm. (abs.) following thorough flushing 
(5 min) of the tank. Control gas mixtures consisted of a 
_ single atmosphere of air (not flushing the tank) with nitro- 
-gen to the desired number of atmospheres (abs.). De- 
compression occurred over a 10-min period to avoid 
chanical damage to the organisms. 
‘Our initial observations were made at room temperature 
° C} and consisted of exposing three groups of animals 
atm. (abs.) and 7 atm. (abs.) of pure oxygen respec- 
> and a single atmosphere of air with the addition of 
an » (gauge preasure) nitrogen. ‘Consistent with the data 
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of Wittner?, Paramecia exposed to 3 atm. of p ‘6 
were killed by about 9 h exposure, while under 
(abs.) they were killed within 3h. Death was co 
to have occurred en cessation of ciliary motion 
pulsation of the contractile vacuole. Contro 
observed in nitrogen-air mixtures for identic 
appeared perfectly normal and, when removed t 
spheric air, remamed so throughout a 3-weelk ; 
observation. z 
In the second series of experiments, following 
by exposure to byperbaric oxygen at the pres 
times already outlined, some dishes were retu a 
normal air while ethers were kept under pure oxygen for 
up to 3 weeks at lethal pressures. a 5 
Microscopic observations. All organisms were olavi 
by a high- -power “eng woe distance a ic shai 












of the ‘Lucite’ en, chamber. | 
time of death as he emcat by cessation of cili ar 







follow some ‘aspen sts of the cytological condition of t ; 
protozoa subsequent to death. In all the oxygen-exposet 
dishes, no evidence of marked cytolysis was detected even 
after 2 weeks follewing death of the Paramecia, provided 
these remained under oxygen. The macronucleus, con- 
tractile vacuoles and some of the cytoplasmic inclusions 
ordinarily detectable under the phase-contrast microscope 
appeared intact. Food vacuoles were not present, Animals 
exposed to and maintained at 3 atm. (abs.) of oxygen 
until death showed some signs of cytolysis after 2 weeks; 
those dead from exposure to 7 atm. (abs.) of oxygen re- 
tained their essertially ‘normal’ appearance for at least 
an additional 3 weeks. Further details of the cytological 
alterations of these organisms, including cytochemical 
observations, are to be reported elsewhere. 

Determination cf proteolytic activity. We used a modi- 
fication of the method of Anson? with dialysed bovine 
haemoglobin as substrate. For spectrophotometric 
determination, approximately 0-1 ml. portions: of bomo- 
alae Paramecta pene number of organisms per nme 





Balan DE E O at 280 mu. a 
consisted of 0-1 mi. homogenated organisms added direatly 
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to 1-0 ml. 0-3 M trichloroacetic acid followed by 0-5 ml. of 
haemoglobin substrate. The percentage hydrolysis was 
calculated by the formula 100 (E; — Ey)/(Ha — Æ.) where 
E, is the extinction coefficient of the blank, E: is the extinc- 
tion coefficient at time t and Eœ is the extinction co- 
efficient at complete digestion. 

While other dynamics of the enzyme system encountered 
will be considered elsewhere, a distinct inhibition of 
catheptic activity by oxygen occurred. Fig. 1 shows the 
substrate hydrolysis obtained with incubation times up to 
16h. To demonstrate that pressure alone is not a factor, 
aliquots of homogenized Paramecia were exposed to 120 
ib./in.? (gauge pressure) using pure 99-8 per cent nitrogen 
in an unflushed vessel which would thereby contain a 
normal single atmosphere of air with its normal equivalent 
of oxygen. These results are also considered in Fig. 1. 

Significant inhibition of hydrolysis by the enzyme system 
under investigation occurred with exposure to 120 Ib./in.? 
(abs.) of oxygen (26° C) during a 45 min exposure (Fig. 2). 
A 10-min exposure to similar concentrations of oxygen 
produced no detectable difference in the rate of enzymatic 
hydrolysis as compared with unexposed control animals 
killed by thermal shock (10 min exposure to 37° C, Fig. 1). 
The most marked inhibition of hydrolysis occurred with a 
60-min exposure to 120 Ib./in.? of oxygen at 26° C (Fig. 2). 

The ability of oxygen to inhibit catheptic activity may 
be dependent on temperature, but our present report 
deals with a single temperature. The temperature depend- 


= enee of oxygen poisoning in protozoa was previously 


deseribed?, but quantitative data with respect to enzymatic 
activity have not been reported. 

Previous investigations® on the effects of hyperbaric 
oxygen on amphibian embryos have indicated that a 
limited rate of autolysis occurs. Such an effect, especially 
apparent during specific early stages of development, 
could be separated from the oxygen-inhibitions of oxida- 
tive enzyme systems which were previously described in 
tissue homogenates™-!’. 
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Fig. 1. Hydrolysis of haemoglobin substrate by homogenates of pooled 


Paramecium caudatum, Living organisms had been exposed to 120 

ib. fin." (abs. oxygen (©), or to 105 Ib. /in.* (gauge) + a single atmosphere 

of pormal air (@), both for 60 min. An additional series consisted of 

anituals killed by exposure to $77 C for 10 min (W). In each case aliquots 

consisted of 0-1 mi. of a homogenate from a pooled culture containing 

approximately 16,000 organisms per ee. Exposure temperature was 
26° C while under pressure 
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Fig. 2. Hydrolysis of haemoglobin substrate by homogenates of 

Paramecium caudatum exposed while alive to 120 Ib./in.? (abs.) of 

pure oxygen for: @, 10 min; ©, 45 min; W., 60 min. Exposure tempera- 

ture was 26° O, Aliquots consisted of 0-1 ml. of a homogenate from a 
pooled culture containing 16,000 arganisms per e.e. 
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_ The effects by hyperbaric oxygen on ontogenesis include 
production of teratogenic phenomena and may reflect 
a significant role for some hydrolytic enzymes during 
development. Recently, hyperbaric oxygen has been 


shown to produce mammalian congenital malformations 


to some degree™, 

The effect of hyperbaric oxygen on limiting the rate of 
or totally inhibiting cell autolysis may reflect an inhibition 
of enzyme by inactivat’on of the sulphydryl co-factors on 
which some kinds of ‘catheptic’ activity are known to 
depend. However, it is also possible to evoke some recent 
concepts involving a possible cytochemical basis for con- 
trol of cell death. In this respect, the subcellular lysosomes, 
first described as a biochemical entity in mammalian 
hepatic cells, could play a part. In a variety of cell 
types, these subcellular particles have been described as 
being composed of a single limiting membrane containing 
an assortment of hydrolases with acid pH optima”. 
The external limiting membrane, composed in great part 
of a lipoprotein complex, may become stabilized under the 
oxygen tensions used in the present investigation. Stability 
of the lysosomal membrane appears to be increased by at 
least two steroids, oestrogen!* and hydrocortisone’, . A 
stabilization of such a membrane by oxygen could either | 
limit release of enzyme or prevent access of substrate to 
hydrolases compartmentalized with the subcellular unit. 
‘Cathepsin’ has been described as one of a number of such 
contained enzymes’. However, æ recent report? has 
suggested that the lysosomal membrane presents an 
increased permeability to high atmospheric oxygen con- 
centrations. Furthermore, model lipid membranes appear 
to become readily oxidized by air and are then unstable, 
but these observations may not be comparable with an 
in vive membrane system presumably being maintained 
by higher energy states. With these observations in mind, 
it is equally likely that in our experiments oxygen did not 
stabilize the lysosomal membrane but directly inactivated 
enzymatic protein. 

The part played by oxygen in the preservation of mam- 
malian tissue is at present being explored at the cellular 
level. It has been described, but the mechanism of action 
has not been explained, for the preservation of tissues for 
surgical transplantation??. It is not unreasonable that a 
primary action at the cell-level is a limitation of autolysis. 
Certainly, the effects of hyperbaric oxygen in inhibiting 
oxidative metabolism at the level of pyruvate oxidase and 
«-oxaloglutarate dehydrogenase, possibly through «-lipoic 
acid}!16, would not permit us to conclude that an increased 
metabolism was the cause of such tissue preservation. 

This work was supported by grants GM 05483 and CA 
07081 from the National Institutes of Health and a contract 


from the Office of Naval Research. 
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PLAQUE FORMATION BY PURIFIED SALIVARY MUCIN IN VITRO: EFFECTS OF 
INCUBATION, CALCIUM AND PHOSPHATE 


By CHARLES McGAUGHEY and Dr. ELLERY C. STOWELL 
Dental Research Programme, Veterans Administration Hospital, Long Beach, California 


ENTAL plaque, which has been defined in a general 
way as the insoluble organic material which is 
tightly bound to teeth’, is implicated in the aetiology of 
dental caries and periodontal disease because of its content 
of oral pathogens. It can also become calcified to form 
salivary calculus which may cause gingivitis by mechanical 
irritation. Investigation of the origin of plaque thus 
assumes a high priority among the objectives of dental 


There is evidence that altered forms of salivary mucin 
are constituents of plaque. The amino-acid spectrum of 
the organic matrix of salivary calculus has been found to 
be qualitatively and quantitatively similar to that of 
mucin, and there is a qualitative resemblance in the 
carbohydrate content*. Sialic acid” and fucose‘ are nearly 
absent and hexosamine is somewhat low* in plaque as 
compared with mucin, probably as a result of bacterial 
degradation. Material resembling plaque in its tinctorial 


properties has been found to result from incubation of 


precipitated salivary mucin in saliva’. The amino-acid 
spectrum of a certain type of plaque termed ‘denture 
pellicle’ has been observed® to be quite different from that 
of salivary mucin. It could, however, be a degradation 


‘product of mucin. 


It has been suggested that surface denaturation*, the 
loss of sialic acid*, or local pH changes*:? cause the 
deposition of salivary mucin on teeth. The evidence is, 
however, circumstantial and it has not been shown that 
these changes do, in fact, enable the altered mucin to 
become attached to the tooth surface. In order to 
investigate this problem further, we have undertaken a 
systematic search for various environmental influences 
which will modify the mucin molecule sufficiently to 
permit binding to surfaces, 


Purified porcine submaxillary mucin (‘PSM’, Sigma 
Chemical Co., St. Louis) was dissolved in distilled water 
(1-2 mg/ml., pH 6-7) and subjected to various experi- 
mental conditions. Aliquots were then added to depres- 
sion slides with or without other additions and evaporated 
in a desiccator over sulphuric acid. The residues were 
washed twice with five-drop portions of water and the 
slides were allowed to dry. The material remaining bound 
to the glass was stained with Ponceau red (200 mg per cent 
in 5 per cent trichloroacetic acid (TCA)) (Gelman Instru- 
ment Co., Amn Arbor) and photographed using green 
transmitted light. 

When aqueous solutions of ‘PSM’ (1 mg/ml.), either fresh 
or incubated st 38° C for periods up to 18 h, were treated 
as described abcve, no observable residues remained 
hound to the glass after washing (Fig. 1). If incubation 
was prolonged beyond 18 h, precipitation occurred in the 
incubation tube and the precipitate remaining on the slide 
after evaporation was not removed by washing. 

When the ‘PSM’ was dissolved in water (2 mg/ml.) and 
an equal volume of sodium phosphate (0-01 M, pH 6-5) 
was added, bound residues always remained after washing, 
whether or not incubation had been carried out (Fig. 1). 
The residues from unincubated ‘PSM’ were more widely 
distributed over the glass surface, were more flaky, and 


were more easily washed away. With increased periods of a 


incubation, the residues tended to become concentrated 
in rings around the periphery and were much more tightly 
hoon ; thus, when the number of washings was increased 
from two to four, the residues from fresh ‘PSM’ were 
usually washed away completely, whereas residual 
material was quite apparent from samples incubated 30 
min or more. If incubation was prolonged for periods 
exceeding 18 h, precipitation occurred in the incubation 





Fig 


.1. Effects of p 
(1 mg/ml., pH 67) was wei poten Ry eg yet (+P) or absence (— P) of sodium p 
pe ul.) w 


riods of time, Aliquots (1 


ate and incubation on the formation of glass-bound resi 
ere evaporated on depression slides, w 


dues by poreime submaxillary mucin. 
te concen 


898 





after before 


— 


NATURE 


February 26, 1966 vou. 209 





after before 


eo ae roe Se ey ee 


Fig. 2. Comparison of results obtained by adding phosphate before and’after incubation of mucin. Where phosphate was added before incubation, 


the mucin concentration during incuba 


phosphate was added afte 
phosphate were evaporated. 


tubes, but the precipitate coalesced into much larger 
particles than in the absence of phosphate. These particles 
settled to the bottom of the incubation tube where they 
adhered to the glass. In the absence of phosphate the 
precipitate did not adhere to the glass of the tube. The 
large particles which formed in the presence of phosphate 
remained bound to the glass slide after evaporation and 
washing (70 h incubation, Fig. 1). These observations 
clearly show that phosphate is necessary for the binding 
of difficulty soluble forms of porcine submaxillary mucin 
to a glass surface. It is of interest that after 48 h of 
incubation, the outer rings were quite apparent after 
washing with water, but were not visible after staining, 
having become soluble in TCA. By 70 h, the outer rings 
were not seen even before staining. 

The residues obtained after incubation with phosphate 
were compared with those obtained when phosphate was 
added after incubation. Fig. 2 shows that the residues 
were similar; however, the residues from incubation with 
phosphate showed much more diffuse, granular material 
in the middle portion of the slides (not well shown in 
Fig. 2). Note that the coarse precipitate which had formed 
after 70 h of incubation with phosphate (centre of depres- 
sion) was not present when phosphate was added after 
incubation. Also, there was often more TCA-insoluble 
material deposited as a thin layer by the latter samples 
at later incubation times. These results show that the 
material formed by incubation with phosphate has a 
nature somewhat different from that of the material 
formed by incubation followed by addition of phosphate. 
It is apparent that phosphate is not necessary for the 
formation of the organic material which binds to the glass, 
but only for the binding process. 

The PSM preparation used contained 5-6 per cent cal- 
ciam as determined by ethylenediamine tetraacetic acid 
(EDTA)-calcein titration (unpublished method, Uni-tech 
Corp., Panorama City, California), but only contained 1-4 
per cent total phosphorus as determined by the method 
of Beveridge and Johnson’. It thus seemed possible that 
the added phosphate became attached to the mucin 
molecule at the sites of calcium binding. This was tested 
as follows: calcium was removed from a 10-ml. sample of 


r incubation, the mucin concentration durin 
The amounts and concentrations of mucin and p 
washing, and staining were carried out as described in the text. 


on was 1 mg/ml., the phosphate concentration was 0-005 M, and 100 pl. were evaporated. Where 


. of 0-01 M 


incubation was 2 mg/ml., and 50 Fs of mucin and 50 Io 
vapora i 


hate evaporated were thus kept constant. 
cubation temperature, 38° C; pH, 6-7 


‘PSM’ (2 mg/ml. in water) by a single treatment with 
large excess of ‘Dowex-50-X 8’ sodium ion-exchange resin 
(50 mg dry weight). An equal volume of sodium phosphate 
(0°01 M, pH 6:5) was added and incubation was carried 
out at 38° C for 30 min. Fig. 3 shows that no bound 
residue was formed by the sample from which calcium 
had been removed, but that an excellent residue was 
obtained from a sample to which the removed calcium 
had been restored. It was shown, by EDTA titration, 
that 93 per cent of the calcium had been removed from 
mucin by the resin treatment. These results indicate 
that the ability of phosphate to promote the formation of 
surface-bound residues from ‘PSM’ is dependent on the 
presence of calcium. 

The foregoing results suggest a mechanism for; the initial 
phase of the formation of dental plaque. We have formed 
the hypothesis that phosphate binds to salivary mucin 
at sites already possessing bound calcium. This process 


h 





Ca removed 





Fig. 3. Effects of removing and restoring calcium on the formation of 
cin. Calcium 


glass-bound residues by porcine submaxillary mu was 
removed from the mucin with ‘Dowex-50' ion-exchange resin. The 
solution was divided into two pari and the calcium was restored to one 
part ay ad calcium chloride, Phosphate was added to both of bg 
solutions neu fe 


bation was carried out for 30 min at 38° C, pH 
Aliquots (100 #l.) were then evaporated, washed, and stained as des- 
cribed in the text, Mucin concentration during incubation, 1 mg/ml.; 
phosphate concentration, 0:005 M; calcium concen , 00014 M 
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would form relatively insoluble materials which would 
adhere to the tooth surface on evaporation of the moisture 
from thin layers of saliva. It is possible also that bound 
calcium and phosphate facilitate the attachment of films 
of saliva to the tooth surface to form a relatively stationary 
medium capable of trapping oral bacteria. Incubation 
of the mucin in the oral environment causes its depolymer- 
ization, and when the product combines with phosphate 
the resulting material is less soluble and/or more adherent 
to surfaces than is the case with fresh mucin. The 
depolymerization probably involves hydrolysis of peptide 
bonds. This is supported not only by the formation of 
TCA-soluble residues in our experiments, but also by the 
work of Bettelheim® who observed the appearance of 
free carboxyl groups during incubation of bovine sub- 
maxillary mucin under mild conditions. Such materia! 
would be expected to have a chemical composition different 
from the original mucin, and this might account for the 
results of Smith*, who has found that the amino-acid 
spectrum. of ‘denture pellicle’ differs markedly from that 
of salivary mucin. Similar changes could, of course, also 
occur through bacterial degradation of the mucin’: 
however, bacterial contamination was probably not a 
factor in our experiments because the results were quite 
reproducible in all respects. If the mucin remains in the 
mouth for a sufficient period of time, precipitation of 
calcium- and phosphate-bound mucin product may 
occur and, as we suggest, this material would probably 
adhere to the tooth surface without evaporation. 

In contrast with the results for ‘PSM’, treatment of 
whole human wax-stimulated saliva with “Dowex-50’ 
resin did not completely prevent, but only markedly 
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inhibited, the binding of residues to glass surfaces. 
Experiments are planned to determine whether this 
resulted from incomplete removal of calcium or from the 
presence of materials which bind easily in the absence of 
calcium. 

Eilberg, Gould ard Sobel” have shown that an organic 
film can form on glass slides as a result of repeated incuba- 
tion in and evaporetion of calcium-free saliva. This film 
is calcifiable in the presence of calcium and phosphate. 
It would be of interest to determine whether the deposition 
of the film is facilitated by these ions. 

Finally, the present results fit closely with those of 
Dawes and Jenkins?!, who have found that both calcium 
and phosphate are concentrated in plaque with respect to 
saliva. It would appear that such concentration may 
occur prior to, and indeed may facilitate, the deposition 
of the organic mstrix of plaque. Calcium phosphate 
would thereby assume the hitherto unsuspected role of 
a deleterious ‘biological cement’. 
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OBSERVATIONS ON THE BIONOMICS OF THE MARINE NEMATODE, 
Metoncholaimus SP. 


By B. E. HOPPER and Pror. S. P. MEYERS 


Entomology Research Institute, Canada Department of Agriculture, and Institute of Marine Science, 
University of Miaml 


OMPARATIVELY scant information exists on the 

bionomics of nematodes in the marine environment. 
In conjunction with our biological investigations of sea- 
grass communities (turtle grass, Thalassia testudinum, 
Konig) in Biscayne Bay (Miami), Florida’, an undescribed 
species? of the genus Metoncholaimus was isolated in large 
concentrations during the autumn and winter of 1964—65 
(ref. 3). At times, the animal comprised the dominant 
meiofaunal representative in the upper layers of the 
sediment. Patterns of activity of the species suggested 
the presence of environmental and biological factors 
affecting population dynamics as well as the extant 
ratios of the sexes. Data on various biological character- 
istics of the animal, including movement, egg deposition 
and development, are noted here. 

Metoncholaimus sp. is a large (4 mm in length) and 
active animal with characteristic dorso-ventral undulatory 
movements both in sea water agar (0:5 per cent) and on 
fungal-cellulose mats. The head moves constantly in 
& probing manner, as if ‘seeking food’ or ‘testing’ the 
environment. Probably, this movement accomplishes 
both functions, for numerous sensory organs, labial 
papillae, cephalic setae and amphids are located at the 
head. (Disagreement exists on the function of the amphids. 
In general, the amphid is thought to be a chemo-receptive 
structure’5, However, it has been suggested? that the 
amphids are mechano-stretch receptors in at least those 
groups of the Nematoda that possess weak cuticles. While 
neither hypothesis has been tested experimentally, the 


former one would appear more acceptable on a morpho- 
logical/physiological basis.) A withdrawal reaction is 
noted when contaczs is made with a needle placed in the 
path of the nematode. Movement occurs readily in a 
forward or reverse direction. Frequently during migration 
on agar, Metoncholaimus sp. forms acute angles, resulting 
in the cuticle becoming twisted and wrinkled. These angles 
and wrinkles are transmitted down the animal as it passes 
through the agar. Gray and Lissmann’ discuss locomotion 
of other nematodes and describe undulatory waves 
generated at the anterior portion which travel posteriorly 
the length of the kody. The wave generated by Meton- 
cholatmus sp. remains stationary as the nema migrates. 
The animal does rot ‘overstretch’ on the outer side of 
the wave but does show an ‘accordion-like’ appearance 
on the inner surface. 

Individual specimens in sea water apart from a sub- 
strate coil into irregularly shaped balls. Often the spin- 
neret is used for aztachment to the bottom of the glass 
dish with characteristic probing action. When many 
nemas are added to sea water in the same dish, rapid. 
coiling and entwiming occur, resembling a Medusa’s 
head. When a cellulosic substrate is placed in the liquid 
in contact with an animal, the specimen usually uncoils 
and enters the substrate quickly. 

Metoncholarmus sp. dropped into cylinders of sea water 
exhibit serpentine movements for a short time (<5 sec), 
quickly coil, and fall through the water column in this 
position with the anterior region probing. Probably, 
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their descent in samples with sand and other detritus 
would be more rapid due to adherence to particles. 
Striking differences are noted in the rate of fall between 
viable and freshly preserved specimens of Metoncholaimus 
sp. (Fig. 1). In tests conducted at room temperature the 
descent of specimens over a distance of 22 cm was recorded 
at 10 sec intervals. Fifty per cent of the viable animals 
fell within 60 sec, while 145 sec were required for an equal 
percentage of preserved nematodes to fall the same dis- 
tance. Similar striking differences occurred at the 100 per 
cent level. In general, no differences in the rate of fall 
were observed between freshly preserved animals and 
those preserved for 5-10 days. 
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Fig.1. Rate of fall of viable (#) and freshly preserved (A) specimens of 
Metoncholaimus sp. 


Swarming or monospecific affinity has been reported 
for certain plant parasitic nematodes (Helicotylenthus 
nannus, Tylenchorhynchus claytoni and. Criconemoides sp.) 
in water agar*. Rapid and random dispersal occurred in 
sea water agar, and in no instance was a monospecific 
attraction observed. Frequently, freshly collected fungal 
mats showed large concentrations of Metoncholaimus sp. 
with as many as several thousand gravid specimens on 
test substrates submerged for periods as short as 72 h. 
It has not been established whether this aggregation of 
gravid animals represents a swarming response, as already 
noted 

Terrestrial nematodes differ from marine species in 
their ability to penetrate and colonize water agar. Marine 
nematodes do poorly on 1-7 per cent sea water agar 
(salinity 35 parts per thousand). In tests of various con- 
centrations of agar, that is, 0-5, 1:0, 1-5 and 2:0 per cent, 
prepared with sea water, specimens of Metoncholaimus 
sp. most readily entered and moved within the 0-5 per 
cent agar medium. In the latter, specimens have often 
been observed to travel a distance equal to their body 
length of 4 mm in less than 30 sec. The 1-0 and 1-5 per 
cent agars permitted slight penetration of a few specimens, 
while no penetration and only surface migration occurred 
in the 2-0 per cent medium. In addition to ease of pene- 
tration, the nematodes remained active for a longer period 
in the 0-5 per cent agar. This latter concentration was 
used for the majority of our observations on Meton- 
cholaimus sp. 

Egg deposition. Females commonly carry between 5 and 
20 eggs in their uterus, although as many as 51 eggs were 
counted in one specimen. At deposition, eggs are released, 
in rapid succession, resulting in the formation of egg 
clusters or packets. Occasionally, single eggs are retained 
in the uterus after the main mass has been deposited. 
Death of the female appears to follow egg deposition. 
Subsequent development of eggs was not observed. 
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Number of eggs in the clusters is comparable to amounts 
found in the uterus; however, single eggs occasionally are 
seen. 

Clusters of 10 to 20 eggs frequently are observed on 
fungal cellulose mats. The eggs have a gelatinous coating 
and adhere together both in agar and on the fungal mat. 

Frequently, eggs are deposited within the initial 24 h 
on sea water agar. In a comparison of egg deposition at 
15°, 20° and 25° C, greater egg release occurred at 15° C. 
Often, eggs were deposited during the short time required 
for microscopic observation of the 15° C sea water agar 
plate. The temperature change from 15° C to room 
temperature during examination may stimulate deposi- 
tion. 

Eggs are deposited, unsegmented and undergo several 
cell divisions during the initial 8 h. In tests in sea water 
agar and liquid, in the light (25° C) and dark (18° C), 
with and without agitation, eggs often, hatched within six 
days. Occasionally, hatching may require 8-10 days. 
Once released, juveniles increase rapidly in length on the 
sea water agar. 

Feeding and development. Limited observations have 
been made on the feeding of Metoncholaimus sp. Animals 
survive for as long as several months in sea water flasks 
containing a fungal-cellulose substrate. Adults are able 
to feed on marine bacteria and yeasts in liquid culture. 
In agar, juveniles were found ingesting ciliates which had 
developed adjacent to a dead adult. This feeding was 
associated with a decrease in the number of ciliates with a 
concurrent increase in the size of the juveniles. Further- 
more, the intestinal coloration was different (darker) from 
that noted for the non-feeding animals. 

Attempts to culture Metoncholaimus sp. on the stylet- 
bearing nematode, Aphelenchoides sp., were unsuccessful. 
In one instance, gravid Metonchalaimus sp. fed on the 
contents of their own broken eggs, whereas adjacent intact 
eggs remained undisturbed. 

Metoncholaimus sp. occasionally swallows air bubbles, 
often at a rapid rate. The bubbles pass quickly through 
the oesophagus to the anterior portion of the intestine, 
where they accumulate. Subsequently, these move 
posteriorly, decreasing in size, until they are completely 
absorbed at a distance 1/2 to 2/3 from the anterior end 
of the intestine. 

Both adults and juveniles are active in sea water agar 
for several weeks, after which the nemas are attacked by 
bacteria developing in the medium. In one test, Meton- 
cholaimus sp. and Huchromadora sp. were placed in agar 
media, following which bacteria attacked the latter 
animals, decomposing the softer parts of the body and 
leaving the harder components of the cuticle as ‘rows of 
hoops’ through the agar. The bacteria have been identified 
tentatively as species of Pseudomonas, Vibrio and Agro- 
bactervum. Initially, Metoncholaimus sp. showed resistance 
to bacterial activity, but after several weeks was also 
attacked. ` 

Field and laboratory investigations are being continued 
to determine the life cycle and role of this species m 
the environment. Present data, based on hatching 
time, development of juveniles, and seasonal concentra- 
tion of gravid females, suggest a cycle shorter than one 
year. 

This work was supported by grant GM 12842 from the 
National Institutes of Health to the Marine Laboratory, 
Institute of Marine Science, University of Miami. 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Early Radiation Field and High-energy — 
Electrons in Supernovae 


Tue discovery of an X-ray source associated with the 
Crab Nebula? has prompted an intensive search for X-ray 
sources associated with other known Type I supernovae, 
for example, Tycho, and Kepler**. So far this search 
has proved fruitless. One is thus led to wonder what 
essential differences between supernovae of the same type 
might result in the presence or absence of X-ray emission. 
Morrison and Sartori® have proposed a thermal radiation 
model to account for this discrepancy. On the other 
hand, Woltjer has argued that the observed X-ray 
emission from the Crab Nebula is due to synchrotron 
radiation. I suggest that if Woltjer’s hypothesis is cor- 
rect, a critical part is played by the intensity of the 
early post-explosion radiation field; for this field, by way 
of the inverse Compton effect, limits the energy of the 
electrons in the supernova. In fact, I estimate that no 
extreme relativistic electrons (7 > 101 eV) can survive 
the first few weeks after the explosion. The situation is 
somewhat similar to that which gives rise to an upper 
bound on the energy of cosmic-ray electrons——the inverse 
Compton. effect from starlight and synchrotron radiation 
in the galactic magnetic fields forcing a limit on the elec- 
tron energy’. 

To make my point, I shall discuss a concrete example, 
namely, the Crab Nebula. Let us take, for the sake of 
argument, a simple model in which we assume that the 
currently observed X-ray emission is due to synchrotron 
radiation by a relatively small number of nearly mono- 
energetic high-energy electrons trapped in a weak magnetic 
field. The radiating electrons are assumed not to be 
significantly accelerated at the present time. Typical 
parameters appropriate to the foregoing assumptions and 
consistent with the observed X-ray fluxes from the Crab 
Nebula are given in Table 1. 


Table 1 


Half-life ~ 10° years 
Frequency of X-radiation ~ 105 c/s 
Present electron energy ~ 10 eV 
Magnetic field* ~ 107 gauss 
Initial energy stored in X-radiating electrons ™ 10“‘ergs 


* This magnetic field is about one-tenth that normally accepted for the 
average fleld of the Crab Nebula, However, consistent with the observations, 
this smaller field need occupy only a small fraction of the volume of the 


Nebula. Note that even smaller local fields are necessary to account for 


recent observations of locahzed radio-frequency emissions from the Crab 
Nebula’, 

Recently, Jones? has computed the electron energy loss 
rate due to inverse Compton effect in radiation fields 
up to 104 °K. This corresponds to the radiation energy 
density (~ 75 ergs/em*) about 10 days after the explosion 
of the Type I supernova (radiant energy input of about 
105° ergs)—-it being assumed that the dilution of the 
radiation field is unimpeded by imterstellar matter, 
and thus, that the radius of the sphere containing the 
radiation grows nearly at the velocity of light. Jones 
has shown that in an equilibrium radiation field the 
electron energy loss rate due to inverse Compton effect 
is: 

—dEjdt ~ 2:5 x 10-5 cpF(E,T) ergs/sec 
where c is the velocity of light; p, the energy density in 
the radiation field («Z™); E, the electron energy; T, the 
black-body temperature of the radiation field. All quan- 
tities are in 0.G.S. units. 

The function F(E, T) is proportional to E? for Æ < 10% 
eV, and increases logarithmically for higher electron 


energies. For electrons with energies in excess of about 
2x 10% eV and radiation density corresponding to 
T ~ 104 °K, we find from Jones’s calculation that: 


F(E, T) ~ 10% 


These electrons will then lose energy at the rate of 4 x 
10% eV/sec. Thereiore, the time required for an electron 
starting with energy E: to be degraded to a final energy 
Ey ~ 2 x 10! eV is approximately: 


At ~ 2:5 x 10-2 E; see 


where Æ; is in eV. 

It is easily seen, then, that if we can characterize the 
early radiation field in a supernova by an equivalent 
black-body temperature, electrons with initial energies less 
than about 4 x 10” eV will have decreased their energy 
to 2 x 10!2 eV during the first 10 days. But electrons 
accelerated after same further dilution of the radiation 
field has occurred may survive with energies sufficiently 
large to participat> in the currently observed X-ray 
emission. In order for the electrons to retain energy of 
about 10*4 eV at tke end of a few weeks (as required by 
our model), their initial energy would have to exceed 
107° eV. But then the energy initially acquired by those 
electrons would exceed the total estimated energy released 
in the supernova. 

Thus, because of the energy requirements, the initial 
electron acceleratian process must have been effective 
for a time sufficiently long for the radiation field to have 
been diluted so that electrons with energies ~ 10 eV did 
not promptly lose a significant fraction of their energy by 
the inverse Compton effect. 

As seen in the foregoing, in the energy range under 
consideration losses by inverse Compton effect depend 
only logarithmically on the electron energy. Thus, the 
emergent electron energy depends in a weak, albeit non- 
négligible, manner on initial injection energy. This is 
unlike the case of losses by synchrotron radiation which 
depend quadratically on the electron energy. 

Ib is worth menzioning here that, in addition to the 
limitations on electron energies imposed by the inverse 
Compton effect, the possible presence of magnetic fields 
during the early stages of the supernova expansion further 
limits the efficiency of potential electron acceleration 
mechanisms. Thus, as is easily shown, an electron in- 
jected with an extreme relativistic energy, Es traversing 
a region of typical dimensions & cm containing a magnetic 
field with energy density H?/8x will emerge with a final 
energy: 

Ep = 1044/(RH*)eV for Eit > Es 


Thus we are led to speculate that the absence of suffici- 
ently high-energy electrons, and hence of observable 
X-rays from Tycho and Kepler, may be due to unfavour- 
able relative phasinz of the dilution of the radiation field, 
the growth of the, as yet, undefined acceleration mechan- 
ism, and of the prevailing magnetic field. For as already 
shown, no significant number of electrons can retain 
high energies in the face of the initial radiation field of 
the supernova. 

Pending detailed calculations, as well as additional 
data, it is still an open question whether a favourable 
relative phasing is at all feasible; or if a continuous but 
unspecified acceleration mechanism, such as that postul- 
ated ad hoc by Parker! for magneto-active plasmas, is 
necessary to explaic the observation of X-ray emission or 
lack thereof. 
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PHYSICS 


intensity Distribution of the Lyman-Birge- 
Hopfield Band System of N, 


Recent rocket investigations of the vacuum ultra- 
violet radiation emitted from the aurora and airglow have 
shown up the need for laboratory measurements of mole- 
cular band intensities in this spectral region. Such 
laboratory investigations have until now been hampered 
by a lack of suitable intensity standards. One prominent 
band system of importance in this region is the Lyman- 
Birge-Hopfield (LBH) (a *ly— X 1X4) system of N,, 
which lies between 2000 A and 1200 A. It has recently 
been observed in auroral spectra taken by rocket-borne 
spectrometers!*. The only laboratory measurements of 
intensities of bands of the LBH system in emission are 
estimates of photographic plate blackenings*, where no 
account has been taken of variation of instrumental 
response with wave-length. 

Franck—Condon factors qv’y” have recently been cal- 
culated for this band system‘ using realistic Rydberg- 
Klein—Rees potentials. These can be used together with 
measured band intensities I,’,” to determine the variation 
of the electronic transition moment Re(r) over the band 
system and thereby to provide band strengths Sy’,”, since: 

Tes = K Ny y3 Relfo v”) "PEE | (1) 
Sie = Rè (Puo) "PE 
where K is a constant including units and geometry, Ny’ 
is the population of the upper state, and v is the frequency 
of the band and Fy's” is the r-centroid of the band. Relr), 
the electronic transition moment, is assumed to be a 
smoothly varying function of internuclear separation. 

This communication reports the results of relative 
intensity measurements of fifty of the major bands of the 
LBH system excited in a high-voltage a.c. discharge 
through nitrogen. A Hilger 3 m vacuum spectrograph 
with a photoelectric detector was used and the relative 
sensitivity of the instrument as a function of wave-length 
was established using a combination of standards im- 
cluding a carbon arc and a number of atomic lines the 
intensities of which could be calculated. Details of the 
calibration techniques will shortly be published. 

From (1) it is seen that a plot of 


I Nt 
Cot Wy) oe" 
versus Fy's” or wave-length (to which it is monotomically 
Telated’) for each band delineates the variation of Re(r) 
over the band system. This plot was made for bands 
from the first four levels of the upper state (v’ = 0 to 3) 
with the appropriate Franck—Condon factors’ and popu- 
lation factors determined by inspection of the relative 
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separation between the plots of (Z/gv‘)# versus f for 
v = 0,1, 2,3. No significant variation of Re(r) over the 
band system was observed. Hence to within the accuracy 
of the intensity measurements {+ 20 per cent) the elec- 
tronic transition moment can be considered constant over 
the LBH system, and thus the calculated Franck—Condon 
factors directly indicate the relative band strengths. This 
conclusion had previously been tentatively suggested from 
an empirical observation on eye estimates of photographic 
blackening’. It is of considerable significance in identi- 
fying LBH bands in the spectra of such sources as the 
aurora and in determining source conditions. 

This work was supported by research grants from the 
U.S. Air Force Office of Scientific Research (AF-AFOSR 
62-2364), the National Aeronautics and Space Adminis- 
tration and the National Research Council of Canada, and 
a contract from the Defence Research Board of Canada. 
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Simplified Bulb Tracer System for Argon 
“ Analyses 


THIS communication describes a simplified and inexpen- 
sive bulb-tracer system used for argon analyses in the 
potassium-—argon age-determination laboratory of the 
United States Geological Survey. The system is easy to 
build and operate, and is portable. The cost of the tracer 
system, including the argon-38, is less than 50.00 dollars, 
so the unit cost per tracer is low. In the past year we have 
made more than 300 tracers, and we expect to make at 
least 300 more before refilling the bulb. 

The tracer system (Fig. 1) consists of three 2-mm bore 
mercury-seal stopcocks connected to a 2-1. ‘Pyrex’ boiling 
flask. The gas pipette, D, is the volume between control 
stopcocks B and C. Stopeock A is a safety stopcock that 
allows the system to be removed from a vacuum line 
without exposing stopcock B to the atmosphere. The 
stopcocks are greased with high-vacuum silicone grease, 
which has a vapour pressure of about 10-7 mm Hg, to 
which we have added a very small amount of molybdenum 
sulphide. The molybdenum sulphide helps to prevent the 


A B C 


J 


Fig. 1. Schematic diagram of the simpüfed bulb-tracer system for 
argon analyses. A, Safety stopcock; B and C, control stopcocks; D, gas 
pipette; and E, gas reservoir 
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Fig. 2. Analyses of an lntralaboratory standard mineral relative to the 


calculated depletion curve (solid line) for the simplified bulb-tracer 


system. The broken lines are 1 per cent above and below the calculated 
depletion curve 


stopcocks from “freezing up’ with time. The apparatus is 
constructed inside a wooden case so that the system can 
easily be moved or stored when it 18 not in use. 

The volume of the gas pipette, Vp, was determined by 
weighing the amount of mercury required to fill the 
pipette, and the volume of the gas reservoir, Vz, was 
determined by weighing it empty and full of water. The 
uncertainty in these measured volumes is about + 0:1 
per cent (standard error of the mean). The depletion, A, 
of the reservoir per tracer release is given by: 


Vo 
Ve + Vo 
which for our system is equal to 0:826 x 10-°. 


The amount of argon-38 in any given tracer,. Ty, is 
found from: 


i= 


Ty = T, exp( — Az) (1) 


where 7’, is a constant and x is the tracer number (that is, 
if the tracer is the one hundred and forty-fifth one taken 
from the bulb, « = 145). 2’, 1s the mean of several values 
of T, which are calculated from formula (1) using 
experimentally determined values of Tx. These experi- 
mentally determined values of Tz are found by calibrating 
several individual tracers either by comparing them with 
a volume of atmospheric argon measured with a McLeod 
gauge or by comparing them with a known inter- or 
intra-laboratory standard mineral. 

For routine operation we attach the tracer system to an 
ultra-high vacuum Ime that has two bakeable metal 
valves between the tracer and the pumping systems. 
Tracers are collected in individual tubes that consist of a 
breakseal tip and a side-arm containing activated charcoal. 
About twenty-five of these tubes are attached to the 
vacuum line at a time between the tracer system and the 
two valves, and the entire system, exclusive of the tracer 
system itself, is baked overnight at 300°C. An ionization 
gauge between the valves is used for measuring pressure 
after bakeout and for checking leaks. 

If the system is vacuum-tight, the tracers are prepared 
in the following way. With stopcock B and the valves 
closed, stopcock C is opened and the gas pipette D and 
reservoir are allowed to equilibrate for 20 min. Then 
C is closed, B is opened, and the argon in the pipette is 
adsorbed on a charcoal side-arm of a tracer tube cooled 
with liquid nitrogen. After collecting the argon for 30 
min, the tracer tube is sealed off, the valve to the pumping 
system is opened, and the manifold and gas pipette are 
pumped for 10 min. The procedure is repeated for each 
tracer. Pressure measurements made with an ionization 
gauge indicate that more than 99-9 per cent of a prepared 
tracer is collected by this procedure. The results of 
tracer calibrations also indicate that quantitative collec- 
tion of each tracer is obtained. 

The tracer system may also be directly attached to the 
argon extraction line and a tracer prepared at the time of 
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each experiment, but the procedure described here enables 
us to prepare and ealibrate tracers before they are used 
in isotope dilution analyses. Should an accident occur 
to the tracer system between calibrations, no data are 
lost. 

Plotted on Fig. 2, to illustrate the consistent behaviour 
of the tracer system, are fourteen analyses of a biotite 
that we use for an intra-laboratory standard. We analyse 
this biotite at least once in every fifty tracer releases in 
order to check for any relative changes in tracer concentra- 
tion other than normal depletion. The standard deviation 
of these fourteen determinations is 0-6 per cent (relative 
to the calculated depletion curve) and represents not just 
the error contributed by the bulb-tracer system but the 
net result of all the errors involved in an isotope dilution 
determination of the quantity of radiogenic argon in a 
mineral. Our experience with a variety of bulb and 
manifold tracer systems indicates that this simplified 
system is as precise as any known system. 


MARVIN A. LANPHERE 
G. BRENT DALRYMPLE 


U.S. Department of the Interior, 
Geological Survey, 
Menlo Park, California. 


A Peak in the Tritium Content of 
Atmospheric Hydrogen following the 
Accident at Windscale 


In October 1957 Gonsior and Friedman! observed a 
strong peak in the iritium content of molecular hydrogen 
for air samples teken at Hamburg, Germany. They 
attributed this peak to the direct admixture of tritiated 
hydrogen produced on October 7, 1957, by a large thermo- 
nuclear explosion in the U.S.S.R. However, the mean 
monthly concentration of long-lived fission products in 
surface air showed no unusual increase during October 
1957 (ref. 2). Additionally, no other such peaks have been 
observed to occur following the other thermonuclear test 
explosions during that period. 

In view of the time of onset and the brief duration of 
the tritium peak it seems far more likely that the tritiated 
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Fig. 1. Peak in the tri:ium content of molecular hydrogen in surface air 
during October 1957. The samples were taken at Hamburg and measured 
by Gonsior* (comp. his Table 1, samples 11—28} 
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hydrogen was released during the reactor accident at 
Windscale on October 10 and 11, 1957. Since the samples 
were taken two days apart, the initial rise in Fig. 1 is 
not well defined, but obviously the increase began either 
on October 11 or on October 12. The final rise to full 
Maximum occurred between October 14 and 16. There- 
after the tritrum content dropped steadily to its former 
value, which was reached about October 23. 

This peak in tritiated hydrogen coincides well with the 
mixing pattern observed for the radioactive cloud injected 
by the Windscale accident, as illustrated by the distribu- 
tion of the Windscale iodine-131 activity in air. From 
Figs. 3, 4 and 5 of the paper by Crabtree’, it can be seen 
that the cloud arrived in the vicinity of Hamburg on about 
October 12 and extended farther north-east on subsequent 
days, giving rise to a continuous increase of the iodine-131 
activity in air at Hamburg. No data were reported after 
October 15. By October 15 the horizontal gradient of the 
iodine-131 activity was already so small that subsequent 
horizontal and vertical mixing would be expected to cause 
a dilution rather than a further increase of activity. 

The total amount of tritium released in the form of 
tritiated hydrogen cannot be estimated but cannot have 
contributed significantly to the global inventory of 
tritiated hydrogen, considering that the tritium concen- 
tration returned to its former value within 8 days. 

Part of the released tritium must have been produced 
by ternary fission. A production of 0:8 tritium atoms per 
104 fissions has been reported‘. Another source is the 
reaction *Li(n «)T, due to irradiation of cartridges con- 
taining lithium—magnesium alloy which were present in 
the pile®. D. H. Eaparr 
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METEOROLOGY 


Estimating Severity of Drought 


Ix central Australia, the red kangaroo, Megaleia rufa 
{Desmarest), breeds continuously during favourable 
weather when the green herbage, which it prefers to eat?’, 
is abundant; but progressively more and more females 
become anoestrous during prolonged drought?~*. 

Pastures inhibited by drought respond to falls of rain 
ranging from about 1-16 in. in January to about 0-29 in. 
in July, and they respond well should enough rain fall 
later to keep the soil moist for about 4 weeks’. Since water 
evaporates from the soil about 0-2 times as fast as from a 
standard evaporimeter, an extra 2-31 in. of rain is needed 
in January and about 0:58 in. in July’. But the climate of 
the area is arid, the mean annual rainfall and evaporation 
at Alice Springs being 9-93 in. and 95:18 in. respectively. 
Therefore, adequate rain to stimulate general growth of 
pastures is uncommon, and droughts are frequent and 
often prolonged. 

In order to compare droughts in different places and at 
different times during the course of the investigation of 
red kangaroos, a formal method of measuring the severity 
of a drought was needed. The ‘drought index’ described 
here served this purpose quite well. 

When rain sufficient to cause pastures to respond fell in 
any month, the index was set to zero. The estimated rate 
at which moisture evaporates from the soil was then 
subtracted day by day from the amount of rain that fell, 
until the remainder reached zero. Throughout that period 
of time the drought index was kept at zero, that is, any 
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drought experienced in that time was considered to be 
ineffective. Thereafter, the estimated evaporation from 
the soil was accumulated day by day to provide a measure 
of the aridity of a given period. If any rain falling in that 
time was insufficient to cause a general response in pastures, 
then the amount falling was subtracted from the index on 
the day it fell. But, if the rain falling was sufficient, then 
the index reverted to zero. It was found that the periods 
during which the index was set at zero corresponded well 
with the periods during which green herbage was abundant 
in the countryside. Because the index made allowance 
for the average drying power of each day in each month, 
it provided a quantitative estimate of the stress imposed 
on the physiology of plants, and of animals grazing them. 

When. the proportions of anoestrous female kangaroos 
and of the pouch-young which die in the pouch were 
plotted against the values of the drought index, S-shaped 
curves resulted’. This is the classic response obtained when 
groups of animals are experimentally exposed to increasing 
doses of a drug, and the appropriate model for testing this 
response 1s the probit analysis’, which transforms such 
data so that a linear regression results. Probit analyses of 
the data for the kangaroos proved to be quite satisfactory. 
They showed that kangaroos on two areas of central 
Australia, separated by only 15-20 miles, responded 
differently (P < 0-05) to droughts of the same severity, 
thus highlighting the different nature of the two areas, as 
one area was better grassed than the other®. 

The drought index, calculated in this manner, is there- 
fore likely to be a sensitive way of describing the prevailing 
weather. It would do so more accurately if the actual 
evaporation of any day or month were to be used instead 
of the average, but none the less it seems quite satis- 
factory. 

This method of describing the weather is an improve- 
ment on older methods which used the ratio of rainfall to 
evaporation, or some function of it*-1*, because it has a 
biological foundation (the response of native pastures), 
allows for the effectiveness of individual falls of rain and 
the severity of individual droughts, and offers a continuous 
record from day to day. 
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GEOLOGY 


Allometric Growth of Ammonoid Shells: a 
Generalization of the Logarithmic Spiral 


Tue fact that in many ammonoids the shape of the 
shell is only approximately represented by a logarithmic 
or equi-angular spiral curve is now fairly well known’-*. 
From the work of Currie‘, it is clear that the spiral angle 
of the curve traced by the umbilical seam in two species 
of Cadoceras undergoes changes during growth which have 
a fairly complicated pattern, so that a single continuous 
mathematical function may not fit any better than would 
two or more equi-angular spirals having different values 
of the spiral angle (p). Moreover, the proportions of the 
cameral cross-section may vary during growth, with the 
result that the venter and the umbilical seam will follow 
different spiral curves. Also, in many ammonoids there 
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are rather clearly marked discontinuities ın growth after 
the first or second complete whorl, and again at the 
commencement of the body-chamber. 

Nevertheless, it may be useful to set out some results 
relating to the type of spiral curve to be expected when 
the Huxley—Teissier law is obeyed by the growth of the 
shell radius (F) and peripheral length (P), that is: 

P = BRe (1) 
If the proportions of the cameral cross-section remain 
constant, a similar relation will hold between the radius 
and the shell volume. Thus, Trueman? found that in 
Dactylioceras commune the volume of the shell is propor- 
tional to the diameter raised to the power 27. If we 
denote the cross-sectional area of a camera by A, it 
follows from our assumption that A ıs proportional to 
R°. Then the volume F is given by. 
V = fAdP = kJR*dP 
From (1) we have: 
dP = eBRe dk 
and therefore: 
F = aBkf[RdR 
whence we get. 
a= apk Rat? + const. (2) 
x+ 2 
The shell volume 1s thus proportional to the diameter 
(or radius) raised to the power « + 2. We conclude that 
the spiral curve traced by, say, the venter of D. commune 
is that given by equation (1), with allometric index « 
approximately equal to 2-7 — 2 = 0-7. 

It is not very convenient to measure the peripheral 
length directly on the shell of an ammonite. What we 
need is an equation relating the radius to the semi-whorl 
number: in other words, to the angle 8 swept by the radius 
vector. I have shown elsewhere’ that the polar equation 
can be derived by straightforward methods, by making 
use of the fact that dP/dR = sec ». We obtain: 





6 = o : i (tan ọ — 9) + const. (3) 
When « = 1, sec 9 is constant, and we then have: 
6 = tan ọ.log R + const. (4) 


which is the familiar result for the equi-angular spiral. 
Expressing (3) in terms of R instead of ọpọ gives: 


9 = L [{(«BRa-1)? — 1} — arcsec (aBRe-)] + 


const. (5) 


Suppose our data consist of a series of measurements 
of the radii of consecutive semi-whorls of the shell, that 
is, values of R at constant increments of 0 equal to 180°. 
If we assume ọ to be approximately constant over the 
interval 6; — 6, = 2x, then from equation (4) we obtain: 


2x 


aa 


log @) (6) 


at R = R, Ifwe compute consecutive values of (tan ọ — 
p), and plot them against corresponding values of 8, then 
from equation (3) we may expect to find that the points 
lie on a straight hne having slope (« — 1). 

This procedure will thus yield an estimate of the value 
of a To complete the process of curve fitting, we have to 
find the value of 8, and also to find the value of a ‘nuisance’ 
parameter §,, which is the arbitrary constant in equations 
(3), (4) and (5). One method of estimating 6 is the follow- 
ing. For the jth measured point on the spiral, compute 
the geometric mean of R;,, Rj, and R;,,. (We are assum- 
ing that over a short portion of the curve the trend of log 
R is linear.) We also find the arithmetic mean of a group 
of values of (tan ọ — 9) centred on the j point, and 
from it find the ‘smoothed’ value of 9; from a table of 
arctangents. We can then compute B from the relation 


tan Pe = 
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sec ọ = afSfe-1, The process may be repeated at other 
points on the curve, and the individual values of ß 
averaged. They should not show any systematic trend 
of increase or decrease: if they do, the allometric growth 
model may not be appropriate. 

Finally, from (3) we obtain: 


l 


a—l 





Oo = 0 — (tan 9 — 9) (7) 

In order to ‘predict’ values of R for specified 9, given the 
values of the parampters a, 8 and 6,, we may re-arrange 
equations (5) and (7) as follows: 


a (oB)/O-a)[ £8 — O(a — 1) + p}? + LJ eta-n (8) 


We have to take an assumed value of ọ in order to com- 
pute & from the foregoing expression, and if necessary 
iterate once or twics, correcting ọ from the value of R 
obtained. In practize this is not a serious inconvenience, 
as convergence is rapid. 

It follows from tha foregoing results that when « is less 
than unity, p decreases as R increases, and finally becomes 
zero at a finite value of R given by: 


E nae = aß! A-a) 


There is thus a distinct possibility that the uncoiling that 
occurs in the final growth stages of certain ammonoids 
might indeed be tne direct consequence of allometric 
growth (Thompson, p. 809). 

The curve fitting process may be illustrated with an 
example of some data quoted by Thompson (ibid.. p. 
797) for the shell of Arcestes tornatus. Thompson has 
already computed ‘instantaneous’ values of ọ at successive 
semi-whorls of the shell, and we can proceed at once to 
plot 0 against (tan > — ọpọ). (Values of 6 and ọ must, of 
course, be in radians.) The points lie on a more or less 
straight line with the exception of the first one (at R = 
0:30 mm). As explained earlier, we would expect some 
deviation at the extremes of early and late growth; it is 
probably best in this case to exclude the first point from 
the fitting process. Since 0 is virtually error-free, it would 
be appropriate to compute the regression of (tan 9 — 9) 
on 6: however, the ‘irst-moment method due to Wald’ is 
much quicker and is reasonably efficient’. The data are 
shown in Table 1. 


Table 1. ALLG@WETRIO GROWTH IN Arcestes toinatus 


Computed 
Serml-whorl Shell radius, Spiralangle, Values of values 
number (8/2) (R) (mm) 9 (tan p-p) of R (mm) 
1 0-25 0-213 
2 0-36 86° 58’ 17-149 G 291 
3 0 36 85 21 10-805 09-378 
4 0°50 83 42 7-597 0-509 
5 0°70 88 42 7-597 0:708 
6 1:06 88 42 7-597 0:995 
7 1°40 83 16 7-017 1-41 
8 216 82 656 6:620 2-06 
9 3 05 82 42 6-363 3-06 
10 4°70 Sl 44 5-457 4:65 
11 7-80 8i 27 5-280 7-28 
12 12-10 8i 33 5-308 11-8 
13 19:85 195 


The data, consisting of measured shell radii and computed ‘instantaneous’ 
spiral angles, are from Thampson, p. 797, quoted from A. H. Grabau. The 
computed shell radii in the right-hand column are for a spiral curve having 
AFA index 0 8519, seale parameter 10-74, and location constant 70-55 
radians). 


We divide the measurements into two groups, (1) for 
which 8x < 0 < 7x, and (2) for which 8r < 6 < 12m. 

(1) Mean 6 = 5x = 15-708; mean (tan o — 9) = 8:1226, 
whence 9 = 1:466, cos o = 0-1046; R = 0:7047 (geometric 
mean of three values). 

(2) Mean 6 = 10x = 31-416; mean (tan 9 — 9) = 5-7956, 
ọ = 1:434, cos p = 01364; R = 4-776 (geometric mean 
of three values). 


We thus have: 
5-7956 — 8-1226 
moe Dee = ~ 0-148) 
«— i= 3raie— 16708 ~ °7* 
a = 0-8519 
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For the first group, the estimate of B is given by: 


(0-704'7)%-2481 


0-B519 x o-1046 ~ 1086 


B = 


and for the second group, B is found similarly to be 10-86: 
the mean of the two values is thus 10-76. 
Finally, we have: 


6, = $[15-708 + 31-416 + (8-1223 + 5-7956)/0-1481] 
= 70-55 


In the right-hand column of Table 1 are shown the 
‘predicted’ values of R computed from equation (8), 
inserting the foregoing values of «, B and 0. The fit is 
reasonably good, even at the extremes of the range of 9. 

Doubtless it will not always be profitable to complete 
the fitting process by computing 8 and 0,. The first step 
would normally be to plot 0 against log R, to test whether 
the data can in fact be fitted by an ordinary logarithmic 
spiral. If a straight line is not obtained, a plot of 9 
against (tan @ — ọ) will indicate whether the Huxleian 
growth model is likely to be useful. 


T. P. BURNABY 
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4 
Historical Marine Levels in Italy 


Ix 1964, Gunther reported! Inthodomus borings in the 
columns of the Temples at Paestum at a maximum eleva- 
tion of 18-5 m above sea-level. He explained them by & 
“fall of the land” and by subsequent uplift, and corrobo- 
rated his hypothesis with numerous observations along the 
coasts of Italy, Sicily and Malta. His account of the 
evidence in the Illustrated London News of the same year 
prompted me to visit the site; I later discussed my findings 
with N. C. Flemming at Cambridge. I have now seen the 
letters written by Flemming? and A. N. Burton? to Nature 
in reply to Gunther’s communication. Flemming considers 
that if there has been any earth movement it must have 
been very localized, which is possible in a seismic coast like 
that of west Italy; Burton states that, to judge from his 
own work on raised beaches in Calabria, uplift at the rates 
implied by Gunther is impossible. 

I feel I must enlarge on a point hinted at by Flemming in 
his phrase “‘the supposed presence of Inthodomus borings in 
the columns’. Gunther himself mentioned that the 
columns were made of travertine; this is the term generally 
used in Italy for what (in the present case) should more 
properly be described as tufa, a porous, spongy limestone 
deposited by running water on growing plants and thus 
bearing the imprint of leaves and stems*. The columns are 
thus riddled with holes which need not be attributed to 
Tithodomus and which could provide a determined 
investigator with evidence of former sea-levels at any 
height he pleased. The fault lies in the omginal observa- 
tions rather than in their interpretation. 


©. Vira-FInzi 
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CHEMISTRY 


Catalysis by Alkali Metal Ions of the 
Racemization of the Tris-oxalato Chromium- 
Hil Anion 
THe rates of racemization of the complexes 


M1Cr(oxalate), have been found to depend on the nature 
of the alkali metal ion M' as shown in Table 1. 


Table 1 


MI Li Na K Cs 
k, x 10° min~ 29°26 30°85 26°91 23 62 


(pH 6-5; temperature 21-6° O; [MjqrOxs] = 2:3 x 10 M; no added salt.) 


all + 1 per cent 


It can be seen that the different cations affect the rate in 
the order Na > Li > K > Cs—an order of increasing size 
(if Lit is assumed hydrated) and of decreasing co-ordinating 
power. Beese and Johnson! have shown that Lit acceler- 
ated this racemization more than K+, but their results 
were obtained with a large concentration (0-5 M) of added 
salt (lithium chloride or potassium chloride). 

Addition of sodium perchlorate increases the rate of 
racemization, but at concentrations greater than about 
0-1 M added salt the rate of increase in rate against con- 
centration falls off, as shown by the data in Table 2. 


Table 2 


{sodium Pore tina 00 01 0°47 0-98 1-98 47 M 
kı x 10° min? 415 4°71 5:59 6°50 714 818 
(pH = §-8-6-6*; temperature = 0-1° C; (Na, CrOx,) = 0-008 M.) 
* The rate of racemization is independent of pH in this region, 


This is similar to the acceleration, although much 
smaller, produced by addition of cupric ions, where it is 
clear that the initial acceleration is due to co-ordination 
of one copper ion, and the co-ordination of a second copper 
ion gives a species which racemizes at a very much slower 
rate’. A similar phenomenon has been observed by Hay 
and Harvie? for the nickel ion catalysed decarboxylation 
of dihydroxy fumaric acid. 

The recent work of Ashley and Hamm!‘ on the accelera- 
tion of the trans-cis isomerization of diaquo bis oxalato 
chromium(IT)anion supports the ‘one-ended’ dissociation 
hypothesis’, with the cation co-ordinating to the free end 
of the half-dissociated oxalate. Such a mechanism prob- 
ably also operates in the alkali metal catalysed racemiza- 
tion of the iris oxalato complex. 
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Measurement of Graphitic Acid Surface with 
Polar Molecules 


WE have been carrying out sorption of polar molecules 
by graphitic acid, measuring the quantity sorbed in order 
to determine the interlamellar surface. The following 
expermmental methods were used : (1) volumetric Brunauer~ 
Emmett—Teller (B.E.T.); (2) gravimetric Joly balance!; 
(3) X-ray diffraction. The first two give a measure of the 
surface, the third technique gives a measure of the increase 
of space between. the layers. 
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Table 1. SPECIFIC SURFAQE OF GRAPHITIO ACID DETERMINED WITH POLsR MOLECULES 


Sorbed ery tril 


molecule S (A?) Technique 


Water 
Ammonia* - 
Ammonia* 
Ammonia Tt 


Acetone 25 >` 
Ethylene glycol nce 


n-Butylamine 
n-Ootanol 


temperature 
20°C 


room 


B . T. 
Joly balance 
temperature 


* Samples oxidized once 
t Samples oxidized three times. 


Temperature | gig GA 





Specife Type 
surface of 
complex 


D 


Se COSOoOOHS 
La} 
Oo 
a 
nN 
hall 


hoe 
MOP Sdroro pero 
mim 


S = Surface; Vm = volume of vapour for monolayer; daa = (001) spacing of graphitic acid in A. 


The following molecules were sorbed: water, ammonia, 
acetone, ethylene glycol, »-butylamine and n-octanol. ` 

The experimental results are shown in Table 1. The 
specific surface of the graphitic acid was calculated accord- 
ing to the formula C,0O,H of molecular weight 81-05, 
leading to a value of 1,550 m?/g. 

With water, ammonia, acetone and ethylene glycol, the 
sorbed molecules lie with their axes parallel to the surface 
of the lamellae giving an « complex?. 

The measurement of the surface in this case presents no 
difficulty, and with ethylene glycol a value is obtained for 
the total surface (Sint -+ Sext)- 

The problem is more complicated if one tries to make a 
quantitative study of the B-complexes. In these, the 
molecules are more or less perpendicular to the layer, 
although some of the terminal carbon atoms may be in 
contact with the layer?-4. 

The completely erect position of the molecular chain is a 
limiting case, which is favoured by low temperatures’. 

Thus, the surface covered by butylamine and octanol 
cannot be calculated until the configuration of these 
molecules in the sorbed state is known. A calculation of 
the number of Å? corresponding to each molecule of octanol 
results in a value of 42 A? (for specific surface 1,550 m?/g). 
A calculation of the density of the interlamellar liquid 
(usmg the X-ray value of the interlamellar spacing) 
gives dogo = 0-54. The sorbed layer is thus much less dense 
than the liquid (dep: = 0°84). 

We intend to make further investigation of the density 
and heat of sorption of polar molecules with graphitic 
acid. 

C. DEL PINO 
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Formation of Mercuric lodo-acetate in 
Glacial Acetic Acid and its Reactions with 
Olefines 


THERE aro many examples in the literature referring to 
mercury salts of the type Hg.#,.2., where R, and R, are 
different anions. In aqueous solution it has been shown by 
Raman spectroscopy that a mixture of mercuric chloride 
and bromide gives rise to the molecule HgCl.Br (ref. 1), 
while HgCl exists in the gas phase?, Molecular weight 
and conductance measurements of a mercuric bromide 
solution of mercuric sulphide indicates, however, that 
2Hg5.HgBr, is formed’. 

The red polymorphic form of mercuric iodide is sparingly 
soluble in hot glacial acetic acid but dissolves readily in a 


solution containing mercuric acetate such that one mole 
of mercuric acetate just dissolves one mole of mercuric 
iodide*, On cooling the solution yellow needle-like 
crystals are obtained which, on standing for a few hours, 
turn red with separavion of mercuric acetate. The driving 
force for solution is the formation of Hg(OAc)I or Hgl,. 
Heg(Ac),. To distinguish which of these hetero-anion 
salts may be formed an ebullioscopic determination of 
molecular weights was carried out using a conventional 
all-glass Cotrell pump apparatus. It has been suggested 
that mercuric acetaze in aqueous solution probably con- 
sists of indefinitely long chains’. Using A.R. glacial 
acetic acid throughout, recrystallized mercuricac etate 
and resublimed mercuric iodide, the apparatus was cali- 
brated using triphenyl methane. Over the concentration 
range 0-025-0-1 M, mercuric acetate was found to be 
monomeric (found, 335, 330, 324, 312; calculated, 318-7). 
Recently the molecular weights of mercuric halides in 
acetone were measured and indicated that they are 
monomeric in this solution®. The observed elevations 
over a similar ccncentration range, but containing 
mercuric iodide, indicated that monomeric Hg(Ac)I was 
formed (found, 346, 370, 376, 382; calculated, 386-6). 

In order to assess the consequences of forming a hetero- 
anion salt the reastion of mercuric iodo-acetate with 
olefines was studied. Hugel and Hibou’ investigated the 
olefine complexes formed by mercuric acetate and noted 
that mercuric iodo-acetate does not react directly with 
1,2-hexadecene to give C,,H,,Hg(Ac)I. Ethylene was 
passed into a refluxing solution of mercuric iodo-acetate 
(3:87 g). After 3 a, mercuric iodide was obtained un- 
changed from the solution (2-20 g) and the complex 
C.H,.Hg(OAc), recovered after evaporation of acetic 
acid (C,H,,O,Hg requires C, 14-9 per cent; H, 2-0 ver 
cent—found, C, 14:1 per cent; H, 2-1 per cent). The 
reaction with 1-dodscene led to quite different products. 
From a reaction mixture of mercuric iodo-acetate (30-8 g) 
and l-dodecene (146 g) in refluxing glacial acetic acid 
mercurous iodide was obtained (9:92 g). On cooling, 
mercuric iodide (3-36 g) was obtained and, after removal 
of acetic acid, a heevy unstable oil. Vacuum distillation 
resulted in the formation of large drops of free mercury; 
gas chromatographic analysis showed that the distillate 
consisted of dodecere and two other high boiling products 
neither of which contained iodine. The resolution of this 
mixture is the subject of further work. 

T. D. Sure 
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Photolysis of Organic Sulphides 


IRRADIATION of solutions of diphenylamine with ultra- 
violet light effects cyclization to carbazole in good yield}. 
Tt was of interest to determine if diphenyl sulphide would 
similarly afford 9-thiafluorene, some polymethyl deriva- 
tives of which were required. In the event, reaction took 
a different course, and benzene and diphenyl disulphide 
were produced. ‘Trace amounts of diphenyl were also 
detected by gas-liquid chromatography but none of the 
desired 9-thiafluorene was found. The diphenyl disulphide 
(m.p. and mixed m.p. 57°-59°) was separated from 
unchanged sulphide by preparative gas-liquid chromato- 
graphy; benzene was detected by gas-liquid chromato- 
graphy but was not isolated. The following mechanism 
is adequate, assuming initial cleavage into free radicals 
as postulated in another case®. Free radical formation is 
energetically possible with light of wave-length less than 
3900 A taking the energy of the carbon—sulphur bond to 
be about 73 kcal/mole (ref. 3}. 


PhSPh — PhSPh* 
PhSPh* => Ph. + .SPh 
2PhS. => PhSSPh (1) 


Ph. + solvent > C,H, ’ (2) 


Reactions of type (1) and (2) are well known‘. 
Lyons has reported’ that irradiation of diphenyl disul- 
phide in n-hexane and other solvents gave thiophenol by 
dissociation and abstraction of hydrogen from the solvent 
by thiophenoxyl radicals. No thiophenol] could be found 
among the products obtained in the present experiment 
using hight petroleum (b.p. 40°—60°) as solvent. 

A number of other sulphides behaved similarly on 
irradiation. Thus di-n-butyl sulphide was smoothly 
converted into the disulphide, isolated by preparative 
gas-liquid chromatography and identified by its infra-red 
spectrum, and di-n-octyl sulphide gave the disulphide 
and n-octane (detected by gas-liquid chromatography). 
With benzyl phenyl sulphide, which could theoretically 
cleave in two ways to give either dibenzyl and diphenyl 
disulphide or benzene and dibenzyl disulphide, only the 
former reaction occurred, through the most stable pair of 
radicals. Similarly benzyl n-butyl sulphide gave mainly 
dibenzyl and di-n-butyl disulphide. In each case small 
amounts of phenanthrene and transstilbene were detected 
by gas-liquid chromatography. Diallyl sulphide was 
decomposed and sulphur was precipitated, but the only 
other product was a high boilng liquid shown by gas-liquid 
chromatography to contain at least four components. 

Dibenzyl sulphide predictably gave dibenzyl and 
dibenzyl disulphide, but an unexpected product was 
phenanthrene, which was isolated by chromatography on 
alumina and identified by mixed melting point. The 
exact sequence of reactions leading to the formation of the 
phenanthrene is not clear. It seemed likely that it might 
have been produced by photo-cyclization of stilbene’, 
itself formed by dehydrogenation of dibenzyl by benzyl- 
thiyl radicals’. In agreement a small amount of benzyl 
mercaptan was detected among the reaction products 
by gas-liquid chromatography. On the other hand, no 
more than a trace of 1,8-dimethylphenanthrene was 
formed when. the reaction was carried out in presence of an 
equimolecular amount of 2,2’-dimethyldibenzyl, suggesting 
that there may be another route from the sulphide directly 
to stilbene or phenanthrene. Phenanthrene was also 
`~ produced, along with some dibenzyl, by irradiation of 
dibenzyl disulphide, but, surprisingly, the main product 
of this reaction was dibenzyl sulphide. Prolonged 
irradiation of either the sulphide or the disulphide resulted 
in complete destruction of the sulphur compound and 
formation of a mixture of dibenzyl and phenanthrene in 
the ratio of approximately 2°5: 1. 

Dissociation of disulphides into radicals on irradiation 
with ultra-violet light is well known’*, but there has 
apparently been no previous instance of sulphur extrusion 
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from a disulphide by light. The reaction +i8 not general, 
for both diphenyl disulphide and di-n-butyl “disulphide 
were unaffected under the same conditions. ‘Measurements 
of bond dissociation energies show? that the carbon- 
sulphur bond in benzylic sulphides is considerably weaker 
than that in simple dialkyl sulphides, and it is reasonable 
to suppose that in dibenzyl disulphide, but not in the other 
disulphides examined, the usual dissociation into thiyl 
radicals is accompanied by cleavage of the carbon— 
sulphur bond, the sulphide then being formed by combina- 
tion of benzyl and benzylthiy] radicals. 

Reactions were conducted for 12-20 h under nitrogen 
(in the case of diphenyl sulphide oxygen was also used) 
in a quartz flask with light from a 125 W Mazda mercury 
vapour lamp from which the outer glass envelope had been 
removed, using dilute solutions (0-1-0-2 molar) in light 
petroleum (b.p. 40°-60°). In ‘Pyrex’, di-n-butyl and 
dibenzyl sulphides were unchanged, but diphenyl sulphide 
again gave the disulphide. 


W. CARRUTHERS 
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Complex Formation between Transition 
Metal lons and Organic Solvents: Electron 
Spin Resonance Investigations 


THE electron spin resonance (ESR) technique provides 
a powerful tool for investigating transition metal complex 
formation in non-aqueous solutions. In recent work we 
have shown! that ESR and optical absorption spectra of 
different paramagnetic ions are changed when glycerol 
replaces water as a solvent. Both the variation in line 
width and the optical ‘red shift’ obtained suggest a change 
in crystal-field energy levels by spin-orbit mechanisms. 
Newer theories have linked octahedral—tetrahedral changes 
to these ligand-field effects on non-bonding d electrons?. 
Thus, it might be of interest to investigate the ESR 
spectra of the chlorides of Mn*+, Fe** and Cu®+ in different 
organic solvents including dimethylsulphoxide (DMSO), 
dimethylformamide, formamide, acetone, glycerol and 
ethanol. These solvents were chosen to provide a varying 
dielectric constant and base strength since such parameters 
are known to affect the equilibrium between the octa- 
hedral and tetrahedral states. 

The ESR spectra were determined with a Varian 4500 
100-ke ESR spectrometer using a liquid sample acces- 
sory. A DPPH standard (g = 2-0036 as indicated by the 
arrow in Fig. 1) was used as a reference for marking 
resonance positions. The first derivative of the absorption 
curve was recorded. All solvents and hydrated salts used 
were of reagent-grade quality. 

The spectra obtained are shown in Fig. 1. In formamide 
a Mn**+ spectrum (six-line Af pattern) similar to that 
obtained with water can be observed, while all other 
solvents result in a change of the spectrum. A splitting of 
the two outer lines and a reduction in intensity is observed 
with dimethylformamide and DMSO, probably due to the 
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influence of the two methyl groups present in both solvent 
molecules. A very broad signal with the normal six-line 
hf pattern superimposed was obtained for Mn-glycerol 
and Mn-—ethanol solutions. Manganese chloride is very 
slightly soluble ın acetone (yellowish-brown); therefore, 
the ESR spectrum of a saturated solution was recorded. 
All other solutions were colourless except for water and 
glycerol, which were pink. 

Considerable changes in Cu*+ hf pattern were found with 
different solvents. In contrast to Mn?t, Cu?+ in formamide 
gave a very unusual hf pattern. Copper chloride was 
found to be quite soluble in all solvents giving a blue 
colour in formamide and water, yellowish-green in DMSO 
and dimethylformamide, slightly green in glycerol, green 
in ethanol, and amber in acetone. 

The Fe*+ spectra for water and ethanol are very broad, 
which, in the case of water, is probably due to the hydra- 
tion effect. The high dielectric constant of water and its 
base strength are responsible for a complete dissociation 
of the tetrahedral form. While all the spectra obtained 
were near the free-electron value, as expected for S-state 
ions, the Fe*+-glycerol signal is at a considerably higher 
g-value’. No signal could be obtained with formamide as 
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Fig 1. Electron spin resonance spectra of different paramagnetic ions 
in organic solvents 
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a solvent, a result also observed by Swanson et al.3, who 
assumed a breakdown of the tetrachloroferrate complex, 
(FeCl), in solvents of high dielectric constant. The 
tetrahedral complex of iron has been investigated spectro- 
photometrically by Katzm' and was attributed recently 
by Swanson et al.* as being responsible for the ESR signal 
obtained. Since only halide anions seem to form the 
tetrahedral complex, an iron salt of other anions should 
not give a signal. Ferric nitrate or ferric sulphate, dis- 
solved in DMSO, confirmed this prediction. Addition of 
small amounts of magnesium chloride or hydrochloric acid 
to this solution, however, resulted in a strong iron signal 
similar to the one obtained with ferric chloride-DMSO 
solutions. Addition of other halide anions (Br-, I-, F-) 
in the form of their potassium salts to the ferric nitrate~ 
DMSO solution dic not produce an iron ESR signal. 
Nevertheless, distinct colour changes in the solutions on 
the addition of these anions suggest alterations in the 
electronic energy-levels of the ferric ion. Optical absorp- 
tion studies are at present being undertaken to obtain 
more information. <All Fe*+ solutions were yellowish with 
the exception of formamide which gave a brown colour. 

This work was supported by grant RH 00197 from the 
National Institutes of Health. 
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EIOCHEMISTRY 


Kinetics of Ribonucleic Acid Synthesis on 
Deoxyribonucleic Acid Template 


THE purpose of this communication is to propose a 
mechanism, and to establish on its basis a system of 
equations, for the description of the kinetics of the 
synthesis of ribonucleic acid (RNA) templated by deoxy- 
ribonucleic acid (DNA). The models proposed: for the 
kinetics of the DNA synthesis cannot be extended to the 
RNA synthesis, sinze they assume that the uncoiling of 
the DNA double helix is the rate determining step. The 
time required for the unwinding of a DNA molecule with 
a length of 10* nucleotide pairs is of the order of about 
30 sec (ref. 1). The in vivo synthesis rate for RNA is ex- 
perimentally found to be much larger. It is therefore 
reasonable to assume that, in contrast to the replication 
of the DNA molecule, the RNA synthesis does not require 
the unwinding of ths whole DNA double helix but only of 
a short part of it. 

The essential characteristics of the RNA synthesis 
process seem to be (for a detailed discussion see ref. 2): 
(i) the formation oF an unwound zone at the beginning 
of the DNA double helix; (ii) the binding of RNA paly- 
merase (Æ) at the beginning of the DNA molecule; 
(iii) the step-by-step advancement of RNA polymerase 
as the unwound zcne advances on the DNA molecule; 
(iv) the step-by-step synthesis of the RNA chain as RNA 
polymerase advances; (v) the step-by-step detachment of 
the RNA from the DNA as the uncoiled zone advances 
and the region behind it is rewound. 

The mechanism proposed here is described in more 
detail by the following chemical reactions: 
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DNA + H>DNAE (0) 


DNA-E + X,TP 2@DNA‘E-X, (la) 
DNA-E + YıxTP 2 DNA'E'Y,x (lb) 
DNA-E-X, — DNA-X,E (lc) 
DNA-X.X, oo oe At + XTP z> 
DNAX, Xo "te Xer HX, (2a) 
DNAX, X, e ae Xi E + YixIP z> 
DNAX Xot XE Vix (2b) 
DNA-X,X, ee AX EX; > DNAX, X, rai ai XrE (2c) 
DNAX, X:+ Xw E —> DNA + X, Xat Xn +E (3) 


In the growth reactions (2a, 2b) of the RNA strand it 
is assumed that the three non-complementary (false) 
ribonucleoside triphosphates (Y xTP) compete with the 
complementary one (XTP) for that position on the DNA. 
matrix which the latter ought to ovcupy, but that they 
are not included in the growing RNA chain. This assump- 
tion is based on a similar competitive inhibition (called 
‘low efficiency inhibition’) observed in the synthesis of 
polyadelinic acid on single-stranded DNA in the presence 
of large concentrations (>10-4 mol/l.) of a nonadenilic 
YTP. 

If a steady state and an excess of RNA polymerase are 
assumed, the foregoing reactions can be described by the 
following equations: 








dA i , 
ar = Godt 1 — (C+ v) Ag =10 (4) 
dA; 
xe z= eA -a — WAtk = 0 (5) 
+ + 
are = vA; — (C4+3n)cAt + VAL, + 
Sy ‘Atak = 0 (6) 
Hal 
dat » 
“ait = vag MAg = 0 (7) 
Q= nadt (8) 
N = Sa +A} + AA) (9) 
is 1 


In these equations c is the concentration of the four 
ribonucleoside triphosphates (which are considered equal), 
At the concentrations of the DNA:X,X, ++: XH com- 
plexes, A? that of the DNA:X,X,+ ++ Xi EX: com- 
plexes, A'r that of the DNAX Xat te Xe E Yig com- 
plexes, n the length (nucleotide number, n sw 104) of the 
synthesizing DNA. strand, ọ the RNA synthesis rate, N 
the number of DNA molecules with RNA polymerase, and 
C ¢’, v, n, 4’ and A the rate constants for the different 
reactions. 

For the RNA synthesis rate ®, expressed as the number 
of nucleotides polymerized per second and per molecule 
of DNA with RNA polymerase, one obtains: 


Cve 


Evh- A+ e + 33 fo} (10) 


If it is assumed that: (i) the step-by-step advancement 
of the RNA polymerase, the uncoiling of the DNA, and 
the inclusion of the ribonucleotide (X1) in the growing 
RNA chain processes (2c) are fast in comparison with 
those (2a) of the formation and dissociation of the 
DNA-X,X2°°+XtyH-X; complexes (that is, v>fy’//3y 
and v >’), aid (ii) the time needed for the release of the 


p= 
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synthesized RNA molecule and the RNA polymerase is 
small in comparison with the time needed for the RNA 
synthesis (that is, 1/A < n/v), equation (10) becomes: 


9. we 
N 1] 
L+ 370 


The rate constant ¢ is probably determined by collisions 
of the XTP molecules from the solution with the deoxy- 
nucleotide which has reached the RNA polymerase, and it 
would thus beż’ about 6 x 108 l.mol-ts-:. 

We evaluate 7/7’ using the experimental results for 
the ‘low efficiency’ inhibition of the polyadenilic: acid 
synthesis by competition with a nonadelnic YTP; the 
synthesis rate is reduced to half the value valid for ‘high 
efficiency’ inhibition (that is, for very small 10-* — 10-7 
mol/l. YTP concentrations), at concentrations of about 
5 x 10-4mol/l. for thenon-adelinic YTP*. If this synthesis 
is considered to be similar to that of the RNA, and only 
with a different ‘slippage’ rate constant (instead of the v 
constant for the processes (2c) ), a value n/y ww 2 x 108 
l= mol is obtained. 

With ¢ = 6 x 108 lmol-'s-' and n/n = 2x 10? L.mol-, 
equation (11) shows that 9/N tends to 1-0 x 105 for 
sufficiently high value of c and that half this rate is 
attained for c œ 1-7 x 10+ 1.4 mol. 

The rate of the ribosomal RNA synthesis in Hscherichia 
colt (where it represents about 90 per cent of the total 
RNA) is about 10° nucleotides polymerized per second® 
by the, at most, 10 DNA molecules which synthesize 
it®.?; this would correspond to 9/N œ 104... 105. 

We notice that for in vitro synthesis of RNA the reac- 
tion rate is much smaller than that predicted by equation 
(11), but that half of the high concentration rate is attained 
also for c œ 1-3 x 10-4 1-1 mol (ref. 8). The small n 
vitro rates are probably due to the fact that only a few of 
the DNA molecules have RNA polymerase; these rates 
increase proportionally with the amount of the enzyme 
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Lipid Metabolism in Hypervitaminosis A 


SINCE the report of Moore and Wang? on hypervitamino- 
sis A in rats, it is now recognized that administration of 
excessive doses of vitamin A influences the general meta- 
bolism of the host. Ray and Sadhu? reported that adminis- 
tration of large doses of vitamin A to rats caused an in- 
crease in liver fat. March and Biely’, and Wood‘ reported 
that administration of vitamin A to young chickens 
lowered the elevated plasma cholesterol which resulted 
from the inclusion of 1 per cent cholesterol in their diet. 
Kinley and Krause’ also reported the hypocholesteraemic 
action of vitamin A in atherosclerotic patients. Pallotatta 
and Krause? reported that administration of vitamin A 
elevated serum phospholipids. Van Bruggen and 
Straumfjord’, on the 6ther hand, observed that long-term 
administration of large doses of vitamin A to patients 
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raised their plasma cholesterol and phospholipid levels. 
Misra? observed that administration of excessive doses of 
vitamin A to rats lowered their plasma cholesterol and 
raised phospholipid-levels. This communication de- 
scribes the results obtained on the tissue lipids of rats 
given excessive doses of vitamin A. 

Male Wistar albino rats weighing 145-150 g were divided 
into two groups of six each and were kept on stock diet 
and water ad libitum. To one group 10° Lu. of retinol 
(Prepalin, Glaxo Ltd., India) were given intramuscularly 
daily for ten days. Rats without retinol were the control. 
A daily record of their food consumption and a weekly 
record of their body-weight were maintamed. On the tenth 
day rats in both groups were intraperitoneally given a 
saline solution of NaH,*?PO, (100 ue./100 g body-weight). 
After 6 h, rats were killed by decapitation, and liver, 
kidney, small intestine (about 30 cm), brain and heart 
tissues were quickly removed, cleaned, weighed and trans- 
ferred to a volume of chloroform : methanol (2:1, v/v) 
for lipid extraction. Intestine was rinsed thrice with 
ice-cold saline before lipid extraction. Blood was drawn 
before killing the animals for vitamin A assay in plasma 
by the method of Bessey et al.®. Lipids from the tissues 
were extracted according to the method of Folch et al.*, 
and dissolved in 5 ml. chloroform. Weights of the tissue 
lipids were determined by weighing an aliquot to a con- 
stant weight. Lipid extracts of the tissues were analysed 
for cholesterol™ and phosphorus?*. P activity of lipid 
solutions was determined in a window-less gasflow counter. 

No difference was observed in the daily food consumption 
and body-weights of the rats in both groups at the time of 
death. Vitamin A values in plasma were: control, 
60-80 I.u.; experimental, 600-800 r.y. per 100 ml. plasma. 
Rats given excessive doses of vitamin A showed rawness 
of the skin, epilation, bleeding around the nose and bent 
and limping posture Effect of hypervitaminosis A on 
tissue lipids of rats is shown in Table 1. Total lipids of 
liver, intestine, and brain showed a significant increase 
and kidney lipids a marked decrease in rats given excessive 
doses of vitamin A than the control group. Administration 
of large doses of vitamin A also caused significant eleva- 
tions in the cholesterol levels of liver, kidney, intestine, 
and brain tissues as compared with the control group. 
Hypervitaminosis A did not affect phospholipid phosphorus 
levels and their specific activities of the above tissues 
except kidney where a marked increase in its phospholipid 
specific activity is noted (Table 1). Heart tissue lipids, 
cholesterol, and phospholipid phosphorus were not 
significantly affected in hypervitaminosis A. 


Table 1. EFFECT OF HYPERVITAMINOSIS A ON TISSUE Leins oF Rat 


F hospholipia 
(x sig aT (z sie Wee WE- nagle ae wt) ( i t; 2) 
mg/g we mg/g wet wt.) (mg/g we coun mnie 
Exp. Exp. Exp Cont Exp 


Tissues 


Liver r A 46-7 4 a 8-81 a F 0- 80 109 y 113° 7 
+047 +129 +004 +005 +001 +002 +38 + 39 
P < 001 -P < 0001 P > 020 P > 040 
Kidney 547 B57 246 344 0-60 0-64 83-5 834 
+234 +151 +021 +043 +005 +003 +18 +24 

P<0OOl P < 0-05 P > 0'40 P < 00l 
Intestine 367 47-7 1°65 a74 0-34 0°32 74°8 69°7 
+2:34 +147 +010 +014 +002 +001 +3°6 te de] 

tPS O01 -P < 0-001 P > 050 P > 0:40 
Brain 53:5 66 3 11:74 1410 1°31 1°43 B°7 26 
+070 +219 +076 +067 +010 +013 +05 +0 4 

P < 0-01 P < 005 P > 040 P> 006 
Heart 83°93 36 1 1 48 1°46 0 82 0:77 53 50 
+145 +283 £4004 +011 +001 +002 +03 + O-4 

P > 006 P > 0:80 P > 010 P> 010 


The valnes are mean + standard error of six animals. 
P values < 0 05 are significant. 


Reported results are in agreement with those observed 
by Ray and Sadhu’. It is difficult to arrive at any conclu- 
sion regarding the mechanism by which administration of 
excessive doses of vitamin A brings about the observa- 
tions made on rat tissue lipids. Itis also not certain whether 
vitamin A influences the lipid metabolism directly, or 
these changes result due to an indirect and unspecific 
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reaction of vitamin A or a substance or substances derived 
from it. 
I thank Mr. N. Srivastava for technical assistance. 
U. K. Misra 
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V.P. Chest Inszitute, University of Delhi, 
India. 
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Ethionine-induced Hypoglycaemia 


ALTHOUGH considerable attention has been directed to 
the role of impaired release of liver triglyceride into plasma 
in the development of the fatty liver induced in rats by 
ethionine'*, it seems unlikely that such a mechanism, by 
itself, adequately accounts for the fatty liver. Lombardi 
and Recknagel? have presented evidence showing that 
ethionine impaired hepatic triglyceride release in both 
male and female rats; however, it is well known that the 
male is surprisingly resistant to the development of a 
fatty liver”. Observations that glucose administration 
either prevents’:* or decreases®:* hepatic triglyceride 
accumulation directed attention to the possibility that 
hypoglycaemia occurs after an injection of ethionine, thus 
serving as a stimulus for fat accumulation in the liver. 

Single injections of d,l-ethionine dissolved in isotonic 
saline (25 mg/ml.) were given intraperitoneally in a final 
dose of 75 mg/100 g body-weight to female and male 
Sprague-Dawley rats weighing 180-230 g. Methionine in 
equimolar doses, eisher alone or mixed with ethionine, 
was also administered in single injections to some animals. 
Control rats received comparable volumes of saline. 
Neutralized aqueous solutions of adenosine triphosphate 
(Sigma Chemical Co.), with concentrations of 100 mg/ml., 
were given subcutanzously in 100 mg doses at 0, 2 and 6h. 
Food was denied to groups of animals (designated ‘fasted’) 
12-15 h prior to injection and thereafter; however, 
water was allowed ad libitum. Further groups of animals 
(designated ‘fed’) were permitted access both to food and 
water prior to, and after, ethionine administration. The 
rats were anaesthetized with ether at varying intervals, 
bled from the aorta, and blood sugar determined in tripli- 
cate by the method of Somogyi’. The results are given 
in Table 1. 

Blood glucose concentration fell 4 h after administra- 
tion of ethionine in female rats fed up to the time of 
injection, and allowed access to food thereafter. De- 
creased blood sugar concentrations persisted for at least 
48h. A more marked lowering of blood sugar was observed 
in female rats fasted before and after the injection of 
ethionine. A distinct difference in susceptibility to hypo- 
glycaemia was observed in male rats. Blood sugar did 
not fall in ‘fed’ malas, and the decrease noted in ‘fasted’ 
males occurred relatively late, and was much smaller than 
in females. 

Methionine and ATP prevented hypoglycaemia in ‘fed’ 
females. ATP lessened the fall in blood sugar induced by 
ethionine in ‘fasted’ females 4 h after injection, and at 
8 h blood glucose-levels had returned to the values found 
in saline controls. 

The mechanism cf hypoglycaemia has not been eluci- 
dated by the present studies and this is at present being 
investigated. The observation that blood sugar fell 4 h 
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Table 1. EFFECT OF ETHIONINE, METHIONINE AND ATP ON BLOOD GLUCOSE CONCENTRATION 


8 24 
Blood glucose concentration (mg per cent) 
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* Numbers in parentheses indicate number of animals in each group. Blood glucose values represent the mean for the animals in each group. 
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after ethionine in female rats previously fed up to the 
time of injection suggests that interference with gluconeo- 
genesis was not the major factor, at least not in the 
early stages. Since (1) ATP levels ın liver’, and possibly 
in other tissues as well, decrease markedly after ethionine 
injection, and (2) the fall in blood sugar was modified in 
‘fasted’ animals by administration of ATP, it is tempting 
to speculate that ethionine led to a significant increase in 
glucose utilization. Activation of phosphofructokinase 
by a fallin ATP might be expected to stimulate glycolysis’. 
If of sufficient magnitude, such an alteration could account 
for significant hypoglycaemia, and account for the decrease 
in liver glycogen previously noted after ethionine’. It 
is not known at present whether the differing propensities 
for male and female rats to develop hypoglycaemia 1s 
related to differing degrees of ATP depletion, as few 
measurements have been reported of ATP-levels for male 
rats. In one communication in which such data are pre- 
sented’, hepatic levels of ATP had fallen less drastically 
in males than in females at 5 h after administration of 
ethionine. 

Regardless of the mechanism by which hypoglycaemia 
is produced, the present data also provide evidence that 
hypoglycaemia may play an important part in the 
genesis of fatty liver induced by ethionine. In recent years, 
considerable emphasis has been directed to the phenomenon 
of impaired triglyceride removal from liver as the major 
factor accounting for triglyceride accumulation after 
ethionine administration!:?. Relatively little attention 
has been directed to the possibility of increased fat delivery 
to the liver although it has been demonstrated that the 
increased fatty acids found in liver triglyceride are most 
probably derived from adipose tissue!???, 

Profound hypoglycaemia, as noted in the fasted females, 
might be expected to stimulate release of non-esterified 
fatty acids from adrpose tissue, and, indeed, increased 
levels of these have been observed in the blood of rats 
receiving ethionine’?.44, Augmented delivery of non- 
esterified fatty acids to the liver with subsequent incor- 
poration into triglyceride may be important before in- 
creased hepatic triglyceride levels become manifest. 
Thus, glucose administration, which is known to prevent? * 
or decrease®* hepatic triglyceride accumulation, may do 
so indirectly by alleviating hypoglycaemia. The well- 
known difference in susceptibility of female and male 
rats to development of fatty liver, not adequately account- 
ed for by impaired hepatic triglyceride release, may also 
be explained by the differing propensities for developing 
hypoglycaemia. Thus, increased resistance to ethionine- 
induced fatty liver in males'® may be related to their 
resistance in developing a fall in blood sugar. Finally, 
although ATP administration has been shown to augment 
hepatic ATP levels and to prevent the development of 


fatty liver?®1?—presumably by correcting the ethionine- 
induced impairment m hepatic lipoprotein synthesis— 
this need not be the only mechanism. As shown by the 
present investigations, interference with the development 
of profound hypoglycaemia by ATP may also play an 
important protective part. 

These speculations do not detract from the probable 
importance of impaired lipoprotein synthesis as a con- 
tributing factor in the genesis of ethionine fatty liver. 
Rather, they also direct attention to additional important 
factors, presumably including increased fat mobilization 
to the liver, in this form of acute experimentally induced 
fatty liver. Furthermore, the present data indicate that 
hypoglycaemia is probably the important stimulus for 
such augmented fat accumulation in the liver. 

These investigations were supported by research grants 
HE-03439 and NB-05841 from the U.S. Public Health 


Service. BURTON ComBes* 
STEVEN SCHENKERT 
Liver-Gastroenterology Unit, 
Department of Internal Medicine, 
The University of Texas Southwestern Medical School, 
Dallas, Texas. 


* Recipient of a research career development award. 
+ John and Mary R. Markle scholar in academic medicine. 

1 Lombardi, B., and Recknagel, R. O., Amer J. Paih., 40, 571 (1962) 

2 Farber, E., Shull, K. H., Villa-Trevino, 8., Lombardi, B., and Thomas, M., 
Nature, 203, 34 (1964). 

? Farber, E , Simpson, M. V., and Tarver, H , J Biol. Chent.,182, 91 (1950). 

1 Campagnari-Visconti, L, Campagnari, F., and Hoch-Weser, D., Proc. 
Soc. Exp. Biot., 111, 479 (1962). 

2 Jensen, D., Chaikoff, I. L , and Tarver, H., J Biol. Chem., 192, 395 (1951), 

t Olivecrona, T , Acta Physiol. Scand., 54, 287 (1982). 

1 Somogyi, M., J. Biol. Chem ,195, 19 (1952). 

‘Shull, K, H., J. Biol. Chem , 287, PC 1734 (1962) 

2 Pamonean, T . V., and Lowry, O. H., Biochim Biophys Res Commun , 7, 

10 Lupu, 0. I., and Farber, E., Proc. Soe. Exp. Biol , 86, 701 (1954) 

1 Horning, M. G., Earle, M. J., and Maling, H. M., Biochim. Biophys Acta, 
§6, 175 (1962). 

12 Arvidson, G., and Olivecrona, T., Acta Physiol Scand., 55, 303 (1962). 

13 Harris, P, M., and Robinson, D. S , Biochem. J., 80, 352 (1961). 

1 Olivecrona, T., Acta Physiol. Scand., 56, 291 (1962). 

28 Farber, E., Hoch-Weser, D., and Popper, H., Endocrinology, 48, 205 (1951). 

16 Farber, E., Lombardi, B., and Castillo, A. E , Lab. Invest., 12, 878 (1963). 

17 Hyams, D. E., and Isselbacher, K. J., Nature, 204, 1196 (196+) 


a-Hydroxybutyric Dehydrogenase Activity of 
Human Vascular Tissue 


In recent years, several investigations have been reported 
on the «-hydroxybutyrie dehydrogenase (HBD) activity in 
humen serum and in various animal organsi-5. This 
enzyme catalyses the reversible reaction : 
«-hydroxybutyric acid + DPN = a-ketobutyric acid 

+ DPNH. 
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Reliable measurement of the enzyme activity 1s possible 
by determining the rate of reduction of a«-ketobutyric 
acid with reduced diphosphopyridine nucleotide (DPNH). 
No research has previously been conducted on the HBD 
activity exhibited by vascular tissue. The present in- 
vestigation was designed to determine the activity of this 
enzyme in various types of human blood vessels. To evalu- 
ate the association between arteriosclerosis and HBD 
values, enzymatic measurements were made separately on 
normal and lipid-arteriosclerotic portions of tissue. 

The vascular samples were obtained fresh at autopsy at 
the St. Louis City Morgue from individuals ranging in 
age from 3 months to 85 years. After rinsing the specimens 
with isotonic saline solution, the adventitia was removed 
and 5 per cent aqueous homogenates of mtima-media 
layers were prepared at 4° C with a tissue grinder (Kontes- 
Duall type). The homogenates were afterwards centrifuged 
at 25,000 r.p.m. and 0-05 ml. portions of the supernatants 
immediately used for measurement of enzyme activity. 
The HBD determinations were performed as described 
by the Sigma Chemical Co.*—a method similar to that 
used by Elliott and Wilkinson? for the assay of rabbit 
liver, heart and kidney tissue. The tests were conducted 
at 25° C, 

The 0-05 ml. 5 per cent homogenate supernatant was 
first incubated with DPNH in 2-8 ml. phosphate buffer, 
pH 7-4, for 30 min; after this pre-incubation period, 
unspecific oxidation of DPNH was no longer detectable. 
0-1 ml. of «-ketobutyrate solution was then added to the 
sample and, after thorough mixing, the rate of DPNH 
oxidation was determined at 340 mu in a Beckman DU 
spectrophotometer provided with thermospacer equip- 
ment. The millimolar concentrations in the final reaction 
mixture were: «-ketobutyric acid, 4:25; DPNH, 0-1; 
phosphate buffer, 95-0. The optical density readings were 
made at l-min intervals against a reference cuvette con- 
taining a dichromate solution of appropriate concentration. 
Linearity was observed between time of reaction and rate 
of DPNH oxidation during periods of 8-10 min; under 
the conditions used, the activity recorded was proportional 
to enzyme concentration. A blank in which the homo- 
genate supernatant was replaced with water was run with 
each set of analyses. The observed HBD values are 
expressed as millimoles of substrate metabolized/g wet 
tissue/h, In addition, activities calculated on the basis of 
fresh tissue nitrogen content are reported. 


Table 1. a-HYDROXYBUTYRIC DEHYDROGENASE ACTIVITIES OF HUMAN 
» VASCULAR TISSUE 


mmoles of substrate mmoles of substrate 
No. of metabolized/g wet metabolized/g tissue 


samples tissue/h nitrogen/h 
Mean D Mean S.D, 
Thoracic descending aorta: 
No , 0 329 0:131 8°51 8 37 
Lipid-arteriosclerotic 31 0:252 0 098 7:53 2°62 
Pulmonary artery 25 0-398 0-124. 11 78 3 88 
Coronary artery: 
Normal 15 0 458 0 196 13-96 5 92 
Lipid-artenosclerotic 5 0-200 0 099 6°48 2°82 
Vena cava inferior 6 0:5380 0:112 15:00 3 25 


The mean HBD activities of vascular samples are listed 
in Table 1. Distinctly higher values were observed for 
the pulmonary artery, coronary artery, and inferior vena 
cava than for the aorta. Moderately lower enzymatic 
activities were displayed by arteriosclerotic than by 
normal tissue portions of the same aortic specimens (wet 
tissue = 81 per cent, ¢ of difference = 3-95; tissue 
nitrogen = 89 per cent, ¢ of difference = 1-85). A decrease 
in HBD activity with age was noted for both normal 
(r = — 0:27, t = 2:02) and arteriosclerotic (r = — 0-56, 
t = 3-58) aortic tissue. 

Although the HBD activity observed for human aortic 
tissue is less than 0-5 per cent of that reported by Konttinen. 
and Halonen‘ for liver tissue, a comparison of this de- 
hydrogenase with other enzymes recorded for human 
arterial tissue? shows that a-hydroxybutyric dehydro- 
genase belongs to the group with highest vascular activi- 
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ties. This suggests that HBD may play a significant part 
in the intermediary metabolism of the vessel wall. 

This work was supported by the St. Louis Heart Associa- 
tion and by a grant from the U.S. Public Health Service 
(No. H#-00891). 
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Kynurenine in Rat Hair 


Tux pelage of certain murine rodents contains substan- 
tial amounts of fluorescent tryptophan metabolites!. In 
the laboratory rat l-kynurenine? is the principal compound 
present, with relatively small amounts of kynurenic acid, 
Na-acetyl-l-kynurenine and other fluorescent compounds. 
It is interesting to know what drain this constitutes on 
the total tryptophan. pool in the ratt; and since trypto- 
phan has been suggested as a possible precursor of red hair 
pigment, phenomelanin®, how the amounts of kynurenine 
compare in the hair of rats with different coat colours. 

H. Takahashi has determined the amount of kynurenine 
in the hair of albino rats and some strains of mice after 
strong hydrolysis in hydrochloric acid®. The method used 
was the ion-exchange chromatographic assay published 
by Brown and Price”. No appreciable amount of kynure- 
nine was found in the hair investigated except albino rat 
hair. Albino rat hair, washed with very dilute detergent, 
gave an average value of 2 mg of kynurenine per 100 mg 
of dry hair weight. There is about 2 g of hair on a 125 g 
rat. This means that approximately 40 mg of kynurenine 
is ‘excreted’ with the growing hair during replacement of 
the post-natal pelage in rats between 4 and 7 weeks old, 
and corresponding amounts during subsequent periods 
of anagen in their hair cycle of the adult rat®. 

I have obtained slightly lower values by the method of 
Spdc&k®, described hare, and also found that the amount 
of kynurenine plus acetyl kynurenine (and kynurenic acid 
by chromatography’) is independent of coat colour, the 
content in the pelage being approximately the same in 
albino, black (melanin), and cinnamon (phenomelanin) 
rats. In the cinnamon rat there is consequently no evid- 
ence of a grossly altered kynurenine content in the hair 
due to production o7 phenomelanin. The possibility that 
kynurenine is taken. up into rat hair directly from the 
circulating pool must be entertained, since this is true of 
iodide*® and 9-phenyl-5 : 6-benzo-iso-alloxazine™. In 
the black rat fluorescence of the pelage is largely quenched 
by melanin in situ. 

1 g of hair, weighed in room air, was placed in a 500-mJ. 
boiling flask with 100-ml. distilled water, boiling granules 
and silicone antifoaming agent. The flask was placed on a 
pre-heated electric heater and 15 g sodium hydroxide 
added. The powerstat was adjusted to deliver the first 
50 ml. of distillate in 20 min into a fractionating well 
immersed in an ice bath. After 50 ml. had collected, 
the condenser was washed with 10 ml. of water and this 
was added to the distillate. The distillate was transferred 
to a pre-cooled separatory funnel. The fractionating well 
was rinsed with 10 ml. of water and this was added to the 
contents of the separatory funnel. The separatory funnel 
and contents were ccoled to 5° C and 50 ml. of cold diethyl 
ether was added and shaken. After 1 h separation at 5° C 
the ether layer was collected into a stoppered flask. 
The water layer wes returned to the funnel and re- 
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Table 1. Ma OF ]-KYNURENINE* IN 1 G RAT HAIR 

Washed hairt 
Cinnamon 4 
Cream dilute 30 
Black 46 
Albino 3-8 

Unwashed hair 
Black. 88 
Albino ¢ 9-4 


9 79 
DL-kynurenine (2-5 mg) 21 
* Including Na-acetyl-I-kynurenine. 


t Weighed after washing. 
Table 2, VALUES OBTAINED FROM GUINEA-PIG, MOUSE AND HUMAN HAIR 
(ag kynurenine per g of hair) 

Guinea-pig (red) 25 we/e* 
(white) 4 gig 
(black) 7 vale 

Mouse (albino) 7 vale 

Human (red) 27 ugjg* 


* The slightly higher values obtained from red hair may have significance 
with respect to the synthesis of pheomelanin (ref, 5). This could also result 
i Ge ras of tryptophan per se with the method of determination 
used (ref. 14). 


extracted with 25 ml. of cold ether. The water layer was 
discarded and the combined ether layers made up to 75 
ml, and returned to the flash. Absorption at 360 mu 
was determined in a Beckman DU spectrophotometer, 
the ether extract being kept in an ice bath during the 
procedure. 

Clean, clipped rat hair was used in the investigation. 
A portion of this hair was washed through six 15-min 
changes of distilled water with constant stirring, drained 
dry in a Büchner funnel between changes, followed by a 
15-min extraction with diethyl ether, after which the hair 
was thoroughly air dried. This is referred to as ‘washed 
hair’ in this communication. Healthy albino rats of the 
Holtzman strain and laboratory rats with cinnamon, 
black and cream dilute coat colour!® were used in the 
investigation. The results of the assays are shown in 
Table 1. The same procedure was applied to samples of 
red human hair, guinea-pig hair and albino mouse hair, 
without obtaining significant values to indicate the 
presence of kynurenine in the hair (Table 2). A. single 
determination of the amount of kynurenine lost in one 
15-min washing with water accounted for 1:2 mg of a 
1-7 mg difference between washed and unwashed hair. 
Paper chromatography of the fluorescent ether fraction 
with Mason and Berg’s solvent system revealed a single 
blue-white fluorescent spot, Rr 0-9 +, which developed a 
salmon. colour with Ehrlich’s reagent. Determination of 
the ultra-violet absorption spectra of the presumptive 
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Fig 1. Absorption spectrum of o-amino-acetophenone m diethyl! ether. 


Solid dots plot distillate from rat hair, open circles plot distillate from 
known sample of p,i-kynurenine 
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o-amino-acetophenone obtained from rat hair and from 
D,L-kynurenine (Mann Biochemicals) revealed an absorp- 
tion maximum at 358 my (Fig. 1). 

I thenk T. B. Fitzpatrick, Harvard University, for 
material assistance in this study, H. Takahashi, Univer- 
sity of Wisconsin, for permission to quote his unpublished 
data, and R. R. Brown, University of Wisconsin, U.S.A., 
for his advice. 

This work was supported by the Dermatology Founda- 
tion of Miami and by the dermatology training grant 
245262 from the National Institute of Arthritis and 
Metabolic Diseases, at the University of Miami. 
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Inhibition of Choline Acetyitransferase by 
Excess Cysteine ~ 


THe first demonstrations of an enzyme that would 
synthesize acetylcholine (ACh)—originally designated 
choline acetylase but now called choline acetyltransferase 
(acetyl-CoA: choline-O-acetyltransferase, HC 2.3.1.6.)— 
depended on the presence in the tissues of other endo- 
genous enzymes which would synthesize acetyl-CoA. Even 
when the substrate role of acetyl-CoA had been appreciated, 
however, it was found that ın order to realize the maximal 
activity of the enzyme, provision had to be made to 
couple it with another enzyme system which would pro- 
duce acetyl-CoA continuously from suitable precursors. 
Compared with the production from such coupled systems 
the amount of ACh produced from added synthetic 
acetyl-CoA was as little as 20 per cent in the experiments 
of Reisberg! and about 50 per cent in those of Smallman? 
and of Morris and Tuček’. However, McCaman and Hunt! 
have obtained proportionately much higher yields of 
ACh in a buffer-substrate system containing synthetic 
acetyl-CoA, choline, eserine, magnesium sulphate, bovine 
plasma albumin and a high concentration of sodium 
chloride. Their incubations were conducted at pH 7:4. 
These authors considered that their higher yields of ACh 
depended on the replacement of potassium with e high 
concentration of sodium ions, but it appears that other 
factors may be more important. 

We have now been able to demonstrate that rates of 
ACh synthesis either equal to, or greater than, those found 
by McCaman and Hunt‘ can be obtained from rabbit 
brain extracts when cysteine is omitted from the incuba- 
tion medium. Our experiments have been performed on 
crude extracts of acetone-dried rabbit brain, on crude 
sucrose homogenates of the electric organ of Torpedo 
marmoraia (see Morris, Bull and Hebb*) and on prepara- 
tions of these enzymes partially purified by ammonium 
sulphate fractionation. The inhibitory effect of cysteine 
on the Torpedo enzyme when incubated with synthetic 
acetyl-CoA is shown in Fig. 1. In this experiment the 
incubation pH was 6-9, a value near the optimum for a 
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Fig. 1. Effect of cysteine on ACh synthesis by extracts of ae electric 
organ of Torpedo. Incubation medium contained (moles ER po 
ann a chloride, 200; 20; Phosph hate-citrate buffer, oe 6:9, 40; cho chloride 
ulpha 6; acetyl-CoA, 0 853 20 ul. o f partially hloride, 
ker extrac equivalent to 80 mg electric organ and various concen- 
trations of cysteine. Temperature, 30°: pH 6°9; incubation time, 10 min, 
The yleld of ACh from the coupled enzyme sys tem at this pH and tem- 
perature was 14-6 umoles Ahir A fresh tissue/h 


coupled enzyme system containing phosphotransacetyl- 
ase (acetyl-CoA : orthophosphate acetyltransferase, HC 
2.3.1.8), acetylphosphate and CoA for the enzymatic 
production of acetyl-CoA. However, it appears that the 
pH optimum of choline acetyltransferase itself is nearer to 
7-5, and at this pH the influence of cysteine on the yield 
of ACh from synthetic acetyl-CoA is correspondingly 
greater. The rate of synthesis of ACh from partially 
purified extracts of rabbit brain with synthetic acetyl-CoA 
at pH 7:5 in the absence of cysteine is greater than that ob- 
tained with the coupled system under optimal conditions 
(see Table 1). Cysteine is required in the coupled system 
for maximum activity. 


Table 1, EFFEOT oF CYSTEINE, SODIUM AND POTASSIUM ON ACETYLCHOLINE 
SYNTHESIS BY RABBIT BRAIN CHOLINE AGETYLTRANSFERASE AT pH 7:5 


pMoles agi per g 
Enzyme Incubation Oysteine Sodium Potassium fresh tissue 
type (mM) (mM) (mM) perh 
Crude Acetyl-CoA 0 0 300 461 
Acetyl-CoA 0 300 0 5-41 
Coupled system 28 60 180 541 
Partiall lly 

purifi Roce. 23 0 300 8-49 
Acetyl-CoA 0 8} 300 8-61 
Acetyl-CoA 23 300 0 2°61 
Acetyl-CoA 0 300 0 6°30 
Coupled system 23 80 180 5-232 


In both systems it is necessary to add monovalent 
cabions, potassium or sodium, to obtain maximal yields of 
ACh. In some circumstances, we have found that potas- 
sium is better than sodium, but this is not invariably so. 
Sometimes sodium gives higher yields and this seems to 
depend on whether the enzyme is in the crude state and 
from what tissue it is obtained. It will be seen from 
Table 1 that 300 mM sodium supports a higher rate of 
ACh synthesis by crude rabbit brain than does an equi- 
valent concentration of potassium, a result in qualitative 
agreement with McCaman and Hunt’. With partially 
purified enzymes, however, potassium is better than 
sodium. 

In the experiments described here, the enzyme pre- 
parations were dialysed against 0:05 M-tris-thioglycollate 
buffer, pH 6-6, to reduce the endogenous sodium and 
potassium to a minimum. Subsequent measurements of 
these ions revealed that all but a trace had been removed. 
Enzymes containing no thioglycollate give much lower 
yields of ACh and crude rabbit brain extracts have 
the same specific activity (3-67 umoles ACh/g fresh 
tissue/h) as reported by McCaman and Hunt‘. It is 
thought that the low concentration (1 umole/ml.) of 
thioglycollate present in most of our experiments may 
be necessary for the stability of the enzyme. In this 
connexion it is of interest that we have so far been 
unable to obtain identical rates of synthesis of ACh 
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with the synthetic acetyl-CoA and coupled enzyme 
systems using partially purified placental choline acetyl- 
transferase. The latter is considerably less stable than 
the enzyme from rabbit brain. 

From experimente designed to determine the concen- 
tration of acetyl-CoA required to saturate our choline 
acetyltransferase preparations it is possible to obtein 
approximate Km values for acetyl-CoA. At 39° C the Km 
is 1:67 x 10-4 M for Torpedo and 4:9 x 10-5 M for rabbit 
brain enzyme. At this temperature the yield of ACh from 
Torpedo choline acetyltransferase with synthetic acetyl- 
CoA is 80-90 per cent of that obtained from the coupled 
enzyme system, but at 25° C, a temperature much closer 
to that which the enzyme in this species is normally ex- 
posed, the yields of ACh from the two incubation systems 
are equal. 

D. Morris 
CATHERINE HEBB 
G. BOIL 
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Brain Myelination after Neonatal 
Administration of Oestradiol 


OESTRADIOL administered neonatally hastens functional 
brain maturation of the young rat as demonstrated by 
electroshock techniques!. The mechanism of this action 
is unknown, but it has been suggested that it is related 
to changes in brain metabolism and/or myelination!. 
Postnatal histological studies of the brain of the normal 
rat indicate that the rate of myelination in the hypotha- 
lamus is greatest between 10 and 20 days of age*?. In 
the cortex this process begins on about day 12 and con- 
tinues until about day 60 of age*. The present investiga- 
tion was undertaken to learn whether or not eerly 
postnatal injection of oestradiol influences the rate of 
brain myelination in the developing rat, and whether it 
thereby hastens functional brain maturation. 

Ten litters of six female rats each were kept with lactat- 
ing mothers until they were killed at either 15 or 20 days 
of age. Food (a standard rat diet in pellets) and water 
were given ad libitum to the mothers throughout the 
experiment. The infants in each litter were divided 
equally into controlsand rats to be injected with oestradiol. 
Oestradiol suspended in ‘“Mazola’ oil was injected sub- 
cutaneously in a daily dose of 100 pg/100 g body-weight 
for 4 consecutive days beginning when the animals are 
6 days old. Controls were injected with ‘Mazola’ oil 
alone. Half the animals were killed by decapitation on day 
15 and the other hal? on day 20. These ages were selected 
because they correspond with critical changes in electro- 
shock seizure responses’. 

After fixation in 10 per cent formalin for one week, the 
hypothalamus and sensory-motor cortex of each brain 
were separated, dehydrated, embedded in paraffin, 
sectioned at 6u and stained with the modified Mann 
stain®. Fibres were selected at random and the smallest 
cross-sectional diam=ter of the myelin sheath and of the 
axis cylinder was measured with an ocular micrometer 
at a magnification of 1,000. The cross-sectional area of 
the myelin sheath was calculated by subtracting the area 
of the axis cylinder from the total fibre area. Ten measure- 
ments were taken for each animal. The significance of 
differences between groups was calculated by the t-test. 
The results obtained are summarized in Table 1. 

In the hypothalanus of the controls, the cross-sectional 
area, of myelin increased significantly between 15 and 20 
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Table 1. MEAN CROSS-SECTIONAL ARBAS OF MYELIN SHEATHS IN THE 
HYPOTHALANUS AND SENSORY-MOTOR CORTEX OF CONTROL AND OESTRADIOL- 
TREATED RATS 


; Age (daya P 
Treatment 15 ee bo 15 ean 
20 days 
Hypothalamus (area in u°) 

Control 88+38* 110+6 <0 01 
Oestradiol, 100 wg/100 g body-weight 

injected from days 6-9 109+ 4 117 + 4 m 
Pt (controls versus oestradiol) <0 01 <0 01 we 


Sensory motor cortex (area in x?) 


Control 91+3 86+1 mr 
Oestradiol, 100 yg/100 g body-weight 
injected from days 6-9 119+3 W442 ~ 
Pt (controls versus oestradiol) <001 <001 me 
* Mean + S.E. 


t Values based on é-test foi significance of difference of means (controls 
versus oestradiol). E 


Mea based on t-test for significance of difference of means (15 versus 


days of age. In rats treated with oestradiol, myelin at 
15 days of age was significantly greater than in the 
controls. Since myelin in the hypothalamus of treated 
rats does not significantly increase between 15 and 20 
days of age, it would appear that in these rats, but not in 
the controls, the period of rapid myelination im the 
hypothalamus is almost complete at fifteen days. Thus 
the period of rapid myelination in the hypothalamus was 
accelerated by oestradiol. 

In contrast to the hypothalamus, the sensory-motor 
cortex of control rats did not show a significant increase 
in myelin between 15 and 20 days of age. This is in 
agreement with other investigations’ which report that 
myelination in these areas of the brain occurs slowly, 
over a relatively long period of time, and is complete at 
about 60 days of age. Similarly, the cortices of treated 
rats showed no increase in myelin between 15 and 20 
days. At both ages, however, myelination was more 
complete after oestradiol. 

The precocious laying down of the myelin sheath around 
nerve fibres in the rat brain, demonstrated here, may 
represent a mechanism by which early postnatal admini- 
stration of oestradiol accelerates functional brain matura- 
tion. Although the nature of this mechanism is still 
unknown, it is suggested that oestradiol may affect some 
aspects of cholesterol metabolism which are critical for 
early myelination. Cholesterol is involved in myelination 
not only by its accumulation in the free form in the 
myelin sheath, but also by a possible role in the transport 
of fatty acids to and from the sites of triglyceride formation 
and breakdown’. Oestradiol has been shown to reduce 
serum cholesterol in the adult rat, but this has been 
demonstrated only through some actions of the liver’. 
Rats with diseases characterized by deficient myelination 
have brains greatly deficient in cholesterol as compared 
with controls’. It is suggested that the effects of oestra- 
diol on myelination are, at least in part, a result of its 
action on cholesterol metabolism. 


JOHN J. Curry, ITT* 
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Collagen Synthesis in Fibroblasts transformed 
by Oncogenic Viruses 


THE synthesis of collagen has been examined in cultures 
of various cell strains and established cell lines of fibro- 
blastic origin‘. All the strains and most of the established 
lines synthesized considerable quantities of collagen, but 
the rate of synthesis varied among the different strains 
and lines‘:*. One line, 373, in contrast to others evolved 
from the same initial mouse embryo culture, was found 
to be severely restricted in its ability to synthesize 
collagen®»’, while transformants of this line produced by 
polyoma virus or S V, were able to synthesize collagen at 
higher rates’. It therefore appeared that collagen synthesis 
in cell line 373 was repressed and this repression was 
released by the viral transformation. 

These experiments on 3T3 and its transformants were 
carried out on cultures grown in the Dulbecco-Vogt 
modification of Eagle’s medium’, which itself contained 
no ascorbic acid, but which was supplemented with 10 
per cent calf serum. As fresh calf serum usually contains 
about 5 ug/ml. ascorbic acid®, the final medium contained 
0-5 ug/ml. or less. Since ascorbie acid is known to be 
important for collagen synthesis!*:4, the collagen syn- 
thesizing ability of cell strains? and lines has now been 
tested at higher concentrations of ascorbate. A concentra- 
tion of 50 ug/ml. is more than sufficient to ensure a maxi- 
mal rate of synthesis. 

The rate of collagen synthesis may be estimated by 
determining the amount of hydroxyproline accumulated 
in the cell layer? or by exposing the cells to “C-labelled 
proline and measuring its incorporation into the non- 
dialysable hydroxyproline residues of collagen and into 
the proline residues of all the culture proteins. From the 
ratio of counts in HyPro to counts in Pro and knowing the 
abundance of HyPro in collagen and of Pro in the average 
cell protein, the ratio of collagen (C) synthesized to cell 


protein (P) synthesized GS) during the period of exposure 


to the labelled precursor can be calculated*. This value is 
an index of differentiated function by the fibroblast. 
Table 1 shows that in the absence of added ascorbate 


ACG 
the mouse fibroblast line 3T6 gives a Ap Value of 3:5, 


A : 
while cell line 37’3 has a aS of only 0-55. Three viral 


transformants of 37'3—S V-373-5, SV-37'3-10 clone 1 and 
the doubly transformed SV-PY-37'3-11 clone 11 (ref. 13)— 
devote a larger fraction of their total protein synthesis to 
collagen formation than the parent line (up to nearly 
four-fold). This confirms the results obtained earlier by 
determining the quantity of collagen accumulated in the 
cell layer’. 

The relative ability of the cell lines to synthesize collagen 
is very different if 50 ug/ml. ascorbic acid is added to the 
medium prior to and during the 12-h period of exposure 
to the “C-proline. Line 3T6, previously considered to 
be the best of the lines for collagen synthesis, approximately 


AC 
doubles its rate of synthesis (35 = 6-4), but 3T3 under- 


l AC l 
goes a relatively greater increase, the AP value rising 


from 0-55 to 7-2. It is therefore clear that in the presence 
of adequate levels of ascorbic acid, cell line 3T3 synthesized 
collagen as well as any other fibroblast line. In the viral 


A 
transformants a was less affected by ascorbate supple- 


mentation and was always lower than in the parent cell 
type (Table 1). The doubly transformed line, SV-PY- 
373-11 clone 11, did not respond to ascorbate supple- 


A : 
mentation at all; its mae values were comparable with 
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those found for L-929, an established fibroblast line with 
a long culture history™ and some neoplastic potential. 
In other experiments an SV) transformed line derived 
from a human diploid fibroblast strain}® was similarly 
found to be unresponsive to ascorbate supplementation 
and to have a lower rate of collagen synthesis than the 
parent strain. 


Table 1. COLLAGEN SYNTHESIS BY FIBROBLAST LINES AND THEIR VIRAL 
TRANSFORMANTS 
force (%) ACAP (%) 
low ascorba low ascorba 
ascorbate supple- ascorbate supple- 
mented mented 
376 9-47 15-4 35 6-4. 
3T3 1°60 17°23 0:55 7-2 
SYV-873-5 5-35 — 1 98 — 
S¥-87'3-10 clone 1 231 18-7 0-80 5-5 
S¥-378-65 clone 3 1:88 9-9 0°65 3-8 
SV-PY-378-11 clone 11 4°65 4°24 1:66 1-51 
L-929 4-56 4 65 1°60 1°66 


Collagen synthesis in the transformed cell lines there- 
fore differs from that in the parent cells in two respects: 
(1) When tested under conditions that allow the maxima] 
rate of collagen formation (adequate ascorbate supple- 
mentation) the viral transformants produce less collagen 
per unit of protein synthesized than the parent line. A 
second differentiated function, hyaluronate synthesis, 
also is reduced in transformed 3T3 cells”. (2) Collagen 
synthesis in the transformed cells is less dependent on 
exogenously supplied ascorbate. The first result is con- 
sistent with the commonly observed loss of differentiated 
function occurring in neoplastic cells; the second with an 
increased metabolic autonomy. 

This work was supported by grants and awards CA 
06793, 1-K6-Ca 1181, AI 04140 and 2-K3-GM-5357 from 
the U.S. Public Health Service. 
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Incorporation of *S-methionine into Insulin 


Ly our investigations! of the biosynthesis of the A and B 
chains of insulin in rats by means of labelled amino-acids, 
we studied the incorporation of **S-methionine into that 
protein, the presence of which has not yet been experi- 
mentally demonstrated in insulin. There are some mdi- 
cations in the literature that the amino-acid composition 
of insulin in rats differs somewhat from that in animals of 
other species?-. 
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We carried out aninvestigation in vivo of the incorpora- 
tion of *S-methionine into insulin of rats. The labelled 
amino-acid was injected intraperitoneally into the rat (1:2 
ve./1-0 g body-weight; spec. aet., 530 uc./mg). 
animals were killed at various times after the injection. 
In some experiments insulin was isolated by Petting’s 
method®. To purify the admixtures, the isolated insulin 
was reprecipitated many times at its isoelectric point. The 
radioactivity of the ‘purified’ insulin was determined, and 
results obtained are shown in Table 1. 


Table 1. INCORPORATION OF °5S-METHIONINE INTO RAT INSULIN AT 
VARIOUS TIMES AFTER INCECTION OF LABELLED AMINO-ACID (0.p.m /mg) 
Time (min) 40 80 120 
Radioactivity (c.) 240 540 680 


Due to the possibility that the radioactivity found in 
insulin after imjection of **S-methionine could be the 
result of a transformation of the labelled amino-acid into 
cysteine, followed by incorporation into a molecule of 
insulin, we determined the amino-acid residues of insulin. 
to which activity balonged. For this purpose, insulin 
labelled in vivo with **S-methionine was oxidized by 
Sanger’s method®; the chains were separated by high- 
voltage electrophoresis (1-0 mg oxidized insulin was trans- 
ferred to the electrophoregram, and electrophoresis was 
carried out in phosphate buffer at pH 8-6 and 1,000 Y). 
After eluting the insulin chains with dilute alkali (followed 
by evaporation under vacuum) the complete hydrolysate 
of each of the chairs was radiochromatographed. The 
chromatograms of hydrolysates of the A and B chains of 
insulin showed radioactivity in the methionine and 
cysteine positions. In chain A 70 per cent of all activity 
was found in methionine and 30 per cent in cysteine, 
while in chain B the radioactivity of methionine and 
cysteine was the same (Table 2). 


Table 2. DISTRIBUTION OF RADIGACTIVITY BETWEEN METHIONINE AND 
CYSTEINE RESIDUES IN INSULIN AND ITS A AND B CHAINS AFTER INJECTION 
F LABELLED AMINO-AOID {c p.m /mg) 


Mode ofisolation Am{no-acid residues Insulin Chain A Chain B 
Tsocelectrical %5S-metauonine 540 350 509 
precipitation 48-cysteine 498 150 417 
Immunological 46S-methionine 72 — — 
3S-eyst2ine 60 — — 


Thus, the data obtained show that ®*S-methionme 1s 
meorporated into both chains as such, and in addition 
that 1ts radioactive sulphur resides in the cysteine residues 
of insulin. 

The incorporation df °5S-methionine into insulin in the 
process of biosynthesis of this protein was also confirmed 
by isolating insulin immunologically’. Complete acid 
hydrolysis and radiochromatography of the antigen- 
antibody complex revzaled that the radioactivity resided in 
the methionine and cysteine positions (Table 2). It should 
be noted that in this experiment 55 per cent of the radio- 
activity of the original methionine was found incorporated 
in the cysteine residues of the insulin chains. This finding 
is in close agreement with the data obtamed when insulin 
was isolated isoelectrically. 

The present data indicate that ™S-methionine is 
incorporated into ras insulin and that it is, in fact, a 
constituent amino-acid of this protein. 
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Influence of Umbilical Blood Fructose on the 
Production of Fructose by the Perfused 
Placenta of Sheep 


SEVERAL investigations on the sheep placenta, perfused 
through the umbilical vessels, have shown that this tissue 
synthesizes fructose and that the initial precursor is 
glucose!, These investigations were performed in pre- 
parations in which the perfusion circuit was primed initial- 
ly with maternal blood. Since the maternal blood contains 
little or no fructose, the admixture of this blood with 
foetal blood (contained in the placental vessels at the time 
of incorporation into the perfusion circuit) results m a 
perfusate which has a lower fructose concentration than 
was originally present in the foetal blood. Under these 
conditions, the fructose concentration of the blood re- 
circulating through the placenta typically rises with time. 
The concentration rises rapidly at first, then more slowly, 
to reach within 1—2 h a plateau concentration in the range 
of 100-150 mg/100 ml.; values commonly found in foetal 
sheep blood. However, in one experiment reported by 
Alexander, Huggett, Nixon and Widdas' some fall was 
observed following the addition of fructose such that the 
concentration in the perfusate was greater than this 
range. Nixon’ found in the isolated uterus of a pregnant 
sheep that the placental production of fructose was very 
much reduced when the fructose concentration in the 
umbilical arterial blood was similar to that found normally 
in foetal blood (the uterus was maintained by perfusion 
circuits through both the uterine and umbilical vessels). 
Both Alexander? and Nixon’ have suggested that the pro- 
duction rate of 5-10 mg fructose/min previously observed? 
was due to the existence of a subnormal concentration of 
fructose in the umbilical perfusate. The purpose of the 
present work was to test this postulate by perfusing sheep 
placentae by the technique of Alexander, Huggett, Nixon 
and Widdas! with different fructose concentrations in the 
perfusing blood. 

The animals used were Dorset Short-Horn sheep bearing 
foetuses of 100-120 days, anaesthetized by the spinal 
administration of procaine. The lower half of the ewe was 
placed in a saline bath at 38° C, the foetus was delivered 
by Caesarian section and then detached. Into the umbilical 
arteries were inserted cannulae fed from a reservoir by a 
variable speed rotary pump; cannulae inserted into the 
umbilical veins returned the blood to the reservoir. About 
150 ml. of maternal blood was in the extracorporeal circuit. 
The perfusion pressure was about 40 mm mercury and the 
rates of blood flow were between 64-136 ml./min. Samples 
of blood were removed at intervals from the reservoir and 
the plasma deproteinized with 0:3 N sodium hydroxide 
and 5 per cent zinc sulphate. The concentration of fructose 
and glucose in the filtrates was determined by the resor- 
cinol’ and glucose oxidase? methods, respectively. After a 
period of recirculation the fructose concentration of the 
perfusate was altered by alternate flushing (venous out- 
flow discarded) and recirculating with the new blood 
through the placental circulation; this procedure was 
repeated several times. 

The results obtained in two experiments are shown in 
Fig. 1. In the first phase of experiment A, the concentra- 
tion of fructose rose from 75 to 107 mg/100 ml over a 
period of 30 min. When, however, the perfusate was 
replaced by one containing fructose at about 180 mg/100 
mil. no production of fructose was apparent. The cessation 
of fructose production was not due to a deterioration of 
the preparation because on returning the placenta to a 
perfusate with a low concentration of fructose, the con- 
centration rose from 48 to 87 mg/100 ml. over 30 min. 

In another experiment (not illustrated), which followed 
the same pattern, the initial 30 min of perfusion was 
accompanied by a rise in fructose concentration from 108 
to 136 mg/100 mi. In the presence of a higher fructose 


a 
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concentration, it rose only from 178 to 186 mg/100 ml. 
over the same period of time; however, on reverting back 
to a low concentration, the concentration rose from 27 to 
100 mg fructose/100 ml. in 30 min. 

In the experiment illustrated in B, the first phase of the 
experiment was conducted in the presence of a high fructose 
concentration followed by a phase at a low concentration 
and finally back to a high concentration. It will be seen 
that an increase in the fructose concentration only occurred 
when the concentration was low. 

Using a ‘through’ perfusion technique, in which the 
pump drew on a large volume of blood and the outflow 
from the umbilical veins was collected at frequent inter- 
vals in separate containers, 1t was possible to compute the 
rate of fructose production in mg/min. In one such experi- 
ment where the concentration of fructose in the effluent 
blood was raised to 172 mg/100 ml. it was found, after a 
10 min equilibration at this concentration, that the 
effluent blood collected in minute fractions had concentra- 
tions varying only from 164 to 176 mg fructose/100 ml. 
with blood flows between 105 and 109 ml/min. From 
knowledge of these arterio-venous concentration differences 
and of the rate of blood flow, the production or loss may be 
calculated. Over the 12 min of the observation period 
there was a net loss of 23-5 mg fructose which could be 
attributed to transplacental passage; this can occur at a 
rate of 0-4-2-0 mg/min in perfused preparations’. 

In all experiments the variations in fructose concentra- 
tion were independent of the glucose concentration in the 
perfusate. 

Hers’, on the basis of an vitro studies, suggested that 
both the placenta and the foetal liver were involved in the 
synthesis of foetal blood fructose. It was suggested that in 
the placenta the conversion of glucose to sorbitol by aldose 
reductase (polyol: NADP oxidoreductase) occurred; the 
sorbitol then passed into the foetal circulation and was 
converted to fructose by sorbitol dehydrogenase (x-iditol: 
NAD oxidoreductase) in the foetal liver. While perfusion 
studies have confirmed that the foetal liver can convert 
sorbitol to fructose!, the results of placental perfusion 
suggest that insufficient sorbitol is liberated from the 
placenta to substantiate the foregoing hypothesis. How- 
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Fig. 1. Production of fructose by two perfused sheep placentae 4 and B 

in the presence of varying concentrations of fructose in the perfusate. The 

stippled area represents the equilibration period at the new concentra- 

tion. @, Umbilical plasma fructose; O, umbilical plasma glucose, 
A; maternal plasma fructose; A, maternal plasma glucose 
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ever, it was suggested that a conversion of glucose—> 
sorbitol—fructose occurred entirely within the placental 
cell and that the cell membrane was permeable to fructose 
but not to sorbitol’ +, The results presented here provide 
evidence that the foregoing reaction 1s suppressed, by the 
phenomenon. of product inhibition at high fructose con- 
centrations. It is probable, therefore, that the rate of 
fructose production is governed by the rate at which it 18 
lost from the foetal circulation through transplacental 
passage and utilization. 
This work was supported by a grant from the Wellcome 

Trust. 
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Cyanide Excretion in the Rat 


Muc is now known about the body’s metabolism of 
cyanide within a pattern of normal physiology. The 
conversion of cyanide to thiocyanate was first demon- 
strated in 1894 + and the enzymatic nature of this reaction 
was investigated in 19337). The enzyme system was 
named ‘rhodanese’ and it has been found to be specific 
for free cyanide without action on organically bound cyano 
groups. This property indicates that the excretion of 
thiocyanates after the administration of organic nitriles 
results not from a direct action on the nitrile itself, but 
from hydrogen cyanide which had first been removed 
from the nitrile molecule by another mechanism. Although 
this rhodanese/thiocyanate excretory pathway is con- 
sidered to be the primary factor in the detoxification of 
cyanide there undoubtedly exist other pathways by which 
this may be mediated or assisted*, These implicate one- 
carbon compounds and also reveal that the radiocarbon of 
Na“CN appears in the methyl groups of choline and 


methionine and in the ureide carbons of allantoin. Some‘: 


of it also finds its way into the cyano group of cyano- 
cobalamin. It is known that hydroxocobalamin takes up 
cyanide avidly to form cyanocobalamin and can protect 
the experimental animal against lethal doses’. Latterly, 
a further pathway in the detoxification of cyanide has been 
implicated’. This shows that cyanide can combine with 
cystine in vitro to form 2-iminothiazolidine-4-carboxylic 
acid and that the formation of this acid also occurs in 
vivo. On injection of potassium cyanide subcutaneously 
into rats, the acid can be isolated from the urine in quanti- 
ties corresponding to 15 per cent of the dose, although 
the main excretory product (80 per cent of the dose) is 
thiocyanate. 

Cyanide has been extensively used by various routes as 
an experimental demyelinating agent®-*. Furthermore, it 
has now been shown that small doses given over a pro- 
longed period of time may produce changes in the central 
nervous system of the rat without the production of 
manifest anoxia®. This elimination of the anoxic element 
produced by previous workers in the experimenta] demy- 
elinating field lends support to the suggestion that a 
disorder of cyanide metabolism may be implicated in those 
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diseases in which demyelination occurs within a pieture of 
vitamin B,, deficiency?®*1, 

The mechanism cf cyanide demyelination is unknown. 
Although it has been stated that cyanide is not a cumula- 
tive poison? ıt was decided to investigate the excretion of 
cyanide/thiocyanate over a prolonged period of time. 
Adult albino Wistar rats were used in the experiment. 
They were maintained on a standard Oxoid modified 
diet 41B. A subcutaneous injection of 1 mg potassium 
cyanide was given once weekly for 20 weeks. A basal 
urine was collected prior to the mnitiation of the experiment 
and thereafter urines were collected at monthly intervals 
for the 24 h immediately following the injections. The 
estimation of uricary cyanide and thiocyanate was 
performed by a modification of the method of Aldridge’. 
This utilizes the corversion of cyanide and thiocyanate to 
cyanogen bromide Zollowed by the determination of the 
cyanogen. bromide Dy a colour reaction with a pymdine/ 
benzidine reagent. 1-8 ml. N/10 hydrochloric acid had 
0-2 ml. urine added and 0-1 ml. bromine water. 0-5 ml. 
of 2 per cent arsenicus acid was then added to the solution 
to remove excess bromine. It is important to shake the 
mixture well after the addition of each reagent. 3 ml. of 
the pyridine/benzidine reagent was then added and a 
colour change due to the unknown amount of cyanide 
and thiocyanate slowly develops and reaches a maximum 
in 25-30 min. This remains constant for about a further 
30 min. It must bə emphasized that the stability of the 
colour is dependent on temperature and allowance must 
be made for this fact if there is any great fluctuation from 
20° Œ. With each determination, suitable blanks were 
also prepared by omitting the bromine water. Standard 
solutions of sodium thiocyanate (containing 3-4 pg/ml.) 
were made up using volumes of 0-2 ml., 0-5 ml. and 1:0 m. 
The graph obtained from these is virtually linear and allows 
the unknown to be calculated directly. If linearity is not 
established due to temperature distortion then a suitable 
curve may be drawn and the unknown read from this. 
The degree of colour change was estimated on a Hilger 
and Watts Spekker using an Ilford 4 spectral green filter. 
This reading minus the blank determination was then 
converted to ug thiccyanate/ml. urine. Urines were stored 
in the deep freeze after the initial assay and a duplicate 
performed 1 week later. The mean of these two readings 
was taken as representing the monthly level for the 
individual rat. 

The results of this experiment show that seven of the 
eight rats subjected to the procedure gradually re-adapt 
their metabolic patnways to the injected cyanide so that 
it no longer appears in the urine as the quantities of 
thiocyanate found after the initial injection. The monthly 
output of these seven animals has been expressed as a mean 
excretion value of the individual mean values obtained 
(Table 1). One rat (Table 2) proved a notable exception 
to the general rule although at the conclusion of the 
experiment its capacity to excrete the cyanide as thio- 
cyanate also appeared to be diminishing. Although many 
factors influence thiocyanate excretion (body mass, diet, 
renal clearance, etc.) and for obvious reasons a controlled 
24-h sample was not obtainable from the rats used in this 
experiment, there can be little doubt that a definite trend 
has been established. The animal which showed a per- 
sistently raised thiocyanate excretion may provide a 
pointer to the fact that the individual rat’s tolerance to 
the same cyanide stimulus shows a marked variation from 
the neuropathological point of view. Identical histologi- 


Table 1. MEAN URINALY THIOCYANATE LEVELS EXPRESSED AS “G/ML. 
IN SEVEN EXPECIWENTAL RATS AT MONTHLY INTERVALS 
Basal 1 yA 3 4 5 
58 38 6 126 148 68 49 


Table 2. MEAN URINARY THIOCYANATE LEVEL EXPRESSED AS “G/M. IN 
OXE EXPERDIENTAL RAT AT MONTHLY INTERVALS 


Basal 


1 2 3 4 5 
68 1546 35:8 357 86-0 19-4 


920 g i r 6 

- 3 . j ` 
cal changes ın the central nervous system are not repro- 
ducible in different animals . otherwise similar in all 
respects’, ` 

The explanation for this disappearance of thiocyanate 
from the urine ın response to the same cyanide stimulus is 
obviously of theoretical and possibly practical interest. 
It could be shown that delayed excretion was not the 
explanation because collecting urine for the second 
period of 24 h following the injections failed to demonstrate 
a rise in thiocyanate excretion compared with the figures 
for the first 24 h presented in this communication. It 
appeared possible that the cyanide/cystine pathway may 
have superseded the rhodanese/thiocyanate mechanism 
and it was obviously important to confirm or exclude this 
possibility. .Cystine may be extremely important as a 
factor in central nervous system metabolism and it has 
been shown that this highly insoluble amino-acid can 
apparently pass through the blood brain barrier and 
become incorporated in neural proteins'*. Chromato- 
graphy of urine for 2-iminothiazolidine-4-carboxylic acid 
was accordingly performed (Dr. A. S. Azatoor) by the 
method of Wood and Cooley®. This substance could not 
be identified in the urine of a normal control rat, nor in 
the urine of a rat which had lost the capacity to excrete 
cyanide as thiocyanate, nor in the urine from the rat which 
had substantially retained this mechanism. Although 
it is claimed that 2-iminothiazolidine-4-carboxylic acid 
is an innocuous substance the evaluation of the possible 
effects of repeated injections does not appear to have been 
assessed in this context. However, our failure to demon- 
strate it in the urine in this experiment suggests that both 
the main excretory pathways for cyanide are affected by 
chronic unphysiological cyanide stimulation. We are 
left with the possibility that one-carbon compounds or 
the vitamin B,, cycle now play the major part in cyanide 
metabolism and it is known that the vitamin B,, activity 
of the liver is depleted by repeated injections of cyanide®*, 
Vitamin B,, is stored in the liver as the coenzyme which 
is cyanide-free and on photolysis yields hydroxocobalamin. 
Finally, some other unknown degradation product of 
cyanide metabolism may injure the myelin sheath or 
cyanide per se interfere with some vital intramyelin 
metabolic pathway. 

Although it has been stated that it is not the products of 
cyanide metabolism which are responsible for cyanide 
encephalopathy* this alteration in the excretory pathway 
raises all sorts of possibilities which may have important 
clinical connotations with respect to some disorders of the 
central nervous system in man. 

We thank Dr. John Wilson for granting us a supply of 
2-Iminothiazolidine-4-carboxylic acid for use in this 
experiment. One of us (A. D. M. S.) was in receipt of a 
grant from the Medical Research Council and Peel Research 
Foundation during the pursuance of this work. 


A. D. M. SMITE 
M. FOULKES 


Westminster Hospital Medical School, 
London, S.W.1. 
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Interoceptive Conditional Response in 
Cortical Neurones : 


It has previously been reported! that, by presenting 
simultaneous visceral (splanchnic) and somatic (sciatic) 
afferent stimuli, evoked potentials can be conditioned 
in the sensorimotor cortex of the cat. As a continuation 
of these investigations, we examined cortical units during 
the same classical interoceptive conditioning procedure to 
demonstrate the possibility of this type of conditioning 
in the neurones of the sensorimotor cortex. There are 
data in the literature on response patterns of cortical 
units during exteroceptive conditioning in experiments 
with differing goals?~4, 

Twenty adult cats were anaesthetized with ether and 
tracheotomized. The left sciatic and splanchnic nerves 
were exposed, for sequential stimulation in a conditional 
paradigm. A section of the skull was removed over the 
sensorimotor area (posterior sigmoid and coronary gyri). 
In seven of the twenty animals chloralose (10 mg/kg) 
and local anaesthesia were then substituted for ether. 
In the other thirteen animals local anaesthesia was com- 
bined with immobilization by intravenous gallamine 
triethiodide and artificial respiration. Stainless-steel 
microelectrodes were inserted into the brain through a 
covering layer of agar, which maintained the pressure 
relations in cerebrospinal fluid and minimized arterial 
and respiratory pulsations. 

The conditioning procedure was as follows: single 
sciatic shocks (10 V amplitude, 1 or 2 msec duration) were 
applied every 5 sec. Cells were sought which were either 
(a) silent except during sciatic stimulation (more numer- 
ous in chioralose anaesthesia) or (6) spontaneously 
firing, but with changing patterns on sciatic stimulation 
used as an unconditional stimulus. 

When such cells were found responding to sciatic stimu- 
lation, the conditioning procedure began : single splanchnic 
shocks (5-10 V, 1-2 msec) as conditional stimuli were 
applied every 5 sec. Then splanchnic shocks were 
‘reinforced’ with preceding sciatic stimulation, the 
conditional stinulus—unconditional stimulus interval being 
200 msec. Usually a sequence of ten to forty pairings 
were presented with an interval of 5 sec between pairs. 
Finally, the conditional stimulus was presented alone. 
In each experiment from one to twelve units were ‘trained’ 
successively, and the firing pattern photographed. 

The units examined were usually not initially responsive 
to the splanchnic stimulus (conditional stimulus), but 
fired to the sciatic shock (unconditional stimulus). Spon- 
taneously firing units increased or decreased their firing 
rate. Altogether, 88 such units were found which changed 
their firmg pattern to sciatic stimulation, and of these 
88 units, 25 were capable of being conditioned. Fig. 1 is 
the record of a cell of a cat under chloralose anaesthesia. 
The cell, which was unresponsive to splanchnic stimulation 
before the pairing, gave a clear response after fifty rein- 
forcements with the sciatic stimulus. In the seven 
animals narcotized with chloralose, 22 units responded on 
sciatic stimulation, and of these, five cells were condition- 
able, that is, they did not respond to a splanchnic stimulus 
unless this was repeatedly paired with sciatic shocks. 
These units then responded to splanchnic stimulation 
alone with a response that was strictly correlated with 
the time at which the sciatic response had appeared in 
the paired stimulus sequences. The criterion of condi- 
tioning was established on the basis of the temporal 
sequence of the unit firing pattern, and on the ability to 
‘extinguish’ and ‘retrain’ the responsiveness to splanchnic 
stimulation. 

Several units which fired spontaneously and irregularly 
before conditioning were not initially responsive to 
splanchnic stimuli, but became so after sciatic reinforce- 
ment. In the thirteen immobilized animals, 66 units were 
found which changed their firing rate in response to a 
sciatic stimulus, and twenty of these cells were condi- 
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tionable. In the majority of these units, or groups of 
units, the frequency of the firing increased following the 
sciatic shocks, but in some cases a diminution of the firing 
rate was observable. In one case this inhibition of the 
unit activity could be conditioned. In most cases we 
succeeded in holding the units in good condition for 
20-60 min, and in many cells extinction and recondition- 
ing were repeatedly performed. By conditioning the firing 
pattern of cortical units to splanchnic stimulation, we 
confirmed earlier data on conditioning of evoked poten- 
tials!, as well as the data of other authors about alteration 
of unit activity by training?-*. 

Each neurone studied was responsive to sciatic stimula- 
tion but not to splanchnic stimulation, although the 
sensorimotor cortex has been described as the cortical 
projection area of both sciatic and the splanchnic affer- 
ents’. After training, however, using the splanchnic 
nerve stimulation as conditional, and the sciatic nerve 
stimulation as unconditional stimulus, some units also 
became responsive to a splanchnic stimulus. Thus, we 
obtained a relatively simply interoceptive conditioned 
response (that is, the conditional stimulus was a visceral 
afferent impulse). 

These results may be interpreted as indicating that 
the neuronal basis of the process of learning might have 
its origin in a facilitatory state having some resemblance 
to post-tetanic potentiation®*®, but clearly differing from 
it in the requirement for a specific time interval before 
the initiation of the conditional discharge. It is note- 
worthy that, after training, the conditional stimulus 
evokes a cell firing with the same delay as the uncondi- 
tional stimulus previously applied. This precise timing 
in the delay of the conditional response may involve 
some as yet imperfectly understood excitation mechan- 
ism, perhaps related to such phenomena as long-lasting 
inhibitory postsynaptic potentials’®*. Our data do not 
indicate, however, whether these new neuronal responses 
arise in or are triggered from a particular cortico-subcorti- 
cal system, or whether the generation of these delayed 
spikes is the property of all cortical or subcortical cells. 


= 
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Fig. 1. Conditional responses of a group of cortical units. Conditional 
stimulus (to splanchnic nerve) appears as artefact in top trace in each 
case, and unconditional stimulus (to sciatic nerve) a3 notch in lower trace. 
Interstimulus interval 200 msec. A, Splanchnic stimulation alone 
initially produces no response. B, Paired stimulation of splanchnic and 
sciatic nerves, with group of 3 discharges to sciatic stimulus C and D 

Induction of responses to splanchnic stimulation alone after paired 

reinforcements 
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Such a function in the mammalian bram may be similar 
to that of the ‘pacemaker neurones’ described recently in 
invertebrates". 
These investigatians were supported in part by U.S. 
Public Health Services grant NB—01883. 
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Aerosol Deposition in the Lungs of Space 
Travellers 


Tar deposition of aerosols in the lungs of man during 
breathing constitutes an important mechanism for the 
entry of toxins or pathogenic organisms to the body. 
The respiratory traez is protected by an efficient ciliary 
mechanism for the rapid removal of particles deposited 
in the upper airways. Particles reaching the alveolar 
regions are removed more slowly. There are three mech- 
anısms whereby inhaled particles are deposited on the 
walls of the airways—inertial impaction, sedimentation 
by gravity, and diffusion due to Brownian motion. The 
dimensions of the airways are such that large particles 
are deposited in the upper airway and have no opportunity 
of reaching the alvecli. 

In the absence of gravity, as in an orbiting spacecraft, 
one may anticipate that particles normally deposited in 
the lungs by sedimentation (principally those particles of 
l-8u diameter) will be exhaled again with no deposition. 
Under the conditions of a reduced gravitational field as 
on the Moon an important distinction arises. While the 
deposition of particles in the range 1—8u diameter will be 
less than normal, the particles of this size which are 
deposited will do so in a deeper region of the airways than 
normal. One effect of a reduced gravitational field may 
thus be to allow the access of large particles to the non- 
ciliated alveolar region of the lung. Particles of this size 
are important in the airborne spread of infection because 
they include the droplet nuclei carrying bacteria which 
are produced by the act of coughing or talking. The 
importance of this hazard to astronauts remains to be 
established. 

D. C. Murr 


London’ School of Hygiene and Tropical Medicine, 
University of London. 


Motor Unit in Old Age 


DECREASE of muscular efficiency, fatigue and slowness 
of motor reactions are considered to be typical conse- 
quences of old age. No convincing evidence, however, 
has been brought forward as yet for the assumption that 
these motor deficiencies in old age are due to regressive 
changes, such as loss of nerve cells, disturbances of neuro- 
muscular transmissicn, or to degenerative atrophy of the 
muscle fibres themselves?:?, 
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In many respects the muscles of an old animal resemble 
denervated muscles in their metabolic reactions. For 
example, the characteristic differences of metabolism 
between muscles with different function are lost? and 
proteolytic activity increases’ in both denervated muscles 
and muscles of an old animal. On the other hand, the 
increased proteosynthesis in spinal motor neurones 
after nerve interruption which appears to be a character- 
istic reaction of a nerve cell to interruption of its cell 
process’ 1s missing or very much delayed in the motor 
neurones of an old animal’. This corresponds to the 
delayed latent period (that ıs, the time before re-innerva- 
tion of the peripheral nerve stump begins) during the 
regeneration process in an old animal’ and there is also 
a considerable delay of recovery of muscle proteins of an 
old animal once re-innervation of muscle has started’. 
Thus, the atrophy of muscle and the metabolic disturb- 
ances observed could be due to central (regressive changes 
or loss of motor neurones) or peripheral (atrophy and/or 
degeneration of muscle fibres) changes. In both cases a 
decrease in the number of muscle fibres could be expected. 
Indeed, the total number of muscle fibres in the soleus 
muscle of adult rats has been found to decrease from 
2,357 + 78 (ref. 8) in adult (4-month-old) rats to 1,758 + 
39 in the soleus of old (2-year-old) rats. 
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mp 1. Changes in total number of muscle fibres (left-hand side of 

ordinate) in soleus muscle of rats. Motor nerve fibres, a-nerve fibres, and 

motor units (right-hand side of a innervating the soleus muscle 
in young (Y) and old (O) rats 


To determine the number of motor nerve fibres and the 
size of the motor unit innervating the soleus, dorsal roots 
L,—S, were cut on one side in sıx animals and the motor 
nerves innervating the soleus muscle were removed 
14-30 days later. Their number and diameters were 
determined in histological preparations stained using a 
modified Weigert method following fixation with 1 per 
cent osmic acid. The total number of motor nerve fibres 
innervating the soleus of old animals was 115 + 2-31, 
compared with 120 + 3-8 in adult animals. The number 
of «-motor fibres (more than 4u) was 35 in the nerves of 
old, and 32 in those of adult animals. The histogram of 
the motor nerves of old animals showed a loss of bimo- 
dality, that is, only one maximum for fibres of 8-5-10u 
instead of the two maxima (2-5-4 and 8-5-10y) found m 
the motor nerve fibres of adult animals, but no other 
changes in size distribution of the motor nerve fibres 
could be seen. Thus, it can be assumed that there is no 
loss of motor nerve cells in the spinal cord of an old animal. 
Due to loss of muscle fibres in muscles of an old animal, 
however, the size of the motor unit decreases by 33 per 
cent, that is, from 74 in muscles of adult rats to 50 in 
muscles of an old animal. It appears that this decrease 
in the size of the motor unit is due to peripheral changes 
and this assumption 1s substantiated by the changes in 
the sub-neural apparatus of the end plates as indicated 
by their cholinesterase activity. This shows diffusion, 
irregularity and granular fragmentation of the end plate 
structures. Beside random degeneration of the end plate, 
some terminal regeneration also occurs, which leads to 
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irregularities in the pattern of innervation of the muscles 
of an old animal’. It remains to be seen how these pert- 
pheral effects are related to the previously mentioned 
disturbances of nerve-cell function®*. 

The random degeneration and regeneration of end plates 
may explain the increased duration of the action potential 
m muscles of an old animal and also the absence of 
‘denervation fibrillation’ in muscles during old age. 

We may conclude that, during old age, no loss of motor 
neurones occurs in the spinal cord of an old animal but 
that random degeneration of end plates leads to a loss of 
muscle fibres which results in a decrease in size of the 
motor unit, 

E. GUTMANN 
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PHARMACOLOGY 


Effects of Synthetic Angiotensin on Plasma 
Free Fatty Acid and Blood Glucose-levels 


RECENTLY, & number of investigators reported that the 
vasoactive peptides with smaller molecular weights, 
oxytocin, vasopressin and pitressin, decrease or increase 
plasma free fatty acid (FFA) levels in animals! and human 
subjects’-*, These peptides were also found to cause 
mobilization of FFA from the rat epididymal adipose 
tissues in vitro®-§, The present investigation was under- 
taken to examine the effects of a potent vasoactive 
peptide, angiotensin, on the plasma FFA and blood glucose- 
levels in dogs. 

Six male dogs, fasted for 12 h, were anaesthetized with 
the intravenous administration of sodium pentobarbital 
(30 mg/kg). Mean systemic arterial pressure and heart 
rate were measured using techniques described previously®. 
To keep the activity of the sympathoadrenal system 
reasonably constant!®, 1 h was allowed to elapse from the 
time of the completion of the experimental preparation to 
the beginning of the measurements of the various para- 
meters. Synthetic angiotensin (“Hypertensin’) was infused 
intravenously at a rate of 0-1 g/kg/min for 1 h. Blood 
samples were drawn from a femoral artery. The determina- 
tion of blood sugar and plasma FFA levels were made 
in duplicate using the methods described by Nelson, 
Somogyi!”, Dole* and Trout et al.14, respectively. 

The results of the effects of angiotensin on plasma FFA 
and blood glucose levels are summarized in Table 1. 
Angiotensin always decreased heart rate and significantly 
mcreased mean systemic arterial pressure. Furthermore, 
angiotensin always significantly decreased both plasma 
FFA and blood glucose levels. 

Table 1. EFFECTS OF THE CONTINUOUS INTRAVENOUS ADMINISTRATION OF 


ANGIOTENSIN (0'1 we/ke/mim) ON HEART RATE, MEAN SYSTEMIC ARTERIAL 
PRESSURE, BLOOD SUGAR-LEVELS AND FREE FATTY AOCID-LEVELS 


Control Angiotensin 
Heart rate (beats/min) 14346 123 + 4 (P <0-001) 
Mean systemic arterial pressure (mm 
mercury) 18646 167 + 8 (P < 0:025) 
Blood glucose levels (mg per cent) 128+8 100 +5 (P <0°01) 
Plasma free fatty acid levels (wequiv./l.) 38521 156+ 24 (P <0 005) 


Ser values denote the mean + standard error of the means of 
ogs, 
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iè effects of synthetic angiotensin on plasma FFA- 
els and blood glucose-levels observed in the present 
estigation were essentially similar to those found 
previously with the other vasoactive peptides, pitressin 
andoxytocin'-*_ Although the metabolic effects of pitressin 
_ and oxytocin have been referred to as ‘insulin-like actions’ 
by previous workers’*:*, Krahl found that these vaso- 
active peptides do not promote protein synthesis. It is 
possible that angiotensin may also act in a similar 
fashion on protein synthesis. Recently, Feldberg and 
ccc Lewis'* observed that angiotensin stimulates directly 
_ catecholamines from the adrenal medulla in the cat. It is 
expected that the increased catecholamine secretion follow- 
ing the administration of angiotensin results in increases 
in plasma FFA and blood glucose-levels'#7, However, 
the results obtained from the present experiments do not 
__eoincide with this hypothesis in dogs. It is possible, how- 
ever, that angiotensin may directly decrease plasma FFA- 
and blood glucose-levels, and these direct metabolic 
effects may overpower the indirect effects of catechol- 
amines following the administration of angiotensin. 
Recently, Colville et al.* found that the cholinesterase 
ihibition with neostigmine lowered plasma FFA in 
ogs. Angiotensin increases arterial blood pressure and 
‘flexly stimulates the parasympathetic nerve fibres. 
ce, It is possible to suggest that angiotensin decreases 
sma FFA by a similar manner. At present, however, 
-precise biochemical and physiological mechanisms 
onsible for the changes in plasma FFA- and blood 
»se-levels are not clear. The ¿n vitro investigation is 
icated to elucidate this problem. 
This work was supported in part by research grant 
E eee and HE 07334) from the U.S. Public Health 
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Effect of Propranolol on the Peripheral 
Vascular Bed 


-. A NEWLY synthesized compound, propranolol, was 
_ found to be a very potent, 8-receptor adrenergic blocking 
cagent?. Since the drug blocks the vasodilator (8-receptor 
stimulating) effects of catecholamines without affecting 
he vasoconstrictor (a-receptor stimulating) property, 
ropranolol should be expected to cause the vasocon- 
ction of the peripheral vessels. However, Prichard 
nd Gilam? recently found that propranolol lowered 
erial blood pressure significantly in hypertensive 
ients. The present investigation was undertaken to 
examine the effect of propranolol on the peripheral 
-vascular bed. 
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Dogs weighing between 20-5 and 25-0 kg were anaesthe- 
tized with sodium pentobarbital (30 mg/kg). In open 
chest dogs, a fernora! artery was perfused with arterial 
blood at a constant and known rate by means of a Sigma- 
motor pump as deser:bed previously’. Systemic arterial 
pressure and femora: arterial perfusion pressure were 
messured continuously with Statham pressure transducers 
(P23AA). In this ses-up, the effect of the drug on the 
peripheral vascular resistance was evaluated readily 
by the changes in the perfusion pressure. Heart rate and 
myocardial contractile force were measured continuously 
with an EFM tachometer and with a Walton-Brodie 
strain gauge arch? * which was sutured on the right ventri- 
cular muscle. All parameters except heart rate were 
recorded continuously with an EFM recorder (DR 8). 

As shown in the tkird part of Fig. 1, the effect of the 
intra-arterial injection of propranolol (25 ug/kg) on. the 
femoral arterial perfusion was biphasic. The drug initially 
decreased the perfumon pressure markedly and rapidly 
but, within 1 min, the pressure began to increase and 
usually stabilized at a level slightly higher than control 
within 2 min. Since the femoral arterial blood flow was 
kept constant by means of a Sigmamotor pump and the 
systemic arterial pressure remained essentially unchanged 
throughout a period of the experiment, these biphasic 
changes in the perfusion pressure indicate that pro- 
pranolol initially cacsed a transient vasodilatation and 
later a sustained vaseconstriction. As seen in the fourth 
part of Fig. 1, propranolol blocked completely the vase- 
dilating effect of tae intra-arterial administration of 
isoproterenol (0-01 ug/kg). However, the repeated 
administration of 25 ag/kg of propranolol caused an essen- 
tially similar degree of vasodilating effect as indicated by 
the decrease in the perfusion pressure. This effect was not 
sigue by the intra- arterial ES of aera: 
The 
coal nant ats to the pes given, but that of the 
subsequent vasocons:rietion became less and less striking 
with repeated administrations of the drug (25 pg/kg). 
However, much larger doses (more than 250 ug/kg) of pro- 
pranolol, which significantly decreased systemic arterial 
pressure, markedly ircreased the femoral arterial perfusion 
pressure’. Qualitatively similar results were also obtained 
on the effeets of prepranolol on the peripheral vascula 
beds in the brachial artery. 

From the present investigation, it seems evident that the 
intra-arterial administration of a small dose of propranolol 
dilates the regional arteries transiently before it constricts 
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Fig. 1. Effect of propraaolal on the peripheral circulation. HR, MFAF, 
MSAP and MCF deaote, respectively, heart rate, mean femoral 
arterial perfusion pressure, mean systemic arterial pressure and myocar- 
dial contractile force of the right ventricle. TSOP, PROP, and’. ATR 
denote, respectively, isoproterenol, propranolol and atropine. These 
drugs were injected in the femoral artery. The femoral artery was 
perfused with arterial blood at a rate of 135 mL/min throughout a 
~eriod of the experiment 
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the vessels by its 8-reciptor adrenergic blocking action. The 
initial vasodilatation is apparently due neither to stimula- 
tion of adrenergic 8-receptor nor to that of cholinergic 
vasodilator fibres’. On the other hand, the administra- 
tion of larger doses of propranolol constricts markedly 
the regional arteries mostly by the indirect stimulation of 
adrenergic a«-receptor which is mediated through the 
increased reflex sympathoadrenal activities*-’. Obviously, 
the larger doses of propranolol always depress myocardial 
contractility and reduce stroke volume and cardiac 
output, thereby decreasing mean systemic and pulse 
pressures to elicit the cardiovascular reflexes*:-*-®, Very 
recently, Prichard and Gillam? reported that propranolol 
may be useful for the management of essential hyperten- 
sion. Although propranolol initially decreases the peri- 
pheral vascular resistance, the duration of the action is 
extremely short to be effective in the treatment of essential 
hypertension. Furthermore, we reported* that the 
doses of propranolol, which block effectively the adrenergic 
8-receptor, not only increase total peripheral resistance but 
also depress the ventricular function curve. From the 
aforementioned reasons, it is rather difficult to compre- 
hend the precise pharmacodynamic mechanism through 
which propranolol clinically alleviates essential hyperten- 
sion. 
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HISTOLOGY 


Histochemical Demonstration of the 
Resorption of Xylose from Small Intestine 


Tue high solubility of monosaccharides makes the 
topochemical demonstration of these substances in animal 
cells and tissues very difficult. In 1948, Okamoto, Kadota 
and Aoyama? described a method for the histochemical 
demonstration of sugars in tissue which is based on the 
insolubility of barium-glucose and barium-lactose in 
methyl aleohol. Gomori* showed that the specificity of 
this method was not sufficiently tested and the topo- 
chemical demonstration was unlikely to be very accurate. 
Müller’ carried out tests with filter paper in order to 
discover whether it was possible to show the distribution 
of glucose by this method, and found a high specificity 
after fixation in a saturated solution of barium hydroxide 
in methyl alcohol. In experiments with animal tissues 
fixed at — 10° C for 24 h he obtained a strong reaction in 
liver cells, but kidney cells were negative. Using freezing 
substitution with saturated barium hydroxide—methyl 
alcohol solution, Geyer* described the distribution of 
glucose in the kidney, and Stiller* was able to demonstrate 
the presence of glucose in the mature human placenta 
using this modification. Ehrenbrand* used cold microtome 
sections for the localization of glucose and probable 
galactose in the secreting mammary gland of hamsters. 

Recently we succeeded in demonstrating solutions of 
monosaccharides, especially stereoisomeric sugars such 
as glucose, mannose and galactose, as arabinose and 
xylose or fructose. The solutions were dipped on filter 
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paper and fixed with the saturated barium hydroxide— 
methyl alcohol solution at —22° C and were sharply 
localized up to concentrations of from 0-08 to 0-005 per 
cent. In contrast, sugar phosphates are difficult to demon- 
strate and the results of this experience suggest that 
disturbances of sugar phosphates by the topochemical 
demonstration of monosaccharides under physiological 
conditions are improbable. 

Experiments were undertaken using white mice pre- 
viously starved for 24 h and fed on LO per cent xylose 
solution in order to study the resorption of sugars from 
the small intestine. The cryostat technique was used, in 
conjunction with fixation of the sections, in cold (— 22°C) 
saturated barium hydroxide—methy! alcohol solution. It 
proved impossible to localize this sugar topochemically 
in the cells of intestine. After this, better results were 
obtained by modifying the fixation procedure and usi 
a saturated solution of strontium hydroxide in meth 
alcohol. First, tests were carried out on filter paper. 
Fig. 1 demonstrates the difference between the behaviour 
of xylose after fixation in saturated barium hydroxide— 
methyl alcohol solution at —22° © (Fig. la) and after 
fixation in saturated strontium hydroxide—methyl aleohol 
under the same conditions. These experiments showed a 
sharp localization and a deep blackness after fixation in 
strontium hydroxide-methanol and treatment with an 
alcoholic silver nitrate solution (Fig. 1b). Application of 
this modification to tissue samples from mice fed xylose 
resulted in the topochemical demonstration of xylose 
resorption. 

Various stages of the resorption can be shown. Within 
the epithelial cells of the mucosa, granules in the supra- 
nuclear zone first become visible. Later these granules 
can be shown throughout the whole of the cytoplasm of the 
cells (Fig. 2). At the bases of the erypts the reaction is 
stronger. This is the main pattern, but occasionally the 
intercellular spaces reacted more strongly than did the 
cytoplasm of the cells. Afterwards, a diffuse positive 
reaction was observed in the stroma of the villi and 
the endothelial cells of the capillaries also reacted 
positively. 

The results make it clear that xylose can be shown 
topochemically by this method during the process of 
resorption (the controls, which were not fed xylose, were 
negative). The developments reported here also show that 
xylose may enter mucosa cells in various stages. Further- 
more, it is clear that the majority of the resorption of 
xylose from the intestine is achieved in a percellular way, 
and that less than half is achieved in an intercellular one. 





Fig. 1. Comparison of fixation of xylose on filter- at —22° O. (a) 

Fixation in areata barium hydroxide-methy! a a (b) fixation in 

saturated strontium hydroxide—methy! alcohol. Concentrations of xylose 

range from 10 per cent to 0:0006 per oes, pagi in the 

hand corner of each The concentration of xy in spot is 
that in the previous spot 
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. Demonstration of xylose at a later stage of the process of 
resorption 


= Itis possible that a more complete study including early 
_ stages of sugar transfer might show further differences in 


the process of resorption, especially in various parts of the 
intestine. 
7 DANKWART STILLER 
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| Jena, Germany. 
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= IMMUNOLOGY 


Effect of Large Quantities of Homologous 
Globulin on Cells of the Plasma Series in 
Lymphatic Nodes 


THE homoeostatic mechanisms acting in the lymphoid 
cell system are still obscure. The hypothesis of mutual 
feed-back humoral interrelationships between the various 
mesenchymal cell derivatives is being tested in this 
laboratory':*. Thymus suppresses the proliferation of 
plasma cells and directly or indirectly stimulates the 

_ maturation of these cells. This is the cause of the delayed 

_ and prolonged antibody formation in animals thymectom- 
ized at birth’. This communication describes experiments 
which we undertook to discover whether excess globulin 
suppresses the multiplication of plasma cells. 

Non-inbred albino rats were used. Total globulins, 
as well as albumin fraction, were sedimented from the 
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same lot of pooled rat sera by 50 per cent saturation with 
Fa ee nsciclagiaal saline ab PET 7, The globe 
dial inst physiological saline at pH 7. e globu- 
lin = R SEA god filtered through the Chamberland 
candle Lẹ The protein nitrogen was estimated in the 
solutions of globulin and albumin. The protein content 
was equalized in the samples of both solutions before 
administration to the animals. 

The general schedule of experiments was as follows. 
The rats were divided :nto three groups. The first received 
globulin, the second albumin, the third saline. In ail 
groups, the rats were injected subcutaneously in the foot- 
pad of the right hind eg with 0-1 Freund adjuvant mixed 
with an equal quantity of saline. In experiments Nos. 3 
and 5 the rats received 0-1—0-5 ml. globulin solution (or 
albumin solution or saline) in the right footpad, and 2-4- 
4:5 ml. intraperitoneally, before injection of the Freund 
adjuvant, and three simes daily from 3 days thereafter. 
The amount of protein injected into each rat was 1,012 mg 
in experiment No. 3 and 884 mg in experiment No. 5. 
In experiment No. 4, globulin (and albumin and saline 
respectively) were injected into the hind right leg on the 
fifth day after the administration of Freund adjuvant. 
1 ml. was administered six times over a period of 2 days 
(total, 277 mg). The rats were killed, and prints of the 
cut surfaces of various lymph nodes were made on cover- 
slides, fixed with methanol and stained with azureosin. 
In each preparation, a differential cell count was made 
in thirty fields of vision (130-150 cells per field), as 
described by Pokroyskaya et al.‘. In all experiments 
there was some suppression of plasma cells in popliteal 
and lumbar (retroper-toneal) lymph nodes in the groups of 
rats injected with globulin as compared with the rats 
injected with albumin. 

A statistically significant reproducible effect was 
noted in the lymph nodes lying behind the thymus 
(‘parathymic’) (Table 1). There was a marked suppression 
of cells of the plasma series in these lymph nodes, even in 
experiment No. 4, in which proteins were injected in the 
hind leg only. 

These experiments show that globulin and albumin 
act on cells of the plasma series in different ways. The 
suppressive action cf excess globulin in regulating the 
multiplication of cel's of the plasma series is, perhaps, a 
basic homeostatic mechanism, It is still debatable 
whether this action of blood proteins on plasma cells is 
direct, or whether it is mediated by various systems. There 
is, as yet, no satisfactory explanation as to why the para- 
thymic lymph nodes are more susceptible to homologous 
blood proteins than other lymph nodes. It is interesting 
to note that, in the course of accidental involution of 
lymphatic organs after injection of cortisol, the parathy- 
mic lymph nodes behaved in a different manner from the 
other lymph nodes runpublished data). 

Experiments using paper electrophoresis showed that 
daily injection of 14 ml. blood globulin for 4 days did not 
lead to hyperglobulinaemia: 12 h after the last injection 
the level of plasma globulin was quite normal. This is 
an indication of the existence of a strong homoeostatic 
mechanism for the elimination or destruction of exeess of 
globulin. Jf 


Table 1. Eryrcr oF HOMOLOGOUS SERUM GLOBULIN AND ALBUMIN ON PLASMA CELLS IN THORACIO PARATHYMIO LYMPH NODES* 


Experiment No. 3 
| i Groups of rats injected with 


* The table shows the absolute quantity of the respective kind of cells. 





Experiment No. 4 
Groups of rats injected with 


Globu- | Albu- 
cg min Py-s panee 


Experiment No. 5 
Groups of rats injected with 


225 247 — = 

21 40 930 39 818 

43 36 11 84 65| 644 
920 117 407 p99 247 878 


+ Py», Significance between quantity of cella of proun 1 (globulin injected) and group 2 (albumin injected). 
gro 


t P-a. Significance between quantity of cells o 


group 1 (globulin injected) an 


up $ (saline injected). 
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No doubt, future TA will elucidate the rela- 
tionship of this phenomenon to the suppression of anti- 
body formation in the primary response by means of 


passive administration of the specific homologous anti- 
body®:§, 
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Sensitization of Mice with Human IgA 


Iv is well known that an increased vascular permeability 
produced by various agents can be visualized by the 
leakage of intravenously administered dye through the 
affected vessels. The vascularity and high histamine and 
serotonin content of mouse ears! suggested that these 
organs might be useful in the visualization of in vivo 
antigen-antibody reactions. While investigating the 
ability of intravenously administered pollen extracts to 
induce blueing of the ears of mice?, Kind et al. also found 
that mice sensitized with bovine serum albumin (BSA) 
developed blueing of the ears when later challenged 
intravenously with BSA and Evans blue dye. When 
blueing of the ears was produced in normal mice by the 
intravenous injection of BSA, rabbit anti-BSA and dye, 
no latent period was found to be necessary for the 
‘fixation’ of antigen or antibody. Indeed, in mice, 
maximal incidence of anaphylaxis with rabbit antibody 
ean be obtained by injecting antibody and antigen intra- 
venously i in rapid succession’. The apparent absence of a 
requirement for tissue fixation in mice suggested that 
blueing of the ears in anaphylactic mice might be useful 
for detecting such proteins as normal human IgA or 
myeloma, IgA, which will not sensitize guinea-pig skin for 
_reverse passive cutaneous anaphylaxis probably because 
of the lack of fixation sites on such molecules’, 

Swiss-Webster female mice weighing 17-20 g were 
inoculated intravenously with 0-05 ml. of various dilutions 
of normal human serum (NHS). One hour later the 
animals were again injected intravenously with 0-1 ml. of 
goat anti-human IgA (Hyland Laboratories, Los Angeles, 
California) and 0-2 ml. of 0-5 per cent Evans blue dye. 
The anti-[gA serum was found by immunoelectrophoresis 
to develop a single, strong precipitin line with whole 
human serum. The data in Table 1 indicate that as little 
as 0-05 ml. ofa 1:20 dilution of NHS was able to sensitize 
mice. The concentration of IgA in normal human serum 
is 150 to 400 ug/ml. (ref. 6). Since no pure IgA was avail- 
able and since an anti-serum to IgA, although absorbed 
to make it specific, might contain small amounts of 
antibodies. to other serum components, it was necessary 
to demonstrate by additional experiments that the 
observed blueirtg of the ears was actually due to IgA- 
anti-IgA interaction. The data in Table 1 indicate that 
an IgA myeloma serum which contained about ten times 
more IgA than did NHS could sensitize mice for blueing 
of the ears at a dilution of 1: 200 in contrast to NHS, 
which could not be diluted more than 1:20 and still 
retain its ability to sensitize. In gel-diffusion investiga- 
tions this IgA myeloma serum produced a single pre- 
cipitin band with anti-IgA and this band fused (reaction 
of. identity) with the band formed by NHS and 
anti-IgA. The data in Table 2 indicate that cord 
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Table 1. SENSITIZATION OF MICE WITH A eerie Human SERUM ; AND WITH 
AN IGA MYELOMA. SERUM. 


Mice challenged infra: cs No. 
venously 66 min later. 


oft mice reacting 
{bine ears) 
Total No. challenged 


Mice sensitized 
intravenously with: 
0-05 mil. normal 


with: 
Oi mil. aoe anti-IgA plus 
human serum (NHS) 


02 mi. of 05 per cent 
Evans blue dye 


NHS 1:10 S 7jiL 

NHS 1:20 p 2/6 

NHS 1: 50 a 0/5 

Saline ie 1/20 

005 ml. TgA myeloma es 8/14 
serum (diluted 1 : 200) 

0-05 nl. IgA myeloma oe 0/5 
serum (diluted 1; 500) 

0-5 mi, IgA myeloma Dye plus saline 0/5 
serum (diluted 1 : 200) 

0-05 ml. NHS si 0/5 


Table 2, SENSITIZATION OF MICE WITH CORD AND MATERNAL SERA 


Mice sensitized with: No. of mice reacting (BE)* IgA present in serum (by 


No. of mice tested immunoclectrophoresis) 
maternal serum t 4/8 + 
cord serum 0/6 ~ 
maternal serum 2/3 + 
cord serum 0/5 “ 
maternal serum $/5 + 
cord serum 1/5 _ 
maternal serum 3/4 + 
cord serum 1/5 ad 


* Mice injected with 0-05 ml. of cord or maternal serum were challenged 
60 min later with 0-1 mi. of goat anti-IgA and 0-2 mi. of 6-5 per cent Evans 
blue dye. Control mice injected with antiserum plus dye or antigen plus 
dye produced no blueing of the ears (BE). 

+ Four different pairs of cord and maternal sera were tested. 


sera which contain no IgA detectable by immunoelectro- 
phoresis (as previously demonstrated by Allansmith ef 
al.?) rarely sensitized mice for blueing of the ears with 
goat anti-IgA, whereas maternal sera shown to contam 
IgA by immunoelectrophoresis were effective sensitizers. 
Mice failing to give blueing of the ears after injection of 
cord serum, goat anti-IgA, and dye were later challenged 
intraperitoneally with goat anti-IgG. Blueing of the ears 
occurred in all animals tested*. Although no pure IgA 
was available for these investigations, the results obtained 
with an IgA myeloma serum (greatly increased sensitiza- 
tion) and with cord sera (greatly reduced sensitization) 
strongly suggest that human IgA can sensitize mice. Since 
it has been shown that human IgM, ke human IgA, will 


not sensitize guinea-pig tissues’, the method described = 





here may also be useful for quick detection of human IgM: 
proteins or their fragments. oe 
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Electrophoretic Behaviour of H and L 
Chains of Human Serum and Colostrum — 
Gamma-globulin 


Dissociation of gamma-globulin molecules > T 
tion in urea with such thiol reagents as mercapto-ethano 
and thioglycolate!*, or in neutral aqueous solutio 
by S-sulphonation*+, allows the identification of two 
types of polypeptide chain, called H (A). and L (B), 
which may be separated by gel filtration. 
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The L chain is the carrier of antigenic and allotypic 
determinants common to all types of immunoglobulins; 
its high degree of heterogeneity is apparent on starch-gel 
electrophoresis in formic acid and urea’ and especially in 
glycine and urea. This mode of electrophoretic separation 
allows separation of L chains of all investigated animal 
species into approximately ten components, which, 
according to Cohen and Porter’, probably differ in amino- 
acid composition. 

In contrast to this, H chains are the carriers of the 
properties characteristic for each class of immuno- 
globulins. The heterogeneity of this chain is apparent 
from these characteristic properties and from the fact 
that it contains two N-terminal amino-acids*. However, 
electrophoretic separation of this chain into more com- 
ponents has not yet been achieved, although its extensive 
diffusion zone, which has the same mobility as the initial 
gamma-globulin, confirms its heterogeneity. 

The experiments reported here were designed to 
investigate the differences in electrophoretic behaviour of 
polypeptide chains of gamma-@ globulins in human blood 
serum and of the immunoglobulin of human colostrum, 
which was found to correspond in electrophoretic prop- 
erties to serum gamma-A globulin, but which carries 
antigenic determinants specifie both for gamma-A and 
gamma-G@ serum globulins’. 

H- and L-type chains were prepared from immuno- 
electrophoretically homogeneous preparations of gamma- 
globulin?! by S-sulphonation for 20 h (ref. 5) in 0-5 M 
ammonium buffer, pH 8-6, containing cupric ions. Isola- 
tion of chains was performed on ‘Sephadex G-100' 
columns in 6 M urea and 0-05 M formie acid. Solutions 
of the chains were neutralized, transferred to 0-05 M 
ammonium carbonate on ‘Sephadex G-25° and lyophilized. 
Units prepared in this way were found to be quite soluble 
in the buffers normally used. 

Fig. 1 shows the analysis of H and L chains of human 
serum and colostrum gamma-globulin by electrophoresis 
in starch gel containing formic acid and urea. It is clear 
that the L chain from serum and colostrum forms zones 
quite similar in shape and mobility, while the migration 
of colostrum H chain is apparently slower than the 
migration of H chain from serum gamma-globulin. These 
findings indicate that the H chains of human colostrum 
immunoglobulins behave very similarly to the H chains 
of serum gamma-A globulin. However, striking differences 
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Fig. 2. Starch-gel pa os rag in 0-035 M glycine and 8 M urea. 
A, H chain of serum y- ulin; B, L chain of serum y-globulin; C, L 


chain of colostrum y-giebulin; D, H chain of colostrum y-globulin 


were found in the analysis of the same material by starch- 
gel electrophoresis, using 0-035 M glycine and 8 M urea. 
Fig. 2 shows that ths procedure separated L chains into 
the usual number of zones, two of which migrate 
cathodically, while ene remains at the start and seven 
migrate to the anoce. Comparing the spectra of both 
chains tested, they were found to be very similar, with 
the exception of the fifth and sixth zone, which doubled 
in the direction of she anode in the case of colostrum 
chain, and moreover another intensive, very fast-moving 
zone was found in this colostrum chain, which is absent 
in serum material. 

As with the L cham, we succeeded in separating the H 
chains of serum gamma-globulin into a number of zones, 
the character and mobility of which are quite different. 
These zones are narrow, with relatively small differences 
in electrophoretic mobility, showing that these components 
are closely related. In contrast to this, the same chain, 
isolated from colostram immunoglobulin, formed one wide 
zone with greater mobility than the serum H chain, and 
moreover showed only a trace of one faster and one 
slower zone. 

Separation of the H chain of human serum gamma- 
globulin into individual fractions by glycinated starch-gel 
electrophoresis has, until now, been unsuccessful’, The suc- 
cessful separation of the H chain into ten fractions in our 
experiments may be imputed to the aforementioned 
relatively gentle method of preparing the chains. The 
possibility of separating the H chain into fractions is not 
limited to the human material; similar results were 
obtained with pig material, and this is considered to be 
further evidence for the high heterogeneity of this chain. 
The experiments of Poulik and Shuster™, who suceeeded 
in fractionating papain F fragment (part of the H chain) 
into ten to thirteen components, support the supposition 
that this heterogeneity is not an artefact caused by the 
method of preparation of the chains. In contrast to this, 
H chains of colostram immunoglobulin seem to be less 
heterogeneic, as they only form one wide zone. This is in 
agreement with the assumption that the mammary gland 
selects only a part o7 heterogeneie mixture of blood serum 
immunoglobulins’. 

Differences between L chains of serum and colostram 
gamma-globulin, expressed by the presence of a fast- 
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moving zone only in the colostrum material, confirm that 
even the L chains of the preparations compared are not 
quite the same. i 

‘We thank Dr. J. Sterzl for his advice, and Mr. J. Dušek 
for technical assistance. 


J. REJNEK 
J. KOSTKA 
O. KOTÝNEK 
Department of Immunology, 
Institute of Microbiology, 


Czechoslovak Academy of Sciences, 
Prague. 


* Edelman, G. M., J. Amer. Chem. Soc., 81, 3155 (1959). 

* Criddle, R. S., Arch. Biochem. Biophys., 106, 101 (1964). 

* Fleischman, J. B., Pain, R. H., and Porter, R. R., Arch, Biochem. Biophys., 
Suppl. 1, 174 (1962). oe 

* Franék, F., Biochem. Biophys. Res. Commun., 4, 28 (1961). 

* Frantk, F., and Zikán, J., Coll. Czech. Chem. Commun., 29, 1401 (1944). 

* Edelman, G. M., and Poulik, M. D., J. Exp. Med., 118, 861 (1961). 

* Cohen, 8., and Porter, R. R., Biochem. J., 90, 278 (1964). 

* Cohen, S., Biochem. J., 89, 334 (1963). 

* Hanson, L. A., and Johansson, B. G., Intern. Arch. Allergy, 20, 65 (1962). 

** Rejnek, J., Fol. Microbiol., 9, 299 (1964). 


12 Poulik, M. D., and Shuster, J., Nature, 204, 577 (1964). 
13. Murphy, F. A., Aalund, O., Osebold, J. W., and Carroll, E. J., Arch. Bio- 
. Biophys., 108, 230 (1964). 


PATHOLOGY 


Phosphorylase Activity in Megakaryocytes 

In 1956, Scavo and Andrest, and later others*-*, 
reported that glycogen in megakaryocytes was decreased 
in chronic idiopathic thrombocytopenic purpura (ITP) 
with megakaryocytic hyperplasia before splenectomy. 
Also, some of these investigators':* showed that mega- 
karyocytic glycogen increased after splenectomy and that 
the increase coincided with the appearance of budding 
megakaryocytes and numerous platelet masses in bone 
marrow. Jamra and Lorenzi*, however, following Daniell’s* 
system for semi-quantitating megakaryocytic glycogen, 
noted that in presplenectomy patients with ITP there was 
an increase in large coarse PAS positive glycogen granules 
and concluded that this histochemical finding might prove 
to be pathognomonic of ITP with megakaryocytic hyper- 
plasia. Because of the importance of phosphorylase, 
required for the initiation of glycogenolysis, it was decided 
to determine if the large masses of glycogen in mega- 
: in this condition might be cumulative sec- 
ondary to a relative phosphorylase deficiency, that is, an 
acquired megakaryocytic phosphorylase deficiency glyco- 


genosis. 

Quaglino and Hayhoe’ described a method for the 
histochemical detection of haemic phosphorylase based on 
a modification of the technique originally developed by 
Takeuchi and Kinoshita*®. As a degradative enzyme, 
phosphorylase is specific for the phosphorylytic cleavage 
of the -l-4 linkages of glycogen to yield glucose-1-PO,. 
The reaction is apparently irreversible in vivo. However, 
in vitro, in the presence of large amounts of glucose-1-PO, 
and a glycogen primer, the reaction can be reversed, and 
the newly synthesized polysaccharide can be demon- 
strated by iodine staining; the density of the staining 
reaction is thought possibly to be related to the chain 
length’. 

Fresh coverslip smears of bone marrow were air-dried 
at 4° C for 2-3 h. After the smears had been fixed in 
70 per cent acetone for 30 sec, they were incubated in the 
substrate solution prepared according to Quaglino and 
Hayhoe’. Positive controls were obtained by using 
previously tested specimens which had been stored at 
—10° C for not longer than 36 h; negative controls 
included unincubated smears. Occasionally a few mega- 

in unineubated smears showed a light-brown 
cytoplasmic staining reaction consistent with areas of 
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pre-formed glycogen, but no dark blue or blue-black 
staining reactions were noted in any negative controls. 

Staining reaction and distribution in megakaryocytes 

(Figs. 1-3). In each case a minimum of 50 consecutive 

were evaluated for intensity of staining 

reaction. Enzymatic activity was semi-quantitated 

according to the following scheme: 


Value Staining activity 
1 Distinet diffuse or distinct fine granularity 
2 Distinet fine craaulncity plus a few coarse granules. 
3 Many coarse granules. 

Bone marrow from five patients who were evaluated for 
non-neoplastic and non-thrombocytopenie haematologic 
dyscrasias had an average megakaryocytic phosphorylase 
score (MPS) of 85 with a range of 74-99. Three patients 
with chronic ITP before splenectomy had an average 
score of 141 with a range of 104-173. One patient witha — 
reactive thrombocytosis following traumatic fracture and 
haemorrhage had an MPS of 204. 

The intracellular site of phosphorylase activity, as 
determined by periodic acid—Schiff reaction after diastase 
digestion, closely parallels that of pre-formed glycogen. 
Quaglino and Hayhoe’ suggest the similar intracellular 
distribution of pre-formed glycogen and phosphorylase 
activity may be related to the presence of pre-formed 
glycogen acting as a built-in primer. The higher average 
phosphorylase scores for patients with ITP, therefore, 
correspond to the increased number of coarse PAS- 
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Fig. 1. Phosphorylase activity in megakaryocytes. Two <aryo- 

te ol from a patient with chronic ITP before splenectomy. more 

intensely staining cell is scored as At ne less intensely staining cell is 
sco ns 





Fig. 2. 


Pre-splenectomy. Phosphorylase activity in a o> amie dea 
A few coarse granules give this cell an MPS of 2 
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>. Fig 3. Pre-splenectomy. 
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in ae megakaryocyte. 


Eki granules. The high MPS in the patient with 
reactive thrombocytosis after traumatic haemorrhage is 
-consistent with increased megakaryocytic glycogen as 
-noted by Daniell* in humans after acute blood loss and 
as found by Etcheverry and Grignaschi* in experimental 


~~ These reliminary investigations suggest there may be 
-= considerable variation in me ytic phosphorylase 
ae, and also that the enzymatic activity roughly 
arallels the amount of intracellular glycogen. There is, 
ho , no indication by this in vitro technique that 
there is a phosphorylase deficiency in chronic ITP before 

= splenec omy. The possibility of the absence of or 
shed concentration of a primer or initiating factor 
on phosphorylytic cleavage in vivo remains to 
_I wish to acknowledge the services of the Medical 
f Photographio Laboratory, Letterman Army Hospital, San 
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Å Action of Riley’s Enzyme-elevating Virus on 
; _ Tumour-bearing Mice 


Ruxy virus (RV) is a passenger agent occurring in 
most mouse tumours which are subjected to repeated 
_ transplanting passages'~*. The influence of this virus on 
‘tumour-bearing hosts has not yet been clarified, though 
its stimulating and accelerating effects on tumour-growth 
have been discussed®-*. There is a significant elevation of 
_ LDH-values after virus-infection of tumour- bearing mice 
a compared with tumour-free hosts?» (termed ‘tumour- 
vir se by Riley*). This phenomenon is of special 















in , because the natural occurrence of RV is 
| almo ost restricted to tumour-bearing mice. Enhanced 
values of plasma-LDH in tumour hosts’? might be induced 
) mainly by RV. We have investigated the effects of RV 

on three different tumours of mice previously free of the 


agent. 
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First, mice with spontaneous mammary tumours 
(Swiss- and C3H/He J/Han-lines), collected from older 
breeding females, were inoculated with about 3,000-4,000 
I.D. of RV by intraperitoneal injections. Values of 
pame: LDH were followed by enzyme determination at 

- or 3-day intervals up to more than 4 weeks. Levels of 
Slaame-LDH increased almost two-fold as compared with 
tumour-free Swiss miee infected with the same amount of 
virus. Table 1 shows the development of enzyme eleva- 
tion, giving the values at six selected days only. Values 
are representative means for many animals from several 
repeated experiments. 

The second species of tumour-host developed polyoma- 
induced carcinomata following infection of new-born 
Swiss-NMRI/Han mice with SH-polyoma virus. These 
tumour-animals showed a similar reaction of plasma LDH 
after primary infection with RV to that of mice with 
spontaneous mammary tumours. We have an impression 
that tumour weight might be a substantial factor 
influencing LDH -increase in some animals; but it wes net 
possible to determine a relation between enzyme elevation 
and tumour mass. 

The average values of plasma LDH in both kinds of 
tumour cover both very low and extremely high responses 
of plasma enzyme te virus inoculation. The latter en- 
hancement was comparable with the previously reported 
synergistic action®*, but in our experiments the single 
animals with high, short peaks of LDH died rapidly. 


Table 1. PLASMA LDH IN THREE TUMOUR SPECIES AFTER INFECTION WITH 
RILEY'S LDH-ELEVATING VIRUS 
Days after RV infection 0 4 7 10 l4 21 25 
Spontaneous 
mammary tumours 58 155 263 233 185 202 145 
Polyoma virus-induced 
tumours 80 217 230 233 222 2% 17! 
Transplanted tumours 
(carcinoma 284) 39 224 208 261 325 364 398 
Tumour-free controls 31 148 150 149 3154 148 150 
Numbers give enzyme activities in og ge units mil, plasma. Values 
animals of at least six repeated experiments in each of 


are means from forty 
the three species of fenpass and cont 


After these findmgs of a moderate virus-tumour 
synergism in hosts with primary tumours, a ted 
tumour was used to investigate the action of RV. The 
tumour was developed in this laboratory by transplanta- 
tion of a spontaneous mammary carcinoma of an inbred 
C3H/HeJ Han mouse to inbred C3H-hosts. The tumour 
is now in its fourteenth passage of transplantation and is 
referred to as carcinoma 284; animals of the sixth to 
eighth passages were used in these experiments. 

“Abed 14 days afer RV-infection of the transplanted 
carcinoma 284 the results differed as follows: an almost 
tenfold increase of p.asma-LDH resulted 14-28 days after 
virus inoculation, whereas mice with primary tumours 
showed an approximately six- to seven-fold increase, 
compared with a five-fold increase in the controls, during 
this period of observation. Therefore, the synergistic 
action of RV with tumour-bearing hosts was demon- 
strated most clearly in animals bearing the 
carcinoma 284. This result seems A be of interest, 
because host mice with the various t tion 
tumours, usually infected with RV, show very enhanced 
plasma-LDH as compared to virus-infected tumour-free 
controls. 

Titres of RV in transplanted carcinoma 284 were not 
elevated as compared to spontaneous or polyoma-induced 
tumours, though we found that the titre was 100-1,000 
times higher in the tumours than in the organs of the 
same host. The synergistic effect in tumour animals 
cannot, therefore, be explained by an enhanced virus 
propagation. In aceordance with the impaired clearance 
of LDH after infectsons with RV (refs. 4, 8), it might be 
considered that enzyme-discharging cells of the reticulo- 
endothelial system are blocked by influences of the 
tumour tissue before virus infection. 
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Amyloidosis in Mice with a Transplantable 
Plasma Cell Tumour 


TRANSPLANTABLE plasma cell tumours of mice resemble 
human myelomatosis in the following features: morpho- 
logy of the tumour cells', production of globulins*, Bence 
Jones type of proteinuria’, osteolytic bone lesions*’, 
and myeloma kidney**, All these features, however, 
are not present simultaneously in any one strain of 
neoplasm. Since systemic amyloidosis has been reported 
in 14 per cent of cases of human myelomatosis’, the 
presence of amyloid in mouse myelomatosis was investi- 
gated. 

The tumour chosen for study was the ADJ/PC5 which 
arose in a BALB/c mouse following an intraperitoneal 
injection of incomplete Freund's adjuvant and heat- 
killed staphylococci®. The 61st generation of this tumour 
was transplanted subcutaneously by the trochar technique 
into the right flank of ten 8-week-old female BALB/c 
mice using 2-mm fragments of a 14-day donor tumour. 
A further series of ten mice served as controls. The 
animals were maintained on a diet of rat cake, supple- 
mented with biscuits, wheat and maize. They were 
killed by cervical fracture on the 24th experimental day. 

The serum of the tumour-bearing animals was charac- 
terized on paper electrophoresis by a slow-moving narrow 
band of y-globulin, which on immunoelectrophoresis was 
a y G globulin, and on ultracentrifugal analysis had a 
sedimentation coefficient of 6-48 (SW). Animals with 
large tumours showed proteinuria, but Bence Jones 
protein was not detected. 

Representative pieces of tissue were taken from the 
tumour, liver, spleen, kidney, heart, tongue and femur 
of each mouse. They were fixed in 4 per cent formalde- 
hyde saline, and the bones were decalcified in buffered 
formic acid. The tissues were processed routinely and 
stained with haematoxylin and eosin, methyl violet’, 
congo red’, thioflavine-T (ref. 11), periodic acid—Schiff 
(PAS)"*, van Gieson, silver™ and methyl green-pyronin". 

The tumour was a well-defined lobulated fleshy mass 
confined to the subcutaneous tissue. Macroscopically 
no metastases were found at post-mortem. Of the visceral] 
organs, only the spleen showed definite enlargement. 
Microscopical examination of the tumour showed a variable 
appearance (Fig. 1). There were sheets of well-differen- 
tiated plasma cells at some sites, with frankly necrotic 
areas at others. A large part of the tumour, however, 
consisted of lobulated masses of pleomorphic cells. These 
cells were large, round or oval in shape with basophilic 
cytoplasm, and showed intense pyroninophilia. The 
nuclei were large and irregular, and there were numerous 
bizarre mitotic figures. Collagen fibres were sparse, but a 
well-defined reticulin network outlined the lobulated 
structure of the neoplasm. There was no histological 
evidence of tumour metastases, and the bone marrow 
was free of tumour. 
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Table 1. DISTRIBUTION OF AMYLOID IN BALB/e MICE CARRYING THE 
ADJ/| PCS TUMOUR 

= Amyloid present in the following organs 

Tumour 


La ol P ye- 
mouse Tumour Liver Glom- Tubules loma Spleen Heart Tongue Bone 
No. erulus casts 
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Microscopic foci of amyloid were found in eight of the 
ten tumour-bearing animals, but in none of the control 
mice. Amyloid was identified by the intense pale green 
fluorescence with thioflavine-T, a strong PAS-positive 
reaction, and a khaki colour imparted by the van Gieson 
stain. Congo red binding was weak; birefringence, 
dichroism and methyl violet metachromasia were absent. 
Amyloid fibrils were demonstrated with the electron 
microscope!®, The thioflavine-T reaction was used to find 
the distribution of amyloid (Table 1); false positive 
reactions of certain structures were strictly exeluded'*, 
and the lack of autofluorescence was a further require- 
ment??, 

The tumour and liver were involved in eight mice. In 
the tumour, amyloid was usually found in the vascular 
sinusoids (Fig. 2). In the liver amyloid was present in 
the sinusoids and the portal and centrilobular veins 
(Fig. 3). Renal involvement was noted in the glomeruli 
of seven mice, and in the tubules of four (Fig. 4), while 
myeloma casts were found in six mice. Myeloma casts 
showed identical reactions to those of amyloid (Fig. 5) 





Fig. 1. Plasma cell neoplasm ADJ/PC5, showing cellular pleo- 
morphism, and a small focus of amyloid (stained with haematoxylin 
eosin, xe. 365) 





Fig. 2. 


Fluorescent microphotograph showing amyloid among cells of 
the plasma cell neoplasm (stained with thioflavine-T, xe. 365) 
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and they are therefore comparable with myeloma casts 
in man'*!*, Small perifollicular foci of amyloid were 
observed in the spleens of two mice and the heart was 
involved in one animal. 


Atypically staining amyloid occurs in a proportion of 


cases of human myelomatosis and was also found in mice 
bearing the ADJ/PC5 tumour, The distribution was not 
that of the classical ‘ primary’ amyloidosis usually found in 
human myeloma. However, as Symmers*® has shown, 
there is considerable overlap in the distribution of amyloid 
between the primary and secondary varieties. 

[t appears that the plasma cell tumour was responsible 
for amyloid formation and the observations made are 
consistent with the cellular theory of Teilum™. Osserman 
et al.** have recently presented evidence to show that 





Fig. 3. Amyloid in the sinusoids and centrilobular vein of the liver 
(stained with thioflavine-7’, x e. 365) 





Fig. 4. Amyloid in the glomerular capillaries and renal tubules (stained 


with thioflavine-7, x c. 365) 





Fig. 5. Myeloma casts in the renal tubules (stained with thioflavine-7, 


x c. 365) 
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plasma cell neoplasia or dyscrasia may be found in all 
cases of human amyleidosis. The presence of amyloid in 
mice bearing the plasma cell tumour lends support to these 
views. 
We thank Miss E. D. Clarry for her technical assistance, 
and Mr. I. Miller for the fluorescent photomicrography. 
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Micro-architecture of Skin and its Behaviour 
under Stress 


Ir has recently >een shown that the mechanical! 
characteristics of human skin are peculiar both in vivo! 
and in vitro? and do not correspond exactly with those of 
any known isotropic material. It was found that the in- 
erease in the length of portions of skin under increasing 
load was relatively large at first, but a point was reached 
when further loading produced little increase in length up 
to the point at whieh the specimen failed completely. 
Moreover, it was suggested that the behaviour of skin 
under mechanical stress is related to the anatomical 
arrangement of the collagen and elastic fibres in the dermis 
which our preliminary histological investigations tend to 
confirm. We have foand, in addition, certain unexpected 
changes particularly n the dermal collagen after stress*. 

The collagen within the dermis can be divided into three 
layers according to its histological architecture; 1, a 
narrow sub-epiderma. zone of loosely arranged fine fibres; 
2, a wider mid zone of more compact coarse fibres; 3, a 
deep zone of variable thickness which consists of coarse 
collagen fibres more loosely arranged than in the mid 
zone. In all three layers the collagen fibres are normally 
laid down in a three-dimensional interlacing network. 

For our histological investigations we used mainly 
human skin from the abdominal wall obtained at necropsy, 
because of its greater availability, and a limited amount 
of work has been done on skin taken from various sites 
in live patients during plastic operations. Normally two 
portions of skin were obtained, one taken horizontally 
across the abdomen and the other vertically. Specimens 
were investigated folowing varying degrees of stress up 
to and including failare, and after having been stretched 
over varying periods of time. Some specimens were fixed 
while still in the stretched condition and others were 
allowed to relax before fixation. 
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stretched the collagen fibres of the dermis 
lose their random three-dimensional arrangement and 
become orientated along the line of stress, that is, parallel 
with the surface. At low loads only a few fibres are re- 
orientated, but with increasing strain progressively more 
fibres become altered until all the collagen fibres in the 
mid zone lie parallel to the surface. Eventually transverse 
fracture lines appear in the fibres and these increase until 
complete disruption of the skin occurs. This orientation 
of the collagen fibres in the line of stress is obvious no 
matter in which direction the force is applied. The sub- 
epidermal and deep zones of the dermis follow the same 
pattern as the mid zone but lag somewhat behind. It is 
surprising to find that elastic and reticulin fibres seem to be 
largely unaffected by stretching; they are merely displaced 
by and compressed between the orientated bundles of 
collagen. 

Certain unexpected staining differences were observed 
after stretching. With Mallory’s trichrome stain‘ the 
normal collagen stains blue. In contrast, stressed collagen 
fibres stain red (fuchsinophilia) and thus resemble smooth 
muscle, This alteration is completely reproducible when 
stressed and control specimens are compared in successive 
sections from a single block of stressed skin, and whether 
the staining technique is manual or entirely mechanical 
in an automatic staining machine. We have obtained the 
same results with modifications of Mallory’s method, 
for example Masson‘, picromallory*, Foot? and the Falg 
method. Lendrum’s Martius-Searlet-Blue® method 
demonstrates the change particularly well. 

The alterations in orientation and staining appear to be 
elosely linked, but usually the fibres become orientated 
before the change in staining properties occurs. The 











greater the stress the greater the number of collagen fibres 


which become fuchsinophil. 

_ df the skin is stretched and allowed to relax before 
fixation it is noticeable that after small degrees of stretch- 
ing the collagen fibres return to their three-dimensional 
interlacing pattern but retain their affinity for acid 
fuchsin. At greater stress levels the fibres remain orientated 
in the line of stress, but show a wavy, concertina pattern 
after relaxation in addition to retaining fuchsinophilia. 
Fracture lines only occur when stretching is great enough 


to produce changes which are irreversible on relaxa- 





_ itis not yet clear what alteration is responsible for the 
change in staining reaction, but it is probably connected 
with the unique micro-structure of collagen. The collagen 
fibril consists of long-chain protein molecules arranged in 
regular parallel straight rows within a matrix of acid 
mucopolysaccharides (Curran and Clark*). It may be that 
in the normal collagen fibril only the mucopolysaccharide 
is stained and that this produces the blue reaction by any 
of the trichrome methods. On the other hand, in the 
stressed fibril the mucopolysaccharide is disrupted allowing 
access of the dye to the protocollagen which is fuchsino- 
phil. In support of this possibility some of our material 
shows. that these fuchsinophil fibres are surrounded by a 
faintly discernible blue envelope. This, however, fails to 
explain why the blue reaction of the mucopolysaccharide 
should largely disappear. Further, special stains for acid 
mucopolysaccharides, for example, thionin, toluidine blue 
and methylene blue extinction, do not disclose any differ- 
ence between normal and stressed collagen. 

Whatever the cause, we find that the tinctorial changes 
in stressed collagen closely resemble those described as 
‘fibrinoid degeneration of collagen’ in some of the col- 
lagen diseases, for instance, scleroderma and the rheu- 
matoid nodule. It is entirely different from the fibrinoid 
exudate seen in the walls of blood vessels or the renal 
glomeruli in cases of malignant hypertension, in poly- 
arteritis nodosa and diabetic vasculosis. We believe that 
the so-called fibrinoid necrosis of collagen, whatever the 
cause, has no relation to fibrin, and we suggest that it 
would be more rationally termed ‘stressed collagen’ using 





Febr uary 26, 1966 VOL. 209 


the term stress in the wide sense of damage caused by any 
agency whether physical, chemical or biological, _ 
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Is Hodgkin’s Disease a Syndrome of 
Hypothymism ? us 


Tere has been much discussion recently, based on both — 


X-ray and autopsy evidence, about the role of the thy mus _ 
in the development of Hodgkin’s diseasel?, . 
recently, Hoffbrand* failed to show auto-immune ph 









reactions of the delayed type has been clearly establis 
in Hodgkin’s disease. a 

Even in the early stages of Hodgkin's disease there is a — 
marked suppression of immunological responses of the — 
delayed type to different antigens, tuberculin, «mumps 








virus, Candida albicans, Trichophyton gypseum, diphtheria ._ 
toxoid, streptokinase-streptodornase and dinitrochloro-— 
benzene. The response to homografts of skin and bon: 
marrow is similarly affected. At the same time, ar 
formation to a large number of antigens remains 
paired (for a review of this topic see refs. 4-6). Sim 
between malignant lymphomas and graft-versus 
actions were noted by Kaplan and Smithers’, wh 
et alë questioned whether patients with H 
disease were lymphoid chimeras. Aisenberg® cla: 
in contrast to the immunological status in H 
disease, both immunological responses of the de 
type and antibody formation are absent in graft-v 
host reactions. Aisenberg made the same observatio: 
when comparing the status of neonatally thymectomized __ 
animals and the status in Hodgkin's disease: “Thus it 
seems that a number of clinical features of Hodgkin's _ 
disease including the immunological defect cannot be _ 
adequately explained by incriminating a loss of thymic _ 
function. However, in the terminal stage of disease many _ 
features are similar to the post-thymectomy state, and _ 
it appears possible that the two could represent the same. 
end stage of different etiologic processes”. ane 
New data on the histopathology and immunology of the 
post-neonatal thymectomy state raise the question whether 
Hodgkin’s disease can be considered as a syndrome of 
hypothymism. Earlier, it was cstablished. that, in 
neonatally thymectomized animals, both antibody pro 
duction and immunological responses of the delaye 
were suppressed*.'°. This was in accord with t 
known depletion of small lymphocytes in. 1 
organs’! combined with the proliferation of r 
plasma cells’+?, In contrast to these initial 
Moldavsky e¢ al.’ showed that neonatall: 
mice retain the capacity to produce an 
antigens (Vt-typhoid antigen, live influenza v 
bodies are produced immediately after the 
immunization, for others (sheep erythrocytes, 
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antigen) only after re-immunization™*, This is very 
‘similar to the production of antibodies to tetanus toxoid 
in patients with Hodgkin’s disease only after re-immuniza- 
tion which was noted by Barr and Fairley". 

In neonatally thymectomized mice in which immuno- 
logical reactivity had been recovered by re-immunization, 
some lymph nodes and the spleen recover the normal 
histological pattern, while other lymph nodes retain 
scantiness of lymphocytes, absence of germinal centres, 
and hyperplasia of reticular and plasma cells™*, Quite 
recently, it was demonstrated in this laboratory? that 
neonatally thymectomized mice can also produce anti- 
body to sheep erythrocytes after the primary immuniza- 
tion. In this case, antibody production begins later but 
persists longer than in normal animals. Antibody can 
reach even higher titres than normally. Such antibody 
production is explained by an enhanced proliferation of 

- immature cells of the plasma series and a slowing down of 
_ their maturation. 
___ All the foregoing evidence indicates that, in neonatally 
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with Hodgkin’s disease would ensure the durability 
of the thymus homograft. 
GEORGE J. SVET-MOLDAVSKY 
Laboratory of Virology, 
Institute of Experimeatal and Clinical Oncology, 
A.M.S., Moscow. 
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_ thymectomized animals, there occurs not a general loss of 
the immune response, but its clear dissociation, which 
_ is identical in detail with the immunological defect in 
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_ Hodgkin's disease. The histopathological pattern in 
neonatally thymectomized mice subjected to the effects of 

_ antigens, with sharp variations in the structure of different 
lymph nodes in one and the same animal, is strikingly 

_ similar to that seen in Hodgkin's disease. 

_ We suggest that the pathogenesis of Hodgkin’s disease 
is based on a definite hypothymic-hypolymphocytic 
syndrome characterized by depletion (and possibly a 

_ quantitative insufficiency) of the lymphocytes of lymphoid 

organs, lymphopenia in the peripheral blood, enhanced 

_ proliferation of reticular and immature plasma cells and 
loss of immunological responses of the delayed type with 
retained capacity for antibody production. Proliferation 
of cells of the plasma series may result in hypergamma- 
globulinaemia which cannot, so far, be explained. 

_ Of course, individual features of the syndrome of 
hypothymism may be manifested to a greater or lesser 
extent. The pattern of the syndrome may change con- 

siderably, due, for example, to secondary chronic infec- 
tions or to the involvement of other systems. Prolonged 
antigenic stimulation in the syndrome of hypothymism 

may result in the formation of cells of the Sternberg- 
Berezovsky type. 
This concept of the syndrome of hypothymism is not 
equivalent to hypofunction or lack of function of the 
thymus. This syndrome may depend on hypofunction of 
the thymus while at the same time developing from a 
blocking of the transmission of hormonal or other thymus 
effects to the effector systems of different levels. Indeed, 
the syndrome does not necessarily involve a morphological 
involvement of the thymus in the process. 
Of special importance in this syndrome is the impair- 
ment of the reciprocal equilibrium of the system of lympho- 
weytes and cells of the plasma series. I believe that antagon- 

“istic interaction of these two cellular systems constitutes 
ne of the fundamental homoeostatic mechanisms of the 

ymphoid system. Selective impairment of lymphocytes 

r depletion of lymphocytes for any reason (as a result of 

-irradiation, neonatal thymectomy, etc.) results in an 

proliferation of reticular cells and cells of the 
lasma series. This proliferation is a very important 
lement of the hypothymic-hypolymphocytie syndrome 
underlies the transformation of Hodgkin’s disease into 
ticulosarcomatosis and the existence of many inter- 
nediate forms between these diseases. 

All the foregoing strongly suggests that transplantation 

f the thymus tissue should be undertaken for therapeutic 
| in patients with Hodgkin’s disease. Even if 
uch grafting will not completely cure the disease, it 
10uld result in a marked improvement of all phenomena 

iated with the state of hypothymism. The absence 

_ f immunological responses of the delayed type in patients 
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Photographic Method of Recording the 
Activity of Small Animals using Repetitive 
Electronic Flash 


REPETITIVE or strcbed electronic flash has been com- 
monly used in techniques for the analysis of animal locome- 
tion, Some of the methods involved several flashes on to 
a single photograph, otably in connexion with work on 
the flight of birds and bats. Dryl? has deseribed a 
‘photomacrographic’ method for recording the activity of 
mobile protozoans. This utilized a time exposure to a 
continuous source of Lght illuminating the animals against 
a dark background. His method was developed from 
similar ‘photomicrographic’ techniques for activity record- 
ing used by other workers*~*. 
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The apparatus described here (Fig. 1) was designed for 
recording the activity of small aquatic animals in a shallow 
trough of water. This measured 8-1 x 10-7 cm and was 
2 cm deep. Trail records of the animals appeared as 
series of discrete images or as a continuous track. This 
depended on the flashing rate of an electronic flash system, 
and on the speed of movement of the animals. They were 
allowed to move freely on glass plates lying on the bottom 
of the trough in a horizontally uniform flow of water. 
The brief flashes (about 1 msec) illuminated the animal 
so that it appeared as a linear series of images of reflected 
light against a dark background. This was achieved by 
directing the flashes through two narrow horizontal slits. 
The light emerged as nearly parallel flat beams across the 
bottom of the trough. It was important to minimize 
stray scattered light which reduced the efficiency of the 
dark background. On long exposures, this tended to fog 
the single frame of photographic film on which the record 
was made. The film was exposed in a conventional 
35 mm camera with the aperture set at f4 and the shutter 
left open. It was mounted on a light-proof box over the 
trough, and focused on the animal. Micro-copying film 
(Kodak ‘Microfile’), which is very slow (A.S.A. 2), fine 
grained and contrasty, was found to be most suitable. 
The trough was immersed in a bath of red dye which served 
to increase the efficiency of the dark background by 
absorbing some of the stray scattered light. Transparent 
‘Perspex’ sheet was used to construct the trough and parts 
of the rest of the apparatus. The light source and the 
screens were shielded in so that the light only passed 
through the narrow slits. Holes were provided for ventila- 
tion to prevent overheating on long runs of flashing. 

Under these conditions, records of the relatively 
slow-moving activity of certain small lamellibranchs 
(Fig. 2) were made. These records were made over 
several hours, usually at a flashing rate of once every 10 
sec, In the course of an investigation? of the behaviour 
involved in the maintenance of their ‘commensal’ associa- 
tions. An ordinary portable single flash unit (Mecablitz 
108) was used and a Palmer mechanical time switch was 
included in the flash tube triggering circuit so that it 
would fire repetitively. This allowed a range of flashing 
rates (limited by the re-cycling period of the flash unit) 
from once every 5 sec. 





Fig. 2. Part of the photographic record made by a single specimen of the 

bivalve Montacuta substriata walking across the bottom of the trough. 

The orientation of the animal can be discerned from the individual image 

components of the track. The more saturated images indicate where the 
animal was stationary for a period 
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A more reliable electronic method for triggering a 
flash tube has since been used. This was constructed 
by the Benthos Company of North Falmouth, Massa- 
chusetts, U.S.A. It incorporated a silicon-controlled 
rectifier as an electronic switch for the discharge of a 
capacitor. The latter triggered the flash tube (G.E. 
FT-30) which yielded about 10 w sec/flash. This was 
found to be quite adequate for my recording conditions. 
Adjustment of a resistor-capacitor system allowed the 
flashing rate to be varied over a wide range. 

The size of the recording field and the size and the 
nature of the activity of the experimental animal would 
determine the exact nature of the components of the elec- 
tronic flash system in other applications. It should be as 
simple to construct and use this recording method for 
terrestrial as with aquatic organisms. 

This work was supported by a Department of Scientific 
and Industrial Research studentship in the Department of 
Zoology, Southampton University, and by a Woods Hole 
Oceanographic Institution Postdoctoral Fellowship. 

JOHN GAGE 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts. 
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Intraretinal Discrimination of Horizontal and 

Vertical Planes of Polarized Light by Octopus 

Since the early investigations of von Frisch', it has 
been known that some arthropods have an ability to 
discriminate different planes of polarized light. Recent 
investigations, using intracellular microelectrodes*~, have 
disclosed that the receptor cells themselves are the analyser 
for polarized light, although there still remains disagree- 
ment as to the existence of the intraocular analyser*. 

In a behavioural study, Moody and Parriss’ found that 
the octopus could differentiate planes of polarized light at 
right angles. Based on this observation and also on the 
structural similarity in the rhabdomeres between the 
insect and cephalopod, these authors have proposed a 
hypothesis that the mechanism for analysing the plane of 
polarization lies in the octopus retina. In the present in- 
vestigation of the octopus electroretinogram (ERG), it was 
found that the octopus retina can indeed discriminate 
between the horizontal and vertical planes of polarization, 
and the horizontal—vertical arrangement of the rhabdo- 
mere tubules was considered to be the structure respons- 
ible for the diserimination. 

The animals used were Octopus vulgaris. The cornea, 
lens and vitreous fluid were removed, and the retina was 
flattened, sclera downwards, on a large plate of silver- 
silver chloride which served as the indifferent electrode. 
An in situ orientation of the retina was maintained so that 
the horizontal line of the retina (which corresponds to the 
direction of the slit pupil) was parallel to the front edge 
of the experimental table. The light source was a glow 
modulator tube (Sylvania R1131C) which was activated 
by an electronic pulse generator. The light source, con- 
denser lens and ‘Polaroid’ filter were arranged so that a 
parallel beam of polarized light was projected perpendicu- 
larly to the retina. By this arrangement of the optical 
system and retina, all possible factors that might cause" 
intensity variation with rotation of ‘Polaroid’, such as 
reflexion, refraction, scattering and absorption in the 
optical pathway, could be minimized. The relative angle 
between a plane of polarization and the horizontal line 
of the retina was varied by rotating the ‘Polaroid’ which 
was interposed between the retina and lens. 

On illumination of the retina by polarized light, a sus 
tained negative response (ERG) was recorded from glass 
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capillary microelectrodes placed on the retinal surface. 
The ERG had the characteristics already described else- 
where’, In a number of cases the ERG was found to 
fluctuate in amplitude periodically as the ‘Polaroid’ was 
rotated around the optical axis, having two maxima and 


two minima in one complete turn. But the fluctuation of 


the ERG must be an experimental error, because it could 
be minimized by complete flattening of the retinal surface. 

The technique adopted was selective adaptation. The 
retina was first illuminated intermittently by a flash of 
light (100 msee in duration, about once every 5 sec) while 
the ‘Polaroid’ was rotated during a dark period (control 
run). When fluctuation of the ERG was seen in the control 
run, the recording site was moved to another retinal area 
and the control run was repeated until no variation of 
ERG was found. But this procedure was rarely needed, 
whenever the retinal surface was held flat. Then a steady 
light of 20-60 sec in duration was delivered while the 
‘Polaroid’ was fixed at a certain position (selective adapta- 
tion). Following light adaptation, the same procedure 
was repeated as in the course of control run (test run). The 
result is shown in Fig. 1A. For adapting light at 0°, 
with the plane of polarization perpendicular to the hori- 
zontal axis of the retina, the minimal response to test 
lights appeared at 0° and 180°, and the maximum at 
90° and 270° (Fig. 1A, top). When the plane of polariza- 
tion of adapting light was at 90°, the minimum appeared 
at 90° and 270°, and the maximum at 0° and 180° in the 
test run (Fig. 1A, middle). No such effect of selective 
adaptation was observed when the e-vector of adapting 
light was at 45° (Fig. LA, bottom) or at 135°. 

The similar effect of selective adaptation could also be 
demonstrated by a different method. The retina was 
illuminated repetitively by a flash of polarized light at 
0°, and, when the ERG was reduced in amplitude due to 
light adaptation, the ‘Polaroid’ was rotated from 0° to 
90°. Then the same number of flashes were given at 
90°, and the ‘Polaroid’ was again rotated back to 0°. This 
procedure was repeated several times. 


polarization was rotated either from 0° to 90° or from 90° 
to 0° (Fig. LB, top and bottom). However, when the 
e-vector was rotated from 45° to 135° or vice versa, no 
such temporary increment of response was seen (Fig. 1B, 
middle). From these observations, it is obvious that the 
octopus retina differentiates the horizontal and vertical 
planes of polarization, but not oblique planes of 45‘ 
and 135°, 
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Fig. 1. Oscilloscope tracing of octopus ERG. DC recording, A, Retina 
was first light-adapted at 0° (vertical) for top, 90° (horizontal) for middle. 
and 45° (oblique) for bottom record. The ‘Polaroid’ was then rotated at 
45° interval. B, Five flashes in same plane of polarization, then the 
‘Polaroid’ was rotated by 90°, and the same procedure was repeated. 
Experiment was carried out from top to bottom in both A and R 
Numerals under each record indicate position of ‘Polaroid’ in degree 
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If the e-vector of adapting light is deviated from the 
standard direction (horizontal line of the retina) by 
§(< 45°), then the question arises whether the minimum 
responses would appear at § (and maximum at § + 90°), 
or the minimum woukl appear still at 0° (and maximum 
at 90°). The next experiment answered this question. 
The retina was first light-adapted at 30° or 330° (that is, 
+ 30° deviated from 0°), then the test run followed. The 
result was the same as in the case of selective adaptation 
at O°, the minimum appearing at 0° and maximum at 
90° for adapting light at 0° + 30°. For adapting 
light at 90° + 30°, the minimum appeared at 90° and 
maximum at 0°. Thuas, the position at which the mini- 
mum and maximum appeared in the test run was inde- 
pendent of the direction of the e-vector of adapting light, 
when the e-vector was deviated from the standard 
direction of the retine by less than 45°. If the e-vector 
of adapting light was deviated equally from the two 
standard directions {+45° from horizontal line), no 
minimum and maximum appeared in the test run. 

The same experiment was repeated at various regions in 
the retina. The results were the same at all retinal areas, 
showing no regional differences. 

These results suggest that in the octopus retina there 
are two analysers, one lying horizontally and the other 
vertically, and that they are selectively stimulated and 
consequently light-adapted by either horizontal or vertical 
components of incident light. It follows that the octopus 
retina can discriminate the horizontal and vertical planes 
of polarization, but not the oblique planes of 45° and 135°. 
Since all factors which cause intensity variation by 
reflexion or scattering with rotation of the ‘Polaroid’ had 
been eliminated in the stimulating system and dioptric 
apparatus of the eye, the analysing mechanism must lis 
in the retina. In the octopus retina the rhabdomes are 
arranged in a rectangular array, lying in the horizontal 
and vertical directions’, and in these directions closely 
packed fine tubules, rhabdomeres, leave the receptor cell 
surface perpendicularly’. Thus it may be concluded that 
the horizontal-vertieal arrangement of rhabdomeres 
could provide the morphological basis for the discrimina- 
tion of plane of polarization in the octopus. 

Additional details of these and related experiments will 
be published separately’. 

We thank Prof. K. Motokawa for his support and sug- 
gestions and the staff of the Marine Fisheries Laboratory 
for collecting and maintaining octopuses. 
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Circadian Rhythms in the Feeding Behaviour 
of CBA Mice 


MANY vital processes have marked diurnal rhythms in 
natural circumstances; and in the laboratory, even under 
the most constant cenditions possible, they still show 
cycles with a period approximating 24 h (‘cireadian 
rhythms”), From his observations on rats, however, 
Siegel? concludes that the diurnal rhythm in the feeding 
behaviour of this species disappears in 6-10 days in animals 










Aschoff'; Siegel’s pooling of data for a group 


may have obscured the existence of non-synchronous - 


cycles in the different individuals. Therefore, as a pre- 
liminary to other investigations on the physiological 
mechanisms of feeding behaviour in mammals, we have 
re-investigated this point. 

Our subjects were CBA mice, kept for two generations 
under continuous light and constant temperature (24° C). 
The data reported here refer to 20 males, 5 months old at 
the start of the experiment, kept individually in 22 x 
22 x 15 em cages, where they could hear but not see one 
another. Water and dry laboratory food were given 
ad libitum. Automatic records’ were taken of the time 
patterns of gnawing at this food in each individual over 
24-h periods. 

Typically, the mouse gnaws until it has loosened a small 
piece of food. Then it withdraws from the food to ingest 
this ‘bite’. In all cases there are marked fluctuations in 
the frequency of bites in the course of the 24-h observation. 
To analyse these fluctuations, we divided each observation 
into six 4-h periods, and counted the number of bites in 
each of these. If we term the period with the greatest 
number of bites the ‘peak period’, a record can obtain 
0-5 pre-peak periods and 5-0 post-peak periods, depending 
on whether the peak fell early or late in the observation. 
For each period of a record the number of bites in that 
period was expressed as a percentage of that in the peak 
period of that record. Fig. 1 gives the median of the 
percentage for each period (total of seventy-five observa- 
tions. on twenty individuals). The distribution-free 
confidence intervals for each median are shown with 
fidence coefficients as close to 0-950 as possible. The 
coefficients are shown at the top of Fig. 1 (see 
ll and Stuart*). Fig. 1 strongly suggests that a 
rhythm is present. Although tke precise periodicity 
underlying the original data cannot be derived from this 
figure, the form of the curve suggests a rhythm of about 
24h, that is, a circadian rhythm. 

‘The statistical significance of this rhythm was tested as 
follows. The null hypothesis, that is, that our observa- 
tions could be considered as a purely random series, was 
3 against the alternative hypothesis that there is an 
‘lying periodicity of approximately 24h by calculating 
number of ways in which six numbers can be so 
arranged as to give a result in agreement with such an 
‘alternative hypothesis. This number, when divided by 
the total number of different ways in which six numbers 
can be arranged (6! = 720), yields the probability under 
the null hypothesis that a random batch of six numbers in 
random order agrees with the alternative hypothesis. 
The number of times one can have agreement in N such 
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Fig. 2. Frequency distribution of degree of asynchrony of activity peaks ii 
(in relation to an arbitrarily chosen reforence, individual); compilation of- 
data for the entire period of observations oe 
batches is, then, a binomial variable. The test. consists 
of rejecting the null hypothesis if the number of times 
agreement has been found is greater than #, where the 
probability of obtaining x agreements or more under the 
null hypothesis is less than or equal to the level of signific- 
ance chosen. In our data, agreement was present in 48 
out of 75 cases (P < 0-01). wile 
We conclude, in contrast to Siegel, that at least in mice 
kept under continuous light, feeding behaviour retains a- 
marked circadian rhythm. It may be added that our data 
on rats kept under continuous light for two generations _ 
also indicate such a rhythm’. oo 
We have analysed our data in the way just described, 
for two reasons. First, although there was. some indi 
tion of inter-individual synchronization, the peak p 
of different individuals on the same day often 1 
apart (Fig. 2). Secondly, we have not observed 
individual over a prolonged uninterrupted series of d 
however, in a number of cases the same individu: 
observed twice on consecutive days or with an interv 
only 1, 2 or 3 days. The average period length, estim 























from these data, is 25-3 h (average over 97 cycles: 
individuals). Hd 
Some preliminary results are also available o 
feeding patterns of CBA mice injected with aurot 
cose (ATG). During the ‘dynamic phase’, resultin: 
this treatment, the animals are strongly hyperp 
Bite frequency is much increased in all periods, but 
is still some indication of a peak period in each 
With the rise in body-weight consequent on. the 
phagia, food intake gradually returns to about. 
values, and the animals enter the ‘static obese ph 
During the latter, the circadian rhythms of t 
treated mice appear identical to those of intact 
These data suggest that the brain lesions induced b; 
do not affect the mechanism underlying the circa 
rhythm in our mice. | Pet ee 
Finally, the following example illustrates that these- 
persistent circadian rhythms are to be reckoned with in _ 
the interpretation of experiments on feeding behaviour. _ 
We have measured feeding activity in mice after food _ 
deprivation up to 24 h. Our data strongly suggest that bite _ 
frequency after a given deprivation depends on whether _ 
feeding is resumed in the active or in the inactive phase of | 
the circadian cycle. Since it appears virtually impossible — 
to eradicate these circadian rhythms from feeding behavi- | 
our, we now find it preferable to keep our subjects under | 
conditions where at least the cycles of the different indivi- _ 
duals are synchronized, that is, where there is a ‘natural’ _ 
alternation of darkness and light. ee 
P. R. WEPEEMA 
L. peu Rorregs = 
Zoological Laboratory, 7; Reppin es 
University of Groningen, i 
The Netherlands. eo 
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Animals, 803 (Washington, 1959). ee 
? Siegel, P. S., J. Comp. Paych. Physiol., B4, 294 (1981) 
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Aurothioglucose Sensitivity of CBA Mice 
injected at Two Different Times of Day 


Some years ago Brecher and Waxler! described for the 
first time obesity in mice resulting from aurothioglucose 
(ATG) injection. Since then it has been found that 
ATG can cause lesions in different areas of the brain?~*. 
Among these, the lesions in the ventromedian hypo- 
thalamic nuclei are held responsible for the observed 
obesity. However, it was also found that the most effec- 
tive ATG doses caused a high mortality®. 

As the susceptibility of animals to certain drugs, toxic 
substances, ete., is well known to be strongly dependent 

_ on their diurnal rhythm*, we have carried out experi- 
ments to see to what extent this is true for ATG. CBA 
mice (males and females) were kept under a day-night 

rhythm of 12 h light (0700-1900 h) and 12 h darkness 
(1900-0700 h). The ages of these animals varied from 
4 to 6 months, that is, they were all full-grown. Two differ- 
ent ATG doses were used (0-4 mg/g and 0-5 mg/g body- 
weight) of a 10 per cent ATG suspension in oil (‘Solganal 
B Oleosum’, Schering). The mice were divided into two 

_ equal groups of comparable composition with respect to 
a sex. One group was injected during their inactive 

a (1200 h), the other group during their active 

_ phase (2000 h). All the animals were deprived of food 
for 3 h immediately before injection. The animals were 

_ weighed daily at 0830 h. 

| The results are summarized in Table 1. 


>, = 


Table 1 


Group I Ir 
Time of injection: Day Night Da Ni 
ATG dose mg 0-5 mg 
ne 031-9 23-2 27-3 351 
; a . . . . 
_ Weight b+32-7 31-6 36-2 33-0 
Died 1 0 22 5 


Sr Mean body-weight (g) before injection. 
= t Mean body-weight (g) 1 month after injection. 


_ These data show that the ATG injection strongly pro- 

_ motes weight increase, considering the fact that the weight 

_ of normal mice of the same age increases by only 1-3 g 
permonth. There is also a striking difference in mortality 

_ between the ‘day’ and ‘night’ animals of group II. Appar- 
ently the animals are much more sensitive to the toxic 
qualities of ATG at 1200 h than at 2000 h. To a much 
lesser degree this can be found in group I. One of the 
‘day’ animals died, some were sick for some days after 
the injection, whereas of the ‘night’ animals in this group 
none showed any sign of illness. I never observed illness 
or mortality in animals injected with a dose of 0-3 mg/g 

_ mouse (23 animals). In this latter case weight increase is 
only slightly greater than normal. 

From these data it can be concluded that the susceptibil- 
ity of mice to the toxic effect of ATG clearly depends on 
their metabolic state. It may be that this decreased 
susceptibility is comparable with that described after 
food deprivation’. There are no indications that there 
is a difference in the resulting obesity of the comparable 
day and night groups. 

It is noteworthy that twelve of the twenty-seven 

animals that died in group II went through a phase 
(starting about 24 h after the injection and lasting for 
some hours) of frantic biting. During these hours the 
tongue is seriously injured and becomes a swollen bloody 
mass protruding from the month. These animals then stop 
eating and drinking and die after some days. Whether this 
frantic biting is an aggressive or an exaggerated feeding 
activity cannot yet be decided. 
_ What the precise cause of death of all these animals 
may be is unknown to me, but I now know that ATG 
mortality can be decreased considerably by injecting the 
animals at the beginning of their active phase. 

Because ATG plays a part in the treatment of, for 

example, rheumatism and asthma, the findings reported 
here may also have a medical significance. It would seem 
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important to examine more systematically the effect of 
, medicines, radiation treatment, etc., in relation 
to the natural day-night rhythm of the organism treated. 


P. R. WIEPKEMA 
Zoological Laboratory, 
University of Groningen, 
The Netherlands. 
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Haplospora globesa Kjellm. and Scaphospora 
speciosa Kjelim, in Culture 


THE reproduction and life-cycle of the order Tilop- 
teridales have attracted the interest of phycologists for 
a long time. Reinke’ was the first to investigate these 
problems and, although he was unable to provide any 
definite evidence, he concluded that the algae in question 
represent alternating generations of one species, a spo- 
rophyte producing nson-motile quadrinucleate mono- 
spores and an oogamoas gametophyte. Reinke’s view was 
adopted by such authorities as Kylin*-*, Oltmanns* and 
Smith*, but rejected by Sauvageau* and Christensen’. 

Reinke', Nienburg* and Dammann’ tried to culture 
Haplospora globosa Kjellm. and Tilopteris mertensii 
(Turn. in Sm.) Kitz. but without great success. In the 
former species, only germlings from monospores were 
obtained. 

Haplospora globosa is widely distributed on North 
Atlantic coasts. In the Oslofjord, the Haplospora stage 
as well as the Scaphospora stage, originally described as 
Scaphospora speciosa EK jellm., are rather common in spring 
(Sundene**), Specimens of the Haplospora stage were 
collected in May 1964 near the Biological station, Drébak, 
in the middle of the fjord, and cultures were established in 
Erdschreiber at 5° C with daylight. The specimens were 
fertile, with stalked monosporangia. Monospores were 
released and some were isolated before settling, while 
most of the cultures were started from sporelings attached 
to the bottom of the mother-dishes. The majority of 
these sub-cultures were contaminated by diatoms, but some 





Fig. 1. Branch of the Scapsospora stage of paploepors globosa with two 
antheridis and two oogonia. (x 95) 
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proved to be unialgal. At first the sporelings grew very 
slowly and developed during the summer to small, procum- 
bent and zigzag-bent filaments. In the autumn upright 
shoots sprouted from these filaments. They grew very 
rapidly, forming tufts 5-10 em high during the following 
winter and, early in March, they became fertile, carrying 
large sessile unilocular as well as plurilocular reproductive 
organs. The structure of the vegetative thallus and of the 
reproductive organs accorded with the description of 
Scaphospora speciosa (Fig. 1). 

The unilocular reproductive organs of the Scaphospora 
stage contained one large non-motile cell which, after 
release, settled on the bottom of the dish. From the 
plurilocular organs a great number of zoids were liberated 
and a great many of them were observed congregating 
around the non-motile cells, an indication that they were 
attracted by the latter. 

These observations corroborate Reinke’s view that the 
Scaphospora stage represents the gametophyte in the life 
eyele of Haplospora globosa and that the non-motile cells 
are eggs and the zoids spermatozoids. 


Over SUNDENE 
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Powdery Mildew Fungus on Cucurbits in the 
Transvaal Province of South Africa 


Iw her work on South African Erysiphaceae, Doidge' 
has provisionally identified the powdery mildew fungus 
that causes a troublesome disease on Cucurbitaceae 
throughout the country as Erysiphe cichoracearum DC. 
After two different mildew fungi were found to attack 
cucurbits in Europe’, Doidge® realized that this identifica- 
tion should be regarded as tentative, but because the 
perithecial stage of the fungus had not been found in 
South Africa, more precise identification was considered 
impossible. Since then, a number of publications have 
appeared which have pointed out that it is possible to 
distinguish between the two fungi in question, namely 
Erysiphe cichoracearum DC. ex Merat emend. Salmon and 
Sphaerotheca fuliginea (Schlecht. ex Fries) Poll., on the 
basis of their conidial characteristics*-*.. The conidia of 
the Sphaerotheca species contain conspicuous discoid or 
rod-shaped fibrosin bodies which were first observed and 
described by Bouwens*. They can be clearly seen if the 
spores are microscopically observed in a 3 per cent aqueous 
potassium hydroxide solution as recommended by Kable 
and Ballantyne’. In the conidia of E. cichoracearum, 
however, these bodies are lacking. Though both species 
produce conidia in long chains, the way in which the 
conidia germinate also differs. The germ tubes of E. 
cichoracearum are all simple and straight, but among those 
of S. fuliginea a number occur that are forked. 

Samples of powdery mildew from cucurbits, collected 
during the past growing season in various parts of the 
Transvaal Province, all showed long chains of conidia 
with well-developed fibrosin bodies present in every speci- 
men. Wherever germination of the conidia was found 
possible, forked germ tubes, like those illustrated by 
Boerema and Van Kesteren’, were also observed. The 
variation of conidial dimensions, 25:2—87-8 x 147-23 lu, 
in spores of the cucurbit mildew from the Transvaal falls 
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‘within the range of dimensions given for 8. fuliginea by 


Clare? (250-465 x 14:0-25-0y). o 

It is therefore concluded that powdery mildew on 
cucurbits in Transvaal is caused by the fungus Sphaerotheca 
fuliginea (Schlecht. ex Fries) Poll. The disease was observed 
on cultivars of the following Cucurbitaceae: Cucumis melo 
L., C. sativus L., Cucurbita pepo L., C. maxima Duch. and C. 
moschata Duch. The mildew generally caused a more 
severe disease on species of Cucurbita than on those of 
Cucumis. Considering that even in tobacco-growing areas 
where Æ. cichoracearum was prevalent, cucurbit mildew 
samples only showed the presence of S. fuliginea, the 
indications are that in South Africa, like in Australia? ®, 
S. fuliginea is the only or most prevalent cucurbit powdery 
mildew. 

G. J. M. A. GORTER 


Horticultural Research Institute, 
Pretoria. 
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The Dugong 


WHerEAS the manatee of the tropical Atlantic has been 
the subject of widespread interest in recent years, the 
related dugong of the Indo-Pacifie region has received 
scant attention. An increasing scarcity over most of the 
range of the animal has been assumed on the evidence 
available; for example, few remain in the Red Sea, around 
Ceylon or Malaysia. 

We have recently completed a preliminary survey of the 
dugongs on the coast of Queensiand, in Torres Strait, and. 
elsewhere in the Australasian region. Personal travel and 
the questioning of innumerable individuals with local 
knowledge, together with much and continuing corre- 
spondence with coastal missions and native reserves, lead 
on integration to certain encouraging conclusions. Addi- 
tional correspondence with those having local and personal 
knowledge will be welcome. a 

Our conclusion is that in parts of the Australian north- — 
east the dugong is not to be regarded as a rare animal. In- 
places its numbers may even be increasing now, following — 
excessive hunting in the nineteenth century and im the | 
early decades of this century. The world’s stock of. 
dugongs is certainly much greater than that of manatees... 

On the Australian coasts the hunting of dugongs. 
nowadays is wisely confined to native peoples, whose. 
traditional diet includes these animals. Because of the- 
dugong’s acute hearing the process of hunting is not easy: 
the use of engines in their vicinity is fatal to success, in a 
way which does not apply in turtle-hunting which is the- 
usual alternative. Because of its difficulty, and because 
of the progressive movement of the native peoples con- 
cerned on to a wage basis and the use of purchased food- 
stuffs, the hunting pressure on the dugongs would seem to: 
be diminishing in many places. | 

We believe that under present pressures the dugong 
stocks on the Australian coasts are secure, although there. 
may be a few places of local excessive killing as certain 
native groups increase in population. Apart from nativ 
hunting, a small number of dugongs are killed inad 
vertently in fish traps, in official shark-netting pro 
grammes for the berefit of bathers, and a few by ‘sports-— 
men’. | ae 

We have been able to accumulate, besides extensive 
personal testimonies, a collection of fresh skeletal andi 
other material, older skulls from kitchen middens and, ir 
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particular, numerous tusks from which it is hoped to 


determine the relative ages of the animals being killed for 
food. Further quantities of fresh materia] and information, 
it 18 hoped, will continue to reach us from Queensland and 
the Northern Territory of Australia. 

Our own future investigations will consist of detailed 
analysis of the evidence and material collected. The 
opportunity now exists for others to take up the investi- 
gation of the dugong’s detailed breeding biology by 
intensive work on freshly killed animals. There are just 
one or two places, now known to us, where dugongs are 
taken regularly for food in sufficient numbers and where 
local help and facilities would be adequate. 

We thank the following bodies for their financial help: 
Cambridge University Foreign Travel Fund, the Conser- 
vation Foundat:on, the Zoological Societies of New York 
and of London, and the British Museum (Natural History). 


G., ©. L. BERTRAM 
St. John’s College, 
University of Cambridge. 
©. K. Ricarpo BERTRAM 
Zoological Department, 
University of Cambridge. 


MICROBIOLOGY 


Leptospires isolated from Frog Kidneys 


In the summer of 1964, cases of leptospirosis developed 
in man as a result of swimming in a farm creek. During 
epidemiological studies, six leopard frogs (Rana pimens) 
were collected from these waters. Blood samples were 
obtained from the frogs. Two pools of kidneys (A and B) 
were made from three frogs each. Leptospires were not 
observed on dark-field microscopy of the kidney suspen- 
sions. These were diluted with Stuart’s liquid media 
(1: 10-1: 100,000) and 2-3 drops from the dilutions 
inoculated! into semi-solid media: bovine-albumin “Tween 
80’ (ref. 2) contamung 5-flucrouracil? (96 pg/ml.) (Hoffman- 
LaRoche, Inc., Nutley, New Jersey) and Fletcher’s semi- 
solid media’. The inoculated media were incubated at 
28°-30° © for 90 days and examined periodically by 
dark-field microscopy. Leptospires were isolated from 
pool B in albumin ‘Tween 80’ medium on the twentieth 
day after inoculation. Observations of the frog isolate by 
electron mucroscopy indicated that the organisms were 
morphologically characteristic of the genus Leptospira‘. 

The positive culture was transferred to bovine albumin 
‘Tween 80’ with 5-fluorouracil, Fletcher’s semi-solid and 
Stuart’s liquid media. These media were adequate for 
growth and the isolate could be continuously subcultured. 

Standard rabbit antisera against L. ballum, L. canicola, 
L. icterohaemorrhagiae, L. bataviae, L. gruppotyphosa, L. 
pyrogenes, L. autumnalis, L. pomona, L. sejroe, L. australis, 
L. hyos, L. mini georgia, L. biflexa, and L. kremastos were 
used for preliminary identification of the isolate. The 
isolate was propagated in Stuart’s medium for use in 
the microscopic agglutination test and the subsequent 
antigen standardized by nephelometry, to a nephelometer 
reading of 25-30 (ref. 5). The isolate reacted against D., 
ballum antiserum in a dilution of 1:25 with the micro- 
scopic agglutination test. Rabbit antiserum against the 
isolate was prepared from a liquid culture standardized 
to the same bacterial density as that used in the micro- 
scopic agglutination test. The antiserum produced 
ceacted with its homologous antigen in a 1 : 12,800 dilution. 
The rabbit antiserum was tested against antigens of twelve 

saeptospiral serotypes previously listed (excluding L. 
Yyflena and L. kremastos). The rabbit antiserum reacted 
against L. ballum to an end titre of 1: 25. The micro- 
scopic agglutination test was performed with serum from 
rogs I and 2 (A) and frogs 4, 5 and 6 (B) against the 
10mologous isolate, L. pomona, L. bifiexa, and L. ballum. 

ma{‘he microscopic agglutination test was negative in 
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dilutions of serum as low as 1:10. In addition, the same 
serum pools were tested usmg the rapid macroscopic slide 
agglutination test, with negative results. 

Investigations have been conducted to determine the 
pathogenic characteristics of the isolate in guinea-pigs, 
hamsters, gerbils, and mice. Actively growing cultures of 
the frog isolate were inoculated intraperitoneally into the 
species. No fever or weight loss was observed in the animals 
following moculatioc. The frog isolate has not been re- 
covered from blood culture or from the kidneys of the 
experumental animals. Additional laboratory studies are 
in progress to determane the role of the isolate as a patho- 
gen. The isolate has been sent to the World Health Organı- 
zation/Food and Agriculture Organization and National 
Leptospirosis Reference Laboratories for defimtive identi- 
fication. n 

A review of the Hterature mdicates that the role of 
amphibians and reptiles in the epidemiology of lepto- 
spirosis is not as well defined as in man, domestic animals, 
and wildlife. 

In studies of frogs (Rana sp.), Van Thiel’ found a high 
percentage of sera reacted against many pathogenic and 
apathogenic strains of leptospires. He states that this 
may be due to natural immunity which can be broken 
when frogs are exper-mentally inoculated with large doses 
of virulent L. icterxohaemorrhagiae. Leptospires were 
recovered from the kidneys and livers up to 7 days after 
experimental inoculation. Van Thiel concluded that 
frogs under natural conditions did not shed leptospires in 
the urine or play a part in the epidemiology of Weil’s 
disease. Babudieri7 was unable to isolate pathogenic 
leptospires from some species of amphibians caught in 
the rice fields of Italy. He reports that others have had 
similar negative results; Uhlenhuth and Fromme found 
leptospires in the irtestine of the frog, but Babudieri 
states that these were probably not pathogenic. 

Combiesco et al. and Van der Hoeden et al.” reported 
finding leptospiral agglutinins in the serum of reptiles. 
Abdulla and Karstad?!® experimentally inoculated snakes 
with L. pomona. Unmoculated snakes kept as cage mates 
became infected. Bosh groups were carriers of leptospires 
in liver and kidney tissues and also produced agglutinins 
against L. pomona. Two species of turtles were similarly 
infected by inoculation with L. pomona. Neither trans- 
mission of the infection to cage mates or sustained in- 
fection was observed in the turtles. In Florida, White™ 
found leptospiral agglutinins in snakes, but leptospires 
were not isolated from the liver or kidney tissues. Ferris 
et al)? isolated L. bellum from the kidney tissue of the 
hog-nosed snake (Heterodon platyrhinis) in Illinois, but 
agglutinins against L. ballum were not detected. In 
Slovakia, Plesko eż al.1* isolated L. sejroe from one of 
thirty-seven lizards; _eptospiral agglutinins were found in 
ten of thirty-seven tested. 

Although the isolate discussed in this communication 
was cultured from the kidney of the frog, the role of the 
unidentified leptospire has not been defined as either a 
pathogen or a saprophyte. The significance of the 1: 25 
microscopic agglutination titre against L. ballum is at 
present unknown. 

Four major questicns become apparent: (a) What part 
do the poikilothermiz amphibians and reptiles or other 
lower forms of animal life play in the maintenance and 
continuity of leptospires in the environment? (6) Lower 
forms of life serve as food for other animals, but are some 
amphibians the culprits—carriers and shedders of lepto- 
spires---or victims or both? (c) When pathogenic lepto- 
spires are discharged into water, do they remain pathogenic 
for animals and man, do they transform into saprophytic 
or free-living forms for survival, or do they gradually 
disintegrate and die? (d) Do lower forms of animal life 
become intermediate hosts and provide a missing link in 
the chain of transmission which results from transforma- 
tion of leptospires from saprophytes into pathogens that 
infect other animals and man ? 
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Further investigations of amphibians, reptiles, and lower 
forms of life and. their environmental interrelationships 
may help to define the role of pathogenic or saprophytic 
leptospires in the. epidemiology of leptospirosis. 

We thank A. Ritchie, National Animal Diseases Labora- 
tory, Ames, Iowa, for performing the electron microscope 
studies on the frog isolate. This investigation was support- 
ed in part by grant CO-00071 from the Communicable 
Disease Center, U.S. Public Health Service, Atlanta, 
Georgia. 
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Effect of Cellular Lipid on the Sensitivity 
of some Gram-positive Bacteria to Penicillins 


It is possible to increase the lipid content of Gram- 
positive bacteria by sub-culture in nutrient broth contain- 
ing glycerol and to deplete cellular lipid by treatment 
of the cells with pancreatic lipase. 

Using benzylpenicillin, cloxacillin, methicillin and 
quinacillin? and Bacillus subtilis, N.C.T.C. 3601, Strepto- 
coccus faecalis, N.C.I.B. 8553 and Staphylococcus aureus 
(three strains) Oxford, N.C.T.C. 8452 and 100110 isolated 
at Queen Mary’s Hospital for Children, Carshalton, we 
find that lipid enhancement invariably increases the 
resistance, as measured by the minimum inhibitory con- 
centration for a constant inoculum of 10° cells/ml. and 
depletion invariably produces an increase in sensitivity. 
Results are summarized in Table 1. 

Total lipid was determined by extracting dried cells 
with chloroform—methanol, 2:1, and by electrophoresis 
in the presence of 10-4 M sodium dodecylsulphate?. 
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Preliminary experiments, using thin-layer chromato- 
graphy and silicic acid-impregnated paper chromato- 
graphy, indicated that this change in resistance could 
not be attributed to any particular component of the 
bacterial lipid as obtained by solvent extraction. 

It is clear that changes in lipid content of cells markedly 
effect their susceptibility to penicillins and it is not 
impossible that such changes may occur in vivo, subse- 
quent to infection. W. B. Huao 


R. G. STRETTON 
Department of Pharmacy, 
University of Nottingham. 
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AGRICULTURE 


Paternal Effect on Grain Size in Wheat 


Varieties of wheat can differ in yield of grain even 
when unfavourable factors such as disease, unsuitable soil 
nutrient status and lodging are eliminated as completely 
as possible. Methods of breeding for high yield could be 
made more objective if the physiological processes 
responsible for the yield differences were understood. 
There are two possibilities. First the assimilative capacity 
of the plant after anthesis may be the principal limiting 
factor, or secondly, the grain may be a limited sink for 
photosynthates, either as a result of its rate of growth or 
its ultimate size. 

The investigation reported here was carried out to 
obtain information on the potential capacity of the grain 
as a sink for photosynthates. Tests were made for 
genetically determined differences in grain size. The 
effects of variation in grain number, and of the assimila- 
tive capacity of the plant, on the supply of photosyn- 
thates to each grain were eliminated by making com- 
parisons using common maternal parents. Genetic 
differences in the grain were obtained by artificial cross- 
pollination. 


Table 1. NATURALLY SELFED PARENTS 


Mean weight 
per grain (mg) 
‘Holdfast’ 41°6 
‘Cappelle-Desprez’ 68-4 
F ‘Holdfast’ x ‘Cappelle Desprez’ 53°5 
Least significant difference P < 0-05 33 
P<001 47 


Two varieties of winter wheat were used: ‘Cappelle— 
Desprez’ which has large grain and “Holdfast’ which has 
relatively small grain (Table 1). In 1963 the varieties 
were crossed reciprocally and also selfed by hand, a 
separate ear being used for each treatment. The experi- 
mental variation was too great for a paternal effect to be 
detected. This effect was likely to be small, because the 
male parent contributes only one-third of the endosperm 
genotype. 


Table 1. EFFECT OF LIPID ON THE SENSITIVITY OF GRAM-POSITIVE BACTERIA TO PENICILIINS 











Mobility Minimum inhibitory concentration, 
Lipid content (usec? V-" cm-) (ug/ml.) ` 
Organism Treatment (% wiw of whole in the presence of 
dried cells) 10- M sodium dodecyl- Benzyl- 
sulphate Quinacillin penicillin Methicillin {| Cloxacillin 
Staph. aureus (Oxford) Control 6°39 ~ 284 03 0:03 0°35 
Grown with glycerol 18-3 ~ 4°56 200 2-0 8-0 
Lipase treated 6'4 = 2°40 01 0-01 0°25 
Staph. aureus N.C.T.0, 8452; Control 6°5 ~~ 3-21 0-7 Destroyed 0-5 
Grown with glycerol - 70 — 3°68 20 Destroyed 08 
Staph aureus 100110 Control ee — 3-69 5-0 100 1-0 
Grown with glycerol oe ~~ 3°68 5 0 100 1:0 
Lipase treated Sad ~ 3-0 8-5 100 0-8 
Strep. faecalis Control 5-3 ~~ 242 3-2 40 
Grown with glycerol 59 ~ 80i 10-0 200 
B. subtilis Control 86 — 4556 0'6 0:01 
Grown with glycerol 190 ~ §48 5:0 0-03 
Lipase treated 8-3 — 845 0:3 0:008 
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In 1964, genetic differences in the grain were obtained 
by backcrossing the reciprocal F, hybrids, as female 
parents, with each variety. Therefore, owing to genetic 
segregation in the F, the genetic variation in the endo- 
sperm was greater than in the previous experiment. To 
facilitate crossing, the small basal and apical spikelets, 
and also all florets in excess of two per spilkelet, were 
removed from the F, ears. To improve the accuracy, and 
to ensure that photosynthates were available similarly to 
grain in the two treatments, each maternal ear received 
both backcrosses, one rank of spikelets being crossed by 
‘Cappelle-Desprez’ and the other by ‘Holdfast’. The two 
reciprocal F, hybrids behaved similarly, and the results 
for all the 29 treated ears have been combined (Table 2). 


Table 2, BACKGCROSSES OF F, HYBRIDS BY THE TWO PARENTS 


Mean No. of Percentage Mean grain 
grains set of grainsset weight (mg) 


Backcross by ‘Holdfast’ 9°7 86 6 52 0 
Backcross by ‘Cappelle-Desprez’ 04. 88.1 540 
Variance ratio 0-58 0:39 12°7 
(Not signifi- (Not signifi- (¢P<0-01) 
cant) cant) 


It is apparent, from the significant paternal effect in the 
backcrosses, that the genotype of the grain was a determ- 
inant of grain size. Because photosynthates were avail- 
able similarly for each treatment, this effect also implies 
that yield was not solely dependent on the assimilative 
capacity of the plant. 

By taking other observations into account, it is possible 
to consider how the inter-relations of photosynthate 
supply and the characteristics of the developing grain 
determine yield. Experimental reduction of the photo- 
synthetic area also indicates that the assimilative capacity 
is not always fully exploited. For example, Thorne! 
found that compensation occurred in shading experiments 
with barley; and Miller et al.* found, for eight varieties of 
wheat, a mean reduction in yield of only 10-5 per cent for 
complete defoliation at the ligule one week after anthesis, 
and 4'8 per cent when half of every leaf was removed. 
Yield is not, however, entirely dependent on the charac- 
teristics of the developing grain. When few grains develop 
on each ear, as in partially sterile interspecific hybrids 
and in ears which have been emasculated and only a few 
florets pollinated, the grains are considerably larger than 
normal. 

Consequently, we may conclude (Fig. 1) that yield of 
grain depends on the assimilative capacity of the plant, 
the genotype of the grain and on the number of grains 
produced. The interactions of these characters and their 
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effects on yield are shown by the arrows. There is not, 
however, sufficient information to determine their relative 
importance. 

Because yield of grain is partially dependent on the 
genetic characteristics of the grain, increase in yield could 
be obtained by treatments which increased the number of 
grains set. As the number of florets per spikelet in wheat 
is not delimited until the later stages of ear development, 
the treatments, which might be of a hormonal nature, need 
not produce any major change in vegetative characters. 

J. BINGHAM 

The Plant Breeding Institute, 

Trumpington, Cambridge. 
4 Thorne, Q. N., Rep. a Bap. Sta. (1960). 


2? Miller, E. O., Gries, G. A., Lunsford, W. A., and Frazier „J. O., Tech. Bull., 
82, Kansas State Coli. “Agric, (1948). 


SOIL SCIENCE 


Removal of Pluzonium-239, Tungsten-I85 and 
Lead-210 from Soils 


THe increasing use of plutonium and the possibility 
of the activation of tungsten and lead by intense neutron 
flux produced by nuclear devices suggested a need for 
some investigations of the plant—soil interrelationship of 
these elements. Lead-210, 18W and ?!Pu were the 
nuclides used. 

Previous experiments in this laboratory: and findings 
of others? indicated that only small amounts of **Pu 
were translocated from the soil to the plant foliage (leaf— 
soil ratios ~ 0:0001). Data were generally variable 
because of the low counting rates. The results were 
technically improved in these experiments by the in- 
creased concentration of **Pu in the soil. Keaton? 
reported small amounts of lead accumulated in plant 
tissues, and Chow eż al. discussed lead isotopes in petrol 
and aerosols as a possible soil contaminant in areas with 
large numbers of cars. Limited information is avail- 
able on the uptake of tungsten® from soils. This com- 
munication contains results showing the amounts of 
238Py, 18W and 21°Pb that were removed from different 
soils by plants, and fhe effectiveness of several extracting 
solutions in removing ***Pu and 15W from contaminated 
soils. 

Barley (Hordeum vulgare, var. Arivat L.) was grown for 
18 days in three different soils using a modified Neubauer 
technique®. The isosopes were mixed with 100 g oven- 
dry soil, then placed in a container. After planting, the 
soil was brought to feld capacity by daily watering. The 
soils were: Ephrata fine sandy loam, a slightly alkaline 
soll; Milville silt loam, a calcareous soil; and Cimebar silt 
loam, a medium acid forest soil. The isotopes were added 
as plutonium nitrate, potassium tungstate (specific 
activity, 2:7 mc./mg) and lead chloride (specific activity, 
81 me./g) dry soil for **W and **°Pb and 10 uc./g for the 
239Pu. ‘The activity in the extraction experiments for 
both soils was 0-1 ue./g dry soil. The standard soil extrac- 
tion procedure was used’. 

The amount of °Pu and ?°Pb accumulated in tissues . 
was very limited, but 185W was taken up readily (Table 1). 
The uptakes of these radioisotopes by barley were soil 
dependent, particularly that of 185W. Concentration of 
185W in plants grown in Ephrata soil was fifty-five times 
higher than for thosp grown in Cinebar soil. The lower 
uptake from acid (Cinebar) soil suggests that tungsten 
was taken up as an smon, probably WO,--. The uptakes 
of **°Pb and *5°Pu ware greatest from the acid soil, which 
is true for most cations. No toxic symptoms were 
observed, and yields rable 1) for each soil type were nearly 
the same with all the nuclides. Yields in controls, not 
shown, were not significantly different from treatment 
yields. 

The removal of Pu and 15W from the different soils 
into suspending solutions 1s shown in Table 2. The 


USING A NEUBAUER TECHNIQUE 
Concentration Removal 


Isotope Soul type Sollactivity Plant yield in tissue by plant 
(uo./@) (g) (ne jg) (per cent) 
a9 Pu Ephrata 10 1:5 + 002 13 + 013 0 00019 
Py Milville 10 15 + 002 O-4 +008 0-00006 
soPy Cinebar 16 1-0 + 002 22 + 0:37 0-00022 
1e5W hrata öl L2 + 0-1 380 + 6 4-5 
16S W Iville 0-1 14 + 0-1 80 + 5 1d 
185Ty Cinebar 0-1 08+01—- 741 0:06 
210Ph Ephrata 01 1-6 + 0-02 0-2 + 0:02 0:003 
20Pb Iville 01 3-8 + 008 0-2 + 005 0-003 
neoph Clnebar 0-1 1-0 + 0°03 0-5 + 005 0 005 


+ = One standard deviation. 


Table 2. REMOVAL OF **Pu AND HEW FROM SOILS USING DIFFERENT 
EXTRACTANTS 
Per cent removed by the following extractants: 
Isotope Sol 1ONNH,AC OIN HNO, 10N HNO, 0-2 mB 
DIPA * 

zP Ephrata 006 +002 O144001 0254002 0-1 + 003 
a Pu Cinebar 005 +001 064+008 032 +008 00340004 
Pu Milville 006 + 0004 0-01 + 0-004 0-43 + 0-005 
assy Ephrata 120+ 1:0 
ee yy Cinebar 1-4 + 0-2 
185 Milville 48 +08 


* Caleium-trisodium galt of diethylenetriaminepentaacetic acid (supplied 
through the courtesy of the Gelgy Chemical Corporation). 
+ = One standard deviation 


greatest amount removed was the 12 per cent of 185W 
extracted from Ephrata soil with ammonium acetate. 
Phe removal of #°W by ammonium acetate extraction, 
and by barley, follows the same pattern in all three soils, 
although the amount removed by the ammonium acetate 
was much ‘greater than that removed by barley. The 
highest amount of #3°Pu removed was 0:64 per cont from 
the Cinebar soil by 0-1 N nitric acid. Again the extracting 
oer removed much more 7**Pu from soils than did the 
plants. 

Barley grown in the different soils accumulated only 
very small amounts of #!°Pb, less 7**®Pu, whereas 185W was 
accumulated in. biologically significant quantities. These 
results show that the soil extracting procedures in common 
use are not reliable estimates of the quantities of these 
radioisotopes that can be removed by plants. 

This work was performed in the Hanford Laboratories 
operated by the General Electric Company for the U.S. 
Atomic Energy Commission under contract A7(45-—1)- 
1350. 

D. O. Wrison * 
J. F. CLINE 
Department of Biology, 
Battelle-Northwest, 
Richland, Washington. 


“ Present address. Kearny Foundation of Soll Science, University of 
California, Davis. 


1 Rediske, J. H., Cline, J. F, and Selders, A. A., Hanford Biol. Res. Ann. 
Rep. 1954, HW-35917, 40 (1955). 


* Jacobson, L., and Overstreet, R., Sol Sei., 65, 129 (1948). 
3 Keaton, C. M., Soil Scr., 48, 401 (1937). 
t Chow, J. F., and Johnston, M S., Science, 147, 502 (1965). 


* Essington, E. H , Nishita, H., and Steen, A. J., Lab. Nucl. Med. and Rad. 
Biol., Univ. California, UCLA 12-524 (1963). 


3 Kitchen, H. B., The American Potash Institute, Washington D.C. (1948) 
7 Agricultural Handbook No. 60, US. Department of Agriculture, 100 (1954) 


PSYCHOLOGY 


Miller-Lyer Haptic Hlusion and a Confusion 
Theory Explanation 


Many geometric visual illusions have haptic analogues?. 
The most studied is the Miller—Lyer figure. Gregory? has 
recently given strong evidence in support of a perspective 
theory of the visual variant. Day? has argued in favour 
of a common explanation of both—a suggestion which 
would rule out the perspective theory, as the haptic 
variant has been demonstrated on congenitally blind 
subjects*. It seems that the simplest explanation of the 
Miiller—-Lyer haptic illusion has been ignored. This is the 
confusion theory®. Under this the illusion results from the 
mere confusion of the arrow-heads’ apices with their fins. 


NATURE 


Table 1. UPTAKE OF Py, 18W, AND *!°Pg py BARLEY FROM THREE SOILS 


February 26, 1966 voL. 209 





Fig. i 


In the present experiment Revesz’s passive technique? 
was used. E. drew S.’s index finger from a position of rest 
on one end of the figure longitudinally over the rest 
without stopping at the other end (Fig. 1). S. then said 
which segment of the centre line he thought was bigger. 
To avoid confusion the figure was originally described to 
S. demonstratively by touch using the terms ‘point’ and 
‘line’ only, and he was instructed to ignore the shorter 
lines as much as possible in making his judgments. The 
method of limits was used—the position of the centre 
arrow-head was varied along the centre line for each 
judgment. Two variables were investigated——the direction 
of finger movement and the direction in which the arrow 
of the figure pointed. Both could be either towards or 
away from 8. Seven students were tested. 

From the confusion explanation one would expect the 
three points where the centre line is intersected to be 
always confused with the fins except when the finger is 
initially placed at the pointed end. A clear impression 
of this point only should then be received because S.’s 
finger is initially at rest on this same point. Consequently 
the illusion should be greater when the finger is begun at 
the tail end of the figure. An analysis of variance con- 
firmed this (P < 0-001). Contrary to expectation, 
further analysis showed that when 8.’s finger was initially 
placed at the pointed end the illusion was not significant 
(P < 0-15 on a one-tail t-test). 

We chose the passive technique as it appeared to give 
us more control over the stimulus. However, we found it 
a very difficult and inelegant method; S.’s hands were 
often too limp or too stiff or they perspired. Despite these 
criticisms the results seem positive enough to give some 
support to the confusion theory. 

With this explanation, repeated inspection trials would 
be expected to lead to an improved perception of the figure 
with less confusion and a consequent decrement in the 
size of the illusion. This has been found by Rudel and 
Teuber’ although they used a different technique and a 
Miiller~Lyer figure five times as large as our own. They 
also found a transfer of decrement from touch to vision 
and vision to touch. This remains unexplained by our 
results, which endorse the view that the two illusions 
require different explanations. 


ANN WATSON 
C. FRENCH 


Department of Psychology, 
University of Aberdeen. 


1 Revesz, G., Z. Psychol., 181, 296 (1934). 

* Gregory, R. L., Nature, 207, 16 (1965). 

3? Day, R, H., Nature, 207, 891 (1965). 

t Teuber, H-L., in Handbook of Physiology, Sect. I, Neurophysiology, edit, bs 
Field ef al. (American Physiol. Soc., Washington, 1960). 

: Woodworth, R. 8., and Schlosberg, H., Expervmental Psychology, third ed 
(Methuen, London, 1954). 

® Rudel, R. G , and Teuber, H-L., Quart. J. Exp. Psychol.,15, 125 (1963). 
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FORTHCOMING EVENTS -`` 


(Meetings marked with an asterisk aire open to the public) 


` 


Monday, February 28 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, W C.2}, at 530 pm—Dr. P. R ‘Thornton “Scanning 
Electron Microscopy—tIts Use in the Evaluation of Semiconductor Devices 
and Materials”. 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy Place, 
London, W.C 2), at 530 pm—Mr D J. Rhodes and Dr A. Wright ‘In- 
duced Voltages in the Sheaths of Cross-bonded A C. Cables’. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W C 1), at 5 30 p m —Prof. 
C. J. F. Bottcher (Leiden): “Pathology and Chemistry”.* 


UNIVERSITY OF LONDON (in the EKugenics Theatre, University College, 
Gower Street, London, W 0,1), at 6 p m —-Prof J. W, Tukey (Princeton) 
“Numerical Spectrum Analysis’ I, Introduction’’.* 


Tuesday, March | 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, WC,1), at 115 pm.—Dr. J. B Hasted “Radio 
Waves in Water’.* 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (joint 
meeting with the I E.R.E. Medical and Biologics! Group, at Savoy Place, 
London, W.C.2), at 2 p.m —-Discussion Meenung on “Gamma and Infra-red 
Camera Techniques”, 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
Drvistonx (at Savoy Place, London, W C 2), at 5.830 pm—Mir A J White. 
‘Analysis and Design of Model Reference Adaptive Control Systems”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.0.1), at 6.80 p.m——Dr. 
R.R A. Coombs “The Cell Surface as Revealed by Immunological Studies”. 
(Fourteenth of fifteen lectures on “The Scientific Basis of Medicine” organ- 
ized by the British Postgraduate Medical Federation.)* 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION ENGINES 
GROUP {at 1 Birdcage Walk, Westminster, London, §.W.1), at 6 p.m — Dis- 
cussion Meeting on “Diesel Injection Equipment for Larger Engines”. 


Wednesday, March 2 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Hace, London, W.C 2), at 930 a.m and 2.15 p m —Colloguium on ‘‘Micro- 
phones”. 


BRITISH POSTGRADUATE MEDICAL FEDERATION, UNIVERSITY OF LONDON 
(at the Institute of Dental Surgery, Eastman Dental Hospital, Gray’s Inn 
Road, London, W 0.1), at 5.30 p.m.—-Dr. J. W. S. Harris. “Experimental 
Studies on Closure and Cleft Formation in the Secondary Palate’. (Second 
of three lectures on "The Scientific Basis of Dentistry”,)* 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy Place, 
London, W C.2), at 5 80 ee Meeting on “Performance Require- 
ments of Pilot-wire Differential Protection Systems”, opened by . d. 
Rushton, Mr D. W. Lewis, and Dr W. D Humpage. 


ROYAL MICROSCOPICAL SOCIETY (at the Royal Society, Burlington House, 
Piccadilly, Londor, W 1), at 5 30 p m.—Dr. ©. M. H. Pedler. “The Retina 
as a Computer—An Electron-Microscopical Study’’.* 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, Westminster, 
London, S.W 1), at 6 p.m —-Mr P. N Nikifornk and Mr. D. BR. Westlund: 
aoe Large Signal Response of a Loaded High-Pressure Hydraulic Servo- 
mechanism” 


UNIVERSITY OF LONDON (in the Eugenics Theatre, University College, 
Gower Street, London, W.C.1), at 6 pm.—Prof J. W Tukey (Princeton) 
“Numerical Spectrum Analysis: II. Some Geophysical Applications” * 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (Gomt meeting with the 
Northern Polytechnic Chemical Society, at the Northern Polytechnic, Hollo- 
way Road, London, N 7), at 7 p.m.—Prof. 0, W, Rees: “Recent Advances in 
Benzyne Chemistry”. 


Thursday, March 3 


ROYAL SOCIETY (at Burlington House, Piccadilly, London, W.1), at 4.30 
p m.—Mr. B. T Kelly, Mr. W. H. Martin and Mr P., T. Nettley: ‘“Dimen- 
sional Changes in Pyrolytic Graphite Under Fast-Neutron Irradiation”; 
“Dimensional Changes in Polycrystalline Graphites Under Fast-Neutron 


Trradiation’’. 


UNIVERSITY OF LONDON (in the Physiology Theatre, University College, 
oe aire London, W C 1), at 5 p.m.—Prof. 8. Y. Perty. ‘Biochemistry 
of Muscle”, 


INSTITUTE OF REFRIGERATION (at the National College of Heating, Ventilat- 
ming, Refrigeration and Fan Engineering, Southwark Bridge Road, London, 
S E.I), at 5.30 pm.—ifr. A. Enemark: “Winding Temperatures and Insu- 


“wating Materials in Hermetic Compressors”. 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W.1), at 
530 pm.~Mr. Howard A McKinley. “LNG Movements by Sea—Present 
Developments and Future Prospects”, 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Wedicine, Keppel Street, Gower Street, London, W 0,1), at 5.80 p.m—Dr 
Ree. Y. Moran Campbell: “Exercise Tolerance’. (Last of fifteen lectures on 
‘The Scientific Basis of Medicine” organized by the British Postgraduate 
Medical Federation.)* 


INSTITUTION OF CHEMICAL ENGINEERS, GRADUATES AND STUDENTS SECTION 
‘at University College, Gower Street, London, W.C 1), at 7 30 p.m— Anmnual 
Centre Meeting. Mr. Teichmann: “Handling Explosives”. 


SOOIETY OF COSMETIC CHEMISTS OF GREAT BRITAIN (at the Royal Society of 
‘Arts, John Adam Street, Adelphi, London, W.C 2), at 7.30 p.m -—~Lord Todd, 
erek TE Changing Face of Organic Chemistry” (Second Annual Medal 

éeciure}, 
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ets Friday, March 4 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
W.1), at 10.55 a.m—Sympostum on “The Experimental Taxonomy of 
Flowering Plants”. 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 4 p.m ——Dr. G. Fearnley: “Fibrinoly tic 
Drugs’’.* 

UNIVERSITY or Lonpon (in the Eugenics Theatre, University College, 
Gower Street, London, W.O 1), at 6 pm.—Prof J. W. Tukey (Princeton) 
“Numerical Spectrum Amalycis: JII, Modernizing the Technical Appa- 
ratus” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1). at 9 pm.— 
Prof B. H Flowers, F.R.S.: “Physics with High Energy Electrons” 


Saturday, March 5 
INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, London 


Road, Forest Hull, London, S&S E.23), at 3.30 pm.—Mr. Nigel Hepper “A 
Naturalist in Nigera’’.* 
Monday, March 7 
INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 


STUDENT SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m.—Mr. 
P.J. N. Norris. “An Introcuction to Silicon Controlled Rectifiers”. 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square: 
London, S.W.1), at 630 p.m—Dr. H M. Finniston “Experimenting in 
Bxperiments’’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LECTURERS IN BIocHEMIsTRY—The Secretary of the University Court, 
The University, Glasgow ‘March 4). 

JUNIOR RESHARGH OFFICER (graduate) for supervisory duties in the labora- 
tories of the DEPARTMENT OF BIOCHEMISTRY AND AGRICULTURAL BIO- 
nee Registrar, University College of Wales, Aberystwyth 

arch 5). 

PROGRAMMING ASSISTANTS (2) (graduates, preferably with some knowledge 
of computing) IN THE COMEUTING DEPARTMENT, for work which will involve 
programming and the supzrvision of programmers—-The Secretary of the 
University Court, The University, Glasgow (March 5). 

LECTURER or ASSISTANT LECTURER (with a special interest in bacteriology 
or microbial genetics) IN Botany—~The Secretary, Birkbeck College (Uni- 


. versity of London), Malet Street, London, W 0.1 (March 7). 


UNIVERSITY DEMONSTRATOR (with an appropriate honours degree and 
preferably research and/or teaching experience) IN ANIMAL PHYSIOLOGY— 
The Secretary, School of Agriculture, The University, Downing Street, 
Cambridge (March 9). 

LECTURER IN NUMERICAL ANALYSIS IN THE DEPARTNENT OF MATHEMATICS 
-The Registrar, The Umversity, Leicester (March 10). 

ASSISTANT LECTURER (kotanist or plant biochemist) IN BoTany—~The 
Secretary, The Queen’s Untversity, Belfast, Northern Ireland (March 11). 

ASSISTANT LECTURER IX PHILOSOPHY—The Registrar, The University, 
Manchester, 13, quoting Ref, 31/66 (March 12). 

ASSISTANT LECTURER or LECTURER in the field of organic chemistry— 
ane ee University of Essex, Wivenhoe Park, Colchester, Essex 

TC : 

LECTURER or ASSISTANT LECTURER IN SOoI0OLOGyY-—The Secretary, The 
University, Edinburgh (March 12). 

CHAIR OF NATURAL HISTCRY IN THE DEPARTMENT OF ZOOLOGY-—Charles H. 
Stewart, Secretary to the Curators of Patronage, University of Edinburgh, 
Old College, South Bridge, Edinburgh, 8 (March 14). 

LECTURER or ASSISTANT LECTURER IN INORGANIC CHEMISTRY (in one of 
these appointments preference will be given to candidates with an interest in 
organo-metalllic or transition element chemustry}—The Deputy Secretary, 
The University, Southampton (March 14). 

LECTURER or ASSISTANT LECTURER IN STATISTICS IN THE DEPARTMENT OF 
MATHEMATICS—The Registrar, The University, Leeds, 2 (March 14). 

LECTURER or ASSISTANT LECTURER (one or more, preferably with research 
experience ın either catalysis or absorption, or in techniques used in these 
ie T CHEMISTRY —The Secretary, The University, Edinburgh 

are ; 

ASSISTANT LECTURER (with some experience in structural petrology) IN 
THE DEPARTMENT OF GEOLCGY—The Secretary, University of Exeter, North- 
cote House, The Queen’s Drive, Exeter, Devonshire (March 15). 

LECTURER IN RADIATION BIOLOGY AND Puysics-—The Secretary, Uni- 
versity of St. Andrews, Queen’s College, Dundee (March 15}. 

LECTURER (with special interests in plant biochemistry or microbial 
genetics or morphogenesis) IN BoraNny—The Registrar and Secretary, 
University of Durham, Old Shire Hall, Durham (March 15). 

ASSISTANT LECTURER (wth interests In sedimentology or palaececology) 
IN THE DEPARTMENT OF GaoLoGy—The Secretary, The University, Edin- 
burgh (March 16). 

LECTURER and ASSISTANT LECTURERS (2) IN PHysiIcs-—The Secretary, The 
Quceen’s University, Belfast, Northern Ireland (March 19). 

LECTURER or ASSISTANT LECTURER (medically qualified) IN THE DEPART- 
MENT OF BACTERIOLOGY—TIne Registrar, The University, Leeds, 2 (March 21). 

RESEARCH ASSISTANT or SENIOR (Post-doctoral) RESEARCH ASSISTANT IN 
ORGANIC CHEMISTRY for investigations related to fluorinated polymers—-The 
ae ia Secretary, University of Durham, Old Shire Hall, Durham 

arc : 

TEMPORARY ASSISTANT WEOTURER (with a good honours degree and a 
special interest in social geography) IN THE DEPARTMENT OF GROGRAPHY— 
The Registrar, The Univers-ty, Leeds, 2 (March 21). 

PRINCIPAL LECTURER IN SCIENCE AND HEAD OF THE SCIENCE DEPART- 
mMENT—The Principal, Bede College, Durham (March 26). 

SCIENTIFIO OFFICER (with:a good honours degree, and preferably training in 
genetics and statistics) to engage in research on grass breeding techniques, 
including the evaluation of selection eriteria-—The Secretary, Plant Breeding 
Institute, Trumpington, Cambridge (March 26). 

ASSISTANT LECTURER (w:th a veterinary degree) IN VETERINARY PATH- 
oLoGy—The Registrar and Secretary, The University, Bristol (March 31) 

CHAIR OF STATISTICS AT BIRKBECK COLLEGE—The Academic Registrar, 
University of London, Senate House, London, W.C 1 (March 31). 
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ENTOMOLOGIST or BOTANIST IN THE PLANT PATHOLOGY’ DEPARTMENT a> 
to work on insect transmission of viruses to plants, including cereals, and -~< 
grasses—The Secretary, -Rothamsted Experimental Station, ._Harpendén,’ ~ 


Herts (March 81). 


FELLOW (with a Ph.D. or equivalent degree in chemical engineering or one ` 


Of the physical sciences) IN HIGH INTENSITY COMBUSTION OF FINE PARTIOLES, 
niversity of Canterbury, Christchurch, New Zealand, to study and develop- 
small burners capable of burning pulverized coal—The Association of Com- 
monwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (March 31), 

SECOND OHAIR IN THE DEPARTMENT OF PHYSIOLOGY AND BICOHEMISTRY 
—The Deputy Secretary, The University, Southampton (April 1). 

Sik WILLIAM DUNN READER IN BlooHEMasTRY—T. D. Kellaway, Depart- 
ment of Pathology, The University, Tennis Court Road, Cambridge (April 18). 

PROFESSORS (3) OF ENGINEERING-——-The Registrar, University Registry, 
The Old Schools, Cambridge (April 19). 

ASSISTANT PHYSICIST (Basic Grade) TO WORK IN THE RADIOTHERAPY 
DEPARTMENT AND THE CLINICAL ISOTOPE LanozatToRy—The Group Sec- 
retary, Portsmouth Group Hospital Management Committees, Saint Mary’s 
Hospital, Milton Road, Portsmouth. 

CHAIR OF BIOCHEMISTRY -The Registrar and Secretary, University of 
Sussex, Stanmer House, Stanmer, Brighton, Sussex, marking envelope 
“Confidential”, 

EXPERIMENTAL OFFIOER (with a degree in some branch of biology) IN THE 
DEPARTMENT OF PATHOLOGY to work as a member of a team investigating the 
behaviour of children’s tumours in tissue culture—Dr, J. K. Steward, Tissue 
Culture Laboratory, Department of Pathology, University of Manchester, 
Manchester, 18. 

Heap (with high academic qualifications and considerable research 
experience in laboratory and field experimentation with crop plants, not 
necessarily vegetables) oF THH CHEMISTRY SHOTION—The Secretary, National 
Vegetable Research Station, Wellesbourne, Warwick. 

LECTURER IN SOCIOLOGY IN THE DEPARTMENT OF ARTS, SCIENCE AND 
EDUCATION~The Registrar, Goldsmiths’ College (University of London), 
London, 8.B.14. 

LECTURER or ASSISTANT LECTURER (preferably with knowledge of one or 
more of the following fields: process control and dynamics, mass and heat 
transfer, particle mechanics, thermodynamies, or chemical reaction engineer- 
ing) IN CHEMICAL ENGINERRING—~The Academic Registrar, Loughborough 
College of Technology, Loughborough, Leicestershire, quoting Ref. 59/2/G. 

LECTURER or SENIOR LECTURER (honours graduate with a special interest 
in mycology and plant mloroblology) a Borany—The Secretary, Sir John 
Cass College, Jewry Street, London, E.0.3. 

LECTURER (well qualtfied in physics and preferably experienced in some 
branch of advanced electronics) IN THE DEPARTMENT OF PHYysICs—Olerk to 
the Governing Body, Northern Polytechnic, Holloway, London, N.7. 

LECTURERS or ASSISTANT LEOTURERS (cr exceptionally Senior Lecturers or 
Readers) IN NUMERICAL ANALYSIS—-The Assistant Registrar (Establishment), 
The University of Sussex, Stanmer House, Stanmer, Brighton, Sussex. 

PosTpocToRsL FELLOW IN YHE CHEMIOAL LABORATORY for work in 
carbohydrate chemistry with Dr. R. D. Guthrie—The Assistant Registrar 
(Establishmert), The University of Sussex, Stanmer House, Stanmer, 
Brighton, Suasex. 

RESEARCH ASSISTANT (with a first degree in a biological science) IN THE 
DEPARTMENT OF ZOOLOGY to work on problems of cell behaviour in tissue 
culture—The Secretary, University College, Gower Street, London, W.0.1. 

RESHARCH ASSISTANT (honours graduate or graduating this summer) IN 
Borany—Head of the Department of Botany and Zoology, Sir John Cass 
College, Jewry Street, London, B.C.8. 

RESEAROH PATHOLOGIST or HISTOLOGIST for work on atherosclerosis— 
Dr. E. B. Smith, Courtauld Institute of Biochemistry, Middlesex Hospital 
Medical School, London, W.1. 

SENIOR LECTURER (well qualified academically and practically in present- 
day methods of analysis including instrumental analysis) IN ANALYTICAL 
CHEMISTRY-—The Academic Registrar, Loughborough College of Technology, 
Loughborough, Leicestershire, quoting Ref. 1/G. 

STATISTICIAN or AGRONOMIST (with good statistical experience) to assist 
research workers in developing countries overseas in the design, conduct, and 
interpretation of experiments on perennial plantation crops—The Secretary, 
East Malling Research Station, Kast Malling, Maidstone, Kent. 

TECHNICIAN, and JUNIOR TECHNICIANS (2) IN THE DEPARTMENT OF PHYSICS 
—Mr D. R. Ringer, Department of Physics, The University, Nottingham. 


REPORTS and other PUBLICATIONS 
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Great Britain and Ireland 


Imperial College of Science and Technology (University of London). 
Research in Laboratory Astrophysics. By Prof. W. R. 8. Garton. (Inaugural 
Lecture, 16 March 1965.) Pp, 109-122 -+ 10 plates. 5s. 6d. Waves in Fluids. 
By Prof. M. J. Lighthill, (inaugural Lecture, 4 May 1065.) Pp. 123-149. 68. 
Plant Pathology as a Science and as a Technology. By Prof. R. K. 8. Wood. 
(Inaugural Lecture, 26 May 1965.) Pp. 151-164. 28s. (London: Imperial 
College of Science and Technology, 1965.) 12012 

Co-operation in Engineering Education. By Prof. John Brown. (An 
Inaugural Lecture delivered at University College, London, 28 May ect 
Pp. 19. (London: H, K. Lewis and Co., Ltd., 1965.) 6s. net. [22 

University of Neweastle upon Tyne. Vice-Chancellor’s Report 1964-65. 
Pp. 152. (Newcastle upon Tyne: The University, 1965.) [2212 

Forestry Commission. Booklet No. 13: Principal Butt Rots of Conifers. 
By R. J. Gladman and B. J. W. Greig. Pp. 8+10 plates. 2s. 3d. net. 
Booklet No. 14: Rabbit Control in Woodlands. By E. Y. Rogers. Pp. 23+6 

lates. 33. net. Forest Record No. 64: Decay in Standing Conifers Develop- 
ng from Extraction Damage. By Dr. R. G. Pawsey and R. J. Gladman. 
Pp. 25. 38. 6d. net. Forest Record No. 56: Report of the International 
Advisory Group of Forest Statisticians, 1968. By J. N. R. Jeffers. TA 
1s. net. Leaflet No. 51: Chemicai Control of Weeds in the Forest. By J. R. 
Aldhous. Pp. 20. 1s. 6d. net. Report on Forest Research for the year ended 
ae feces a Xiv +266 +24 plates. 20s. net. (London: H.M. Stationery 

ce, ; 

Science Research Council. Descriptive Brochure. Pp. 8. (London: Science 
Research Council, 1965.) [2212 

Ministry of Technology. Forest Products Research—Special Report 
No. 22: The Effect of Pruning on the Value of Home-Grown Softwoods. 

y W. T. Curry and H. J. Endersby. Pp. vilit+16+4 plates. (London: 
H.M. Stationery Office, 1965.) 3s. net. - [2212 

Unilever Limited. The Chemistry of Glycerides. By R.J. Taylor. (Unilever 
Educational Booklet-—-Advanced Series, No. 4.) Pp. 31. Unilever Films—. 
Catalogue 1965/66. Pp. 82. (London: Unilever, Ltd , 1965.) [2212 
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y ePhytosociologique des Forêts du Canton de Neuchatel. 
: tis Richard. .(Commission Phytogéographique de la Société 
Helvétique des Sctonces Naturelles, Matériaux pour le levé Géobotanique de 
la Suisse, Fascicule 47.) Pp. 48+1 carte. (Berne; Éditions Hans Huber, 
1965.) 25 Sw- francs. [2212 
World Health Organization. International Work in Tuberculosis, 1949- 
1964. Pp. 32. (Geneva: World Health Organization; London: H.M. 
Stationery Office, 1965.) 2 Sw. francs; 3s. 6d.; 0.60 dollars. [2212 
Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada, Builetin 121:. Surficial Geology of the Cornwall and St. Lawrence 
Seaway Project Areas, Ontario. By J. Terasmae. Pp. 54 (6 plates). 2 dollars. 
Paper 65-2: Report of Activities, Part 2. Pp. v+79. 75 cents. Paper 65-3: 
1964 Index of Publications of the Geological Survey of Canada. By H. M. A. 
Rice. Pp, lii+110. 85 cents. Glacier and Mount Revelstoke National Parks 
—Where Rivers are Born. By David M. Baird. Pp. v+104. 1.50 dollars. 
(Ottawa: Queen’s Printer, 1965.) : 2212 
United States Department of the Interior: Geological Survey. Bulletin 
1224-B: Clays Ferry Formation (Ordovician}—a New Map Unit in South- 
Central Kentucky. By Gordon W. Weir and Robert O. Greens. Pp. iil+ 18. 
15 cents. Bulletin 1224-B: Geyser Creek Conglomerate (Tertiary), La Sat 
Mountains, Eastern Utah. By W. D. Carter and J. L. Gualtieri. Pp. i+ 11. 
15 cents. Bulletin 1199-G; Bauxite Deposits of the Andersonville District, 
Georgia. By Alfred D., Zapp. Pp. iv+37+3 plates. Bulletin 1224-D: 
Calloway Creek Limestone and Ashlock and Drakes Formations (Upper 
Ordovician) in South-Central Kentucky. By Gordon W. Weir, Robert C. 
Greene and George O. Simmons. Pp. iv+36. 20 cents. (Washington, D.C.: 
Government Printing Office, 1965. [2212 
gency. Safety Series, No. 15: Radio- 


International Atomic Energy 
active Waste Disposal into the Ground Pp. 111. (Vienna: International 


Atomic Energy Agency; London: H.M. Stationery Office, 1965.) 52.50 
schillings; 15s.; 2.60 dollars. 2212 
Annals of the New York Academy of Sciences. Vol. 131, Article 1: Adipose 


Tissue Metabolism and Obesity. By A. W. Alberts and 137 other authors. 
aa 1-683. (New York: New York Academy of Sciences, 1965. bee 
ollars. 


Wattle Research Institute (South African Wattle Growers’ Union— 
University of Natal—Government Department of Forestry). Report for 
1964-1965 (Eighteenth Year). Pp. 40. (Pietermaritzburg: Wattle Research 
Institute, University of Natal, 1965.) ee 

Arctic Institute of North America. Technical Paper No. 16: Eskimo 
Administration-—3: Labrador. By Diamond Jenness. Pp. 94. (Montreal, 
Woe neton, D.0., and New York: Arctic Institute of North Amoa: 

Transactions of the American Orystallographic Association, Vol. 1: Pro- 
ceedings of the Symposium on Accuracy ın eA Intensity Measurement, 
Suffern, New York, February 24, 1965. Edited by 8. C. Abrahams. Pp. 
x+112. (Pittsburgh, Pennsylvania: Polycrystal Book Service, 1965.) 
3.50 dollars. _ .._, [2212 

Smithsonian Miscellaneous Collections, Vol. 149, No. 6: Echinoid Distribu- 
tion and Habits, Key Largo Coral Reef Preserve, Florida. By Porter M. Kier 
and Richard E. Grant. Pp. iii+68+ 16 plates. (Publication 4649.) (Washing- 
ton, D.C.: Smithsonian Institution, 1985.) 2212 

United States Department of the Interior: Fish and Wildlife Service. 
Fishery Bulletin, Voli. 65, No. 1: Marine Becapod Crustaceans of the 
Carolinas. By Austin B. Williams. Pp. xi+-1-288. (Washington, D.C.: 
Government Printing Office, 1965.) 2 dollars. {2212 

India: Council of Scientific and Industrial Research. Survey Report 
No. 6: Scientific Research in Indian Universities. By U. Sen, A. Rahman, 
8. P. Gupta, A. K. Roy, S. Malik, 8. H, M. Hussaini, S. Das Gupta and Y. K. 
Agarwal. Pp. 122. (New Delhi: Council of Scientific and Industrial 
Research, 1965.) {2212 

The History of Botany in Finland, 1828-1918. By Runar Collander, 
With an Appendix on Forest Science by Y. Iivessalo. (The History of Learn- 
ing and Science in Finland, 1828-1918, No.8) Pp. 159. (Helsinki. Societas 
Scientiarum Fennica, 1985.) [2212 

Carnegie Institution of Washington. Report of the President, 1964-1965. 
Pp. 73. (Washington, D.C.: Carnegie Institution of Washington, 1965.) [2212 

Anti-Cancer Council of Victoria, Annual Report. Pp. 15. (East Melbourne: 
Anti-Cancer Council of Yictoria, 1965.) [2212 

_ Australia’ Commonwealth Scientific and Industrial Research Organiza- 
tion. Annual Report of the Division of Physics, 1964-65. Pp. iv+30. 
eydney: Commonwealth Scientific and Industrial Research Organiza ion, 


Museum of Natural History, Smithsonian Institution. United States 
National Museum Bulletin No. 247: Fossil Marine Mammals from the 
Miocene Calvert Formation of Maryland and Virginia, Parts 1 and 2. By 
BR. Kellogg. Pp. 68+ 32 plates. (Washington, D.C.: Government Printing 
Office, 1965) 1 dollar. 2212 

Institutt for Atomenergi, Kjeller, Norway. Kjeller Research Establish- 
ment. Report No. 97: Semi-Annual Progress Report, January-June 1965. 
Pp. vi+ 55-4-3833 figures. Report No. 99: High Temperature Low Cycle 
Fatigue of an Extruded Aluminitum—Silicon-Magnesium-—Nickel Alloy. By 
V. de L. Davies and K. Bakken, Pp. 56+ 7 figures. (Kjeller, Norway. Institutt 
for Atomenergi, Kjeller Research Establishment, 1965. [2212 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Report of the Horticultural Research Station, 1963-65. Pp. 6243 
plates. (Adelaide: Commonwealth Scientific and Industrial Research 
Organization, 1965.) [2212 
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Oven accommodates interchangeable head units tncorporating different detector and column 
configurations and is designed for isothermal or programmed temperature control. 


NEW PYE SERIES 104 CHROMATOGRAPHS SPEED ROUTINE ANALYSES 


Analysts are changing to the new low- 
cost Series 104 Chromatograph because 
its greater speed and convenience save 
money. They have acknowledged the 
functional design, the simplified opera- 
ting features, the comprehensive speci- 
fication and the overall economy of the 
system. They are now experiencing its 
complete reliability under continuous 
operating conditions. 


Four versions of Series 104 are avail- 
able which cover everyday analytical 
applications, including steroids, fatty 
acids, wide boiling range mixtures and 
high boilers. 

The Pye Series 104 Chromatograph 
gives faster analysis with warm-up rates 
of up to 48°C per minute and operating 
temperatures as high as 500°C, easier 
analysis due to excellent oven accessi- 


PYE PANGHROMATOGRAPHS AID RESEARCH 


Leading research establishments in 
many parts of the world depend upon 
the versatility of the Pye Panchromato- 
graph to satisfy their most stringent 
requirements including investigations 
into the technique and the teaching of 
gas chromatography. This analytical 
system can accommodate different 
detector combinations and column 
arrangements in two independent 
ovens, and it features a patented 
column effluent splitting device which 
permits further analysis of the column 
outputs. Numerous optional features 
including temperature programming, 
pyrolysis, preparative scale and radio- 
chromatography are available. The Pye 
Panchromatograph is the first choice 
for an all-purpose instrument for re- 
search. 
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Oven head unit with dual flame detectors, 
columns and injection ports. 


bility and design of controls, and 
cheaper analysis with lowest possible 
outlay and maintenance costs. 
Moreover, the Pye Series 104 is de- 
signed for continuous development and 
updating as new techniques emerge. 
Please send for the new 20 page 
illustrated brochure which provides all 
the technical facts and figures includ- 
ing oven performance data. 


+ 


‘ 
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The Panchromatograph will accommodate six different types of detector, singly or in pairs. 


W. G. Pye & Co. Ltd., P.O. Box 60, York Street, Cambridge 
Telephone: Cambridge 58866 Telegrams: Pye Cambridge Telex: 81215 


SCIENTIFC() (AusTRUMENTS | 





LETTERS 


RADIOPHYSICS 
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Variac i 


A M 15 
the original and best variable transformers 


THE VARIAC* variable transformer is the most useful and versatile device 
ever developed for the control of a.c. voltage, or of current, power, heat, light, 
speed It provides smooth continuous adjustment of output voltage from zero 
to line voltage and above, either hand-operated or motor-driven. 

There are over 600 Variac models and assemblies to suit virtually every possible 
requirement, ranging from small units for laboratory or instrument use to large 
ganged assemblies for high power 3-phase operation. The range includes low- 
voltage, high-frequency, dual-output and narrow-range types, open, covered, 
portable, metalclad and oil-immersed constructions, plus many special models. 
This 1s the largest range of variable transformers available today. 

The technical supenority and dependability of Variac are the result of over 30 
years of development and refinement since the introduction of the first 


Variac models—the original variable transformers. 
*'Variac’ is a registered trade mark 
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enables the Chemist or Instrument Engineer to 
check quickly the opération and performance of his 
complete Gas Chromatograph equipment. 

If the equipment is not operating correctly, it will 
quickly localise the faulty section. 

No electrical knowledge is necessary to use this 
Test Set, which is suitable for Flame lonisation, 
Thermistor type and Katharometer Gas 
Chromatographs. 
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UNIVERSITY LIBRARIES FOR THE FUTURE 


N the debate on higher education in the House of Lords 
on December 1, Lord James of Rusholme remarked 
that the money available to buy books for the new 
library at the University of York was less than one-half 
of the amount which may be available for equipping a 
new science laboratory for a single science subject. This 
absurdity is attributable to the fact that scientific 
apparatus seems more obviously and materially useful 
than books; however, as Lord James added, books are 
just as essential pieces of apparatus to the scientist as a 
cathode-ray tube or a spectrometer. Lord Holford endorsed 
the point in respect of the situation at the University of 
Kent at Canterbury, where there is no public library 
capable of helping out deficiencies in the central university 
æli brary. 

This particular point was not mentioned by the Earl 
of Longford in replying on the debate, and this, together 
with the dilatory attitude of the Committee on Libraries 
set up by the University Grants Committee and the 
Ministry of Education, and the naive remark in the 

MERobbins Report that “a library adequate to scholarly 
‘esearch is as essential to the efficient running of a 
university as an adequate range of computers”, fully 
ustifies the anxiety expressed recently by the Master of 
sidney Sussex College, Cambridge (The Listener, 75, 47; 
966). Universities, as Dr. D. Thomson pointed out, have 
nanaged for centuries without computers, but never 
vithout libraries. He suggested that the Government’s 

MMecision not to establish further new universities for 10 
‘ears might at least offer some protection against 
adicrously inadequate university libraries. His protest 
gainst the lack of realism in some of the handling of 
niversity expansion is timely, but nowhere more so than 
1 his reference to the position of the university library. 

« 1s to be hoped that the Minister for Education and 
cience, who now bears the main responsibility for policy 
1 this regard, will pay some attention to the addresses 
nd reports of Paul Buck, director of Harvard University 
ibrary, now published by the Oxford University Press, 
nder the title Libraries and Universities. There is much 
a the volume which the Minister might use to emphasize 
ie futility of the Government’s present attitude to 
liversity expenditure: “You cannot have a quality 
jucation without a quality library.... The Harvard 
aw School is a great school; it also has the greatest 
gal library in the world. These two facts are related. 

.. Library growth, unlike growth in most other parts of 

university, is cumulative’, Comments like these make 

ynsense of a Government policy which results in situa- 
ons such as those described by Lord James and Lord 
olford. 

This is one context, at least, in which it is worth con- 

lering the lecture, “I'he Ecology of Inter-Library 

sans”, delivered last April by Dr. D. J. Urquhart at 

6 Conference of the University and Research Section 

the Library Association at Reading and published in 

e Inbrary Association Record (67, 341; 1965). Dr. 

—acquhart was concerned not merely to describe the 

esent position of inter-library lending, but also to 
licate the direction of change and to outline new 


approaches. He notad, for example, that the annual 
output of publications in science and technology has been 
doubling every 15 or 20 years for the past three centuries 
and, even outside this field, is doubling perhaps every 
20-25 years. The average audience for a learned pub- 
lication, however, remains about the same, because of 
the parallel increase in readers, with the important con- 
sequence that the volume of rarely used material is 
expanding rapidly. Dr. Urquhart points out that the 
normal worker needs to know what publications exist on 
his subject quite irrespective of whether the library holds 
them, and he argues that sooner or later libraries must 
become more concerned with helping freaders to discover 
what exists and less with describing what particular 
publications they hold. l 

When this happens, the demand for inter-library loans 
is likely to increase considerably. Dr. Urquhart suggests 
that at present few librarians are keen to advertise the 
inter-library lending system. He maintains that as the 
system developed undar the National Central Library, 
the copyright libraries, which had most to contribute and 
the least to gain, held aloof. Nor have schemes of co- 
operative purchasing, while increasing the availability of 
British books, removed gaps in the national coverage. He 
rejects also the view af the Roberts Committee, in its 
report on the Structure of the Public Library Service in 
England and Wales, that most of the work of the National 
Central Library related to the needs of local libraries. In 
1963-64 only 44 per ceat of the requests received by the 
National Central Library came from public libraries, and 
a more recent survey has shown that, of publications 
supplied through the National Central Library, only 16 per 
cent came from public libraries. 

Inter-library loans, according to Dr. Urquhart, are 
marginal to the publie library service, providing only 
0-1 per cent of its issues, but they are of major importance 
to libraries serving universities and research organizations, 
and provide university libraries with about 5 per cent of 
their issues. The National Lending Library for Science 
and Technology decided against a regional system, how- 
ever, partly because tha postal service was regarded as 
reasonably efficient and partly because statistical con- 
siderations indicated that it would be more efficient to 
centralize. A central litrary with five copies can provide 
a better loan service than five regional libraries each 
with one copy. The output from the National Lending 
Library for Science and ‘Technology has doubled over the 
past 2 years and is at present about equal to the combined 
output of the National Central Library and the regional 
system. f 

Dr. Urquhart also questions the value’ of union cata- 
logues and suggests that the question whether an adequate 
service could be providad if the Ainion catalogues were 
more complete, or what degree of completion is desirable, 
requires examination. Hə also advocates some operational 
research on the regional bureaux of the National Central 
Library. While insuficient information for reliable 
decisions is at present available, he believes that no 
service based on union catalogues can be as rapid as one 
based on a central collection, as with the National Lending 
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Library for Science and Technology. Dr. Ur quhart does 
not mention, however, that the latter has recently come 
under some criticism regarding the extent of its holdings. 

Dr. Urquhart goes on to discuss the problem of creating 
a ‘national lending library for the humanities’ on the 
pattern of that established at Boston Spa for science and 
technology. The absence of a prototype such as the 
Science Museum Library makes the problem much more 
difficult than it was in the sciences, and Dr. Urquhart 
concludes that it is first necessary to develop a prototype 
for the humanities which should be accessible, so that the 
importance of accessibility to the shelves can be tested. 
Meanwhile, the existing resources should be reviewed to 
see what alternative action is possible. 

He does not believe that a survey of library resources 
is required, but strongly urges the full participation of the 
copyright libraries in library loans. The British Museum 
should take the lead as the library with the major col- 
lection in the humanities, possibly developing at least a 
prototype for the National Lending Library for the 
Humanities.. The new trustees, he suggests, should 
urgently review the possibility of such a national library 
becoming more actively concerned with the inter-library 
loan arrangements. Alternatively, he suggests that the 
prototype might be based on the London Library or the 
Senate House Library, or possibly on the National 
Central Library itself, if it were transferred north of 
Birmingham and made primarily a library. 

What is done will clearly depend on how far and how 
fast the various organizations are prepared to move, but 
it will be noted that Dr. Urquhart contemplates that 
some of the university libraries will move towards pro- 
viding an active loan service. Such a development is an 
argument for augmenting rather than for curtailing the 
services a university library can offer and the resources it 
can command. What is clear from Dr. Urquhart’s address 
is that the university library should be seen both as an 
essential element in the effective functioning of any 
university institution and as an integral part of a national 
library service. From either point of view it is false 
economy to starve the university library of resources, 
whether in buildings, equipment, books, periodicals, new 
techniques, or staff. 

Dr. Urquhart’s choice of the term ‘ecology’ demon- 
strates the proper approach to the development of the 
university library as well as to library co-operation. We 
are concerned with a dynamic and not a static situation. 
Not the least of the dangers attending ill-timed ‘economy’ 
is that it prevents forward planning and may involve far 
greater expenditure in ineffective attempts to overtake 
arrears. If the order of priorities is wrong, waste and 
inefficiency are inescapable. Two further comments may 
be added. First, Dr. Urquhart is not unmindful that his 
proposals for concentration and for drawing in the copy- 
right libraries might involve difficulties in the way of 
personal use of reference libraries. This risk should be 
minimized by the holding of several copies where possible, 
quite apart from greater use of photocopies. Moreover, 
as he points out, it is neither economic nor reasonable for 
individuals to travel long distances to reference libraries 
unless they have a number of items to consult, some of 
which would always be available. 

The second point concerns the possibility of abuse of 
inter-library lending by some libraries seeking to borrow 
items which are in print and could much more cheaply be 
obtained that way. Dr. Urquhart rather discounts this 
possibility, but any system is open to abuse by those who 
are so minded. It should not, however, be difficult to 
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discourage frivolous and unreasonable requests by 
instituting a suitable charge for each inter-library loan 
application form. Apart from thus increasing the incentive 
to buy rather than to borrow, the sum charged could be 
divided between the National Lending Library and the 
library making the loan, thus covering the loan expenses 
and helping the participating libraries to build up their 
stock of books. Given the vision and the determination 
which have so far been completely lacking on the Govern- 
ment side, Britain could easily have a library service and 
system in which the university libraries could play their 
fitting part and one entirely adequate to meet future 
expanding needs. 
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ORGANIZATION OF RESEARCH 
ESTABLISHMENTS 


The Organization of Research Establishments 
Edited by Sir John Cockcroft. Pp. 275+ 4 plates. (London: 
Cambridge University Press, 1965.) 63s. net; 11.50 dollars. 


N the final chapter of The Organization of Research 
Establishments, Sir Edward Bullard makes the signifi- 
cant point that as little as a half-century ago large-scale 
research establishments operating apart from universities 
were virtually non-existent. There were, indeed, Govern- 
ment organizations devoted to aspects of science and 
technology, such as the British National Physical Laebora- 
tory, the Physikealisch-Technische Reichsanstalt in Imper- 
ial Germany, and the Bureau of Standards in the United 
States. There were also differentiated research labora- 
tories in a few leading industrial corporations such as the 
General Electric Company, the Du Pont Company, and 
the Bell Telephone Laboratories in the United States. 
But all these organizations for research and development 
were both comparatively small and relatively restricted in» 
outlook. The broader tradition of scientific research 
was still so largely confined to university environments 
that many of the pioneers in the early institutes thought 
long and hard before they were willing to forsake those 
environments, from which a large share of them came. 

How extraordinarily this picture has altered in recen 
years requires no emphasis. Even before the Seconc 
World War both industrial and Government researc 
organizations in Great Britain had expanded greatly, ix 
size, in numbers, and in the range and depth of thei 
professional concerns. But it was only during and afte 
that war that really large-scale establishments devote: 
primarily to research and development, formally divorce. 
from universities and largely supported, directly o 
indirectly, from public funds. became familiar, at firs 
primarily in connexion with weapons development, late 
in much more varied roles. Since then it has becom» 
apparent that this evolution reflected another and quit 
fundamental recent social change. The general publi 
view of scientific research and development as function 
of central importance both to the economic and culture 
welfare of society, rather suddenly achieved, has mad 
those activities proper—and indeed imperative—concerr. 
of all the people, and therefore important and rapidi 
expanding responsibilities of Government. The implice 
tions of this shift for the organization and function c 
research establishments are many and profound. 

Sir John Cockcroft, in his introduction to The Organize 
tion of Research Establishments, points out that Gree 
Britain has been spending about £65 million a year o 
basic research, about £320 million a year on applie 
research and development, and about £245 million 
year on defence, with its own requirements for researc 
and development. In the United States increases of bot 
total and public spending in these areas have been litt 
less than explosive. In 1954 total expenditures f 
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research and development approximated 5,600 million 
dollars. Within a decade they increased to about 18,700 
million dollars. In 1964, moreover, about 70 per cent of 
all the research and development performed in the nation 
was governmentally financed, and the Government 
indirectly supported about 60 per cent of the research 
and development undertaken by industry. Similar trends 
characterize other industrial nations. Sir John notes 
that the total volume of research and development in 
France and Germany comes to about half that in Great 
Britain, but both are expanding rapidly. 

Thus organizing and administering large and complex 
organizations for thé conduct of research and develop- 
ment, commonly with material support largely or entirely 
publicly provided, has become a skill of great contem- 
porary importance to society. It has always been a com- 
plex and difficult art. But present circumstances have so 
augmented the extent and subtlety of the challenge as to 
create, In many aspects, virtually a novel field. Neither 
the task itself nor the modes of accomplishing it have 
ever been clearly defined. Indeed, both vary so enorm- 
ously from situation to situation as to make it very 
doubtful that any general definition is possible. In such 


circumstances, a series of concrete illustrations drawn- 


from specific cases can be far more instructive than any 
effort, however well conceived, to formulate abstract 
generalities. 

It is just this quality of concreteness that makes the 
present work especially pertinent and valuable. The 
volume contains discussions of the problems of organizing 
and conducting research and development in eleven 
British establishments. They comprehend a remarkably 
broad range, in terms of substantive concern, of mission, 
and of structural size and complexity. Each is presented 
by an authority uniquely experienced in the organization 

«of which he writes. Included are accounts of the National 
Physical Laboratory, by Sir Gordon Sutherland; the 
Royal Aircraft Establishment, by Dr. M. J. Lighthill; 

mhe Atomic Energy Research Establishment at Harwell, 

Boy Dr. F. A. Vick; the National Institute for Medical 

WResearch, by Sir Charles Harrington; the Medical Research 
Vouncil Social Psychiatry Unit, by Sir Aubrey Lewis; 
hhe Agricultural Research Council Institute of Animal 

BChysiology, Babraham, by Dr. J. H. Gaddum; the 

Mimpire Cotton Growing Corporation and the Organiza- 
ion of Research on Raw Cotton, by Sir Joseph Hutchin- 
“on; the Glaxo Organization, by Sir Harry Jephcott; 
40-operative Research in the British Iron and Steel Indus- 
ry, by Sir Charles Goodeve; British Railways Research 

mnd Development, by C. C. Inglish; and the Rutherford 
Tigh Energy Research Laboratory, by Dr. T. G. Pick- 
mvance. There is also an account of the Bell Telephone 
zaboratories in the United States by Dr. J. B. Fisk, of 
«articular interest not only in itself but for its compara- 
sive value, and one of “CERN: the European Organiza- 

«on for Nuclear Research”, by Dr. J. B. Adams, repre- 
entative of the new pattern of co-operative international 
ffort. These thirteen essays are prefaced by the introduc- 

muon by Sir John Cockcroft already mentioned, and con- 
luded. with a most interesting discussion of “What Makes 

Good Research Establishment ?” by Sir Edward Bullard. 

‘he wide range of research and development organizations 

1volved, their variety in size, in purpose and in substan- 

‘ve concerns, provides a rich inventory of comparison. 
ateresting contrasts abound. 

Every reader will surely draw his own insights from these 

iggestive accounts. One element that repeatedly emerges 
« the continuing and critical significance of the structure 
nd conduct of university-based research. From the 
3ginning, the organization and the quality of university- 
«ased research have been of central importance in guiding 
1e independent institutes and maintaining their stand- 
‘ds. The universities have provided the orientation and 
ie training that have qualified for his post almost every 
mior member of the independent research establish- 
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ments, including ther administrative staffs. Obviously 
it is of the utmost importance that the integrity and 
quality of university training and research be sustained 
in the future. Such considerations bear significantly on 
the issue, at present prominent both in Great Britain and 
the United States, as to whether it is desirable for inde- 
pendent research institutes to be empowered to establish 
training courses within their own establishments, con- 
ducted entirely independently of conventional university 
channels, but authorized to certify students for advanced 
research degrees. The question is touched on in the present 
volume. 

The essays repeatedly emphasize by example the degres 
to which energy and talent devoted to administrative 
matters must increase relative to that dedicated wholly 
to substantive concerns as the size and the structural com- 
plexity of an organization devoted to research and develop- 
ment increase. The inherent necessity of this shift, 
emphasized especially in the concluding chapter, is 
evident. Yet there is also the ever-present countervailing 
danger that such an evolution, if one-sided, may jeopardize 
the whole tone of the effort. So the question, “Is size, 
per se, a good thing ?” presents a special challenge. Some 
possible answers are reviewed, particularly in the chapter 
on the Royal Aircraft Establishment. Some of the ways 
in which the organizetional requirements posed by size 
and by activities primarily directed to development, with 
accompanying structural articulation, and the require- 
ments of flexibility and freedom so essential to groups 
concerned primarily with research can be mediated to 
draw maximum benefis from their interaction are particu- 
larly well illustrated in the discussion of the Bell Telephone 
Laboratories. 

The special opportanities available for the type of 
research organization Cesigned to serve a number of indus- 
trial ‘clients’, and some of the problems that accompany 
them, are well illustrated in the description of the work 
of co-operative research in the British Iron and Steel 
Industry. Similar opportunities and challenges, set in a 
rather different context, appear in the account of the 
structure and mission. of the Atomic Energy Research 
Establishment at Harwell. The special problems and 
special opportunities of the research and development 
‘condominia’ at the international level are vividly illus- 
trated in the history and description of CERN. 

A matter of unusual mterest and significance, repeatedly 
suggested, touches the relation between age and stability 
in a research and development organization, on one hand, 
and its freshness and creative potential, on the other. 
The question has special contemporary relevance. For, 
as Sir Edward Bullard remarks, it is becoming clear that 
the doubling of scientiiic activity every 5 or 10 years to 
which we have become accustomed and adjusted in the 
immediate past can scazcely persist much longer. Deceler- 
ation may well be with us soon, and the problem of how 
to maintain the freshness and the creative productivity 
of establishments whicn are both becoming older and are 
ceasing to grow at their former rates could become very 
significant. Efforts to solve it could evolve more general 
and discerning underszanding than we have at present 
of the deeper and mcre subtle elements that preserve 
health and promote suzcess in the research environment. 

In sum, T'he Organization of Research Establishments is 
unusually suggestive and valuable, and its appearance is 
remarkably timely. Coming when expansion and change 
in organization for research and developrnent are still 
occurring at almost record speeds, but algo at a time when 
those rates could begin to level sharply, the work is 
especially significant as a primary source. 

If any minor regret is to be registered, it is that—no 
doubt because of unavoidable exigencies of preparation 
and composition—most of the accounts were apparently 
finished approximately four years before the appearance of 
the volume. Some significant changes have occurred in 
that time. The Deparsment of Scientific and Industrial 
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Research, for example, has disappeared since the main 
accounts of the National Physical Laboratory and of Co- 
operative Research in the British Iron and Steel Industry 
were written. The Ministry of Science has been trans- 
formed. The account of the activities of CERN extends 
only to 1961. But these are minor matters indeed against 
the background of the scope and penetration, the quality 
and the potential usefulness of this book for all those 
concerned with the organization, the administration, 
and the structure of establishments devoted to research 
and development. Caryvi P. Haskins 


TRAINING THE TECHNICIAN 


Technicians Today and Tomorrow 
By Dr. J. T. Young. Pp. xvii+222. (London: Sir Isaac 
Pitman and Sons, Ltd., 1965.) 30s. net. 


HE timeliness of Dr. Young’s book, which Sir Willis 
Jackson emphasizes in his foreword, is indicated not 
only by the establishment of the new training boards 
under the Industrial Training Act but also by the an- 
nouncement by the Committee on Manpower Resources 
for Science and Technology that the triennial survey of 
manpower will in future cover technical supporting staff, 
though we may well question that Committee’s view that 
we must await that survey before ascertaining how far 
the present position for educating and training is sufficient. 
The Carr Report and other studies of industrial training 
for skill have tended to concentrate on the apprenticeship 
system and its shortcomings, but in Technicians Today 
and Tomorrow Dr. Young does something to redress the 
balance. The book should do much to promote a clear 
understanding of the function of the technician and a wider 
recognition of the growing importance of the wide range 
of such workers. In doimg so, it could also assist to 
alleviate another anxiety of the Committee on Manpower 
Resources, for such a public understanding is a powerful 
factor in establishing the greater esteem which could help 
to attract more young men and women into such careers. 
Dr. Young, moreover, is fundamentally pragmatic and 
his clear analysis of the needs of the technician in educa- 
tion and training indicates the lmes on which immediate 
steps could be taken to fill a serious gap in our provision 
for technical education. He provides an admirable guide, 
in fact, to the whole situation, for a chapter on defining 
the technician, followed by one giving a clear but concise 
historical review of the developing relations in Britain 
between education and industrial training, is succeeded 
by two in which the 1961 White Paper on “Technical 
Education” and the White Paper of 1962 on “Industrial 
Training and the Subsequent Industrial Training Act” 
are summarized and appraised. On this basis, he rests 
his detailed proposals for meeting the needs of technicians 
which occupy the next three chapters, and finally he con- 
siders the future position of technicians and their needs. 
Dr. Young’s approach is thus balanced and practical 
and his comments are no less sane and constructive. He 
faces the difficulty of defining a technician, recognizing 
that both the functional (or occupational) approach and 
the educational approach have their disadvantages. For 
the purposes of his book, he defines a technician as one 
“expert in applying specific proven techniques associated 
with science and technology; in particular, one who has 
undergone a systematic course of instruction related to 
those techniques”. He attributes the shortage of tech- 
nicians in Britain, in part at least, to the general academic 
nature of secondary school curricula and to prevailing 
attitudes towards technical education as a whole—a point 
which should not escape the notice of Prof. Dainton’s 
present enquiry or of the Schools Council. He is forth- 
right on the inadequacy of part-time education and its 
failure to produce results which justify its existence, 
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and much more than the present nominal support for 
day release is, in his view, required before sandwich 
courses become extensively established in this field. 
Some trenchant criticism of the British apprenticeship 
system is less relevant to his main: theme, in which insist- 
ence on the provision of adequate finance and on the 
anachronism of the division between education and 
training recurs repeatedly. Better opportunities in tech- 
nical education, whether for technicians or for others, 
cannot be provided on the cheap. Likewise, Dr. Young 
insists on the necessity of willing co-operation from both 
sides of industry, and neither the employers nor the 
trades unions escape criticism. Speedy implementation 
of the Industrial Training Act, coupled with a massive 
campaign to illumine its objectives and the urgency of 
the situation it has been designed to rectify, are imperative. 
Furthermore, when it comes to practical details, Dr. 
Young demonstrates that the requirements of technicians © 
are both specific and widely different, so that they must 
be met by programmes adapted to those needs as well as 
to the nature of the educational system and the arrange- 
ments for industrial training. Here he is challenging as 
well as constructive, and on the transition from school to 
work he writes with insight and sensitivity to the needs 
of the adolescent. Throughout, his book is admirably 
designed to restore the perspective of the training of 
technicians which was to some extent distorted by the 
Robbins Report and to establish the technicians in their 
rightful place in industry and society, with all that that 
implies in terms of educational opportunity, status and 
financial resource. Sir Willis Jackson rmghtly directs 
attention to this matter of public esteem, and Dr. Young’s 
book is well designed to apply some corrective to any 
overshadowing of the technical institutions by institutions 
at university level. It is a point that those over-anxious 
to promote equality of opportunity commonly overlook, 
but unless the difference is appreciated and due allowance 
is made for it the nation will not reap the full advantage 
of the services of an increasing number of scientists andi 
technologists because they lack the support of a sufficient 
number of technicians. Not the least merit of the book 
is an admirable bibliography, while notes are appendec 
on the emergence of the industrial technician, on the 
place of the National Certificate, and on the financing o 
technical education. R. BRIGHTMAN 


COMPUTERS IN PROCESS CONTROL 


Digital Computer Applications to Process Control 
Edited by William E. Miller. (Proceedings of the Firs 
International Conference held September 21-23, 1964m 
Stockholm, Sweden, sponsored by the Internations 
Federation for Automatic Control and the Internation 
Federation for Information Processing.) Pp. xxi+ 59° 
(Pittsburgh, Pa.: Instrument Society of America, 196: 
Distributed by Plenum Press, New York.) 17.50 dollar: 


To first application of a digital computer to the or 
line control of an industrial process was made in tł 
United States in 1958. It aroused very great interest an 
was followed by a wave of further applications and < 
activity by computer manufacturers. Generally speakinæ 
the users were secretive about the results obtained and, < 
the end of 1964, it was possible to hold either an optimist 
or a pessimistic view of benefits and future prospects e 
this development, 

In September 1964 a conference was held under tl 
joint sponsorship of the International Federation fi 
Information. Processing and the International Federatic 
for Automatic Control to discuss the experience with the: 
installations. A considerable body of information w 
released by the users, much of it for the first time, and tk 
record of the conference, therefore, stands as an importa» 
landmark. From the published papers a better and mo 
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balanced judgment can be made than was possible from 
the previously published literature. 

The picture which emerges is a mixed one. There have 
been the expected difficulties with hardware for measure- 
ment and actuation, and reliability was a problem in the 
earlier machines. The programming and engineering 
effort has often turned out to be greater and more expen- 
sive than was anticipated. Nevertheless, many of the 
users have decided that computer control already offers 
benefits which cannot be obtained in any other way. The 
financial benefits have often been good and the cost of an 
installation may be recovered in 18 months. 

To some extent, however, the favourable economics have 
been due to an element of subsidy by the computer manu- 
facturers, some of whom have recently been driven out of 
the field. There also remain unsolved problems in the 
theory of control—at present our capacity to exploit the 
great potential power of computers, for control is limited 
not only by our ignorance about the behaviour of pro- 
cesses, but also by the lack of effective design methods for 
complex control systems. One may guess that the 
conference marked the end of an early phase of wide- 
ranging experiment and the beginning of a longer, slower, 
but in the end more solid development. 

The papers are divided into four groups, dealing respec- 
tively with chemicals and oils, mon and steel, electric 
power, and various other applications. In the first group 
are papers by Monsanto (dealing with a multi-computer 
system, mainly supervisory, on a large site), Imperial 
Chemical Industries (dealing with direct digita] control), 
B.A.S.F. (direct digital control and optimization) and 
Shell (basic philosophy). The second group includes 
papers from the Steel Company of Wales (hot strip mill), 
Samuel Fox (cut-up line) and the U.S.S.R. (general 
survey). Power companies are represented by papers from 
England, France and Italy. In the fourth group are 
papers on a gas pipe-line network, on paper, cement, 
railway operation, and transport at an iron-ore mine. In 
addition to those mentioned, there are papers by a number 
of computer manufacturers on applications with which 
they have been concerned. H. H. ROSENBROCK 


ARCH DAM STRESS ANALYSIS 


Theory of Arch Dams 

Edited by J. R. Rydzewski. (Papers presented at the 
International] Symposium held at Southampton University, 
April 1964.) Pp. x+786. (London and New York: 
Pergamon Press, Ltd., 1965.) 252s. net. 


HEORY of Arch Dams, edited by J. Rydzewski, 
appears on the spine of this book, the implication 
being that it is a text-book with a unified approach to 
the whole subject. In fact, the title represents the pro- 
-coedings of the 1964 symposium at Southampton, which 
was mainly confined to elastic stress analysis of arch 
«dams under hydrostatic loading. The twelve guineas 
charged by Pergamon Press seems high when compared 
with the sixty shillings charged for the proceedings of the 
«conference on “Wind Effects on Building Structures” 
Mold at the National Physical Laboratory. 
The eighth international congress on “Large Dams”, 
theld at Edinburgh in May 1964, brought many eminent 
seople to the United Kingdom; advantage was taken of 
shis to arrange the symposium between them and mem- 
Jers of the International Association of Shell Structures, 
40 that the usefulness of shell theory for arch dam analysis 
sould be considered. The resulting papers present a 
valuable record of present-day research into the orthodox 
nethod of analysis and into attempts to apply finite 
lifference, finite element and shell theories to arch dams. 
MMhe proceedings of the symposium, therefore, do much 
0 acquaint the dam engineer with new methods which 
night eventually prove useful in dam design. 
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Dam design is a difficult and fascinating branch of 
civil engineering ; it requires men of wide vision, not 
only capable of assessing the impact of a dam on the 
economy of a nation, the hydrological aspects and the 
geophysical problems, but also possessing the techno- 
logical skill to choose and design the right kind of dam 
(earth, rockfill, gravity or arch dam, etc.). Many factors 
used in the elastic analysis of dams can only be assessed in 
broad terms, but they can, nevertheless, have effects of 
over-riding importance on the results. Elastic analysis 
is thus only one step along the path followed by the 
engineer in designing a dam. A complete and elegant 
elastic analysis of arch dam structural behaviour does not 
yet exist, and it should prove of considerable help when 
found. 

The most widely accepted method of arch dam design 
is the “Trial Load Method’, which the U.S. Bureau of 
Reclamation has developed. In essence, the dam is 
divided into notiona. arches and cantilevers, and equili- 
brium is satisfied while compatibility is enforced at the 
intersections of the arches and cantilevers only. A valuable 
set of papers by Copen, Beaujoint and others record recent 
developments in this method. There is the suspicion that 
sometimes the true modes of structural behaviour may be 
obscured by enforcing cantilever and arch action. 

Probably the best way to improve the elastic analysis of 
arch dams is to devise techniques for solving the three- 
dimensional equations of elasticity and to take advantage 
of the ever-increasing facilities offered by digital com- 
puters. The difficulsy of this is shown by Allen and 
Windle’s solution for the simplest case of a symmetrical 
circular arch dam of constant thickness in a symmetrical 
rigid valley. They used finite difference methods with 
higher order corrections leading to some 450 equations, 
which have been solved after what must have been con- 
siderable effort. My əxperience is that 450 equations are 
not enough to represent the three-dimensional stress 
field with adequate accuracy, and that 2,000-5,000 
equations are needec, which in turn requires special com- 
puter techniques. Otter’s paper on dynamic relaxation 
describes one such camputer technique. 

A very powerful group of papers by Parme, Herzog, 
Tottenham and others apply the shell theories with 
elegance. Modes of siructural behaviour other than arch/ 
cantilever action are permitted; however, the shell 
theories are approximate and impose their own limitations; 
for example, the Kartorovitch theory does not allow any 
upstream deflexion. A more serious aspect, though, is 
the limitation of the validity of the theories to the thin 
zones of arch dams. 

Finite element methods have been used most success- 
fully in aircraft design; papers by Clough and Zinkiewicz 
give lucid accounts of the first attempts to apply the 
methods to arch dams. 

Rocha has contributed a most valuable review paper, 
and the problems of rock mechanics and concrete pro- 
perties are introduced by Stagg and Newman respectively. 
This group of papers is a tımely reminder of other gaps 
in our knowledge, sach as the need for a good failure 
criteria for concrete under tri-axial states of stress in- 
cluding uplift pressures. A. C. CASSELL 


ASPECTS OF OXYGEN THERAPY 


Hyperbaric Oxygenation 

Proceedings of the Second International Congress, 
Glasgow, September 1964. Edited by I. McA. Ledingham. 
Pp. xi+472. (Edicburgh and’ London: E. and S. 
Livingstone, Lid., 1965.) 108.7 


HE second international congress on ‘‘Hyperbaric 

Oxygenation” was held in Glasgow during September 

1964 ; it was very appropriately dedicated to Sir Charles 
Wlingworth. K 
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The programme was divided into nine parts and subjects 
discussed ranged from a consideration of the dangers 
of hyperbaric environments in general, to the use of 
hyperbaric oxygen in the treatment of respiratory and 
cerebrovascular diseases, myocardial infarction, infections 
and shock. . 

The effects of hyperbaric oxygenation on man and experi- 
montal animals as well as on aerobic and anaerobic micro- 
organisms were considered, from both the physiological 
and clinical points of view. Such fundamental problems 
as the design of small transportable pressure chambers 
and face masks were also discussed. The communications 
related primarily to applied aspects of the subject, with 
reference to human disease processes, but the response of 
animals with similar but experimentally induced lesions 
was also considered. Hyperbaric Oxygenation provides 
interesting and useful information on problems associated 
with working under compressed air and on methods for 
assessing blood-flow through particular organs or regions 
of the body. 

The papers of Drs. Walder and Davidson on the hazards 
of compressed-air workers, and more particularly of 
‘sand-hogs’ (that is, men digging under-water tunnels. 
where compressed air has to be used in order to keep out 
the water), clearly demonstrate the risks involved and the 
importance of expert supervision, as well as the difficulties 
in detecting symptomless defects of the respiratory or 
osseous systems during the selection, of supposedly normal 
personnel and in the assessment of damage due to gas 
pressure. The adverse effects of atmospheric pollution, 
smoking and respiratory infections on the response of 
emphysema patients to hyperbaric oxygen therapy were 
demonstrated by Dr. Yanda, and clearly emphasize the 
importance of obtaining gases free from contaminants, or 
with only minimal contamination, for compressed-air 
chambers and for use in hyperbaric oxygen therapy or 
experiments. : 

In the section devoted to particular biological systems 
or organs, the effects of hyperbaric oxygen in experimental 
animals were discussed, together with reports on the use 
of oxygen therapy in the treatment of natural human 
disease processes. 

' The results of a clinical trial of oxygen at pressures of 
1 and 2 atm. absolute in the treatment of acute myocardial 
infarction, were presented by the Glasgow workers. No 
statistically significant improvement in mortality figures, 
as compared with those obtained by conventional therapy, 
was observed during the first six weeks after infarction. 
Furthermore, there was no significant difference in re- 
sponse of patients treated at the two different gas pressures. 
The findings of other workers in different conditions were, 
however, more encouraging, and Dr. Foster reported a 
definite improvement in results, as assessed by the sterili- 
zation of primary tumour, when radiotherapy was com- 
bined with hyperbaric oxygen at 3 and 4 atm. absolute. 
Good results were also reported by Prof. Hutchison and 
,Dr. Kerr, and by Drs. Van Gool and De Jong, following 
the treatment of asphyxia neonatorum and retinal 
vascular insufficiency by hyperbaric oxygen. Final 
conclusions with regard to the efficacy of this procedure 
in. the treatment of a variety of disease processes must 
await the results of more extensive clinical trials as well as 
reports on the relative merits of different programmes and 
techniques for oxygen, administration. 

Few toxic effects were reported during or after admini- 
stration of oxygen at a pressure of 1-3 atm. absolute for 
periods of 30-60 min. For therapeutic purposes, the 
exposure was usually repeated on a number of occasions 
‘and after different time intervals. Using a pressure of 3—4 
atm. absolute, oxygen convulsions were observed by 
Foster in less than 1 per cent of exposures and no permanent 
damage was observed. 

An instructive account of the use of ®*Kr for the measure- 
ment of cerebral blood flow was presented by Dr. Lassen, 
and this provides a useful review of a technique which is 
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at present finding wide application in the field of circula- 
tory physiology and pathology. 

The reports on the effects of oxygen at a pressure of 2 
atm. absolute on bacteria are in accord with a number of 
previous accounts in so far as they demonstrate the ability 
of oxygen to inhibit the growth in a variety of anaerobes, 
aerobes and fungi, without destruction of the organisms. 
Dr. Schreiner’s account of the value of the enhanced sup- 
pression of growth of Staphylococcus aureus in cultures sub- 
jected to both penicillin and hyperbaric oxygen also 
deserves to be noted, since it raises the possibility of the 
combined use of antibiotics and hyperberic oxygen in the 
treatment of infections due to a variety of different 
organisms as well as in those due to anaerobes. 

The editor and publishers are to be congratulated on the 
clear presentation and arrangement of the individual 
contributions, which together serve as a very useful” 
guide to the present status and possibilities of oxygen 
therapy in medical practice. A particularly valuable 
feature of the book is the inclusion of discussions relevant 
to particular communications, so that many different and 
often divergent views are presented on this important 
technique. R. E. COUPLAND 


BRAIN OF AN APE 


A Stereotaxic Atlas of the Chimpanzee Brain (Pan 
satyrus) 

By M. R. DeLucchi, B. J. Dennis and W. R. Adey. 

Pp. 155. (Berkeley and Los Angeles: University of 

California Press; London: Cambridge University Press, 

1965.) 15 dollars; 120s. net. 


ELATIVELY few biologists can expect to count 
chimpanzees among ther experimental animals; 
price and scarcity are but two of the factors against 
this. On the other hand, this animal, with its relatively 
large brain resembling, anatomically at any rate, that 
of the human being to a remarkable degree, clearly offers 
advantages for experimental neurological studies possessed 
by few other living creatures. 

A Stereotaxic Atlas of the Chimpanzee Brain, produced 
by M. R. DeLucchi and his colleagues, is based on the 
brains of eight chimpanzees, four of either sex, aged from 
about one to five years. Inevitably, the dimensions of 
the skulls and brains of such a group of animals may 
vary appreciably, and the series 1s clearly too small te 
derive precise relationships between the two which would 
be readily applicable to any specimen. The authors, 
however, show a maximum variation in length andl 
breadth of the brains of approximately 5 per cent from 
the mean, that is about 5 mm, and suggest that this is 
small enough to give essentially the same probability 
of encountering a given structure stereotaxically as ir 
the brains of smaller primates, available in larger number: 
for the production of such an atlas. Variability of this 
kind must in any event be accepted as a necessary 
shortcoming of data derived from limited amounts oi 
material. 

This Atlas consists essentially of sixty-nine enlargec 
line drawings taken from sections through the brain 
each accompanied by a photograph of a myelin-stamec 
and a cell-stained section at the same level. Horsley 
Clarke reference planes are given both for drawings anc 
photographs. The first thirty-four drawings depic 
sections cut in a frontal plane, extending from the rostre 
part of the basal ganglia caudally to a plane passin 
through the medulla at the level of the inferior olivar 
nucleus. These figures show in labelled detail only sub 
cortical structures, but a small outline of the whole sectio; 
is also given. The second half of the volume consist 
of thirty-five drawings taken from sagittal sections 
extending laterally from the midline to a plane passin 
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through the claustrum. In this series the whole brain is 
mcluded in the figures and again Horsley-Clarke reference 
planes are given. 

The general production of the volume is good. The main 
features of the photographs are labelled, while the line 
drawings carry a more detailed indication of the various 
structures. Quite apart from the primary object of the 
book, the reproductions of the myelin-stained sections 
make it a valuable Atlas for comparative neurologists. 
It would have been even more valuable had the photo- 
graphs of the cell-stained preparations been of a higher 
standard, but the reproductions of the frontal series are 
too small, and in both series contrast is poor. With this 
reservation, however, the volume is a useful contribution 
to the field of comparative and experimental neurology. 

R. L. Hommes 
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TRIBAL SOCIETY AS SEEN FROM 
MANCHESTER 


Politics, Law and Ritual in Tribal Society 
By Prof. Max Gluckman. Pp. xxxii + 3394+24 plates. 
(Oxford: Basil Blackwell, 1965.) 47s. 6d. net. 


RIBAL society in Prof. Gluckman’s new book is 

by and large confined to tribal Africa. This in 
fact constitutes a source of strength. Prof. Gluckman’s 
chief theoretical contributions concern African societies— 
and this enables him to evaluate authoritatively and 
advocate enthusiastically the contributions of his Afri- 
canist colleagues. 

Politics, Law and Ritual in Tribal Society begins with a 
review of the mistakes and achievements of some of the 
anthropological ancestors and then develops the theoret- 
ical perspective of contemporary social anthropology. 
Next follows a chapter on the nature of property rights 
and economie activity in tribal societies. This provides 
& se picture for the later subject-matter of the 
book. 

Chapters 3 and 4 are concerned with the analysis of 

moolitical relations, a field in which Prof. Gluckman has 
«nade some of his best-known contributions. He elucidates 
the point that many societies portray conflict in their 
organizing principles, that in fact conflict is often an 
attribute of society itself. In regard to societies which have 
10 governmental structures he explains how conflicts 
are contained by a network of social ties, ‘so that men 
who are opposed to each other under one rule, are allied 
with each other under another rule”. 

The next problem taken up concerns order in societies 
with formal authority systems, especially those which 
constitute states. Some years ago he propounded the 
s+hesis of the ‘rebellious cycle’ and ‘repetitive equilibrium’, 
he main idea being that South African polities were 
eld together because their territorial segments fought 
or a common prize, the kingship, and that rebellions 
xroduced no changes in political form. Prof. Gluckman 
1as since advocated this thesis with decreasing conviction 
«nd increasing delimitation of the societies and time periods 
© which it may be applicable. In this book he describes 
«ow many or most states have frequently fragmented for 

nany reasons, and puts forward an idea which he describes 
s ‘akin’ to that of Edmund Leach’s (concerning Upper 
3urma) that regions of Africa have oscillated between 
arge states and numerous small states. It may well be 
ecepted in the future that concepts like repetitive 
quilibrium are rarely adequate abstractions of the actual 
“ynamic facts. 

The discussion of “Dispute and Settlement” (Chapter 5) 
3 admittedly polemical. Prof. Gluckman demonstrates 
jth admirable forensic skill that the forms in which 

isputes are expressed and the varied procedures adopted 
x resolving them make sociological sense only when they 
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are related to the ranges of social relationships within 
which they operate. He introduces many concepts to 
distinguish between various kinds of dispute procedures 
and roles; perhaps not everyone, however, will share his 
enthusiasm that “specializing of the use of words 
out of the riches of English” will clarify our theoretical 
problems. 

Prof. Gluckman’s treatment of “Mystical Disturbance 
and Ritual Adjustmert” (Chapter 6) is a disappointment, 
Following the Neo-Tylorian intellectualists, he distin- 
guishes between ‘myssical beliefs’ and “empirical beliefs’, 
a distinction which the Western observer cannot easily 
make, let alone the primitive. The disappointment is 
not that he has made such a distinction, but that, having 
defined ritual in relation to mystical beliefs, he interprets 
it entirely in terms of its social effects. This reductionism 
has no bearing on th2 initial definition and distinctions 
made between ritual end ceremonial. 

Furthermore, in the space of one chapter, he advances 
several disconnected views of ritual. The mystical defini- 
tion of ritual has little bearing on the submission that 
ritual segregates roles and changes of roles and activities 
in small-scale societies with multiplex relations. Another 
avenue is explored when, following Victor Turner, he 
postulates the conditions under which judicial as opposed 
to ritual techniques for resolving social conflict may occur. 
Thus certain rituals are said to cloak fundamental dis- 
harmonies which arise out of conflicts of social principles. 
Turner made sense of Ndembu rituals of affliction iu 
these terms; in trying to assimilate Turner’s views to his 
own, Prof. Gluckman fails to achieve a marriage of ideas, 
for his own theory of ‘rituals of rebellion’ is of a different 
kind and tailored to fit different ethnographic facts. 
Finally, despite his own claims, Prof. Gluckman has not 
taken us any further in understanding why, in tribal 
societies, misfortunes are associated. with the moral 
relations of the group concerned, why rituals which 
‘state conflict’ indeed ‘bless the moral order and its 
related natural order’. 

A major theme that runs through the book is the develop- 
mental morphology of economic and political systems. 
This is dangerous ground to tread on and Prof. Gluckman 
once again demonstretes this. He works with an evolu- 
tionary scheme (the notion of two social types and transi- 
tion from one to the other) which harks back to Maine,: 
Durkheim, Toennies and others. Anthropologists have 
found such grand schemes of change descriptively true 
in @ general sense but in practice too diffuse to explain 
the particular problems that engaged their attention. 
Prof. Gluckman’s hypotheses show the same limitations. 
He explains the wide extension of kinship in tribal society 
as due to their undifferentiated economy, and its shrinkage 
to the differentiation in developed industrial society. 
But how does this formula help to account for the wide 
variations in kinship systems in tribal societies? How does 
the notion of tribal economy illuminate the widespread 
systems of ceremonial and economic exchange in, say, 
Melanesia which differ markedly from the African situa- 
tion? Another hypothesis which stems from his mor- 
phological series is thas rituals of rebellion (or ‘role revealing 
rituals’) associated with a particular kind of political 
and economic situation will be replaced by temple cults 
in more developed states where the existing structure 
of society is not accepted as hallowed. This is untenable, 
as a reference to temple cults in India and Ceylon will 
show, and is based on the misapprehension that temple 
cults lack “‘ritualisation of secular roles”. 

Prof. Gluckman has presented his book to the general 
reader as a statement “‘of how one social anthropologist, 
working in the full tradition’ of the subject, sees the general 
problem of rule and disorder in social life”. Other an- 
thropologists who also feel themselves to be in this full 
tradition may see certain questions differently, for this 
tradition is fuller and less consistent than he indicates. 

S. J. TAMBIAH 
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Science and the Politician 

By Marcus Goodall. Pp. viii+83. (Cambridge, Mass.: 

oo Publishing Company, Inc., 1965.) 2.65 
ollars. 


T CERN as to the extent of the possibility of plan- 
ning human activities is shown both by those who 
welcome the increase of regulation and those who deplore 
it. Neither party is prepared to consider that the dispute 
should be subject to investigation; that we should study 
the extent to which planning is likely to be effective, given 
the means available at any time. 

This is only one practical example of the type of study 
that Dr. Goodall calls “third science”. ‘It is characterized 
by attention to aims and yet by recognition of the problems 
that are involved in defining aims. In such respects it 
transcends the ‘second science’ of Newton, Maxwell and 
Einstein, which required drastic uniformizing assumptions, 
such as those that limit the applicability of the Second 
Law of Thermodynamics. 

Goodall traces the beginning of the modern period back 
first to Darwin, then to Pierce, with his emphasis on the 
relationship of observer, symbol and object, and from 
here to Cantor, Gödel and Tarski. The connexions are 
only sketched out, but the effect is to provide a series of 
hints as to the logical problems underlying modern science 
and especially biology. 

The book is especially concerned to point out the inade- 
quate use that is made of modern scientific and logical 
possibilities by those concerned to regulate the conduct 
of modern affairs (and particularly ‘politicians’, the 
author’s favourite aunt-sally). In this, it well represents 
the frustration that many feel, who see so little use made 
of such powerful methods. The special value of methods 
such as those of specification theory, games theory and the 
like is that it should be possible with them to suggest 
means to further their wider adoption for human ends. 
It is to be hoped that Dr. Goodall will follow this stimulating 
essay with more detailed proposals in which such methods 
are used to assess the best strategy for applying them. 

J. Z. YOUNG 


Elementary General Topology 

By T. O. Moore. Pp. xi+ 174. (Englewood Cliffs, New 
Jersey, and London: Prentice-Hall International, 1964.) 
48s. 


HIS very readable book provides an introductory 

account of general topology (but not algebraic 
topology) for the beginner. There is some doubt as to 
when topology should first appear in the training of a 
mathematician; but the author of this book, after 
several years’ experience in teaching topology to under- 
graduate and post-graduate students, came to the con- 
clusion that an introductory course might best follow a 
prior course in abstract algebra, and precede the study 
of advanced calculus and real analysis. Thereby, it is 
Claimed, ‘maximum results follow minimum effort”. 
So the present book has been written primarily as a 
text for undergraduates. 

The first chapter is concerned with elementary set 
theory. Then follow chapters on topological spaces, 
mappings of such spaces, and compactness. After that, 
there is a general development of the properties of 
product spaces, metric spaces and function spaces. An 
Important chapter, on nets and convergence, is concerned 
mainly with the generalization of the idea of convergence 
of a sequence to a point inva space. The book closes with 
a chapter on Peano spaces (continuous curves). 

In a book of this kind there are necessarily many 
definitions. These are clearly stated, often illustrated, 
and the theorems are separated by graded exercises. At 
the end of each chapter there is:a list of miscellaneous 
exercises, and, all in all, the book should appeal to students 
looking for a text supplementary to a course of lectures 
on the subject. L. S. GODDARD 
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Supplemental Tables of Molecular Orbital Calculations 
By Prof. A. Streitwieser, Jr., and Prof. J. I. Brauman. 
With a Dictionary of x-Electron Calculations by Prof. 
C. A. Coulson and Prof. A. Streitwieser, Jr. Vol. 1: 
Pp. xxiv+1-860. Vol. 2: Pp. 861-1223 -+ xxx + 358. 
(London and New York: Pergamon Press, Ltd., 1965.) 
£33 net per set. 


UCKEL calculations are now a matter of pure 

routine, but this does not detract from their value 

as a guide to the physical and chemical properties of 

conjugated molecules; indeed, in spite of heavy competi- 

tion the Hickel theory remains the best wave-mechanical 
model of molecules that we have. 

Supplemental Tables of Molecular Orbital Calculations 
presents the results of Hiickel molecular orbital calcula- 
tions on almost 500 hydrocarbons. The calculations have, 
been performed on a digital computer and the output 
of the computer has been photographed so that the 
published papers are free from any errors of transcription. 
This makes the tables particularly reliable for use by 
people who do not have the necessary skill to programme 
molecular orbital calculations themselves. The printed 
results include the energies and coefficients of all the 
molecular orbitals of the molecules considered, their 
total v energies, electron densities and bond orders, and 
the various types of mutual polarizability. The intro- 
duction explains the tables and shows how they may be 
used. Volume 2 includes the “Dictionary of x-Electron 
Calculations ° which is used also as a separate volume. 

The compilation of this considerable body of data is 
likely to be most useful to the chemist who does not 
Possess access to a computer; the price of the volumes, 
though relatively high, is negligible compared with the 
cost of the computing time and expertise which would 
be needed to carry out a calculation on a mere handful of 
the molecules treated. H. C. LONGUET-HIGGINS 


Freshwater Microscopy 

By W. J. Garnett. Second, revised edition. Pp. xv +376+ 
54 plates. (London: Constable and Co., Ltd., 1965.) 
42s. net. ü 


HIS edition of Freshwater Microscopy is a groat 
improvement on the original. The inclusion of more 

information, twenty-six excellent new figures and four 
new plates, and the bringing up to date of techniques 
and bibliography, all contribute to this. Apart from the 
shght expansion, of certain paragraphs and the introduc- 
tion of common species omitted from the first edition, 
eight of the fifteen original chapters remain substantially 
unaltered. Of the other seven, the chapter on micro- 
scopic equipment has been rearranged in parts to embrace 
modern methods and equipment, and the chapters on» 
bacteria and fungi, the higher plants and molluscs have 
been rewritten and enlarged. Leeches have been gratify- 
ingly included in the chapter on worms. The arthropods 
are now allocated three chapters instead of two, due 
mainly to the introduction of many more insect species. 

While scientific inaccuracies are rare, a few do occur 
For example, a single cocoon occurs in Microdalyellic 
and not Dalyellia; there are fourteen, not thirteen 
British species of leeches; leeches can have up to ter 
eye-spots—not up to eight; Planorbis spiralis shoulc 
be P. spirorbis; and Holopedius gibbeus should be 
Holopedium gibberum. Though the bibliography has beer 
extended and brought up to date, there are still obvious 
omissions such as “A Guide to Freshwater Invertebrate 
Animals” by T. T. Macan, and two recent publications 
on mayflies and oligochaetes in the Freshwater Biologica 
Association series. The exclusion of the publisher anc 
on occasion the date of publication is still rather irk 
some. 

These are, however, but minor criticisms of an enbancec 
edition which admirably fulfils its purpose to “‘set the 
beginner .. . on the right path”. J. O. Youre 
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THE DISTINCTIVENESS OF Homo habilis 


OBINSON?: has questioned the validity of the new 
species, Homo habilis, proposed by Leakey, Tobias 
and Napier?. In particular, he has adduced evidence 
purporting to invalidate the morphological criteria which, 
1b has been claimed, differentiate H. habilis from Ausiralo- 
pithecus. Since Robinson’s paper, at first reading, may 
give the impression that our claim for the existence of 
differences has been effectively demolished, it is necessary 
to look into the claimed. differences more deeply. 


The Dental Traits 


In our diagnosis of the features of H. habilis, we stated 
that among the dental traits is “a marked tendency 
toward buccolingual narrowing and mesiodistal elongation 
of all the teeth, which is especially evident in the lower 
premolars ...and in the lower molars™?. We maintained 
—and still maintain—that the lower premolars are abso- 
lutely narrower than those of Australopithecus 

Robinson: regards the shape characteristics of the 
H. habilis teeth as not recognizably different from those of 
the australopithecines. The data on which he bases his 
conclusion are open to two criticisms. First, Table 1 in 
his paper, which shows the length/breadth indices of some of 
the cheek-teeth, inexplicably excludes the fourth pre- 
molar (P,) although we had been at pains to point out 
that the premolars exhibit the greatest departures from the 
australopithecine teeth. 

Secondly, the figures quoted by Robinson! for P, of 


A. robustus (Paranthropus) differ substantially from, 


those quoted in his dental monograph of 1956 (ref. 3). 
In the earlier work, he lists the M—D length and B-L 
breadth of 12 Swartkrans ‘‘first premolars”; these include 
one tooth—SK 96—the measurements of which are 
marked with an asterisk. He then states in the text “‘the 
results of SK 96 have not been used in calculations because 
of incomplete development of the crown” (op. cit., p. 69). 
I have therefore calculated the length/breadth indices 
of the other eleven P,’s and find they range from 76-0 to 
92-8, with a mean of 83-25. The figures quoted by Robin- 
son in his 1965 table for Paranthropus, however, present 
a range more than twice as great, that is, from 76-0 to 
112-3. Robinson has apparently included in his latest 
range the incompletely developed tooth SK 96. For, as 
he states, the sample size for this tooth now is 12, not 11. 
Moreover, he explains his inclusion of the tooth SK 96 as 
follows: “The highest value listed for Paranthropus 
belongs to a tooth which had not yet begun to erupt and 
the final dimensions would possibly have been slightly 
higher than at present, although the length dimension 
already is very close to the upper limit for the sample of 
12 specimens”, 

The length of SK 96 as recorded by Robinson’, that is, 
10-1, is indeed near the top of the range for the other 
eleven P,’s from Swartkrans, that is, 9:2-10-5. However, 


mts breadth is only 9-0, which is well below the smallest 


value in the range of the other eleven teeth, namely, 
10-6-12°9. In his earlier investigation (p. 70) he pointed 
out: “In SK 96 (incompletely developed crown) the lingual 
‘ace is not strongly convex and a distal lingual groove is 
sresent. Neither of these features occurs in any of the 
ully developed and erupted teeth. Furthermore this 
ooth is appreciably narrower than any of the others. 
>resumably all these features are a result of incomplete 
levelopment’’. 


Elsewhere (p. 78) he calls this tooth “‘an incompletely 
developed germ”. Recently, therefore, I have re-examined 
the original specimen in the Transvaal Museum, Pretoria, 
through the courtesy of Dr. V. FitzSimons and Dr. C. K. 
Brain. The tooth is clearly immature and its measure- 
ments cannot validly be included. Az the time of death, 
the tooth was completely enclosed in its crypt, the most 
superficial part of tke lamina dura being as much as 9-5 
mm below the alveolar margin. The roots of the overlying 
dm, are in position and there is no evidence that resorption 
has begun; the whole of the distal root is visible and it is 
intact down to its exdosed apex. When the P, is replaced 
in its correct position (indicated by part of the lamina dura, 
and lateral mandibular wall adherent to it), there is a 
moderate space between the occlusal surface and lamina 
dura for the enamel organ, and a large space below the 
crown for the tooth-germ or pulp. Clearly, this tooth 
was far from erupting. The crown enamel is pale and 
highly translucent, unlike that of mature teeth from the 
same site. Obviously, much more enamel would have 
been added before the tooth had erupted. A further 
relevant observation was made: the crown of the tooth 
has been fractured and repaired; the alignment of the two 
moieties is not perf=ct, thus fractionally increasing the 
apparent length. : 

The measurements made on this developing tooth and 
the derived L/B index are thus not eligible for inclusion in 
the range of measures of mature teeth available for com- 
parison. Nor is Robinson’s assumption justifiable that 
“it is highly improbable that any slight increase in the 
crown dimensions [of SK 96] that may have occurred 
before eruption would alter the shape so disproportionately 
as to change the shade index significantly’. The indices 
of twenty-three fully formed and erupted australopithecine 
P,'s from six sites range from 68-1 to 92-8; the SK 96 
value of 112-3 suggests most strongly that if this tooth is 
a normal member of the same group, further development 
would yield a greater breadth and consequently a lower 
length/breadth index. 

It is largely through including this immature P}, SK 96, 
and excluding the P, that Robinson has provided the 
semblance of refuting our statements about the differences 
between H. habilis teeth and those of the australopithe- 
cines. When these errors of omission and commission 
are rectified, our statements remain valid. 


Habiline Dental Evidence and Comparative Data 


To demonstrate further the relationship between the 
absolute and relative dimensions of the H. habilis teeth 
and those of Australopithecus, I have compiled all avail- 
able maxillary and mandibular dental‘measurements and 
indices on the specimens from Sterkfdéntein, Makapansgat, 
Taung, Swartkrans, Kromdraai, “Garusi, Olduvai and | 
Peninj. Many of these measuremients are culled directly 
from Robinson’s oucsstanding ynonograph®; others have 
been taken from Dart‘; while I have personally measured 
a number of additional teeth from Sterkfontein, Krom- 
draai and Makapansgat, and all the available australo- 
pithecine teeth from Olduvai and Peninj. Data have been 
compiled for 23 australopithecine Pa 22 Pa 33 Ma, 26 Ma 
and 28 M,. Of the ont teeth, there are data for 10 J,, 
8 I, and 20 Ë. Corresponding figures for maxillary teeth 
are 12 I!, 15 I?, 25 2, 38 P’, 33 P4, 33 M4, 33 M? and 
30 M3, These figures are cited to give some idea of the 
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splendid samples of australopithecine teeth available for 
comparison. The data provided by these large samples 
formed the background for our statements about the 
divergence of H. kabilis teeth from those of the Australo- 
pithecinae. 

Similarly, I have compiled comparative tables of 
absolute measurements and of indices for some 136 mandi- 
bular and 66 maxillary teeth of H. erectus (including 
Pithecanthropus, Sinanthropus, Atlanthropus, Telanthropus, 
Mauer and Montmaurin). It is worthy of note that (a) 
the samples of H. erectus permanent teeth available are 
smaller than those of Australopithecus (170 mandibular, 
219 maxillary), and (b) the relative numbers of upper and 
lower teeth discovered are reversed. 

All the measurements of australopithecine and hominine 
teeth made by myself, including those made with von 
Koenigswald on original Javanese and Chinese teeth, were 
carried out with a specially prepared pair of Vernier 
callipers, having delicately tapering points for insertion 
between teeth in jaws. The technique used ıs considered 
to be comparable with that of Robinson, since numbers 
of his recorded dental measurements have been confirmed 
on the same specimens, to within a maximum margin of 
0-3 mm, but a mean margin of about 0-1 mm. Each 
Olduvai tooth has been measured at least twice, and some 
thrice, by the same observer but at different times, 
generally with a lapse of at least 1 year between two of the 
measurings. Fluctuations have been small, most com- 
monly of the order of 0-0-0-2 mm. Where successive 
measurements of the same dimensions differed, the mean 
of the two readings has been calculated and used. 

In Tables 1 and 2, the mesiodistal lengths and the 
buccolingual breadths of the australopithecine and 
H. habilis teeth are presented. Only the H. kabilis type 
and paratypes from Bed I are included, since we now 
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consider the Bed II hommine to belong to a more 
advanced formë. 

The total morphological pattern of the H. habilis teeth 
obviously aligns them more closely with those of A. 
africanus. The metrical differences from the latter are 
therefore of most value in determining whether or not the 
habiline teeth belong to a different taxon. However, for 
the sake of completeness, we have included the dimensions 
of the A. robustus and A. borset teeth. 

In absolute length, only the habiline P,’s exceed the 
sample of 5 A. africanus P,’s, but in absolute breadth, 
both P, and P, are narrower than the entire samples of 23 
P,’s and 22 P,’s. The absolute narrowing tendency of the 
H. habilis teeth is seen as well, though not so markedly, 
in the molars: the breadths of M, and M, lie near the 
bottom of the ranges for A. africanus, while of 33 australo- | 
pithecine M,’s, only one specimen from Sterkfontein and - 
one from Kromdraai are definitely narrower than those 
of H. habilis. 

Thus, considering not merely the single type-specimen 
of H. habilis, but the whole group of mandibular teeth 
representing at least three different individuals from three 
different levels in Bed I (MK, FIKNN and FLK from 
below upwards), we may reasonably conclude that the 
group was characterized by absolute lengthening of P, 
and a tendency towards absolute narrowing of all the 
cheek-teeth, especially the premolars. 

Table 3 shows that, when the ‘relative’ narrowing of 
the H. habilis teeth is gauged by the length/breadth 
index, all the H. habilis cheek-teeth have indices at, 
or above, the top of the range for A. africanus. The 
indices derived from Robinson’s measurements on the 
type specimen, as quoted in his 1965 paper!, emphasize 
this even more strikingly than those from my own meas- 
urements, for Pa and M,. Teeth from all individuals of 
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Fig. 1. Ranges of variation in the length/breadth indices of mandib 
teeth of Homo habilis (black area) from Bed I, Olduvai Gorge, pone 
Australopithecus africanus (hatched area) 


H. kabilis agree in showing a high index. Table 3 provides 
unequivocal verification that the Bed I habilines were 
characterized over an extended period of time by relatively 
narrower teeth than were the members of A. africanus 
or of the Australopithecinae in general. 

Naturally, the small sample of Bed I habilines can give 


_ but a poor picture of the variability of H. habilis, yet the 


clustering of three individuals to one side of the bigger 
australopithecine sample positively suggests the existence 
there of a population the mean dental shape of which was 
different from that of A. africanus. The mean indices 


for H. habilis and A. africanus confirm the differing tend- 


encies in the two groups (Table 3), as do the graphs of 
the ranges (Fig. 1). 

Similarly an isolated upper M? from the H. habilis type- 
site has a length/breadth index (102-3) which falls beyond 
the top of the range for 15 A. africanus M's, namely, 
Another upper molar comes from the A. 
boisei type-site and its index (106-5) shows an elongate 
shape matched only by that of a single well-worn Maka- 
pansgat M* (MLD 24) with an estimated 107-1, while 
thirty other A. africanus upper first and second molars 
range from 83-1 to 97-7. Clearly, these two upper teeth 
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from two different levels in Bed I—and which may or 
may not belong to the same individuals as those repre- 
sented by the lower teeth from those sites—confirm the 
presence of the narrowing tendency in the maxillary teeth 
of some Bed I hominids. 

The incisors likewise show a strong tendency to absolute 
and relative mesiodistal elongation and labiolingual 
narrowing. In L/B index, J, and J, fall at the top of the 
ranges for ten australopithecine J,’s and eight J,’s respec- 
tively, while J? greatly exceeds the top of the range for 
thirteen australopithecine J*’s. 


Inner Contour of Mandible 


The photographic reconstructions, which Hughes and 
I made a few years ago of the H. habilis type mandible, do 
not bear out Robinson’s claim that the latter has a 
typically australopithecine interna] mandibular contour. 
Marked differences are present (Fig. 2), especially when the 
type mandible is compared with the Makapansgat juvenile 
mandible which belonged to a youth of almost the same 
individual age. 





cm 


Reconstruction of the mandible of Homo habilis (left) 


ble (MLD 2) from Makapansgat, 


Fig. 2. 
compared with the juvenile ma 
belonging to an Individual of approximately the same age 


The ‘Phyletic Valence’ of the L/B Index 


What Robinson calls “a far more trenchant criticism” 
of our use of the L/B index is his assertion that this index 
is of “extremely low phyletic valence”, so far as hominids 
are concerned. As examples, he cites his figures for one 
tooth, namely, P,: but each hominid group cited by him 
is based on only one or at most two sites. Thus, his H. 
erectus sample is confined to the Choukoutien teeth and his 


Table 3. LENGTH/BREADTH INDICES OF MANDIBULAR OHREK-TRETH 


| P. | 





Range N 
83-8-87°1 4 
714-744 3 
— 2 
714-87-11 9 
74:5-91-9 18 
84-0-9568 3 
85-8-95- 2 
745-956 23 
68:1-92:8 21 845 71-4-9565 32 
OTTATI 93:1-98-0 2 1000 96-3-103-7 2 
(FLENNI) (P.V.T.) 
98-0-102-2 
(J.T.R.) 
H. habilis para- 
r FLK 1) 99-5 _ — -- — 
H. ao 
type (MK I) E 1 +91-7 +91-7 — 
Total H. habilis 9 | 93:1-99-5 3 972 |+91:7-103:7 2 
(from Bed I) BES, 
99-9 -0-102-2 
(J.T.R.) 





M, M, | 

























































110-2 | 100-8-117-0 104-8-111- 1047-1159 
105:9 | 104:1-107-9 98-0-1106 101-4-109°6 
103-7 103-7 — — 
107-3 | 100-8-117-:0 08:0 *-111:3 101-4-115°9 
105-9 | 100°7-110-4 101-3-117-2 106-6-124-0 
107:8 | 102°3-110°8 102°7 1088-1171 
105-5 | 103-9-107-2 106-8-107°4 1153-1191 
106-1 | 100-7-110'8 101:3-117-2 106-6-124-0 
106:5 | 100:7-117:0 98-0 *-117-2 1014-1240 
116:3 72 

117-2 

116-3 

117-2 


* Worn tooth. 
+ Two sets of indices are given for most of the type specimen's teeth, those of Dr. Robinson (J.T.R.) and those of the author (P.V.T.). 
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Paranthropus sample largely to the roe ee teeth. 
Conclusions about the ability of the L/B index to distin- 
guish between these taxa must necessarily be based on 
the larger and geographically more diverse samples now 
available. The data I have compiled for comparison with 
the habiline teeth include measurements and indices for 
22 H. erectus P,’s from no fewer than seven sites in three 
continents (as against thirteen from Choukoutien alone); 
similarly twenty-three M, (as against eleven) and eighteen 
M, (as against seven). Table 3 shows that, while L/B 
searcely differentiates between A. africanus and A. robus- 
tus/boiset for P}, M, and M,, it does yield differing means 
for P, (79-2, 85:7) and for M, (109-4, 115-9), the two 
mandibular cheek-teeth omitted from Robinson’s Table 1. 
Moreover, there are marked differences of the means 
between H. habilis and A. africanus for all five mandibular 
cheek-teeth. These figures indicate that the L/B index is 
more useful in distinguishing among lower Pleistocene 
hominids than Robinson believes. 

Apart from these details, however, the very basis of 
Robinson’s view is unacceptable. The taxonomic useful- 
ness of a character in any specific comparison depends 
on its ability to differentiate between the two taxa con- 
sidered. The fact that the L/B index fails to distinguish 
between certain teeth of A. robustus and A. africanus in 
no way lessens, in fact enhances, its usefulness as a mark of 
distinction between H. habilis and A. africanus. It is 
totally irrelevant to this latter comparison that some teeth 
of some other groups do not differ in L/B index. The 
vital fact remains that this index does show a definite 


_ difference between H. habilis and A. africanus. In our 


description of the type specimen, this was clearly a metrical 


_ difference to be included, in accordance with Art. 13 a (i) 


of the International Code of Zoological Nomenclature, 


_ which lays down that a new species name must be “‘accom- 
aa panied by a statement that purports to give characters 
differentiating the taxon”. 
which differentiates the taxon kabilis, irrespective of 


LIB is one such character, 


whether the same character can as effectively differentiate 
other taxa. 


The Cranial Capacity of Homo habilis 


Robinson states: “The endocranial capacity of H. 


‘habilis’ appears, on the scanty and indirect evidence 
ae available, to have differed little from that of the australo- 


ithecines with a range overlapping that of the latter 





- substantially” (op. cti., p. 122). 


“Let us re-examine that evidence. Associated with the 
type-specimen were large parts of two beautifully pre- 
served and undistorted parietal bones. They were patently 
bigger than the parietal bones of any australopithecine 
yet discovered. The sagittal arc from bregma to lambda 
measures 105 mm, whereas those of five australopithecines 
range from 74-5 to 91-5. The lambdoid arc from pterion to 
asterion is 69-0 in H. habilis, but ranges from 55-5 to 62-5 
in. australopithecines. The coronal edge, although not 
perfectly preserved, likewise exceeds the top of the austral- 
opithecine range. Such large parietals necessarily covered 
æ larger brain than that of any australopithecine known 
hitherto. 

That fact was clearly acknowledged by Robinson in 
19626, There he endeavoured to show that early stone 
tools were not made by Australopithecus. In that 
investigation, he explicitly included ‘pre-Zinj’ (that 
is, the type specimen of H. habilis) as a larger-brained 
contemporary of Australopithecus. Thus he stated: 
“In fact, there is evidence throughout the entire 
australopithecine period either proving or suggesting 
the presence of a more advanced form of hominid. There 
are the large parietals in the ‘pre-Zinj’ level of 
‘Telanthropus’ at Swartkrans associated directly 
with Paranthropus, and at Sangiran ‘Pithecanthropus’ 
and ‘Meganthropus’ occur in association” (op. cù., 
p. 102). 
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It was a logical and imperative step after measuring 
the parietals to estimate the cranial capacity. This was 
done’ by using a biparietal partial endocast as a basis. 
The method provided a precision unattained in the wide 
range of estimated figures previously published for the 
australopithecines®:*. The central value (680) of the range 
of estimates for H. habilis (643-724) is about mid-way 
between the capacity of the biggest-brained australo- 
pithecine (562) (ref. 10) and that of the smallest-braimed 
H. erectus (775). Furthermore, it is a fair inference 
that, had the type individual of H. habilis grown to adult- 
hood, his cranial capacity would have been somewhat 
larger than the capacity estimated. Surely it is as valid 
to infer that the population range in H. habilis would 
overlap appreciably that of H. erectus, as to emphasize 
(as Robinson! prefers) its equally likely overlap with that 
of Australopithecus. , 

Hence the habiline remains, both in their dental 
departures and their brain-size, as well as in their inferred 
stone tool-making activities, form a population inter- 
mediate between A. africanus and H. erectus. 

Where opinions may validly diverge is in the weight 
laid on these differences. When all presently available 
evidence is taken into account, we feel justified in con- 
cluding that (i) the habiline population represents a dis- 
tinct taxon; (ii) this habiline taxon is more closely related. - 
to the hominines than to the australopithecines and 
should be placed in the genus Homo. l 

Further specimens could alter this point of view: they — 
may spread the habiline range more towards the australo- | 
pithecines or more towards the hominines, or both. In | 
the former event, there would be no hesitation in re- | 
considering the classificatory position of H. habilis, but 
on present evidence a taxonomic re-alignment would seem 
premature. In much the same way, Mayr, who demoted 
Australopithecus from. separate generic status im 1950 to 
place it under Homo as a transvaalensis species, has recently | 
reinstated it as a separate genus}, E 

Whatever designation taxonomists may finally adopt, . 
the view I expressed at the seventh International Congress 
of Anthropologists and Ethnologists, in Moscow imm > 
August 1964 (ref. 11), was that the Bed I kabilis fossils _ 
represent a form intermediate between A. africanus and 
H. erectus. This view is acceptable to many work 
including apparently Robinson’. Furthermore, th 
anatomical features of the Bed II hominines and H. habil 
permit one to envisage at least a part of the habiline - 
population of Bed I times moving forward to become thè 
hominines of Bed TI times. These phylogenetic implica- _ 
tions of the new discoveries have been fully discussed 
elsewhere!*:15, o 

Whether recognition of an evolutionary stream from 
A. africanus -> H. habilis-—» H. erectus justifies putting’ 
all these taxa under Homo, and separating them generic~: 
ally from Paranthropus, as Robinson suggests, is another’ | 
matter entirely. To effect this re-alignment he relies 
perforce on phylogeny and ethology (implemental activi- 
ties). Phylogeny and ethology may be valid sources. of 
taxonomic inference, but it would be an unusual practice: 
to allow them to outweigh inferences from morphology. 
Morphologically A. africanus and <A. (Paranthropus 
robustus have so much in common, that several recen 
international symposia on the taxonomy of fossil hominids, 
one at Burg Wartenstein in 1963 (ref. 16) and one a 
Moscow in 1964, were virtually unanimous in recognizin 
these two taxa as separate species of the one genu 
Australopithecus. As Mayr” has pointed out, the morpho 
logical differences between Paranthropus and A. 
africanus “are no greater than among species in othe 
groups of mammals’. My studies of the South Africa 
australopithecines, in comparison with A. (Zinjanthropu 
boisei, demonstrate more extensive areas of morphologic: 
overlap between these two South African | forms. thar 
have as yet been commonly recognized. To lump 4. 
africanus under Homo, and retain A. robustus in Paran: 
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thropus, would be tantamount to saying that there is less 
difference between A. africanus and H. erectus (or even 
H. sapiens) than between A. africanus and A. robustus. 

The australopithecines clearly represent a single grade 
of hominid organization. The group is highly variable and 
we may so far recognize a mesodont branch (A. africanus), 
a macrodont branch (A. robustus) and a megadont variant 
(A. boisei). Already it is known that these three forms 
show a large measure of overlap, only a few features, such 
as the canine/P3 ratio and the P3/P4 ratio, showing an 
absolute distinction between them. The fact that one of 
the three forms may bear a phyletic relationship to 
Homo is no reason to remove it from the genus Awustralo- 
pithecus and place it in Homo. On the other hand, 
habilis is a more advanced hominid than any of the 
members of the Australopithecus group. In fact, in teeth 
. and jaws, itis certainly more hominized than Meganthropus, 
which in turn von Koenigswald and I believe is more 
hominized than the australopithecines, while neither 
Weidenreich?’ nor Le Gros Clark?! could separate Megan- 
thropus generically from Puithecanthropus (H. erectus), 
a -view which Schultz’? is also inclined to support. 
If further discoveries of skull, dentition and limb-bones 
attributable to Meganthropus confirm that it is not 
separable from H. erectus at generic or specific level, 
then habilis would be even more emphatically a hominine 
than we have claimed—and we should have to call it 
Homo erectus habilis—as D. R. Hughes?® and Ashley 
Montagu?! have already suggested. Meantime, it would be 
safer to continue to regard kabilis as a species within 
Homo, thus avoiding the extreme taxonomic evaluations 
on either side of this middle-of-the-road position. 

I thank Dr. and Mrs.-L. 8. B. Leakey, Prof. R. A. 
Dart, Mr. A. R. Hughes, Miss J. Soussi and Mrs. R. W. 
Levine for advice and help. I thank the South African 
C.S.1.R., the Boise Fund, the Wenner-Gren Foundation 
for Anthropological Research and the University of ‘the 
Witwatersrand for financial assistance. 
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In his comments on my views on the validity of the 
supposed taxon H. kabilis, Tobias exhibits misappre- 
hension of the basis of my criticism as well as confusion 
over some basic principles of taxonomy. 

The existence of some detectable differences between 
the known. specimens attributed to H. kabilis and the 
known australopithecine material is not disputed. The 
point at issue is the significance of those differences. 

Tobias believes that I am mistaken in thinking that the 
internal mandibular contour of the type specimen of 
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Fig.1. Diagrammatic representation of the internal mandibular contour 
of: A, adult Australopithecus (sensu stricto) from Sterkfontein; B, adoles- 
cent KH. habilis type from Bed I, Olduvai; C, adolescent. Australopithecus 
from Makapansgat; D, adult H. erectus (equals Telanthropus) from 
Swartkrans; Æ, adult H- habilis from Bed Ii, Olduvai; and F, adult 
modern H. sapiens. Thespecimen in # has suffered slight damage on the 
left side; this has been <llowed for by reflecting the right side, though 
most of the internal contour is undisturbed and only the portion indi- 
cated by a broken line is taken from the right side. The relevant dimen- 
sions for this character are indicated in B. B and C have been drawn 
from Fig. 2 Pa ae by Tobias in his accompanying communication; 
has been drawn from published photographs** 


H. habilis is of the australopithecine, not the hominine, 
type and provides his Fig. 2 to prove this. However, this 
illustration fully supports my view and disproves his. 
The nature of the internal mandibular contour is a charac- 
ter which, to the best of my knowledge, was introduced 
into the literature by me and I have always used it in the 
same way. In australopithecines the space enclosed by the 
internal contour of she corpus mandibulae, when seen in 
occlusal view, is relatively narrow, narrows rapidly as 
the symphysis is approached and, at the level of the 
P.M, contact, is narrower than the corpus thickness 
at this level. On ths other hand, the hominine condition 
is one in which the internal contour is wider, does not 
narrow rapidly forwards and, at the level of the P,-M, 
contact, is appreciably wider than the corpus is thick in 
that position. Fig. 2 of Tobias shows both the H. habilis 
and the Australopithecus mandibles with the same robust 
corpus and narrowing V-shaped contour that I have de- 
scribed for australopithecines. The wide U-shaped 
contour and more gracile corpus that I have described for 
hominines does not occur in either of these specimens. 
This is demonstrated in Fig. 1 which I have prepared. It 
is therefore clear that the H. kabilis type mandible is 
indeed of the typical australopithecine sort with respect 
to this character complex. 

Tobias makes the explicit claim that his estimate of the 
endocranial volume of the skull from which the two incom- 
plete parietals from Olduvai Bed I came represents “a 
precision unattained in the wide range of estimated figures 
previously published for the australopithecines”. The 
best previously pubHshed estimate was that for Sis 5 from 
Sterkfontein; a skull which is almost complete and has 
the braincase virtually intact and apparently undistorted 
and empty, so that the endocranial volyime can be meas- 
ured directly by conventional met éds. As I see it, 
therefore, Tobias is claiming that he can make a more 
accurate estimate of endocranial volume on the basis of 
two isolated and incomplete parietals than Broom and I 
could by conventional methods’on a complete skull. 

The difference berween the, passage quoted by Tobias 
and my later statement that the apparently greater volume 
of the H. habilis specimen does not necessarily indicate 
difference from Avusiralopithecus (sensu stricto) is easily 
explained. Some time after writing the first statement I 
had occasion to re-investigate the evidence relating to 
cranial capacity in the australopithecines. I found that 
six estimates were possible for Australopithecus (sensu 
stricto): two very good ones and four of lesser reliability, 
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but based on more than parietals alone. From these 
estimates the probable range of variation in the population 
was calculated. The mean was 430 cm‘ and the range, 
using limits of 2:5 times the standard deviation on either 
side of the mean, was 300-550 cm’. On comparing these 
figures with similar ones calculated for pongids and modern 
man from data, based on substantial samples, provided 
by Ashton and Spence’, it became obvious to me that even 
limits of three times the standard deviation seriously 
underestimate the upper limit of the observed range for 
both the gorilla and man. This being the case, it is possible 
that the Australopithecus range could similarly be under- 
estimated. Using the percentage underestimate for man 
as a basis for adjustment, a corrected upper value of 680 
cm? was obtained and one of just more than 600 cm’ on 
the basis of the gorilla discrepancy. Since the former 
value coincides with the estimate obtained by Tobias for a 
single H. habilis specimen, it seems to me that it is no 
longer by any means certain that this value is significantly 
larger than could be expected from Australopithecus 
{sensu stricto) as represented by the South African 
specimens. Furthermore, since there is evidence that 
Australopithecus had already embarked on the hominine 
type of brain expansion, though Paranthropus appar- 
ently had not, the possibility of finding evolutionarily 
slightly later forms of the former with larger brains 
than are now known from South Africa must be reckoned 
with. It therefore seems to me that a single estimate 
of 680 cm? for H. habilis, obtained on the basis of two 
incomplete parietal bones alone, is narrow support 
for the view that the latter is not merely specifically, 
but actually generically, distinct from Australopithecus. 

I do not understand Tobias’s charge that my views on 
hominid taxonomy are a consequence of using the ‘unusual 
practice’ of allowing phylogénetic and ethological evidence 
to outweigh morphological evidence. This charge involves 
a most thorough-going confusion concerning how phylo- 
genetic conclusions are arrived at, the use of sorting 
criteria in setting up the original categories into which 
specimens are placed and taxonomic procedure in general. 

When a varied collection of fossils is being investigated 
for the first time, it is sorted out into groups so that finally 
each proup includes specimens of a single species. This 
sorting is done on the basis of morphological criteria and 
in the case of fossils there are no other sorts of criteria 
available. Any later conclusions regarding the species, 
genera or other taxa which may be reached and any 
phylogenetic conclusions arrived at are obviously ultim- 
ately based on the sorting criteria originally used to 
assemble individual specimens into species groups. Since 
no taxon is valid unless it includes, or is included by, at 
least one species, no matter what level the taxon occupies 
in the taxonomic hierarchy, it is clear that in the long run 
the entire hierarchy of classification depends on the sorting 
criteria used to sort into species the raw material of 
classification, the samples obtained from Nature. 

It should be clear from my papers that, for example, 
my separation of Australopithecus and Paranthropus into 
distinct genera is based fairly and squarely on morpho- 
logical evidence and on inferences which are similarly 
based, for example, on the nature of the masticatory 
apparatus, but related to ecological and behavioural 
aspects of the genera concerned. Even the cultural 
aspects involved can be said to be based on morphological 
evidence since they concern morphology on one hand, for 
example, of the hand and locomotor apparatus, and on the 
other structural features*of physical objects (artefacts) 
found in the deposits with the specimens. 

Secondly, in so far as Tobias considers, as his comment 
implies, that morphology is always a more valid basis 
for taxonomic conclusions than is any other sort of evid- 
ence, he is, I believe, mistaken What makes and keeps 
one species separate from another in Nature is not just 
its morphology. Similarly, the fields in which we may look 
for evidence of similarity, hence of probable common 
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ancestry, are by no means confined to comparative 
anatomy. Clearly the entire biology of the taxa concerned 
is involved, and surely physiology, behaviour and ecology 
are as much a part of an animal’s biology as is its anatomy. 
Any of these can provide as effective a barrier for preserv- 
ing the integrity of a species as morphology can. Usually 
morphology provides a more practical basis for distin- 
guishing species because of the way in which taxonomic 
work is normally carried out. This does not mean it is a 
more valid basis for taxonomic conclusions, nor is morpho- 
logy always the most practical means of sorting species. 
This is clearly demonstrated by some examples of sibling 
species where behaviour provides the best criterion for 
distinguishing them. 

l believe that Tobias is mistaken in asserting that 
recognition of the series Australopithecus-—H. habilis—H. 
erectus as a single phyletic sequence is the basis for my 
suggestion that perhaps Australopithecus should be in-~ 
cluded in Homo. The main basis of this suggestion is 
clearly stated in the final sentence of my paper: “In this 
event the whole lineage in which culture is a very impor- 
tant adaptive mechanism is included in a single genus...’’. 
In other words, the genus is here based on a, clearly defined 
adaptation which distinguishes its members from those 
of all other genera. This adaptation involves a complex 
of morphological (for example, hand, brain and locomotor), 
behavioural (for example, tool-making, language and 
hunting) and ecological (for example, diet, subsistence 
pattern) elements forming one of the most clearly defined 
and powerful adaptations in the animal kingdom. I also 
pointed out that the sequence appears to contain no major 
morphological changes, no major shifts in evolutionary 
direction and did not occupy a very long geological time. 
On the other hand, as H. habilis is set up in the present 
taxonomic definition’, it is not easily distinguished from 
Australopithecus at the generic level or H. erectus at the 
species level. 

Tobias explains that lumping Australopithecus with 
Homo but retaining Paranthropus is tantamount to saying 
that there is less difference between. the former two than 
between either of them and the latter. This, indeed, is 
precisely what I do say and what I believe the facts 
indicate. For example, the size relationship of the canine 
to the post-canine dentition places Australopithecus and 
Homo together and separates them from Paranthropus; 
so does the morphology of dm, the cranial cresting pattern, 
the morphology of the palate, the supra-orbital height 
index, the pterygoid plate morphology, the nature 
of the mandibular ramus and one of the important muscu- 
lar insertions on it, the ischial morphology and quite 
possibly also the foot and hand, though the evidence in the 
latter two cases is, as yet, meagre. Not all these features 
are unrelated, separate differences. Some clearly relate 
to different use of the masticatory complex and consequent 
differences in the stresses developed in the head. These 
thus concern a significant aspect of the biology of the 
animals, Supra-orbital height index reflects differences 
of significance with respect to brain evolution. The pelvic 
difference may reflect no more than different levels of 
adaptation to the same locomotor habit; though it is my 
opinion that the evidence actually indicates differences of 
locomotor habit. 

Tobias criticizes on two grounds my unwillingness to 
accept the shape criterion of teeth as taxonomically valid. 
Ele seems to feel that both involve manipulation of data, 
at the very least, to suit my argument. First, my Table 1 
“inexplicably excludes” P, of the type mandible of H. 
habilis. In the original description of this form the authors 
state that all teeth are relatively narrow, but that this is 
“especially evident” in the lower premolars and molars*. 
Nowhere is P, singled out as exhibiting this feature more 
strongly than other mandibular postcanine teeth. Since 
I was not undertaking a comprehensive study in the 
article concerned, I used representatives of both cate- 
gories of mandibular teeth mentioned as exhibiting the 
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character especially well, choosing the most stable teeth 
in each. If narrowness is exhibited by mandibular 
premolars surely P, is as legitimate a choice as is Py— 
indeed, since P, is known to be more variable than P, 
in hominids, the latter is much the better choice since it 
should show up any difference more clearly. 

The second point of criticism involves my use of an 
incompletely developed P, of Paranthropus. Tobias 
emphasizes that the tooth crown had not completed its 
development, that I did not use it in calculating means in 
my 1956 monograph, but that I now include it in caleula- 
tions. In both cases I took care to point out that the tooth 
had not yet begun to erupt and was not fully formed; thus 
no attempt was made to deceive the reader into thinking 
it was a fully formed crown since attention was deliberately 
directed to its incomplete condition. In the earlier 

-instance I excluded it from calculations of means of 
absolute size since it was not complete. In the second 
instance I used it for determining shape, not absolute size. 
This, I pointed out, was done because the crown already 
almost matched the maximum length for a sample of 
eleven fully formed P, crowns from the same site, hence 
it was unlikely that there was still a great deal of growth 
to complete, and hence that it was improbable that the 
shape would change enough to alter the index significantly. 
Tobias believes that this would not be so sinee “much 
more enamel would have been added before the tooth 
had erupted”. Enamel had already been laid down on this 
crown, but if the remainder of the enamel deposition had 
to alter the shape index to that of the other teeth, then 
with no further addition of enamel on the mesial and distal 
faces of the crown, the buccal and lingual faces would have 
had to receive a total of roughly 3 mm of additional 
enamel. It seems to me unlikely that enamel deposition 
would be so very disproportionate on different sides of the 
same premolar crown. 

If this particular tooth is left out of the Swartkrans 
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series, the observed range would be 76-0-—92-8 for the eleven ` 


specimens. The broader of the two relevant teeth in the 
H. habilis type mandible has an index (using Tobias’s 
own measurements) of 93-1, thus leaving a gap of 0:3 of a 
unit in the index between the two ranges. It should be 
remembered that the tooth here mentioned, which gave 
an index of 93-1 on Tobias’s measurements, gave an index 

«of 98-0 from my measurements and 115-8 from those of 
Leakey. 

According to Tobias (Table 3) the observed range of the 
LIB index of P, of Australopithecus (sensu stricto) is 
71:4-90-9 and that for H. habilis is 93-1~99-5; sample 
size being seven in the former and three in the latter case. 
Tobias believes that this is valid evidence that two distinct 
axa are here involved. If we follow him in this belief, 
are we not in serious danger of arriving at the conclusion 
—quite logical from these premises—-that the type 
nandible of H. habilis as measured by Leakey (L/B index 

ma 5:8, N = 2, for P,) belongs to a different taxon from the 
same specimen as measured by Tobias? Clearly such a 
sonclusion is not possible if a realistic approach is taken 
iO variation and less reliance placed on very small gaps 
xetween ranges when these are observed ranges based on 
xtremely small samples. P 
There seems to be some confusion in Tobias’s remarks 
oncerning my view that the phyletic valence of shape 
adices of teeth is low in hominids and cannot be used 
a the manner in which it has in the case of H. habilis. 
Ty point is that there is so much overlap in this character 
a the hominid group that it cannot be used as a sorting 
riterion. Tobias criticizes this in two respects. First, 
mahat I have used relatively small samples to demonstrate 
xy point instead of using all the available material. 
amlad I been attempting to demonstrate non-overlap, hence 
alidity of the criterion, then clearly the largest possible 
xumples should have been used since small samples are an 
-+vious danger to the case. Since I was concerned with 
verlap the case is very different: I cannot see how increas- 
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ing sample sizes can remove overlap which is already 
present on the basis of small samples. The very fact 
that small samples fram restricted areas have been used 
and nevertheless proved overlap improves the effective- 
ness of the demonstration that the criterion 1s useless for 
sorting purposes. The H. habilis material is from Olduvai 
alone; by design I used similar local samples (which, 
because they are local and small, are very unlikely to be 
as variable as pooled samples from widely scattered sites) 
to show that the ranges nevertheless overlap very greatly. 

Secondly, Tobias maintains that the very basis of my 
view 1s unacceptable since, “The taxonomic usefulness of 
a character in any specific comparison depends on its 
ability to differentiate between the two taxa considered. 
It is totally irrelevant . . . that some teeth of some other 
groups do not differ in -L/B index. The vital fact remains 
that this index does chow a definite difference between 
H. habilis and A. africanus”. In other words, my com- 
parisons between Paranthropus, Australopithecus and 
Homo are beside the paint. In this view I believe that he 
is seriously mistaken. What two taxa are being compared 
by Tobias ? According to him H. habilis and A. africanus; 
two species, that is. But these two species, according to 
Tobias, belong in different genera; hence when comparing 
them one is in fact comparing the genera in which they 
belong. By placing tne species in two different genera 
one is, in effect, saying that the main difference between 
them are the differences between the genera Ausiralopithe- 
cus and Homo since th> only legitimate way in which the 
two species concerned can get into different genera is by 
the one possessing tha sorting characteristics of Homo 
and the other possessing those of Australopithecus. To 
insist that one is here comparing only the two species and 
not the genera to which they belong is to misunderstand a 
fundamental aspect of taxonomy. In view of the position 
which Tobias is attempting to defend, he needs to demon- 
strate that the dental shape characteristics of the genus 
Australopithecus (which according to him includes the 
material I place in Paranthropus, hence this must also be 
included) differ significantly from those of the genus Homo. 
If he wishes to maintein that the shape index is a valid 
taxonomic criterion in this instance, then it is necessary 
that he demonstrates that by using it he can sort any 
specimen belonging to either of these genera into the 
correct genus. Clearly, if the ranges of this feature for the 
two genera overlap, shen this requirement cannot be 
met. 

The inability of this criterion to sort Australopithecus 
specimens from those of Homo is clearly demonstrated in 
the table given in my paper on this subject*. In this the 
most stable teeth in the groups mentioned (mandibular 
premolars and molars) as showing this difference most 
clearly are compared and it is seen that for Australopithecus 
and a large sample of H. erectus the means are not very 
different and the ranges overlap almost completely. 
In Tobias’s tables he has added some specimens to the 
Australopithecus sample, and this, as could have been 
predicted, makes the overlap even greater so that scarcely 
any of the specimens could be sorted into the correct 
genus by this criterion. As was pointed out, adding modern 
samples of Homo makes the observed range for his genus 
considerably greater. 

It might be argued that even though the tooth shape 
criterion is of no value at the generic level, it might be 
at the species level and would thus allow H. habilis to be 
distinguished from other species of Homo. The enormous 
variation in this index in modern man, all within a single 
species, which includes the known range for H. erectus as 
well as the ranges for the genera Australopithecus and 
Paranthropus, rather clearly suggests that this is not 
possible either. 

The shape index therefore cannot be used as a sorting 
criterion of the known hominid genera and, on available 
evidence, it is improbable that it could be used at the 
species level either, within the genera. Consequently I 
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conclude that it has very low phyletic valence and that it 
does not serve the purpose for which Tobias is attempting 
to use it. He is therefore very wide of the mark in claim- 
ing that the only semblance of validity my objection has 
stems from the use of the one incompletely developed 
crown from Swartkrans. The confusion of the generic 
and species levels in his comparisons further invalidates 
his taxonomic conclusion. 

My criticism of the establishment of the species H. 
habilis is that (1) variation has not been treated adequately 
or realistically; (2) the sorting criteria used are not valid; 
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(3) there has been some confusion between the genus and 
species levels in the taxonomic analysis. 


J. T. ROBINSON 
Departments of Anthropology and Zoology, 
University of Wisconsin, 
Madison, Wisconsin. 
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HE Commonwealth Universities Yearbook, 1966, lists 

& total of fifty-five universities and colleges in Canada 
with the power to grant degrees. Of these, thirty-eight 
are exercising all their powers, thirteen are holding some 
or all of their powers in abeyance while in federation or 
affiliation with another university, one (Guelph) is a new 
university formed from colleges previously affiliated to 
other institutions, and three (Brock, Trent and Simon 
Fraser) are new universities with full powers but founded 
so recently that their first students have yet to graduate. 
More than a third of the universities of Canada have 
received their charters since 1940, mainly during the past 
decade. 

The rate of change and of expansion in university 
facilities in Canada in the period since the end of the 
Second World War has been phenomenal. An impressive 
illustration is afforded by Simon Fraser University in 
Vancouver. It was conceived of and approved in 1963 and 
an architectural competition was then held for a design 
which would fit the 1,200-acre site selected. The Erickson- 
Massey plan was chosen from 71 entries late in the same 
year and this scheduled an opening in 1965 with 2,000 
students after an expenditure of 18 million dollars on 
buildings. In fact the University opened on schedule in 
October 1965 with 2,400 students and further rapid growth 
is expected. 

Matching this post-war explosion in university develop- 
ment there has been an even greater growth in the facilities 
for teaching and research in geography. Apart from the 
Universities of Toronto and Montreal, the subject was 
almost non-existent in Canadian universities at the out- 
break of the Second World War. To-day it is well estab- 
lished in all the major universities and in more than half 
the degree-awarding institutions, a development which has 
largely occurred in the past decade and which doubtless 
owes much to the survey on the state of geography in 
Canadian universities undertaken in 1951 by Prof. (now 
Sir Dudley) Stamp for the Canadian Social Science 
Research Council. 

An understanding and appreciation of the place of 
geography in the academic structure of Canadian uni- 
versities involves a background knowledge of the general 
pattern of university evolution within the Dominion. 
The story begins in 1635 when the priests of Quebec City, 
capital of the French colony of Canada, founded the 
Collége des Jésuites. The Séminaire de Québec came next 
in 1663 and from the amalgamation of these two institu- 
tions there grew the whole system of French-Canadian 
- university education. Laval University was the first to 


emerge in 1852, and secondly, in 1920, the University of 
Montreal, which was established as a ‘“‘succursale’’ of 
Laval in 1876. Many classical colleges, each associated 
with one of the universities, were established during the 
nineteenth century and institutions giving instruction in 
the French language spilled over the provincial frontiers. 
The Collége de St. Boniface, for example, was established 
in Manitoba in 1818, the bi-lingual University of Ottawa 
in 1848 and St. Joseph’s of New Brunswick in 1864. 
Colleges and universities in the English-speaking 
tradition came later than the French foundations and it 
was really the American revolution which brought English- 
speaking education to Canada. The Empire loyalists 
who streamed north into Canada soon established educa- 
tional institutions most of which were Anglican anc’ 
appropriately named “King’s College”. King’s College 
at Windsor, Nova Scotia, was founded by provincia 
charter in 1789 and received a royal charter in 1802 
It is now located at Halifax as the University of King’: 
College and is closely associated with Dalhousie University 
In New Brunswick the Provincial Academy of Arts anc 
Sciences became the College of New Brunswick by 
Provincial Charter in 1880, received a royal charter a: 
King’s College, New Brunswick, in 1828, and became thi 
University of New Brunswick in 1859. In 1827 “King’> 
College at York” was founded and from this emerged th: 
University of Toronto when the name of the city wa 
changed from York to Toronto. As part of the same trent 
came Queen’s College at Kingston, four years after th 
accession of Queen Victoria. Catholic and Anglica 
sponsorship of universities was followed by support from 
other denominations, for example, Mount Alison (Unite: 
Church) and Acadia (Baptist). McGill University i 
Montreal is an example of an institution founded by . 
wealthy individual without either Church or State support» 
During the twentieth century the support-of universitie 
by the Provinces became predominant, for example 
Alberta in 1906, Saskatchewan in 1907 and British Colum 
bia in 1908. The massive growth in facilities to matce 
the demand for university places after the Second Worl 
War has seen the increased importance of provincial ai 
and also the addition of Federal Government fund 
Federal sources include the National Research Coune 
and the Social Science Research Council. The latte 
operates on a limited scale, but co-operates closely wit 
the semi-independent Canada Council, which also giv 
financial assistance to geography on the Arts side. Tt 
Canada Council was founded in 1957 when the Feder. 
Government allocated 50 million dollars of death duti 


March 5, 1966 


derived from the James Dunn estate. The capital sum 
has since been supplemented by other large gifts. In order 
to qualify: for grants from certain of these sources many 
institutions have changed from a sectarian to a non- 
sectarian basis while others have amalgamated or federated 
into new universities. 

Ontario in particular has experienced the explosion 
in facilities. In 1939 it had six universities—-McMaster, 
Ottawa, Queen’s, Toronto, Waterloo-Lutheran and 
Western Ontario. To-day it has seventeen if we include 
Osgoode Hall Law School, which has degree-granting 
powers. Even more extraordinary is the fact that most 
of .the expansion has taken place in the past 6 years. 
New charters were authorized at Windsor in 1953 and 
Carleton in 1957, and these were followed in rapid suc- 
cession by Waterloo 1959, Royal Military College 1959, 
Laurentian 1960, Lakehead 1962, York 1963, Trent 
1963, Brock 1964, and Guelph 1964. 

In western Canada the early concept of a unified pro- 
"vincial university is changing as a result of population 
pressure. British Columbia has recently chartered the new 
universities of Victoria (1963), Simon Fraser (1964) and 
the Notre Dame University of Nelson. Alberta and 
Saskatchewan now operate two campuses each (at 
Edmonton and Calgary, and at Saskatoon and Regina 
respectively) and these may well emerge before long as 
four separate universities. The rate of change is indeed 
so great that some of these foundations are not recorded 
in the Commonwealth Universities Yearbook, 1965. 

It is against this general background of university 
expansion that one must set the development of geo- 
graphy as a discipline. Geographical. courses were in- 
troduced in Toronto in 1906 and in the University of 
Montreal in 1910, while the universities of British Colum- 
bia, McMaster and Western Ontario ‘followed in the 
twenties and thirties. A major step forward came in 
1935 with the establishment of a separate Department of 
Geography within the University of Toronto under the 
direction of Prof. Griffith Taylor. It was the Second World 
War, however, that demonstrated to Canada, as indeed 
the First World War had to Britain, that geography was 
important and valuable both as.a university discipline 
and as a practical subject. As a result departments of 
geography were ‘founded in quick succession in many 
of the existing universities and were also incorporated 
without question in nearly all the new foundations. The 
sequence began with McMaster in 1942 and was followed 
by McGill (1945), Laval (1946), British Columbia (1946), 
Western Ontario (1946), Montreal (1947), Ottawa (1951), 
Manitoba (1954), Edmonton (1955), Carleton (1957), 
Waterloo-Lutheran (1959), Queen’s (1960), Saskatoon 
(1961), Waterloo (1961), York (1962), Victoria (1962), 
Calgary (1963), Brock (1964), and Simon Fraser (1964). 
Geography is also being taught at the undergraduate 
level in a further ten Canadian universities, but in these 
full departmental status has yet to be granted. Progress 
has still to be made in some localities especially in the 
older-established universities in the Maritime provinces. 
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First Degrees 


The vast majority of Canadian students are registered 
in general rather than honours degree coursés. General 
degrees are made by passing a certain number of courses 
each year, that is, collecting credits. Thus the B.A. degree 
normally comprises five full courses each year, the B.Sc. 
degree six or more. Sessional examinations are held on 
the year’s work in each course and a pass standing is 
required for admission to the following year. This 
pattern can produce very large undergraduate geography 
registrations in those institutions where certain geography 
courses are regarded as basic to some of the degree struc- 
tures, or where geography courses prove popular among 
both arts and science students. In the United States 
there has been considerable criticism of the credit system 
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obtained by piling up credits in totally unrelated subjeets, 
but this situation rarely obtains in Canada, where various 
systems of required courses make a co-ordinated pattern 
of undergraduate work. 

The honours degrse course requires concentration on 
either one or two subjects and sometimes means an addi- 
tional year of study. The attainment of an honours 
level in the examinations is also a requirement for both 
entry to and continuance in an honours course. Many 
of the smaller universities and colleges have not yet 
progressed to the stage of offering honours degrees in 
geography. 

Although the credit system dominates the degree 
structure, in many other respects it is not difficult to see 
the influence of the universities of England and Scotland 
—especially Oxford, Cambridge, Edinburgh and London 
—in the English-Caradian universities and departments 
of geography. In the French-Canadian universities, 
however, the traditional French pattern is strongly 
in evidence. The baccalaureat with its well-rounded 
classical education usually precedes specialist and uni- 
versity studies. This instruction is given by approximately 
30 associated colleges under the supervision of universities 
such as Laval and Montreal. Thereafter the student enters 
a university where specialist training in geography is 
available in an ‘Instztut’—which in Canada resembles the 
normal department of geography. Both Laval and Mon- 
treal have maintained a close contact with French uni- 
versities and some professors of geography have held 
chairs simultaneously in Canada and France. 


í i Higher Degrees 


The situation regarding higher dégrees is still in process 
of evolution so far as geography is'concerned. Generally 
in English-Canadian. universities a master’s degree de- 
mands at least a year of study in certain prescribed courses 
beyond an honours bachelor’s degree, and an acceptable 
thesis. The Ph.D. degree requires at least two additional 
years, prescribed courses, examinations and the presenta- 
tion of a comprehersive thesis. Experience shows that 
studies extending over 2 and 3 years respectively are more 
normal. Most universities offering honours courses for 
the first degree also offer masters’ degrees, but owing to 
faculty affiliation thease are more often available in arts 
(thirteen. institutions) than in science (five institutions). 
The Ph.D. degree in geography is awarded in nine uni- 
versities. Doubtless this situation will be remedied in the 
course of time as the number of honours students and the 
volume of postgraduate work increase. 

In the case of the French universities the M.A. is often 
a first degree and the Diploma d'Études Supérieures en 
Géographie may be more equivalent to a master’s degree. 
There is little similarity of system between one university 
and another and it is valueless to try to relate the bacca- 
laureat, licence, diploma or doctorat with supposed English 
equivalents. The situation is perhaps less confusing for 
the British with their own anomalies as between Oxford, 
Cambridge, Edinburgh and the civic universities, than for 
academics from other countries where more uniform 
practice prevails. There is, however, at present a great 
deal of discussion under the auspices of the Quebec 
Ministry of Education on the subject of greater standardi- 
zation throughout the Province. 


Staffing and Equipment 


The staff-student -ratio in Canadian universities is 
akin to that which prevails in Britain and with ratios of 
1:12 common would be regarded by many as quite 
favourable. However, the credit and course system means 
that each student may be attached to several departments 
and that departmental staff-student ratios are much 
less favourable in practice. Geography departments are 
expanding rapidly and many have adopted the interesting 
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policy of trying to secure overseas nationals as their 
regional experts. British, American, French and European 
geographers are much in evidence_and doubtless will 
remain so until the newly emergent schools of geography 
begin to produce Canadian geographers in quantity. 
At present the opportunities for highly qualified geo- 
graphers are widespread in Canada, and the Dominion 
also suffers a ‘brain-drain’ south across the border to the 
United States. 

The very large number of students taking general 
courses In geography at the undergraduate level has led 
to the establishment of a grade of graduate assistants in 
most departments in order to help with practical classes, 
laboratories and field work. Graduate assistants normally 
study for higher degrees at the same time. Good honours 
degree students from Britain are especially sought for 
these posts and there should be a steady and continued 
demand for such for many years to come. The posts are 
financed in a variety of ways. Most universities award 
their own graduate fellowships and assistantships with 
stipends of 2,000 dollars and more. Commonwealth 
fellowships may be held in Canada and Provincial fellow- 
ships’ are available, notably in Ontario and Alberta, 
while the National Research Councils and the Canada 
Council also award scholarships and fellowships. Appli- 
cation for many of these awards may be made by United 
Kingdom subjects. 

For the young geographer anxious to acquire overseas 
experience, research training and a higher degree, Canada 
offers a wide range of possibilities. Intending migrants 
should, however, match their research interests with 
appropriate localities and/or departmental interests. 
While most departments are broad-based, some have 
developed specialist interests or can offer specialist 
facilities. Each year most departments issue brief des- 
criptive pamphlets which can be obtained on request. 

The physical facilities available to geography in 
Canadian universities are rapidly catching up with, 
and in some cases moving ahead of, those available in 
the United Kingdom. Completely new buildings for 
geography have recently been occupied or are under 
construction in most universities where the subject is 
represented—notably Alberta (Edmonton and Calgary), 
Carleton, Manitoba, McGill, McMaster, Simon Fraser, 
Toronto, Victoria, Waterloo and Western Ontario. 
Canadian geographers, like their British colleagues, have 
given a good deal of thought and attention to depart- 
mental buildings over the past 5 years and they recently 
requested Prof. Hans Carol of York University, Toronto, 
to act as a central clearing-house for planning details. 
It is interesting to note that, whereas in the 1951 report on 
geography in Canadian universities Prof. Stamp included 
a plea for map laboratory space as an essential require- 
ment, this is now taken for granted and many depart- 
ments have included specialist laboratories for physical 
geography, climatology, cartography, photogrammetry 
and pedology. Technical, secretarial and draughting 
support does not yet match that available in the United 
Kingdom, but this can be more easily remedied. 


Field Work 


Unlike laboratory provision, field work in Canadian 
universities tends to lag behind that in Britain. There 
are in fact a number of inhibiting factors such as the 
length and rigour of the winter which admittedly makes 
field work difficult during much of the academic session, 
and this is aggravated by the early termination of the 
session in May. Field work is also not easy to fit into 
course and credit systems, and students who are working 
their way through college find it difficult to attend long- 
vacation field courses. Only honours and postgraduate 
students can be conveniently managed in the field when 
general groups run into the hundreds, while the immense 
and uniform extent of many physical and cultural land- 
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scapes makes comparative studies difficult and encourages 
the widespread use of air photographs as substitutes. 

Canadian geographers, however, are grappling with this 
problem and in many cases with notable success. Courses 
on field work and field techniques are being introduced 
into the schemes of study either on a voluntary basis 
(for example, Carleton) or half credit basis (for example, 
Western Ontario), while in other departments (for example, 
Toronto, McMaster, Waterloo and Alberta) excursions 
are organized to areas of geographical interest in Canada or 
the United States. The province of Quebec has a long- 
standing field tradition with weekly excursions at Montreal 
and ten excursions during the session at Laval. The McGill 
Department of Geography has established field stations 
at Schefferville, Northern Quebec; at Barbados in the 
West Indies; at Rupununi in British Guiana; and at 
Axel Heiburg Island in the North West Territories. In 
this respect Canadian geographers have leapt ahead of 
their colleagues in Britain. Mention should also be made 
of the pioneer field studies being undertaken by the 
Geographical Branch of the Department of Mines and 
Technical Surveys. The field activities of this Government 
Department include expeditions involving substantial 
transport resources such as helicopters and light aircraft; 
organized as a regular and normal part of the work of the 
Geographical Branch, these Government activities are 
without parallel in Britain. 


Summer Schools 


Another feature of considerable importance is the 
summer school. Although summer schools are not held 
annually by all departments there are several normally 
available each year usually lasting from 6 to 8 weeks in 
July and August. The summer school has many functions 
in Canada. In some cases it grants credits towards a 
degree, in others it is a valuable refresher course for 
teachers. The summer school can also function as an 
alternative to sessional field work, which, as we have seen, 
can be difficult in the Canadian winter. The summer 
schools attract not only Canadians but also Americans, 
while some schools, notably McGill at Stansted and British 
Columbia at Vancouver, have become internationally 
known. It is customary at most summer schools to 
invite leading British, American and European geographers 
to contribute specialist courses in support of those given 
by the resident staff. Details of the summer schools are 
published by the organizing departments and are available 
on request. 


Research 


The full and continuing development of a subject 
depends ultimately on active research and publication. 
The steadily improving facilities and increasing number of 
geographers at work in Canadian universities in the past 
decade have greatly increased the volume of research work. 
In addition the Geographical Branch of the Department 
of Mines and Technical Surveys undertakes a great deal 
of research work; it is one of the six branches of the 
Department which is a complex federal research organi- 
zation specializing in the earth sciences and related fields. 
The Provincial Government of Quebec also mamtains 
@ geographical research establishment known as the 
Centre d’Etudes Nordiques at Laval University. 

Canadian geographers are now well served for the 
publication of their research. Pioneer work in this field 
was undertaken by the Société de Géographie de Québec, 
which published a Bulletin from 1880 until 1937 and, 
jointly with the Société de Géographie de Montréal, from 
1942 until 1944. This gave place to the Revue Canadienne 
de Géographie which is the organ of both the Société de 
Géographie de Montréal and of the Instatut de Géographie 
de l’Université de Montréal. The oldest uninterrupted 
series is the monthly Canadian Geographical Journal which 
has been published by the Royal Canadian Geographical 
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Society since 1930. In 1951 the newly-formed Association 
of Canadian Geographers began issuing the Canadian 
Geographer as a quarterly. It also produces a valuable 
annual report which lists geographical research publi- 
cations and statistics relating to geography in Canadian 
universities. 
of more than six hundred of whom half are associate or 
student members. Its British Columbia Division has been 
publishing Occasional Papers since 1960. 

The Geographical Branch issues a range of publications 
including an annual Bibliographical Series and an irregular 
series of Geographical Papers, both since 1950, the Geo- 
graphical Bulletin since 1951 and memoirs since 1953, 
as well as the Canadian atlases and gazetteers and various 
coloured maps. The Geographical Bulletin became a 
quarterly in 1965. The Cahiers de Géographie de Québec 
have been published by the Institut de Géographie de 
l'Université Laval since 1952 and the Centre d'Études 
Nordiques has produced a series of Travaux Divers 
appearing irregularly since 1963. Mention must also be 
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made of The Cartographer which made its début as a 
twice-yearly publicatzon during 1964. Although it is 
published by the Ontario Institute of Chartered Carto- 
graphers, it is strongly slanted to the cartographic interests 
of the geographer. Fapers in Canadian periodicals are 
not necessarily in the same language as the title of the 
journal. English articles are often supported by a French 
summary and vice versa. 

There are almost limitless possibilities for geography 
in Canada. Covering sn area of 3-75 million square miles, 
its population is still only 20 million. Much of the territory 
has yet to be investigated and there are numerous prob- 
lems in the fields of both physical and human geography 
awaiting attention. Hand in hand with the opening up 
of the country there is a growing demand for experts in 
geographical education, land use assessment, town and 
country planning, climatology, cartography, pedology, 
marketing and intelligence work—avenues of activity 
and careers into which the appropriately trained geo- 
grapher fits with ease. 


OBITUARIES 


Prof. N. I. Grashchenkov 


Ox October 8, 1965, one of the most outstanding 
Soviet neurologists and neurophysiologists, Prof. Nikolai 
Grashchenkov, died at the age of sixty-five at the height 
of his creative activity. 

From the first, Prof. Grashchenkov strove in all his 
scientific activity to establish the physiological method in 
neurology. He understood clearly that the extremely 
subtle experiments which Nature performs by effecting 
the central and peripheral formations of the nervous 
system in man considerably enlarge the perspectives of 
creating real human physiology. Throughout his scientific 
activity, N. I. Grashchenkov carried these principles into 
practice. As part of his training, Grashchenkov spent 2 
years at the most advanced physiological laboratories of 
the world at the Universities of Cambridge, New Haven, 
New York and Boston. When he returned to the Soviet 
Union, he placed experimental investigations at his offices 
‘on a broad footing. 

During the Second World War, Prof. Grashchenkov 
urned his investigations in clinical neurophysiology 
owards the war effort, and at the same time he became 
consulting physician at one of the Field Forces. It was 

there that he formulated the hypothesis of the mal- 
function of the synaptic structures in the central nervous 
system being responsible for reversible disorders. He 
‘ounded the doctrine of functional asynapsy in some 
sathological conditions of the brain and spinal cord, 
vhich still has great theoretical and practical importance. 

In his investigations of synaptic processes in the central 
1ervous system, Grashchenkov concentrated his attention 
m the role of bio- and physico-chemical interrelations in 

ome forms of nervous pathology. 

Together with his collaborators he published a large 
«umber of books, articles and monographs dealing with 

ie role of the hypothalamus in the neuro-humoral- 
ormonal regulation of brain functions. These investiga- 

=mons were of great importance in the elucidation of the 
roblem of homoeostasis in physiology and in clinical 
eurology. He showed that laboratory, clinical or physio- 
gical examinations alone did not give a reliable indica- 
‘on of the status and functions of healthy or sick 
rganisms and of the work of different organs or physio- 
gical systems. These problems could be solved only by 
wans of consistent dynamic study of physiological and 
iochemical parameters. l S 

One of the features of the investigations carried out at 
rof. Grashchenkov’s laboratory was the application of 


dosed-out functional load, making it possible to find 
homoeostatic limits and in each case to expose the links 
most open to injury ir the system of homoeostatic forces 
of the organism. This approach made it possible to put 
into practice a number of new therapeutic methods in the 
treatment of some forms of hypothalamic pathology. 

Grashchenkov paid much attention to the physiological 
analysis of traumatic injuries of the brain and to the 
problem of muscular diseases, particularly myasthenia. 
The most important problems of neurophysiology, such as 
the questions of function localization in the brain, of sleep 
and arousal, behaviouz and the orientating reaction, lay 
within the range of his interests. Grashchenkov’s works 
on virus encephalitis are also well known, and his early 
results on this subject still retain their value and scientific 
significance. 

Grashchenkov combined his scientific and pedagogical 
work with great organizational activity in the Held of 
public health in the U.S.S.R. He held a number of 
responsible posts in the Ministry of Public Health, and 
for a number.of years he was the president of the Byelo- 
russian Academy of Sziences. In recent years, also, he 
was one of the leaders of the Physiological Department of 
the U.S.S.R. Academy of Sciences. 

Grashchenkov’s life shows the possibilities open to people 
of talent in Soviet sociaty. The son of a peasant, a village 
cowherd, he took part ın the Civil War and became one 
of the leading scientisis not only in home but in world 
medicine. He was, for some years, assistant director- 
general of the World Health Organization; he repeatedly 
represented the U.S.S.R. in different international 
organizations, and participated in many international 
scientific symposia. In the person of Nikolai Grash- 
chenkov, Soviet medicine has lost one of its most gifted 
and versatile representatives. G. Kass. 


Dr. 1. L. Chaikoff - 


Dr. ISRAÐBL Lyon CEarkorr died on January 25,. 1966, 
in Berkeley, California. He was born in London on 
July 2, 1902, and he grew up in Toronto. He graduated 
from the University of Toronto in 1924 and immediately 
embarked on his career of research in physiology, which 
started in association with the late Prof. J. J. R. Macleod, 
in the department where insulin had recently been dis- 
covered by Banting and Best. The impact of the 
discovery had many effects; one of these was to shape 
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the lives of contemporary young research workers in the 
medical sciences. One of the most distinguished of these 
was I. L. Chaikoff. He received the degrees of Ph.D. in 
1927 and M.D. in 1930 from the University of Toronto, 
after which he joined the faculty of the University of 
California at Berkeley. Here he became a full professor 
in 1942. His laboratory maintained an unbroken flow of 
eminent contributions to biochemical endocrinology and 
metabolism. Many of his students continued their work 
in these fields as prominent members of the faculties of 
other universities. 

Chaikoff was an originator ın metabolic research, with 
the broadest of interests in biochemistry, medicine and 
nutrition. He was one of the first to introduce radio- 
isotopes in biology and medicine, and he pioneered with 
iodine-131, phosphorus-32 and carbon-14 in research on 
the thyroid, the pancreas, and the liver. For years he 
investigated the biochemical changes following experi- 
mental pancreatectomy, especially with regard to the 
aetiology of fatty infiltration of the liver. He made 
numerous investigations in arteriosclerosis, phospholipid 
metabolism, cholestero) biosynthesis (including the role 
of squalene as a precursor), lipogenesis, the role of insulin 


NEWS 


The Royal Society of Edinburgh 


SIR LAwRENCE Brace has accepted the invitation of 
the Royal Society of Edinburgh to deliver the James 
Scott Lecture, 1966, at the Society’s ordinary meeting on 
March 6, 1967. The Keith Prize for the period 1963-65 
has been awarded to Dr. Reinhold Fürth, formerly reader 
in theoretical physics, Birkbeck College, University of 
London, for his paper on the statistical thermodynamics 
of liquids published in the Proceedings of the Society 
during the period of the award and in recognition of his 
many valuable contributions in the same field. 


Geology in the University of Cambridge : 
Prof. O. M. B. Bulman, F.R.S. 


Pror. O. M. B. Burman resigns from the Woodwardian 
chair of geology in the University of Cambridge in October; 
the chair is the oldest geological endowment in Great 
Britam. Having been successively University demon- 
strator in geology (1931—34), lecturer in palaeozoology 
(1934-44), and reader in palaeozoology (1944-53), he was 
elected to the chair in 1955. He had entered the University 
of Cambridge as an 1851 Exhibition Senior Student at 
Sidney Sussex College in 1926 following Ph.D. studies at 
the Imperial College of Science and Technology under 
Prof. W. W. Watts, and he returned to Cambridge in 
1931 after holding teaching appointments in zoology and 
geology at Imperial College. Throughout h:s researches, 
Prof. Bulman has been predominantly a student of the 
Graptolithina, a group of fossils extensively used in 
classifying the Ordovician and Silurian strata. He has 
applied ingenious techniques and gifted powers of illus- 
tration to the better understanding of the morphology 
and evolutionary paths of these fossils. He and his 
research students have given remarkable impetus to 
studies of the group and of its occurrences in various 
parts of the world. Prof. Bulman has devoted much 
time to benefit the activities of scientific organizations 
and has held the office of president of Section C (Geology) 
of the British Association for the Advancement of Science 
(1959), the Palaeontological Association (1960-62) and the 
Geological Society (1962-64). In addition, for more than 
thirty years he has been a co-editor of the Geological 
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in intermediary metabolism, fatty acid oxidation. carbo- 
hydrate metabolism, the action of oestrogens, anterior 
pituitary hormones, adrenal steroids, and other fields 
involved with the function of the body. 

He shunned publicity and public appearances, pre- 
ferring to devote himself to his laboratory, to the teaching 
and training of students, and to the encouragement of 
his large staff of scientific associates and collaborators, 
among whom he inspired many loyal friendships. He 
objected strongly to any form of pretentiousness and he 
had wide literary interests. He was a man of the highest 
standards in research and scientific writing and he was 
keenly conscious of the history and progress of the bio- 
logical sciences. He was a prolific contributor to the 
leading scientific journals in his field, with a list of more 
than 400 publications in them. He held a Guggenheim 
fellowship in 1941-42, and a Miller research professorship 
during 1963-65. He was a Harvey lecturer in 1952, he 
received the Medal of the Endocrine Society of the 
United States in 1958, and he was faculty research 
lecturer at the University of California in 1958. He was 
married in 1949 to Isabelle Rawls, who survives him. 

T. H. JUKES 


and VIEWS 


Magazine. He is at present a member of the Natural 
Environment Research Council’s Geology and Geophysics 
Committee and a Trustee of the British Museum (Natural 
History). At Cambridge he has developed a more diversi- 
fied and adequately accommodated research school and 
has recently taken a prominent part in the reorganization 
of the Natural Sciences Tripos and postgraduate studies 
there. 


Prof. H. B. Whittington 


Pror. H. B. Wauarirrineron, who will succeed Prof. 
O. M. B. Bulman in October as Woodwardian professor of 
geology in the University of Cambridge, will take up that 
appointment with a record of world experience more 
varied than that of any previous occupant. A graduate, 
Ph.D. and D.Sc. of Birmingham, he went to Yale as a 
Commonwealth Fellow ın 1938 and in 1940 moved to 
Rangoon to teach at Judson College. During the Second 
World War, he became attached to an ambulance unit in 
Burma, whence he proceeded to Ginling College, in Cheng- 
tu. In 1945 he returned to Birmingham, but the invita- 
tion which he accepted in 1949 to go to Harvard University 
as a visitmg lecturer was rapidly turned into the offer of a» 
more permanent appomtment and for years he has been 
professor of geology at Harvard and curator of inverte 
brate palaeontology in the Museum of Comparative 
Zoology. His copious list of publications includes æ 
worthy number relating to the stratigraphy of the Britisk 
Isles and America and even one or two on the physiology 
of Szechuan, but ıb is as a palaeontologist, and especially 
as an expert on the trilobites, that he has achieved a 
international reputation. In 1955 he became secretary o 
the Palaeontological Society of America and he has jus» 
completed his term as president of that body. Thx 
Geological Society of London awarded him the Bigsby 
Medal in 1957. It is a testimony to his internationa 
reputation that he has been asked by the Geologica 
Survey of Canada to direct excavations in the Middh 
Cambrian Burgess Shales of British Columbia whic* 
revealed to Walcott so much that was previously unknow 
and unsuspected in the animal world. Continuation of thi 
direction after next summer will presumably be fron. 
Cambridge. 
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Applied Mathematics in the University of Manchester : 
Prof. L. Mestel 


Dr. Leon Mester, University lecturer and Fellow of 
St. John’s College, Cambridge, has been appomted to a 
new chair of applied mathematics in the University of 
Manchester. Early ın his research career, Dr. Mestel 
attracted notice by new ideas which he put forward on 
the energy source of white dwarf stars. Difficulties had 
arisen if the source were attributed to nuclear processes; 
Dr. Mestel showed that the difficulties were overcome if 
the energy came from a cooling process. Subsequent 
research has amply confirmed this theory. In 1954, he 
was awarded a Harkness Commonwealth scholarship. 
While at Princeton University he worked with Prof. Lyman 
Spitzer on problems of star formation. In their joint 
work, important new ideas on the significance of an 
interstellar magnetic field and of interstellar grains were 
put forward. These ideas have been incorporated in all 
subsequent discussions of the star formation problem. 
Returning to Cambridge, Dr. Mestel was appointed 
University lecturer in mathematics. In 1957 he was 
elected a Fellow of St. John’s College. His interests in 
cosmic electromagnetism have continued, and in recent 
years he has been much concerned with applying this 
subject to problems of cosmogony and of stellar mag- 
netism. 
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Mechanical Engineering in the University of Sussex : 
Prof. F. J. Bayley 


Dr. F. J. Baytey has been appointed the first professor 
of mechanical engineering ın the University of Sussex. 
Dr. Bayley has been reader in gas dynamics at the 
University of Newcastle since 1959, in the Department of 
Mechanical Engineering where he had previously been a 
lecturer since 1955. After graduating at Newcastle in 
1948, he specialized in fluid mechanics, thermodynamics 
and heat transfer. For his original contributions to these 
subjects he was awarded successively the degrees of 
M.Sc. (Dunelm) in 1951, Ph.D. (Dunelm) in 1955, and 
D.Sc. (Newcastle) in 1964. After taking his first degree he 
was appointed scientific officer at the National Gas 
Turbine Establishment at Pyestock, where he remained 
for 3 years until he was appointed a research engineer at 
the Pametrada Research Station in 1951. Two years 
later he returned to the then King’s College, Newcastle, 
where he held a Clayton résearch fellowship from the 
Institution of Mechanical Engineers until he was appointed 
a University lecturer. Dr. Bayley has become well known 
in recent years as a consultant on special regenerator and 
heat-exchange problems and has advised a number of 
firms and institutions in regard to the design of such 
equipment, both in Britain and in the United States. 


William Whewell, F.R.S.—a Versatile Scientist 


AMONG a number of scientists who have been eminent in 
more than one field, William Whewell, who died 100 years 
ago on March 6, was particularly remarkable. This 
Master of Trinity had so many activities as tutor and 
lecturer at Cambridge and as professor of mineralogy, as 
well as a science writer and author of full-scale texts, that 
it is surprising to look back on all his other work. The son 
of a master carpenter, Whewell went to Cambridge in 
1812 and took various prizes, including the Chancellor’s 
Medal for English, while all the time he was apparently 
a mathematician. He became second wrangler, wrote 
texts on mechanics, and always strove to improve mathe- 
matics teaching at Cambridge. Yet, after travels abroad, 
Whewell was equally noteworthy for dissertations on 
architecture, while in mineralogy and crystallography his 
papers in the Philosophical Transactions of the Royal 
Society as well as of the Cambridge ‘Phil’—of which he 
was a founder member—were such that it seemed no 
surprise to find him elected to the chair of mineralogy in 
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1828. Whewell was a ‘universalist’. as his contemporaries 
put it. He naturally had critics, since he had a finger in 
many @ pie, so much so that Sydney Smith commented: 
“Science ıs his forte, omniscience his foible”. Yet though 
a theorist and philosopher rather than an experimentalist, 
Whewell benefited many of the branches of science in 
which he was interested. In geology, Whewell helped 
Lyell in nomenclature, while in electrical science students 
to-day scarcely realze that it was Whewell who itro- 
duced such everyday terms as ‘ion’ in his association 
with Faraday. Whewell was an acclaimed expert on the 
theory of tides, with fourteen memoirs in the Transactions 
of the Royal Society. President of the Geological Society 
and of the British Ascociation for the Advancement of 
Science, and author of a classical three-volume History of 
Inductive Sciences, Whewell could write as well on astron- 
omy as he could (after ordination) on theology. To 
appreciate the full breadth of his interests one must turn 
to the Dictionary of National Biography, in which whole 
columns are devoted to his publications alone. 


British Government Aid Overseas 


In reply to questions in the House of Commons on 
February 8, the Partiamentary Secretary to the Ministry 


, of Overseas Development, Mr. A. E. Oram, said that 


British Government disbursements of economic aid were 
provisionally £189 million in 1965, compared with £160 
million in 1963 anc £191:6 million in 1964, the latter 
figures being 0-59 ard 0-66 per cent of the gross national 
product, respectively. About £147 million of the 1965 
total went to the Commonwealth. The Government’s 
target for gross official aid in 1966-67 was £225 million. 
In a written answer, the Minister, Mr. A. Greenwood, 
stated that financial assistance was not being given 
to any African country which supported the illegal régime 
m Rhodesia. Britaix’s total bilateral economic aid to mde- 
pendent African countries ın 1964-65 was £69-6 million, 
of which £17:1 million was for technical] assistance; of 
this £63-7 million and £16-8 million, respectively, was to 
Commonwealth countries. In a written answer on 
February 10, Mr. Greenwood gave bilateral advances 
(including Exchequer advances to, but not total overseas 
investment by the Commonwealth Development Corpora- 
tion) as £139-2 million in 1963, £173-2 million in 1664 and 
£172-3 million in 1865. Of these totals, £119-6 mullion, 
£153-7 million and 2151-7 million, respectively. were for 
Commonwealth courtries, and £22 5 million, £23-6 million 
and £28-6 million, respectively, for technical assistance to 
Commonwealth countries. 


Articulated Ship 


In reply to a question in the House of Commons on 
February 8, the Jcint Parliamentary Secretary to the 
Ministry of Technclogy, Mr. R. Marsh, said that an 
articulated ship had been devised by a firm of naval 
architects. The National Research Development Cor- 
poration had already announced its willingness to consider 
sharing the cost of development of this ship as a joint 
venture if a suitable industrial partner could be found. 
The Corporation had for some years been supporting the 
development of Dracones, flexible contamers that could 
be towed on water and used for the bulk transport of 
liquids. Dracones were already 1n production and oper- 
ating successfully in several parts of the world. 


Computer Programme Library 


In reply to another question on February 8, Mr. Marsh 
said that the Computer Programme Library of the 
European Nuclear Energy Agency collected and dis- 
tributed magnetic tapes on which were recorded data 
related to fundamenzal scientific and engineering problems 
in the nuclear field. The Library did not handle material 
relating to the eveluation of nuclear installations or 
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costings. Since it became operational in May 1964, the 
Library had received 299 computer programmes, of which 
32 were from the United Kingdom. The Library was 
now nearing the end of its first three-year term and pro- 
posals relating to the Centre were being considered by 
the Government which would then decide on its policy 
towards the Centre. 


Patent Office 


IN a written answer in the House of Commons on 
February 10, the Minister of State, Board of Trade, Mr. 
G. Darling, stated that six organizations had made 
representations to the President against moving the 
Patent Office from London. The President intended to 
arrange to move the Patent Office to a suitable site in 
Croydon, but the Library would remain in Central London 
and the Printing and Sales Branch at St. Mary Cray. 


Committee on the Civil Service 


In a statement in the House of Commons on February 8, 
the Prime Minister said that the Government accepted the 
recommendation of the Estimates Committee that a 
committee should be appointed to examine the structure, 
recruitment and management, including training, of the 
Home Civil Service. Lord Fulton had agreed to be chair- 
man of this committee. The other members would be 
Sir Philip Allen, Sir Edward Boyle, Sir William Cook, 
Sir James Dunnett, Sir Norman Kipping, Prof. Lord 
Simey, Mr. W. C. Anderson, Mr. N.-Hunt, Mr. R. Nield, 
Mr. J. Wall and Mr. S. Williams. The very broad terms 
of reference would require a fundamental and wide-ranging 
enquiry in the tradition of the great enquiries of the past, 
such as Northcote—Trevelyan in 1853 and the Tomlin 
Commission in 1931, and he hoped that its reeommenda- 
- tions would enable the Civil Service to meet Britain’s 
needs for many years to come. Mr. Wilson emphasized 
that the decision to set up this committee did not mean 
that the Civil Service had in any way been found lacking 
by the Government in its present operations. On the 
contrary, it was the experience of Ministers that the 
Service met the demands put on it with flexibility and 
enterprise. Nor did the willingness to consider changes in 
the Civil Service imply any intention of the Government 
to alter the basic relation between Ministers and civil 
servants. Civil servants remained the confidential advisers 
of Ministers, who alone were answerable to Parliament for 
policy: no change was envisaged in this fundamental 
feature of the parliamentary system. In reply to Mr. 
Heath, who welcomed the statement, Mr. Wilson said 
that it would be within the terms of reference and com- 
petence of the committee to enquire into all aspects of 
the functioning of and recruitment to the Civil Service. 
An important working party was already considering 
training, and the result of that enquiry would be made 
available to the new committee. While welcoming the 
report of the Estimates Committee on recruitment to 
the Civil Service as an extremely valuable contribution to 


the investigation of this subject, Mr. Wilson added that he - 


did not necessarily accept all the conclusions of its report. 
He also added that it would be right for the committee 
to enquire into the question of exchanges between the 
Civil Service and the universities, business and local 
government. As regards wider recruitment, in the past 18 
months there had been considerable success in attracting 
from universities and industry highly suitable persons to 
help with planning and with scientific and technological 
work, and there had been the greatest possible effort to 
widen the field of recruitment. The committee would 
also consider the possibilities of secondment and part- 
time service. A similar statement was made in the House 
of Lords, also on February 8, by the Earl of Longford, 
who, in reply to Viscount Dilhorne’s question, assured 
him that the Legal Civil Service fell within the terms of. 
reference of the committee. l f 
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British Government Aid Overseas 


In the article appearing under the above heading on 
p- 1153 of the December 18, 1965, issue of Nature, the 
figures given as ‘‘British Government contributions in 
1964-65” are, in fact, the contributions over the period 
1946-47 to 1964-65. The figures for the year 1964-65 
are, in fact, £9 million to the International Development 
Association, £3-6 million to the United Nations Expanded 
Programme of Technical Assistance and Special Fund, 
£1-9 million to the United Nations Relief and Works 
Agency, £0:3 million to the United Nations Children’s 
Fund, £02 million to the United Nations Assistance to 
the Congo, £0-6 million to the World Food Programme 
and £3-2 million to the Indus Basin Development 
Scheme. 


Medical Education in the United States 


A CONFERENCE to consider curriculum, programming 
and planning in medical schools and teaching hospitals 
was held by the New York Academy of Sciences during 
March 1965, and supported in part by grants from the 
Alfred P. Sloan Foundation, the Commonwealth Fund, 
the Russell Sage Foundation and the New York Chapter 
of the American Institute of Architects. A record of the 
conference has been published and includes papers on 
medical schools and teaching hospitals; curriculum, pro- 
gramming and planning; the mainstream of American 
medical education, 1765-1965; development of a new 
medical schoo]; past experiences and considerations for 
the future; research in medical education participation 
of faculty and students; experimentation in medical 
education; the student, the patient and the university ; 
biophysics and medical engineering; the relationship 
between medical education and medical practitioners; 
teaching and research; behavioural science in the medical 
curriculum; the science of nutrition in the medical cur- 
riculum; the humanities in the medical curriculum; 
budgeting the operation of the medical school; introduc- 
tion to physical programming and planning; criteria for 
planning; long-range planning of the medical centre; 
and architectural programming and planning for the 
medical centre (Ann. N.Y. Acad. Sci., 128, Article 2: 
Medical Schools and Teaching Hospitals: Curriculum, 
Programming and Planning. By Walter H. Blucher and 
33 other authors. Pp. 457-720. New York: New York 
Academy of Sciences, 1965. 5 dollars). 


Supply of Anti-serum in India 


AN indication of the problems in public health which 
confront an over-populated sub-continent such as India 1s 
shown in the annual report of the King Institute of 
Preventive Medicine, Guindy, for 1962-63 (By Dr. 8. 
Govindarajan. Pp.8+2. Guindy, Madras: King Institute 
of Preventive Medicine, 1965). The stock of anti-serum 
at the Institute was not satisfactory during the year under 
review, since no foreign exchange was released during 


-the previous two years towards the purchase of foreign 


sera. Sera from indigenous sources were several times 
costlier and were not available in adequate quantities 
whenever they were required. The manufacture of anti- 
serum at the King Institute covers only a small part of 
the requirements, and thus purchases have to be made 
from abroad or from indigenous sources to supplement 
local manufacture. There are few institutions and firms 
in India which actually manufacture anti-sera. The 
majority of the firms which supply anti-sera are merely 
representatives of foreign firms, arranging the supply 
from other countries through the State Trading Corpora- 
tion: -The price of sera fluctuated widely~and the sera 
were not available in adequate quantities. The time of 
supply was uncertain and could not be relied on. Such a 
situation created a heavy burden on the Department of 
Anti-toxins at the Institute. ! 
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Radiochemistry of Chromium and Rhodium 


Tue Sub-committee on Radiochemistry, one of several 
sub-committees working under the Committee of Nuclear 
Science within the National Academy of Sciences—National 
Research Council, ıs responsible for the publication of a 
series of monographs, each of which collects into one 
volume pertinent information required for radiochemical 
work with an individual element. These monographs are 
revised from time to time to bring the information up to 
date. Monograph NAS-NS-3007, issued in December 
1964 and compiled by J. Pijck (University of Ghent), 
deals with chromium, and NAS-NS-3008, issued in May 
1965 and compiled by J. C. Armstrong (Florida State 
University) and G. R. Choppin (Hazelton Nuclear Science 
Corporation, Palo Alto, California), with rhodium 
(NAS-NS-3007. Radiochemistry of Chromium. By J. 
Pijck. Pp. v+64. 75 cents. NAS-NS-3008: Radio- 
chemistry of Rhodium. By James C. Armstrong, jun., 
and Gregory R. Choppin. Pp. vi+75. 1 dollar. Wash- 
ington, D.C.: National Academy of Sciences—National 
Research Council. Available from the Clearing-house for 
Federal Scientific and Techmecal Information, National 
Bureau of Standards, U.S. Department of Commerce, 
Springfield, Virginia, 1965). Both monographs are revised 
and expanded versions of earlier editions. They include 
reviews of the nuclear and chemical properties of the 
elements, discussions of methods of sample dissolution 
and of separation reactions, descriptions of counting 
techniques and a compilation of radiochemical separation 
procedures. 
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Building Economics and Cost Planning 


CERTAIN trends in the building industry, not only in 
Britain, but also in many other countries, are discern- 
ible in modern developments designed to break away 
from strictly traditional procedures, to establish firmly 
a more rational code of building economics and a new 
concept of what has come to be known as ‘cost planning’. 
Contemporary studies of building conditions to-day have 
conclusively shown that purely technical problems of 
construction in developed countries are relatively insignifi- 
cant when compared with problems of cost and labour 
estimating, budgetary control at all levels, and an urgent 
need to improve communications throughout the industry. 
This theme is the subject of a stimulating paper by 
T. W. Miners entitled “Some Aspects of Building Econo- 
mics and Cost Planning” (National Building Research 
Institute, South African Council for Scientific and Indus- 
trial Research. CSIR ref. R/Bou 122. Reprinted from 
South African Architectural Record, 50, No. 2; February 
1965). “Cost planning, in its widest sense, may be seen 
as an attempt to rationalize the cost aspects of a building 
project, from conception of the idea to build, through the 
design and construction phases and then finally through- 
out the life of the building until the period of economic 
obsolescence has been reached.” 

Mr. Miners discusses the different types of economic 
investigations undertaken in co-ordinating national 
interests, what he calls ‘fringe’ interests, and those of 
builders, group interests (such as local authorities), 
manufacturers, investors, and, last but not least, the 
interests of the client: “. . . he ig the most important 
person to the industry’. In the paragraphs on “Cost 
Planning and the Design Process’’, the technique of ‘cost 
planning’ implies the method used during the design 
process of keeping the cost of a building project within a 
predetermined sum; it includes preparation of the ‘cost 
plan’, and also the following stages of*‘cost checking’. 
Fundamentally, this scheme of ‘cost planning’ is envisaged 


as @ bridge between national, design, construction and - 


investment interests; these are closely interrelated and 
dependent on each other. Some re-organization of the 
industry along these lines would appear to be inevitable 
and this essay makes a strong case for its serious considera- 
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tion. Fully aware of the potential advantages -of ‘cost 
planning’, the Naticnal Building Research Institute has 
already embarked on a programme of research in this field, 
including building economics in the wider sense, in col- 
laboration with the Industrial Economies Division of the 
Council for Scientific and Industrial Research. 


Arctic Stratigraphy 


Lhe Triassic Stratigraphy of Svalbard is an example of 
the major advances teing made in many parts of the Arctic 
from the previous reconnaissance level of geological know- 
ledge (Norsk Polarinstitutt. Skrifter Nr. 135. By 8. H. 
Buchan, A. Challiner, W. B. Harland and J. R. Parker. 
Pp. 92. Oslo: Norsk Polarinstitutt, 1965. 15 kr.). 
It is the result of wark carried out by the group directed 
in the University of Cambridge by W. B. Harland. It 
contains a review of many scattered earlier publications, 
but consists mainly of new and detailed observation, 
much of it clearly presented in diagrammatic measured 
sections and summerized m a fence diagram. A new 
scheme of stratigraphical subdivisions is proposed in 
line with modern international usage. A lengthy “Index 
to Svalbard Triassic Fossils” includes all published fossil 
determinations and provisional determinations of the new 
Cambridge material. Probably the most interesting sec- 
tion for the non-spevialist reader is one comparing these 
Triassic rocks with those of other Arctic areas. This 
demonstrates the ker role of Svalbard in working out the 
complex - pattern of movements between the various 
Arctic—Atlantic landmasses. 


Life Insurance Medical Research Fund of Australia and 
New Zealand 


APPLICATIONS are invited by the Life Insurance Medical 
Research Fund of Australia and New Zealand for financial 
assistance to conduct research broadly related to cardio- 
vascular function and disease. The Fund will award 
grants-in-aid to nor-profit institutions in Australia or 
New Zealand, equinped with the basic facilities for 
research, to support a specific programme of fundamental 
or clinical research under the direction of an experienced 
full-time investigator. Such grants will be made initially 
for one to three years. The Fund is also offering research 
fellowships to university graduates to engage full-time in 
fundamental or clinical research. Such fellowships will 
be of two types: (a) Zellowships to work in Australia and 
New Zealand will bs granted initially for one year to 
medical graduates, who need not have previous research 
experience; (b) travelling fellowships will be granted for 
a period of two years abroad and a third year in Australia 
or New Zealand to graduates with at least two years’ 
experience in research. Travelling expenses will be pro- 
vided for the fellow and his family. Further information 
and forms of application can be obtained from Dr. H. M. 
Whyte, medical director, Life Insurance Medical Research 
Fund of Australia and New Zealand, Box 4134, G.P.O., 
Sydney, New South Wales. The latest date for receipt of 
applications is July I, 1966. 


Travelling Research Fellowships to Denmark and 
Sweden, 1966-67 


APPLICATIONS are invited for the Carlsberg-Wellcome 
and Wellcome-Swedish travelling research fellowships, 
1966-67. The objecs of these is to encourage working 
visits, on an exchanges basis, between Danish and British, 
and Swedish and British, investigators im any branches - 
of the natural sciences which have a bearing on human 


>and animal medicine. One of each fellowship is awarded 


annually to a graduate from the United Kingdom for a 


years work in the exchange country, and one Swedish 


and one Danish candidate annually may work in the 
United Kingdom. ‘The stipend may range from £1,000 
to £2,000 per annum; travelling and some incidental 
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expenses are provided in addition. The Carlsberg—Well- 
come fellowships are arranged with the Carlsberg Founda- 
tion in Copenhagen; the Wellcome—Swedish fellowships 
are provided jointly by the Medical Research Council of 
Sweden and the Wellcome Trust. Candidates in the 
United Kingdom can obtain further information from the 
Secretary, the Wellcome Trust, 52 Queen Anne Street, 
London, W.1. Completed applications must be submitted 
by April 9, 1966. 


Guinness Awards for Science and Mathematics Teachers 


THe Guinness Awards for Science and Mathematics 
Teachers are now being extended to Africa. They are 
being carried out in association with the Department of 
Education in Tropical Areas of the University of London 
Institute of Education, Malet Street, London, W.C.1, 
together with the assistance of a number of Departments 
and Institutes of Education in Africa, Ministnes of 
Education and the British Council. 


Nature Subscriptions 


Ir is regretted that the charges for direct postal sub- 
scriptions to Nature printed on the back page of the index 
for Volume 207 are incorrect. The present charges are: 


Inland Overseas 
12 months £14 0 0£13 15 0 
£6 17 86 


6 months (26 vein £7 0 0 
3 months (13 issues £3 10 0 £8 8 8 


Payment from abroad should be made by International 
Money Order or by cheque payable to Macmillan 
(Journals), Ltd. (Macmillan (Journals), Ltd., is now at 
4 Little Essex Street, London, W.C.2.) 


Organization of the Scientific Civil Service 


It has been brought to the Editor’s notice that the 
fourth paragraph of the review of the Report of the 
Tennant Committee, published on p. 113 of the December 
18, 1965, issue of Nature, ıs open to misinterpretation. 
The figures given in the first sentence of the paragraph 
relate to the unestablished staff referred to in the pre- 
ceding paragraph. Thus, in the scientific and experi- 
mental officer classes taken together, 80 per cent of the 
officers serving m a temporary or unestablished capacity 
have been employed in the Civil Service for 5 years or 
less, and in the scientific officer class 60 per cent and in 
the experimental officer class 50 per cent of the unestab- 
lished staff have been employed for 2:5 years or less. 


University News: Edinburgh 


Dr. R. M. Cormack has been appointed senior lecturer 
in statistics. The following lecturers have also been 
appointed: Dr. C. P. Mayers (pathology); Mr. D. A. 
Williams, Mr. ©. W. D. Peare and Mr. E. F. Harding 
(statistics). 

London 

A CHAR and Research Group in Traffic Studies have 


recently been established at University College, London, 
and Prof. R. J. Smeed, formerly deputy director (traffic 


and safety) of the Road Research Laboratory, and -more’ 


recently chief scientist at the Ministry of Land and 
Natural Resources, has been appointed holder of the chair 
and director of the Group. 

Manchester 


Pror. D. H. VALENTINE, professor of botany in the 
University of Durham, has been appointed George Har- 
rison professor of botany and director of the Experimental 
Grounds in succession to Prof. C. W. Wardlaw, who is 
retiring on September 30. The following appointments 


have also been made: Readers, Dr. A. Allsopp (crypto- | 
gamie botany); Dr. K. J. Dormer and Dr. E. W. Simon ` 


(botany); Dr. W. C, E. Higginson, Mr. O. 8. Mills, Mr. 
N. L. Paddock and Dr. G. F. Smith (chemistry); Dr. 
F. P. Stainthorp (chemical engineering); Senior Lecturers, 
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Dr. F. R. Jevons (biological chemistry); Dr. L. Barden 
(soil mechanics); Dr. R. A. J. Shelton (metallurgy); Dr. 
G. A. Lumb (medical chemistry); Dr. G. Taylor (immuno- 
logy); Dr. G. C. Wood (chemical engineering); Dr. W. D. 
Humpage, Dr. D. C. Northrop, Dr. L. M. Wedepohl, Dr. 
T. E. Broadbent and Dr. D. Tipping (electrical engineer- 
ing); Mr. S. V. Fagg (mathematics); Mr. N. D. White- 
house (mechanical engineering); Dr. 1. G. Edmunds 
(physics); Lecturers, Dr. S. Dunstan, Dr. M. G. Barlow 
and Mr. M. J. Ware (chemistry); Dr. G. 5. Taylor (botany); 
Dr. J. A. Joule (organic chemistry); Mr. D. G. Buchanan, 
Mr. B. E. Jones and Mr. P. Swarbrick (electrical engin- 
eering); Dr. J. M. Anketell and Mr. J. Esson (geology); 
Mr. R. D. Gregory, Mr. J. A. King-Hele, Mr. J. T. Smith, 
Dr. G. Christensen and Dr. D. A. Lavis (mathematics) ; 
Mr. P. Wilkes (metallurgy); Dr. J. M. Irvine (theoretical 
physics); Mr. J. E. B. Ponsonby (radio-astronomy); Dr. 
R. T. W. L. Conroy (physiology); Dr. A. J. Barson, Dr. 
A. Garner and Dr. R. S. Kirk (pathology); Mr. G. H. West 
(polymer and fibre science); Dr. N, Jones and Mr. J. T. 
Turner (mechanical engineering). 


Announcements 


Mr. J. H. Nicholas and Mr. M. E. Burt have been 
appointed deputy chief scientific officers at the Road 
Research Laboratory: Mr. Nicholas has been appointed 
head of the Construction Division, and Mr. Burt head of 
the Design Division. 


Mr. H. Ll. D. Pugh and Mr. A. H. Low have been 
awarded the W. H. A. Robertson Medal and Premium 
for 1965 by the Council of the Institute of Metals, for 
their paper, “The Hydrostatic Extrusion of Difficult 
Metals”, which was published in the March 1965 issue of 
the Journal of the Institute of Metals. 


Tue 1966 congress of the Institute of Animal Tech- 
nicians will be held in the University College of North 
Wales during March 31-April 1. Further information can 
be obtained from Mr. A. E. Mundy, 5 Ouse Bridge 
Drive, Carlton, Nottingham. 


Tue first meeting of the newly formed North East 
Section of the Society for Analytical Chemistry will be 
held in Durham on March 24. Further information can 
be obtained from the Society for Analytical Chemistry, 
14 Belgrave Square, London, 8.W.1. 


A symposium on “Scottish Estuaries”, arranged by the 
Institute of Biology (Scottish Branch), will be held in the 
University of Strathclyde during March 31l-April 1. 
Further information can be obtained from Dr. E. J. 
Perkins, Department of Applied Microbiology and 
Biology, Biology Annexe, University of Strathclyde, 
George Street, Glasgow, W.1. 


A JOINT meeting of the North of England Section of the 
Society for Analytical Chemistry and the Leeds University 
Union Chemical Society will be held in the University of 
Leeds on March 18. Prof. ©. L. Wilson will deliver a 
paper on “Analysis Reborn”. Further information can 
be obtained from the Society for Analytical Chemistry, 14 
Belgrave Square, London, 8.W.1. 


A CONFERENCE on “‘Nuclear Structure and Elementary 
Particles”, arranged by the Nuclear Physics Sub-commit- 
tee of the Institute of Physics and the Physical Society, 
wul be held in the University of Oxford during March 30— 
April 1. Further information can be obtained from the 
Meetings Officer, Institute of Physics and the Physical 
Society, 47 Belgrave Square, London, 8.W.1. 


A. sympostum on “Tape Recording of Biological Sig- 


, hals”, organized by the Scottish Section of the Institution 


of Eleétronic and Radio Engineers and the Scottish Elec- 
tronics-and Control Section of the Institution of Electrical 
Engineers; will be held in Edimburgh on March 29. 
Further information can be obtained from Mr. P. M. 
Elliott, 21 Craigmount Loan, Corstorphine, Edinburgh 12. 
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NATIONAL RESEARCH DEVELOPMENT CORPORATION 


HE sixteenth annual report of the National Research 

Development Corporation*, covering the year ended 
June 30, 1965, again emphasizes a marked increase in the 
Corporation’s activities; to cope with the anticipated 
increase, major changes were made in the organization of 
the Corporation. The two Departments of Applied Science 
and Engineering have been divided into groups for Bio- 
Sciences, Industrial Chemistry and Scientific Equipment, 
and for Electrical Engineering and Electronics, Computers 
and Automation, Mechanical Engineering, and Production 
Engineering, respectively, and a Department of Planning 
and Policy Co-ordination has been established. Financial 
assistance was provided for more than thirty-five new 
projects (representing an initial investment of £5,759,000) 
compared with thirty in the previous year, as well as 
additional support of about £2 million for existing projects 
including hovercraft. Actual expenditure on development 
was £591,339 compared with £457,366 in the previous 
vear, and forward commitments now amount to £8,653,000. 
Nine items of development expenditure totalling £128,000 
were written off, and ninety-five development projects 
were in being at the end of the year compared with sixty 
at the end of the previous year. During the year, fifty-six 
new licence agreements with firms in the United Kingdom 
and overseas were completed, and nineteen terminated, 
compared with seventy-one and thirty-three, respectively, 
in the previous year, making a total of 593 licence agree- 
ments in force in the United Kingdom and 56 overseas 
(561 and 58, respectively, in the previous year). 

Two major changes during the year noted in the report 
were the transfer in February 1965 of statutory respons- 
ibility for the Corporation from the Board of Trade to the 
Minister of Technology and the extension of the Cor- 
poration’s financial resources and the increase of its scope 
under the Development of Inventions Act, 1965, passed 
in June. The Corporation believes that its future 
business will continue to be concerned mainly with sup- 
porting technological development, but that work of a 
high-risk, long-term, or applied-research nature will be 
more extensively supported where this is judged to have 
a probable commercial advantage for an industrial user. 
Even more extensive may be the support of innovation 
in industry, and for this purpose the Corporation’s 
experience in furthering the exploitation of its own 
projects may be more generally applied. The Corporation 
also affirms its belief that in all significant developments 
where Government spending with industry is involved, it 
has much experience to offer in the conduct of joint 
ventures with firms. It considers that Government 
departments could well profit from closer contact between 
the research establishments and itself. It also believes 
that further steps should be taken to increase the aware- 
ness of industry of the help which the Corporation could 
amcive. The report reiterates the view that in future the 
proportion of projects in which industry and the Corpora- 
tion share the risks will increase and that a large increase 
nt the number and scope of applications for assistance from 

dustry can be expected. 

Of the 1,122 inventions communicated to the Corpora- 
mation during the year, 276 were from Government depart- 
«nents and Research Councils, 168 from universities, nine 


* National Research Development Corporation Sixteenth Annual Report, 
1964-85. Pp. 5348 plates (London’ H.M.S O , 1965) 5s. net 


from industrial research associations, 93 from private 
firms and 510 from private individuals in the United 
Kingdom. Of 183 pazent rights assigned to the Corpora- 
tion during the year, 134 were from Government depart- 
ments and Research Councils, thirty-four from universities 
and two from industrial research associations. At the end 
of the year, the Corporation held 377 United Kingdom 
patent applications and 817 granted patents, as well as 
912 overseas patent applications and 1,346 granted 
patents. A further 113 United Kingdom patent applica- 
tions and forty-nine granted patents were held by the 
Corporation’s subsidiary development companies, as well 
as 443 overseas patent applications and 432 granted 
patents. The 1,226 United Kingdom patents and patent 
applications which are the subject of exploitation include 
some awaiting formal assignment. Receipts from exploita- 
tion amounted to £436,853. The Corporation is represented 
on the Co-ordinating Committee on Technology for 
Developing Countries and has supported projects intended 
to meet the specific needs of the developing countries. 
The Joint Development Committee with the Depart- 
ment of Scientific and Industrial Research no longer 
exists. 

Among new projects started during the year under the 
Bio-Sciences Group are those for a bollworm attractant, a 
process for a component of human follicle stimulating 
hormone, fish-drying equipment, a locust attractant from 
grass and a typhoid vaccine. Under the Industrial 
Chemistry Group the report notes new projects for bonded 
boron carbide, metal polishes and a plastic sealing process; 
and under the Scientific Equipment Group, for an endo- 
microscope, a histogram plotter, membranes for heart— 
lung machines, and a project for a library of teaching 
programmes on industrial training for use with teaching 
machines. 

The Computers and Automation Group records new 
projects for the automatic process and plant control 
system known as ARH, for developing computer hard- 
ware and software, and for a magnetic tape recorder 
and a magnetic tape store. The Electrical Engineering 
and Electronics Group gives details of new projects for 
a beta-backscatter gauge and a high-background radiation 
monitor and reports that the first batch of six instruments 
for a photosonic blind aid has been completed. Work con- 
tinues at the Imperia. College of Science and Technology 
on the fundamental aspects of two systems of television 
bandwidth compression although support from the Cor- 
poration was terminated at the end of 1964. New projects 
in the Mechanical Engineering Group are for the develop- 
ment of a large Diesel engine of advanced and novel 
(opposed piston) design, and epicyclic gears. The Pro- 
duction Engineering Group reports schemes for a new 
type of tunnel kiln (roverkiln) for firing clay and glazed 
ceramics and pottery, and a numerically controlled turning 
machine. At the time when the report was published the 
development and test >rogramme for flexible containers— ~ 
the Dracone project—was almost complete and the original 
fuel cell programme was expected to be completed by the 
end of 1965. Satisfactory progress is reported with the 
oil well drilling rig project, and further progress with the 
development of hovercraft is also recorded, including 
the initiation of a jcint programme of research at the 
National Physical Laboratory. 
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THE LEVERHULME TRUST 


HE fifth report of the Leverhulme Trustees* covers 

the years 1962-64, in which commitments totalled 
£1,230,950, of which £591,650 was to the universities and 
centres of higher education, £130,950 to learned societies 
and research institutions, and £193,700 to medical research; 
these figures compared with £885,350, £371,150, £46,550 
and £184,900, respectively, in the triennium 1959-61. 
Among the grants to universities may be noted £3,750 to 
the Department of Zoology, University of Cambridge, for 
taxonomic work; £11,000 to the Department of Sociology, 
University of Essex, for a survey of journalism; £1,300 
to the University of Keele for research into municipal 
government; and £18,500 to the University of Lancaster for 
research into higher education. A further £3,000 went to 
the University of Leeds for research posts in the history 
and philosophy of science, and £24,000 for the proposed 
diploma, course in development administration for over- 
seas students. The University of Liverpool received 
£34,000 for fellowships in general research; the Institute 
of Education, London, £18,000; the London School of 
Economics, £12,950 for scholarship and research awards 
and £2,400 towards a conference on the philosophy of 
science. The University of Manchester received £2,700 
for a research fellowship in the Department of Chemistry 
on the metabolism and biosynthesis of unsaturated fatty 
acids, £4,000 for an investigation of income distribution 
in the United Kingdom before and after tax, and a 
final grant of £6,000 for the Jodrell Bank Experimental 
Station. The Department of Chemistry, University of 
Newcastle upon Tyne, received £3,600 for an investiga- 
tion of the enzyme, catalase, in the decomposition of 
hydrogen peroxide, and the University of Nottingham 
£8,900 for a project in adult education through the 
medium of television. A grant of £35,000 to Queen’s 
University, Belfast, was for staff for the School of 
Librarianship, while £11,550 goes to the University of St. 
Andrews for industrial health courses at Queen’s College, 
Dundee, and £22,600 to the University of Southampton 
for the Department of Econometrics. Overseas grants 
included £18,000 for tutorial staff for University 


*The Fifth Report of the Leverhulme Trustees, 1962-1964. Pp. 93. 
(London: The Leverhulme Trust, 1965.) 


College, Dar-es-Salaam; £28,000 for Royal Society 
Leverhulme visiting professorships for India; £24,500 
for the Inter-University Conference, Hong Kong; 
£15,000 to University College, Nairobi, for adult educa- 
tion; and £18,000 for tutorial staff at University College, 
Makerere. 

The Association of Commonwealth Universities recerved 
£6,600 for travel grants for the ninth quinquennial con- 
ference, the British Association £3,500 for analysis of 
mathematics teaching projects, the British Museum £3,500 
for a research fellowship on mammals, the Institute for 
Strategic Studies a further £4,500 for a research assistant, 
the Joint Mathematical Council for the United Kingdom 
£6,000 for research into teaching mathematics, and the 
Institute of Mathematics and its Application another 
£8,000 for the same purpose. £70,000 went to the Royal 
Society for Leverhulme Scholarships for young scientists, 
and £3,000 to the Scott Polar Research Institute for a 
research assistant. 

Awards to schools, chiefly for scholarships, totalled 
£36,400; to architecture, £48,600, including £9,000 to the 
Royal Institute of British Architects for an industrialized 
building study; and miscellaneous grants included £15,000 
to the Administrative Staff College, £20,000 to the 
Centie for Educational Television Overseas for English 
Language Teaching, £15,000 to Voluntary Service Over- 
seas, and £5,000 to the Overseas Development Institute 
for an economic survey of Uganda. Among those for 
medical research may be mentioned £22,500 to the 
Department of Electrical Engineering, Imperial College of 
Science and Technology, for a one-year course for post- 
graduate medical students; £20,000 to the Liverpool 
School of Tropical Medicine for a visiting lectureship, 
£25,000 to the Middlesex Hospital Medical Schéol for 
scholarships at the Institute of Clinical Research; £32,400 
to the Eastman Dental Hospital for visiting Indian and 
Pakistani studentships; £13,500 to the Royal College of 
Surgeons for research assistantships at the Institute of 
Basic Medical Sciences; £8,300 to the Institute of Ortho- 
paedies for a research fellowship in the Department of 
Biomechanics; and £6,600 to the Department of Mental 
Health, University of Aberdeen. 


SELECTION OF CLAY BUILDING BRICKS 


EFECTS in brickwork, when these occur, are not 

necessarily due to faulty design or construction, but 
often probably because the properties of the bricks used 
in @ particular building or other project are not given 
enough serious consideration in the first place, relative to 
the proposed conditions which they are destined to with- 
stand. For example, constructional brickwork should 
not, be or remain, excessively wet, since clay building 
bricks differ in their tolerance of exposure to wet condi- 
tions; wet brickwork lends itself to risk of sulphate 
attack on the mortar, to efflorescence, and to frost damage; 
sulphate expansion of mortar rarely occurs except in 
parapet and retaining walls subject to continual water 
infiltration; where sulphate expansion of brickwork in 
normal external walls does occur, this is often due to the 
bricks themselves containing excessive soluble sulphates, 
for example, potassium sulphate. This advice is among 
the many practical hints given in The Selection of Clay 
Building Bricks—-1*. 


* Building Research Station Digest (Second Series}, No. 65 (December 
TOBE hig Selection of Clay Building Bricks—1. Pp. 4. (London, H.M.S O., 


Criticisms are often voiced on the admittedly ugly, 
white, powdery growth or encrustations revealed op» 
brickwork, especially on new buildings, to the effect that 
this is due to use of newly manufactured bricks, not 
properly kilned, or possibly not long enough ‘seasoned’ 
or to use of inferior raw materials, and so on; actually, as 
this pamphlet is at pains to emphasize, efflorescence is 
normally a temporary springtime occurrence on new 
brickwork and is generally harmless; it happens because 
very small amounts of alkali salts, usually derived from 
cement in the mortar, are latent to produce this blemish 
given the right conditions. “Examples of destructive 
efflorescence, where crystallization of soluble salts cause: 
crumbling of brick surfaces or displacement of plaster, arı 
rare—probably rarer than they were a generation ago, tc 
judge from enquiries received at the Building Researcl 
Station.” Efflorescence can recur every spring for man: 


-years, so long as water can find ways of percolating throug: 


the brickwork; in parapet walls this often implies faulty 
damp-proof courses; none the less, it is on all occasion 
unsightly, but difficult to eradicate completely; beyone 
remarking that the precautions on site necessary to reduc 
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or avoid efflorescence are tedious and seldom observed in 
practice, no suggestions are forthcoming on how best to 
eradicate this trouble; superficially this may be done by 
various expedients, but the result is seldom permanent, 
if conditions inside the brickwork are unfavourable 
or if there is recurrent reaction between water and vulner- 
able constituents in the cement. 

On the question of frost damage to bricks, this appears 


No 5027 


to be rare in normal external walls between damp-proof 


course and eaves, although not uncommon in parapets, 
free-standing walls, and retaining walls, especially where 
insufficient care has been exercised in selection of special 
quality bricks. Thermal, and particularly moisture, 
expansion of bricks are important factors; the former 
happens with all building materials, its effects are well 
known and usually allowed for at the design stage; the 
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latter form of expansion is not so generally recognized, 
this property only receiving scientific attention in recent 
years. The practical implications of moisture expansion, 
as set forth in this publication, may be summarized thus: 
bricks should not be used straight from kiln, or on site 
unless stacked for ab least one week; special attention 
must be paid to storege before use if bricks are to be laid 
in high-strength mortar, which will become rigid very 
quickly; short returrs in brickwork, specially vulnerable 
to cracking by expansion, are to be avoided; in long walls, 
expansion joints should be provided capable of accom- 
modating an expansion of § in. in 40 ft. Quality control 
testing of bricks, envisaged in the new British Standard 
3921 : 1965, is here strongly and rightly urged; acceptance 
of 20-year-old test reports, still occasionally proffered 
by manufacturers of bricks, should be refused. 


MINERALS OF THE SEA 


SURVEY and understanding of the geology of the 

sea-floor, implying the four oceans and the shallower 
seas that feed them, equally a knowledge of the organic 
and inorganic constitution of sea-water itself, are not new 
concepts in the realms of exploration or exploitation of 
the resources of the Earth, but much more is to-day 
being heard and learnt of this fascinating subject because 
of the universally intensified research efforts being made 
in its contemporary study. From the original Challenger 
expedition to the present Mohole project, the story of the 
oceans and that greater part of the Earth’s crust which 
they conceal, has been slowly but very surely growing. 
Scientific interest, in stature, far outweighs that of 
economic, commercial mvestigations into the problems of 
the oceans, but that state of things is probably destined 
to be upset, if not reversed, in the not-too-distant future. 
All over the world the energy, food and mineral resources 
of the oceans are being re-appraised, explored and, 
where feasible, exploited in the interests of mankind. 
Britain is by no means behind in the quest, and this does 
not mean simply ‘North Sea oil and gas prospects’. 

In September 1965 there began a relatively little pub- 
licized investigation into the possibilities of long-term 
exploitation of the oceans and their resources, sponsored 
by the Commercial Oceanology Study Group, a consortium 
of six British companies: British Petroleum, Richard 
Costain, Hawker Siddeley Group, Imperial Chemical 
Industries, Rio-Tinto Zinc Corporation, and Unilever. 
This joint project is expected to last at least a year. 
According to an article entitled ‘‘Minerals of the Sea” 
(BP Magazine, No. 17; Autumn 1965. The British 
Petroleum Co., London), each company is already working 
in different but related fields of oceanology; each will 
ultimately contribute its own particular knowledge and 


experience to the study. The article itself is an extract 
from the book, World Beneath the Oceans, by Dr. T. F. 
Gaskell (courtesy of Aldous Books, London, 1965); Dr. 
Gaskell, with Mr. D. C. Ion, both of British Petroleum, 
are members of this Study Group. 

This particular arzicle is devoted specifically to the 
minerals of the sea, the salts it carries and deposits, and 
the natural cycle of meteorological and geological events 
which, through millicns of years of time, have given. rise 
to them. Salinity measurements through the entire width 
and depth of the oceans have been going on during the 
past eighty years or so, and the chemical composition of 
sea-water is well established; the problem is, how are we 
going to extract or mine some of the more valuable 
products it contains on an economic scale? As Dr. 
Gaskell rightly points out, shortage of terrestrial fresh- 
water, as world population increases, must inevitably be 
made good by water processed from the sea; in fact, 
water will become one of the most important products 
of the sea. Other examples are magnesium (there are 
4 million tons of magnesium dissolved in every cubice mile 
of sea-water), for which the process is already perfected ; 
bromine, for the photographic industry and for producing 
anti-knock compouncs for petrol; gold, the pipe-dream 
of men for years past: “f... there is more gold in the 
sea than there is in use now’’, but commercially this 
problem has not yet keen solved. Iodine is obtained from 
plants and animals af the sea; lobsters collect cobalt; 
the oyster gathers stray atoms of copper; and so on. 
The origin of petrcleum, actually still an unsolved 
mystery, is in moderr. theories intimately bound up with 
the sea; sooner or later this secret will be unfolded, 
perhaps when we know more about the ocean floor 
itself. 


THE MOLE: ITS ADAPTATION TO LIFE UNDERGROUND 


"7 \HE increased economic importance of the mole 
(Talpa europaea) as a farm pest has engendered 
«enewed research into its behaviour and structure. The 
=Ciba Foundation guest meeting on ‘‘The Mole: its 
Adaptation to an Underground Environment’, held on 
January 5 and 6, was attended by approximately thirty 
sersons and eleven papers were contributed covering a 
wide variety of topics. There were also several films, 
pe recordings and demonstrations, providing a very 
varied programme. 

The first day of the meeting was mainly concerned 
vith behaviour. At the beginning of the symposium the 
nole was considered to be almost exclusively subterranean, 
vontinually burrowing in search of food.’ By the end of 
he meeting this picture had changed greatly. Dr. K. 


Mellanby showed thet different moles used establshed 
burrows over and over again. Natural flooding proved 
that they could migrate over considerable distances and 
return after flood waters had receded. Mr. A. T. B. 
Rudge had succeeded in developing a trap for catching 
live moles. He had constructed monitored artificial 
burrows of wire mesh and shown that moles had periods of 
activity lasting 2-3 h, followed by rest periods of 3—4 h. 
This rhythm continued day and night. These findings 
were confirmed in the field by tagging moles with radio- 
active silver or cobalt sources attached to their tails. In 
their active periods they were continually running along 
their burrows (maximum speed up to 2:5 m.p.h.), only 
stopping for food thet had fallen by chance into their 
runs. Moles did not often tunnel except while making 
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repairs. Mr. P. Morris showed, by investigating food 
taken by various animals (for example, species of owls), 
that moles must often come to the surface, probably 
mostly at night, to be caught by these predators. Other 
investigations in France under freak drought conditions 
gave supporting evidence, as many moles were caught in 
traps placed on the ground surface. Dr. F. Raw gave 
details of the food theoretically available to moles. 
Earthworms, wire-worms, molluscs and insect larvae 
seemed to form the possible basic diet. Mr. D. W. 
Yalden finished the day’s session by describing the skeletal 
adaptations to locomotion. The session on behaviour thus 
presented a very different view of the behaviour of the 
mole to that normally assumed. It habitually uses pre- 
formed tunnels, during its waking periods it is continually 
searching for food, which it finds by chance encounter as it 
moves through its tunnels, and it is occasionally a surface 
dweller, probably mainly at night. 

The second session, on microscopy, began with an 
account of the mole’s pituitary gland by Prof. R. L. 
Holmes, who showed that there were no basic differences 
from the pituitary gland of other animals. The senses of 
the mole were described by Dr. T. A. Quilliam. The eyes 
had a very small number of receptor elements and there 
was a cellular lens. The mole had a snout packed with 
Eimer’s organs that probably served for tactile reception. 
There were also innervated vibrissae around the snout 
and in the tail. The ear was little different to that in other 
animals, although there were less than two turns to the 
cochlea. The fine structure of the olfactory mucosa was 
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considered by Dr. P. Graziadei. He showed that the 
olfactory mucosa was large in extent (as were the olfactory 
bulbs of the brain). The receptor cells were ciliated, 
although some of these cells bore only one cilium and were 
not so closely packed together as in other mammals. 
The mucosa contained more supporting cells. Drs. R. 
Lund and J. Lund considered the central visual path- 
ways and showed that they were poorly developed 
although moles could be taught to discriminate between 
light and dark. Dr. B. H. Crawford outlined physical 
methods that were available to investigators to allow 
recordings to be made in the mole’s tunnel, of light, sound, 
vibrations, heat and some other modalities, to see what 
sensory clues of the surroundings were available. Dr. 
M. Lobban outlined her studies on Arctic coal-miners and 
explained how the circadian rhythms were affected by the 
unnatural conditions under which the men work, in 
some ways analogous to those experienced by the mole. 
She pointed out that moles would be very useful animals 
for investigation of circadian rhythms. It seemed from 
the papers in this section that the mole has eyes that have 
little discriminatory abilities, a very well-developed 
olfactory sense, an auditory sense and complex tactile 
receptors in the vibrissae and in Eimer’s organs in the 
snout. Whether the latter organs could detect other 
environmental features was left uncertain. 

The symposium is eventually to be published in full 
as a supplement to the Journal of Zoology, Proceedings 
of the Zoological Society of London. 
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SCATTERING OF ELECTROMAGNETIC WAVES BY ELECTRO-ACOUSTIC 
PLASMA WAVES 


By P. F. LITTLE and S. M. HAMBERGER 
U.K. Atomic Energy Authority Research Group, Culham Laboratory, near Abingdon, Berkshire 


HIS article reports some preliminary measurements 

of the scattering of an incident beam of micro- 
waves by self-excited plasma waves in a mercury are 
column; from these results we derive an experimental 
dispersion curve for the plasma waves which we compare 
with a dispersion curve measured directly with Langmuir 
probes in the column. In this manner we identify the 
waves responsible for the scattermg as propagating 
electro-acoustic waves, which are known to be present 
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in the positive column of low-density arcs. Both self- 
excited and externally excited waves of this type have 
been observed!:*. Their phase velocity is approximately 
Cs = (KT./M)t, where Kf. is the electron thermal 
energy and M the ion mass: in our plasma c, e105 
em/sec. 

Let us write for the incident electromagnetic wave the 
frequency and wave vector œ, and k,; the fluctuations in 
plasma density may be represented by a spectrum of 
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Fig. 2. Spectrum of scattered radiation. Each photograph consists of 

twenty superimposed traces showing the scattered intensity as a function 

of frequency shift. The sequence shows how the received spectrum 
depends on the angle of observation 6 for» = 0 


frequencies w, and wave vectors k,. Then, as a result of 
non-linear interactions in the plasma, the scattered micro- 
wave spectrum will be described by typical quantities 
O2 k; such that 

wW, € Ws = We (1) 

ki + ke = k, (2) 

From equation (1) we may equate the frequency shift 
lo,—@,| on scattering to the scattering frequency ws. 
From equation (2) we would expect the scattered wave 
observed at a particular angle to be due to a particular 
value of k;. More specifically, since we are interested in ky, 
the component of k; along the column, equation (2) 
becomes (see Fig. 1): 
kı sino + ke sin 9 = ky 

or, since kı œ ka = 27/9, where A, = free space wave- 
length of the incident waves: 


ky = =" (sing + sin 8) (3) 
o 


In our experiment the plasma was the column of a 
5-em-diameter low-pressure mercury arc, as previously 
described?, which was operated at 9-amp discharge current 
and a pressure of 0-4 mtorr. A beam of millimetre micro- 
waves (A, = 8:65 mm) at a power level of a few mW was 
used to illuminate a short section of the are (Fig. 1). The 
receiver could be oriented to observe the same section 
from different angles. A single klystron provided both the 
probing signal and the local oscillator drive to the balanced 
mixer, the output of which therefore consisted of a signal 
at a frequency |a,—«,|, that is at ws which could be 
observed directly with a low-frequency spectrum analyser. 
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Fig. 2 shows the spectrum analyser display of the 
amplitudes of the various frequency-shifted components 
of the scattered radiation at several different angles to the 
column, when illummated at normal incidence (p = 0). 
It is obvious from the sequence of spectra shown that 
there ts a large signal around 52 ke/s which has a maximum 
intensity when the scattering angle 0 is about 20°. To 
obtain a more accuraze measure of the optimum scattering 
angles for a wide range of frequencies œ; the mixer output 
was passed through a filter, rectified, and plotted on a 
chert recorder, while the angle 6 was varied between 
+ 30° and — 50° by rotating the receiver on a turn-table 
driven by a synchronous motor. Disregarding some 
spurious maxima associated with the optical system 
(which did not change with the selected frequency) a 
maximum or sometimes two maxima corresponding to the 
+ signs in equation (3) could be found for each frequency 
in the range 20-70 kejs. Fig. 3 shows the result obtained 
for a filter tuned to accept 50 kejs. From values of 9 
corresponding to ths maxima the values of ky were 
calculated from equation (3). The results are shown as a 
dispersion plot in Fig. 4 for normal incidence (ọ = 0) and 
for p = 20°. 

For comparison wə also-give in Fig. 4 the measured 
values of w: and ky for electro-acoustic waves excited in 
the same plasma by an external coil and detected by a 
Langmuir probe’. A shird independent set of observations 
is obtained by applying the correlation technique used 
with photomultipliers in earlier work here! to the signals 
from two Langmuir probes, one fixed and one moving. 
This is an analysis cf self-excited waves in the column, 
leading to the results shown. Within the limita of experi- 
mental accuracy all the points lie on a common curve 
except those for microwaves incident at o = 20°. For 
these the dispersion plot appears to be displaced by a small 
systematic error possibly due to refraction at the tube walls. 

Using the theory of Woods‘ and the measured electron 
temperature, KT, = 3-4 + 0:2 eV, we derive the theoreti- 
cal dispersion curve for the (0,1) mode shown in Fig. 4. 
It is in excellent agreement with observation at low 
frequencies, but at higher frequencies lies above the 
experimental values, as previously reported’. 

Ib should be notec that a small but finite value of k; 
is essential to satisfy equation (2) with this experimental 
arrangement unless 9 = 6. The finite size of the plasma 
alone makes k, Æ 0, and in addition the wave fronts of 


i 


-40° + 20° 


Fig. 3 Pen-recorder trace showing the variation of 50 kejs componenta 

of the mixer output with ngle of observation 8. The peak at 0 = —24° 

corresponds to a value of & = 29 cm~, The structure at 6 = 0° appears 
at all frequencies end is attributed to geometrical effeots 
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Fig. 4. Dispersion plot for waves in mercury arc column. A, For self- 
excited waves using microwave scatteringp=0; A, forself-excited waves 
using microwave scattering » = 20°; O, for self-excited waves using 
Langmuir probes; ~OQ-, for externally-excited waves using Langmuir 
probes; —, theoretical curve for (0,1) mode, KTe = 3-4 eV 
the acoustic waves are curved’. A range of k, values, 
different for each frequency ws, is needed to describe such 
waves. Hence values of k, to satisfy equation (2) can 
always be found. 
These experiments depend on non-linear interaction 
between certain plasma waves and electromagnetic 
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radiation leading to a frequency-shift on scattering. Other 
experiments demonstrating this effect have been re- 
ported’. However, our studies of the angular dependence 
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- of the scattered wave intensity provide information also 


about the wave-length spectrum in the plasma, thus 
enabling us to identify the scattering wave. This non- 
perturbing technique may find application in other 
plasmas. 

Such observations of coherent scattering should be 
contrasted with those in the ionosphere: there the 
scattermg results in a continuum of frequency shifts (line 
broadening) rather than the appearance of satellite lines. 
The reason is that acoustic waves in the ionosphere are 
highly damped, since Te ~ Tion, and the amplitudes of a 
wave-vector ks vary stochastically, rather than harmonic- 
ally, with time®. The result is incoherent rather than 
coherent scattermg. On the other hand, electron plasma 
oscillations at ùp should lead to satellites at a frequency 
1 + @p, but these have not as yet been observed. We 
thank Mr. H. G. Jones for valuable assistance with the 
experimental work. 
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DETECTION OF CIRCULAR AND LINEAR POLARIZATION IN THE 
OH EMISSION SOURCES NEAR W3 AND W49 


By Dr. R. D. DAVIES, G. DE JAGER and Dr. G. L. VERSCHUUR 


University of Manchester, Nuffield Radio Astronomy Laboratories, Jodrell Bank 


OLLOWING the detection of anomalously excited OH 
emission at 1,665 and 1,667 Mc/s from the vicinity of 
several thermal radio sources by Weaver, Williams, 
Dieter and Lum’, Weinreb, Meeks, Carter, Barrett and 
Rogers? reported observations of linear polarization in the 
1,665-Mce/s spectrum of the OH source near W3. Zucker- 
man, Lilley and Penfield? were unable to detect any linear 
polarization greater than 8 per cent in two of the features 
in the spectrum of W49. 

Prior to the publication of these results a search was 
begun at Jodrell Bank for the linearly and circularly 
polarized emission which might be expected from the 
Zeeman splitting of the narrow lines at 1,665 Me/s emitted 
from W3, W49, W5L and Orion A. The small width of the 
lines is ideally suited to this search. The present article 
reports the detection of strong circular polarization in the 
spectra of the OH sources near W3 and W49. 

The narrow band six-channel receiver designed for hydro- 
gen line Zeeman measurements was used for this experi- 
ment. The crystal filters have a bandshape equivalent to a 
gaussian witha half-intensity width of 0-60ke/s. Thereceiver 
has a parametric amplifier front-end which gives an overall 
system noise of 280° K. For polarization measurements 
the 250-ft. Mark I telescope was slightly under-illuminated 
by a crossed dipole and reflector combination. The signals 
from the dipoles were combined through appropriate line 
lengths and a hybrid to give either both planes of linear 
polarization or both senses of circular polarization. The 
receiver was then switched between the two linear or the 
two circular polarizations by a diode switch. The output 
of each of the six channels was recorded on punched tape as 
the sum and the difference of the two polarized intensities. 

A. separate investigation was made of the extent and 
position of the OH sources near W3 and W49 using a 


rather narrower beam obtained with a dipole and shaped 
reflector plate on the 250-ft. radio telescope. The beam- 
width in this case was 15’ arc. This investigation confirmed 
that the OH source was significantly displaced from W3 in 
the position «= 2h 23m 29s, = +61° 38’ (1950-0) given 
by Weinreb, Meeks, Carter, Barrett and Rogers. The OH 
source in W49 coincides in position with the low right 
ascension component of W49 as found by Zuckerman, 
Lilley and Penfield. 


The W3 Source 


The OH source near W3 has a simpler emission spectrum 
than that of W49 and the preliminary results of the in- 
vestigation to be reported here will be largely concerned 
with the former source. Fig. la shows the main emission 
features in the spectrum of the source near W3 plotted as 
the mean of the opposite senses of polarization. This 
spectrum shows much detailed structure, some of which is 
very narrow. The feature at —8-5 kejs and the sharp 
edges at —1:5 ke/s and +85 ke/s indicate root mean 
square velocity spreads of 0-10, 0-09 and 0-08 km/s. The 
narrow structure is also reflected in the circular polariza- 
tion data. 

The difference between left- and right-hand circular 
polarization intensities is plotted in Fig. 1b. The sense of 
polarization is that seen when viewed along the direction 
of propagation. Strong circular polarization effects are 
evident over the whole emission spectrum. The data have 
been corrected for systematic effects amounting to 10 per 
cent of the profile intensity which had been carefully 
measured in separate observations of strong radio sources. 
It is believed that Fig. lb represents the true circular 
polarization mntensity to better than 10 per cent of the 
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profile intensity. The peak-to-peak noise on the plot is 
+ 1° K. The circularly polarized components at — 19-5 ke/s, 
— 8-5 ke/s and +7 ke/s are nearly 100 per cent polarized. 
The most intense circularly polarized feature at — 0-5 ke/s 
lies on the low-frequency side of the main emission peak 
of Fig. la and indicates 60 per cent circular polarization 
at this frequency. In the frequency interval +1 ke/s to 
+ 6 ke/s the polarization structure is complex and indicates 
the presence of several polarization features. Similarly, 
in the range — 24 ke/s to —2 ke/s there is a low, but sig- 
nificant, level of circularly polarized structure. 

Linear polarization measurements were made at three 
selected feed angles at which systematic effects were less 
than 10 per cent. Observations at different hour angles 
provided a range of position angles (pa) to give a measure- 
ment of the polarization temperature and position angle 
every 0-5 ke/s throughout the spectrum. These results are 
shown in Figs. le and ld. Significant linear polarization 
effects are observed in regions within the spectrum. A 
maximum polarization temperature of 5° + 2° is observed 
at the centre of the strong line at + 0-5 ke/s corresponding 
to 25 + 10 per cent polarization. The features at — 8-5 ke/s, 
— 85 ke/s, +6 ke/s and +21-:5 ke/s also show significant 
polarization effects. On the other hand, features such as 
those at — 6 ke/s, — 2-5 ke/s, +3-5 ke/s and +8 ke/s show 
linear polarization temperatures less than ~1° K which 
for these features corresponds to <30, <12, <15 and 
<12 per cent polarization, respectively. The position 
angle remains constant over most of the linearly polarized 
features except in the case of the region from — 1-5 ke/s to 
+ 2°5 kejs which shows a gradual variation from position 
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Fig. 1. Observations of the OH emission source near W3. a, The emisslon spectrum. The 
frequency 18 given relative to the centre of the main feature at 1,665°6616 Me/s. This 
b, The differance in 
intensity between left- and right-hand circular polarization. c, The intensity of Hnear 
polarization measured as the amplitude of variation of intensity with position angle 
(equals 0-5 (7 max-T min)). The errors indicated are ~1 S.D. Systematic effects which 
would double these errors are probably present. d, The position angle of the linearly 
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angle = 55°~120°. This result should be taken into account 
in any interpretation of the data. There appears to be 
general agreement between the present results and the 
more limited linear polarization data published by 
Weinreb, Meeks, Carter, Barrett and Rogers?. 


The W49 Source 


Extensive circular and linear polarization measure- 
ments were also mad of the 1,665-me/s emission from the 
OH source near W49. Because of the more complex 
spectrum of this region, only preliminary results will be 
reported here. They indicate polarization phenomena. 
very similar to those found in W3. The major difference 
between the two OJ sources is that the broad central 
complex of W49 shows rather weaker polarization effects. 
The emission spectrum and the difference between left- and 
right-hand circular ictensities are shown in Figs. 2a and 20. 

In the W49 OH source the component at — 116 kejs is 
strongly circularly polarized. Narrow polarization com- 
ponents can be distinguished in the central complex. 
Linear polarization measurements show that the features 
at ~116, —99 and — 94 kejs are less than 20 per cent 
polarized. 


Interpretation of the Results 


With the detectior of strong circular polarization in the 
emission spectra of tne W3 and W49 OH sources it would 
seem reasonable to look first for an explanation of these 
effects in terms of ths Zeeman effect. Zeeman splitting is 
possible in the four hyperfine splitting lines of the Taz, 

J=3/2 A doublet state of *O 1H centred 

around 1,666°3 Mc/s. In the case of the 

1-665 Me/s line the Zeeman splitting is 

1-17 u oH, where us is the Bohr magneton. 

This corresponds to a splitting between the 

c components of 3°3 ke/s for 107 G. Fora 

magnetic field directed away from the 

observer the right-hand circularly polarized 
companent is displaced to a lower frequency 
- in an emission spectrum. The observa- 

tions will now be discussed in terms of a 

possible Zeeman effect. 

The relatively simple emission spectrum 
of the OH source near W3 is split into a 
rather complex pattern of circularly polar- 
ized components. It can be shown that 
the components in Fig. 1b can be arranged 
into pairs of oppositely polarized o com- 
ponents. Moreover, within the limits of 
errors of the results the intensity of left- 
hand circular polarization integrated over 
the entire spectrum is equal to the intensity 
of right-hand ‘circular. This is as expected 
for the Zeeman effect. 

The linear polarization data should be 
compadzible with the circular polarization 
results, having c components at the same 
frequencies as the circular o components. 
In addition the linearly polarized com- 
ponents for a single feature should have a 
constant position angle with a sharp 
90° position angle break between the r and 
c components. Such a sharp position angle 
step is seen in Fig. ld. However, as already 
noted in the range —1-5 ke/s to +25 
ke/s, there ıs a gradual change in position 
angle. Such an effect would result from 
the addition of the linearly polarized 
Zeeman patterns of two distinct features 
which were phase coherent; alternatively 
the result is consistent with an additional 
component at 1:5 ke/s. Indeed, in 
this rezion of the spectrum the circular 
polarization data also require more than 
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one Zeeman-split feature. As would be expected with 
the Zeeman effect, the features which show the largest 
percentage circular polarization (for example, — 19-5 
ke/s, —9 kejs, +8 ke/s) show little or no linear polariza- 
tion. Moreover, in a complex of features with overlying 
7% and co components the smaller (by half) frequency 
separation of the linearly polarized components will 
result in a greater cancellation of the linear polarization 
than the circular polarization. 

The complete resolution of the circular and linear 
polarization data on the basis of Zeeman splitting into 
features with varying but related amounts of linear and 
circular polarization has not yet been made. However, a 
first attempt shows that the stronger components can be 
fitted to a self-consistent Zeeman pattern. A solution is 
suggested in Table 1. Other combinations of fields may 
possibly be fitted to the data particularly for the weaker 
features listed under D. A good agreement in the direc- 
tion of the magnetic field is indicated by the results of 
Table 1. All features show that the major component of 
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the field is directed away from the observer. Even if D is 
taken as two features, corresponding to about half the 
field strength so that the other o components he in the 
complex near 0 ke/s, the fields in both would again be 
directed away from the observer. The magnetic field in 
features A and O is closely aligned in the line of sight. In 
feature B the field is inclined at 30° to the line of sight and 
its projection on to the plane of the sky lies at position 
angle 50°. The field in feature D is also inclined at about 
30° to the line of sight and its projection on to the sky lies 
at position angle 85°. 


Conclusion 


The foregoing considerations indicate that it is possible 
to interpret the present circular and linear polarization 
data as a Zeeman splitting of the OH emussion line. The 
magnetic fields so derived for the W3 OH emission source 
are extremely high in comparison with the fields believed 
to exist in the galactic plane as investigated, for example, 
in normal interstellar neutral hydrogen clouds (see, for 
example, Davies, Shuter, Slater and Wild‘ and Verschuur 
and Davies’) which are at least 10%-10° times weaker. 
The circular polarization results for W49 would indicate 
similar magnetic field strengths. 

The present observations clearly demonstrate the 
existence of strong circular polarization in the anomalous 
OH emission spectrum at 1,665 Mc/s from the OH sources 
near W3 and W49. If the interpretation of the data in terms 
of the Zeeman splitting suggested here is correct, then 
unexpectedly large magnetic fields are involved which 
raise many problems im connexion with the OH lines 
requiring further discussion. 

We thank Prof. A. G. Gaydon, of the Imperial College 
of Science and Technology, and Dr. A. E. Douglas, of the 
National Research Council of Canada, for indicating the 
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structure of Zeeman. splitting expected for the OH lines. 
Dr. H. E. Radford supplied us with exact values of the 
Zeeman splitting. Dr. R. J. Long and D. Williams 
assisted with the modification and testing of the feed 
system for this experiment. We also thank Sir Bernard 
Lovell for his interest and encouragement in this project. 
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TRITERPANES IN OPTICALLY ACTIVE PETROLEUM DISTILLATES 
By |. R, HILLS and E. V. WHITEHEAD 


British Petroleum Co., Ltd., Sunbury-on-Thames, Middlesex 


HE identification m petroleum of two isoprenoid 

hydrocarbons, phytane and opristane’?, lends 
additional support to the theory that petroleum, like 
coal, is derived from a biological source material. Further 
support for this theory springs from the knowledge that 
certain petroleum distillates?*, and some from coal’, 
are optically active. In each case this activity has been 
associated with saturated polycyclic hydrocarbons, and 
the frequent occurrence of optical activity in biochemical 
systems is well known. Several authors*~’ have suggested 
that these polycyclic hydrocarbons might be derived from 
naturally occurring steroids and triterpenoids. 

We. have examined distillates, boiling in the range 
340°-550° C (taken under reduced pressure so that the 
temperature of the sample being distilled did not exceed 
300° C), from several crude oils and have paid particular 
attention to such distillates from Nigerian crude oil. 
The specific rotation of these Nigerian distillates increases 
from (a)? + 1:08° at boiling-point 410° C (at 760 mm, 


conented) and reaches a maximum OM + 69° at 
boiling-point 478° ©. After this, the activity diminishes 
progressively until distillates boiling at about 500°- 
550° C show only marginal activity; (a)> + 0-3°. 

A detailed examination of the Nigerian distillate 
boiling at 340°-480° C was carried out, and liquid adsorp- 
tion chromatography over silica gel yielded 71-72 per 
cent by weight of a naphthene plus paraffin portion. Mass 
spectra indicated the presence of high concentrations of 
the hydrocarbon series CrHo.-, and CraHer-,, with carbon 
numbers in the range C}, to C,;, and a prominent fragment 
at m/e 191. Half this saturate concentrate formed an 
adduct with urea, and 66 per cent by weight of the 
adducted hydrocarbon proved to be n-alkane (n-C,, to 
n-Cs,). The remaining 34 per cent of adducted hydro- 
carbon appeared from gas-liquid chromatograms to be 
mainly 2- and 3-methylalkanes®. 

Thermal diffusion”, in two stages, of the urea non-adduct 
yielded two materials [(te)p + 17-6° and (a) + 14:5°, 
in cyclohexane, respectively]. These materials were 
combined and, after a preliminary separation by liquid- 
adsorption chromatography over alumina, yielded a resin 
{approximately 1 per cent weight on the crude oil), A 
portion of the gas-liquid chromatogram of this resin (later 
shown to be a concentrate of pentacyclic naphthenes) is 
reproduced in Fig. 5. Prominent peaks are lettered and the 
hydrocarbons eventually isolated from this resin are in 
turn lettered so that they are equivalent to the corre- 
sponding peaks in the gas-liquid chromatogram. This 
resin was re-chromatographed over alumina to give sixteen 
fractions. Fraction 3 (0:4072 g). after crystallization from 
a variety of solvents, yielded 5 mg of hydrocarbon ‘F” 
(purity by gas-liquid chromatography > 98 per cent weight, 
melting-point 232-5°-234-5° C corrected) and eventually 
1-2 mg of hydrocarbon ‘D’ (purity > 90 per cent, melting- 
point 169°--180° C corrected). Fraction 9 (0:1790 g) 
likewise yielded some 2-3 mg of hydrocarbon ‘Æ’ (purity 
> 98 per cent, melting-point 259-5°-260-5° C corrected). 
The analytical data determined on the three solid hydro- 
carbons are listed in Table 1. There was unfortunately 


an insufficient sample for the determination of the optical 
activities of the two pure hydrocarbons ‘E’ and ‘F’, or 
of ‘D’. The analyt:cal data, included in Table 1 and dis- 
cussed briefly below, suggest that these are pentacyclic 
triterpanes (the term triterpane has been used to denote 
the fully saturated hydrocarbon analogues of the triter- 
penes). High resolution mass spectrometry (Associated 
Electrical Industries ‘M.S. 9’) confirmed an increase in 
concentration of the hydrocarbon series CyrHen-, at C2,— 
Ca, in the resin from thermal diffusion. Prominent 
fragments in the mass spectrum at m/e 205, 177, 137, 123 
and 109 were now dominated by the very intense frag- 
ment at m/e 191. Djerassi et al. note the frequency with 
which this fragment at m/e 191 occurs in the mass spectra 
of triterpanes. In the mass spectrum of lupane two 
different fragment species contribute to this peak at m/e 
191 making it by far the most intense fragment in the 
upper part of the spectrum. One of these species, which 
contains rings A and B, is classed by these authors as 
the most characteristic fragmentation product of penta- 
cyclic triterpanes. The mass spectra of our hydrocarbons 
‘D’, ‘E and ‘F’ are compared with that of authentic 
lupane in Figs. 1-4 ‘These are seen to be similar; each 
contains a strong parent peak, M, and a significant peak 
at M-15 as well as prominent fragments at m/e 191, 137, 
123 and 109. Hydrocarbon ‘D’ shows in addition a strong 
peak at m/e 177. The accurate masses of the molecular 
ions (listed in Tabie 1) indicate that hydrocarbons ‘E’ 
and ‘F’ each contain five saturate rings and thirty carbon 
atoms, and a molecular skeleton based on perhydropicene 
is thus one of the types which must be considered. 

The infra-red spectra of the resin (obtained by thermal 
diffusion of the urea non-adduct), and the hydrocarbons 
ʻE and ‘F’ isolated from it, were very similar to that of 
lupane. The spectra demonstrated that these materials 
were free of hydroxyl, carbonyl and double bonds. 

Authentic lupane exactly reinforces peak J shown in the 
gas-liquid chromatozram (Fig. 5) and the possible identity 
of J with lupane cannot be excluded at this stage. All of 
the triterpanes that we have examined (zeorinane, friede- 
lane, heterolupane and y-onocerane) have retention 
volumes which occur in the region covered by peaks C—P 
in the gas-liquid chromatogram, but none of these rein- 
forces any of the peaks in the chromatogram. The presence 
of a peak at I in F:g. 5 is not obvious, but one was dis- 
covered between peaks # and D, when the chromato- 
grams of the sixteer fractions separated by liquid adsorp- 
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tion chromatography over alumina; as already described, 


were examined. 

The nuclear magnetic resonance spectra of hydrocarbons 
‘E’, ‘FP and lupane are all very similar and each contains 
eight methyl groups per molecule (Table 1). 

Hydrocarbon ‘E’ is being examined by X-ray crystal- 
lography. Measurement of the unit cell dimensions and 
density gave a molecular weight for ‘Æ’ of 411, in good 
agreement with the value determined by mass spectro- 
‘ metry (Table 1). Inspection of the Patterson syntheses 


i _ and the Fourier maps suggests a nucleus, probably based 


on perhydropicene, in which four of the five rings (A, B, 


“"2" O, D or B, O, D, E) are clearly seen to be six-membered. 


The conformations of these four rings are all chair and the 
ring fusions are all trans. The conformation of the fifth 
ring is not yet fully established nor are the locations of all 
- of the eight methyl groups. The detailed structure of 
hydrocarbon ‘Æ’ will be published elsewhere when the 
X-ray investigations are complete. 

The cumulative evidence leaves little doubt that hydro- 
carbons ‘E’ and ‘F’ are pentacyclic triterpanes. From 
the scanty data so far obtained, ‘D’, with five rings and 
twenty-nine carbon atoms (Table 1), would appear to be 
a nortriterpane, 

The occurrence of these triterpanes is not limited to 


~, Nigerian crude oil. Similar resins from Kuwaiti, Iranian 


and Libyan crude oils yield gas-liquid chromatograms 
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with the same peaks A—D, G-H and K-P, but the pro- 
portions in each crude are different. The peaks Æ, F, I 
and J, prominent in the gas-liquid chromatogram of the 
Nigerian resin, are, however, not seen in the chromato- 
grams from the resins of the other three crude oils. The 
mass spectrum of each resin showed a prominent fragment 
at m/e 191 and a high concentration of the hydrocarbon 
series OnHon~, at CeO. 

Our preliminary examination of a tetracyclic con- 
centrate (which was also prepared from the thermal 
diffusion of the urea non-adduct, mentioned earlier) 
shows that the hydrocarbon series CanHan-ę in this material 
lies in the carbon number range C,,-C,,. The mass spectra 
show fragmentation patterns which suggest a mixture of 
steranes incompletely separated from the triterpanes. 

Possibly some of the optically active hydrocarbons 
isolated by Oakwood et al.*, and the hydrocarbon of melt- 
ing-point 292°-297° C separated from a Colorado shale oil 
by Cummings and Robinson" which has also been referred 
to by Jones and Dickert"™, are similar in structure to those 
that we have isolated. Compounds related to picene and 
hence to pentacyclic triterpenoids have already been 
isolated from petroleum. Carruthers and Watkin? have 
reported the isolation of 1,2,3,4-tetrahydro-2,2,9-trime- 
thylpicene from an American crude oil, and the triterpene 
lactone, oxallobetul-2-ene, has been identified in Kuwaiti 
crude oil by Barton, Overton and Carruthers?'. 
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Fig. 5. Portion of gas-liquid chromatogram of pentacyclic naphthene concentrate with added n-a, and n-C,,. 148-ft. glass capillary column, 0 01 in. 
internal diameter osated with ‘S.E. 30" gum. Carrier gas: hydrogen at 252° 0. Flame ionization detector. Injection point to methane peak: 3 min 20 sec. 
Methane peak to n-Cg,: 51 min 2 seo. Methane to peak O: 134 min 39 seo 
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Meinschein® has identified sterane and terpane hydro- 
carbon types in sediments and petroleum. The triterpanes 
that we have isolated may be derived from pentacyclic 
triterpenoids which are abundantly distributed in the 
plant kingdom but occur only rarely in the animal king- 
dom. Animals appear unable to synthesize pentacyclic 
triterpenoids but build instead the tetracyclic systems 
derived from lanostane. Our present knowledge of the 
distribution of the triterpenoids in the plant kingdom" is 
obviously far from complete. It does, however, suggest 
that pentacyclic triterpenoids are abundantly distributed 
in terrestrial plants, especially in the more highly special- 
ized phanerograms, whereas they are rare in aquatic plants. 
Steroids, on the other hand, appear to be abundantly 
distributed in both aquatic and terrestrial flora. Thus 
the certain recognition of individual steranes and triter- 
panes in petroleum may enable the petroleum geochemist 
to relate this evidence to the flora from which the crude 
oil most probably originated and recognize a marine or 
terrestrial origin for each particular crude oil. The evidence 
reported here indicates that part of Nigerian crude oil 
may well have had a terrestrial origin. 
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We thank Prof. D. H. R. Barton, Dr. T. G. Halsall 
and Dr. G. Eglinton for samples of triterpanes. 
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POSSIBLE ABIOGENIC ORIGIN OFS5SOME NATURALLY OCCURRING 
HYDROCARBONS 


By Dr. CYRIL PONNAMPERUMA and KATHERINE PERING i 


Exobiology Division, Ames Research Center, National Aeronautics and Space Administration, 
Moffett Field, California 


GROWING body of evidence supports 
the theory that many compounds of 
biological significance were formed by the 
action of various forms of energy on the 
Earth’s early atmosphere before the appear- 
ance of life'-3. Although such abiogenic 
processes could have given rise to hydro- 
carbons, many geologists are inclined to the 
view that hydrocarbons found in sediments 
are the result of the degradation of biological 
material*. The possibility of a dual origin, 
abiogenic and biogenic, has also been sug- 
gested’. A few hold the extreme view that 
all hydrocarbons, in deposits ancient or 
modern, resulted from abiogenic synthesis*-*. 
The analysis of carbonaceous chondrites 
has revealed the presence of a number of 
organic compounds which are found in 
living organisms*?°, Similar results have 
been. obtained in the study of Pre-Cambrian 
sediments"-*, Although the question of 
the origin of these compounds has not been 
completely solved, the characterization of 
hydrocarbons present in them has contr- 
buted to the understanding of the problem. 
Results of such enquiries will not only throw 65 
light on the path of chemical evolution 
on earth, but will also lay the guidelines C 
for the analysis of returned lunar samples. 
Several criteria have been adopted for the 
biogenic nature of hydrocarbons whether in 
ancient sediments or extraterrestrial samples. 
Considerable importance has been attached 
to the existence of pristane and phytane™. 
The preponderance of normal hydrocarbons 
has also been judged to be a factor related to 
biogenicity*. Since hydrocarbons are sup- 
posed to be derived from biogenic fatty acids 
which have an even number of atoms, by the 
wa@loss of one carbon atom, the excess of odd- = 
«aumbered hydrocarbons is also regarded as 
a sign of biological origin®?°, 
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In order to understand the true significance of such 
criteria, we decided to compare hydrocarbons synthesized 
abiogenically with those found in some terrestrial samples. 
Our previous investigations showed that a variety of 
hydrocarbons could be synthesized by the action of a 
spark discharge on methane!?. The same experiments 
demonstrated that there is a difference in the nature of 
the hydrocarbons produced, depending on the type of 
discharge and the distribution of energies involved. Our 
earlier analytical studies did not extend beyond hydro- 
carbons having more than ten carbon atoms. 

During the course of this investigation our attention 
was directed to the existence of hydrocarbons of possible 
abiogenic origin in the Mountsorre]l formation!}* near 
Leicestershire, England. On this site, bitumen occurs in 
mineral veins. It is found in a tract running from Mount- 
sorrel in Leicestershire to Castleton in Derbyshire, and 
occurs in a basalt dyke which cuts the granodiorite. The 
geological evidence put forward by Sylvester-Bradley 
suggests that these hydrocarbons were deposited during 
the time that the rocks were formed. The granodiorite 
itself is Caledonian in age*®. The possibility that some of 
these hydrocarbons may have migrated from another 
source, such as sedimentary rock, should not be discounted. 
However, according to Sylvester-Bradley, this theory is 
difficult to support. The oil deposits are found under- 
lying sedimentary rock and, because oil floats on water, it 
is unlikely that the oil migrated downwards to the igneous 
rock. Mueller?! outlined the alternative theory that the 
mineralizing solutions must have contained hydrogen 
but not carbon, and that the carbon would have migrated 
from organic sources in the surrounding sedimentary 
rock. However, in some places the veins 
cut through igneous rock which cannot 
possibly contain carbon. According to 
Mueller’s hypothesis, the carbon must have 
migrated downwards from overlying sedi- 
mentary rocks. 

in our present investigations we compared 
the hydrocarbons from the Mountsorrel 
formation, claimed to be abiogenic, with 
hydrocarbons synthesized by the action 
of a spark discharge through methane, and 
the hydrocarbons from the Posidonian 
shale**, which contain fossils of marine 
organisms and are generally accepted to be 
biological in origin. Analysis of the hydro- 
carbons by gas chromatography and mass 
spectrometry would highlight similarities 
and differences among the three samples. 

The method used for the synthesis of E 
the hydrocarbons was a slight modification 
of the one described earlier!’. The semi- 
corona head consisted of a ‘Pyrex’ tube 
with a 500-ml. flask attached to it. The 
inside electrode was made of 6-mm-thick 
stainless-steel tubing extending almost to 
the bottom of the flask. The narrow head 
of the flask was covered with a metal 
foil which served as the: outside electrode. 
The energy sources used were exactly as 
described before. After a week’s discharge 
through the methane, the deposit on the 
sides of the flask had the appearance of F 
an oil film. 

The Posidonian shale (kindly supplied 
by Dr. I. A. Breger, U.S. Geological 
Survey, Washington) was collected from 
the Bohrung Lingen 330 at a depth of 
1,151-0-1,159°5 m. This shale is con- 
sidered to be Jurassic in age. The specimen 
analysed did not appear to show any weather- 
ing. ‘The exterior of a large piece was 
carefully washed with water. The sample 
was then broken and air-dried on a glass 
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plate and the fragments ground in a mortar to 60-mesh 
size. 

Samples of Mountsorrel were collected (under the guid- 
ance of Prof. P. C. Sylvester-Bradley) from an area of the 
Mountsorrel quarry which had been blasted within 48 h 
of collection. The fresh surface of the rock was further 
chipped to obtain samples that had not been exposed to 
the air. The possibility of contamination was thus reduced 
to @ minimum. The samples were canned in air-tight 
containers and were not opened until the time of analysis. 
Although the bitumen at Mountsorrel is found in a 
variety of forms!®—compact masses, vein-like bodies, 
globules completely enclosed in dolomite, oily films in 
calcite geodes, or associated with the dolomite—only the 
last was used in our analysis as it was judged to be 
representative of the general composition and was readily 
ground to a powder of uniform size. 

The materials to be analysed were extracted with 
distilled hexane. Twenty-five grams of the Posidonian 
and 3 g of the Mountsorrel were each placed in glass soxhlets 
and extracted for 6 h. In the case of the spark discharge, 
100 mg of product were dissolved in hexane. The resulting 
material, which had a brownish colour in the case of the 
Mountsorrel and the Posidonian, was evaporated to dry- 
ness under a stream of nitrogen. This residue was chromato- 
graphed on a 10-cm alumina column. The material on 
the column was then eluted with 100 ml. of distilled 
hexane. The aliphatic hydrocarbon fraction which was 
eluted by the hexane was used for the analysis. 

One fraction of the hexane extract was subjected 
to gas chromatographic analysis on columns of 5 per 
cent SH-30 and ‘Apiezon L’. A second portion of the 
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extract was then treated with a 5 A molecular sieve m 
order to separate the normal alkanes from the branched- 
cyclic alkanes. The molecular sieve was activated by 
heating at 200° C for 2 days in the presence of phosphorus 
pentoxide in a vacuum. The ratio of sieve to sample was 
20:1. After sieving for 50 h in dry, distilled benzene, the 
benzene solution was decanted and the sieve washed with 
benzene for 1 h. The washings of the sieve were combined 
with the decanted solution. In order to extract the normal 
hydrocarbons absorbed by the sieve, it was dissolved in 
dilute hydrogen fluoride. The normals were recovered by 
extracting the hydrogen fluoride solution with three times 
its volume of hexane. 

Fig. 1 is @ comparative study of the three fractions 
extracted from the Posidonian (A), spark discharge (B). 
and Mountsorrel (C). The chromatogram A reveals that 
both normal and branched-cyclic alkanes are found 
similar to those in hexane extracts of biological shales!*. 
The chromatograms B and C, however, are very clearly 
unresolved. 

The striking feature is the contrast between the chroma- 
tograms of the Posidonian and those of the Mountsorrel 
or the spark discharge. This points out very clearly that 
the conditions which are sufficient to separate hydrocarbon 
mixtures obtained from materials which may be de- 
scribed as biological, are not sufficient to resolve the hydro- 
carbons from either the Mountsorrel or the spark dis- 
charge. For A and B, we used an ‘Apiezon L’ column, but 
for C we used an S#H-30 column, which could withstand 
higher temperatures. 

Fig. 2 illustrates the effect of molecular sieving on the 
Posidonian hydrocarbons. The chromatogram of the 
normal alkanes (D) indicates a distribution of normal 
alkanes ranging from C,, to Cso There appears to be no 
preponderance of the odd numbers over the even. The 
second chromatogram (E) shows the branched fractions 
obtained after molecular sieving. This illustrates the 
presence of pristane as determined by its retention time. 
The pristane fraction was then collected and re-injected 
on to an OS-138-12-ft. column and the result is shown on 
the third chromatogram (F). The identity of the pristane 
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peak is clearly established here by the use of a standard — 
and the superimposition of the standard over the C}, 
peak. Further analysis of the total Posidonian alkane 
fraction, similar to Fig. 14, on a 100-ft. 0-01 in. ‘Apiezon 
E capillary column, confirmed the presence of both 
pristane and phytane. 

While the use of the molecular sieve very clearly separ- 
ated the normals in the Posidonian from the branched- 
cyclic fractions, molecular sieving failed to isolate any 
such fractions from either the Mountsorrel or the spark 
discharge. The lack of any detectable amount of normal 
alkanes in both the Mountsorrel and the spark discharge 
emphasizes their difference from the Posidonian. A further 
attempt to resolve she chromatograms of the Mountsorrel 
and the spark discharge by the use of a 100-ft. capillary 
column programmed at 2° a minute did not improve the 
situation. While the large humps shown in Figs. 1B and 
IC spread out to numerous smaller peaks, there were no 
peaks which stood out significantly. The use of capillary 
columns emphasized that both the Mountsorrel and the 
spark discharge material contained a wide variety of 
hydrocarbons. 

Since gas chrometography did not resolve the hydro- 
carbons in either the Mountsorrel or the spark discharge 
mixtures, we examined the mass spectra of all three of 
the extracts. A comparison of fragmentation patterns is 
illustrated in Fig. 2. An overall comparison of the three 
mass spectra once sgain shows very clearly that both the 
Mountsorrel and the spark discharge hydrocarbons 
are different in rature from the Posidonian hydro- 
carbons. 

The fragmentation patterns obtained from the Posidon- 
ian exhibit rather high intensities at m/e of 141, 155, 169, 
and 183 (@). These fragments have been associated with 
isoprenoid mass spectra’. On the other hand, the frag- 
mentation patterns of the Mountsorrel (I) and the spark 
discharge (H) show only very minor intensities at these ion 
masses. In fact, tne distribution of peaks occurring in 
these spectra is scarcely indicative of the presence of any 
significant amount of saturated normal and isoalkanes, 
The spectra point to the presence of highly unsaturated 
compcunds of a@ highly ordered nature. 
Preliminary evidence from bromination 
appears to confirm a high degree of un- 
saturation in both the Mountsorrel and 
spark discharge hydrocarbons. 

Elemental analysis of the Mountsorrel 
formation showed that there was scarcely 
any uitrogen present in the compound, 
and there was no evidence of porphyrins”. 
A preliminary analysis for fatty acids by 
gas chromatography and thin-layer chroma- 
tography produced negative results. Infra- 
red spectra also pointed to the absence of 
any carbonyl function. The presence of 
porphvrins, of fatty acids, and some ear- 
bonyl function is generally associated with 
biological oils. 

The evidence presented from the gas 
chromatographic and mass spectrometric 
analysis shows very clearly that the hydro- 
earbors from the Posidonian shale, which is 
recognized to be associated with marine 
sediments, are strikingly different from those 
in both the Mountsorrel and the ,spark 
discharge material. The chemical evidence 
for the biological nature of the Posidonian 
revolves around the presence of (a) porphy- 
rins”*;; (b) normal alkanes; (c) saturated 
branched chain isoprenoid-type compounds, 
especially pristane and phytane. 

The hydrocarbons produced by the spark 
discharge on methane are truly abiogenic. 
They show no normals or saturated 
brancked chain isoprenoids. The Mountsorrel 


982 


extract does not exemplify any of the characteristics 
associated with biogenicity illustrated by the Posidonian, 
but shows a marked similarity with the hydrocarbons 
synthesized by the spark discharge. On the basis of the 
chemical evidence presented, one is led to infer that the 
hydrocarbons in the Mountsorrel formation were produced 
by a process very different to that which produced the 
hydrocarbons in the Posidonian and are possibly abiogenic 
in origin. 

We thank Dr. I. A. Breger for samples of the Mount- 
sorrel and Posidonian; Prof. P. C. Sylvester-Bradley and 
Mr. R. J. King for valuable discussions and help in 
collecting samples from the quarry in Mountsorrel; Dr. 
A. L. Burlingame for use of his mass spectrometer; Dr. B. 
Nagy for help with the thin-layer chromatography analysis 
of the extracts for fatty acids; and Mr. F. Woeller for 
providing the hydrocarbons synthesized by the semi- 
corona discharge. 
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EUROPEAN MID-DEVONIAN CORRELATIONS 


By Dr. PAUL COPPER 
Department of Geology, imperial College of Science and Technology, London, $.W.7 


N recent palacontological literature, much attention is 
being devoted to the structurally complex group of 
atrypoid brachiopods, many species of which locally serve 
as valuable index fossils. Taxonomic revision on a generic 
level has not kept pace with the rapidly increasing 
number of new species, and a number of new genera need 
be proposed. The introduction of the atrypoid genera 
Mimatirypa Struve 1964 (ref. 1), Spinatrypina Rzhonsnits- 
kaya 1964 (ref. 2), and Pentlandella Boucot 1964 (ref. 3) 
has filled part of the gap. Another genus, restricted in 
distribution largely to one type of sediment and fauna, 
is added in this article. 

The new genus Atryparia (Latin suffix arius, a, um, 
pertaining to) is closely related to and probably derived 
from the genus Airypa Dalman 1828. It belongs to the sub- 
family Atrypidinae, family Atrypidae under the classifica- 
tion at present accepted. The new genus contains a 
number of new species generally obscured under the 
name Atrypa globosa Leidhold 1928 (ref. 4) (non Airypa 
reticularis var. globosa Barrois 1889—ref. 5) in Hifelian 
stratigraphy. Atrypa globosa Leidhold is shown elsewhere® 
to be synonymous with Mimatrypa desquamata (Sowerby 
1840). Atryparia n.gen. is easily separated in all stages of 
ontogeny from associated specimens of Airypa Dalman, 
although it is rarely as abundant. 


Atryparia n.gen. 


Type species: Airyparia insitia n.gen., n.sp. Range: 
Nohn beds to Ahbach beds, Eifelian, Middle Devonian 
(Fig. 1). Distribution: Germany, Belgium, France, Algeria, 
Morocco. 

Diagnosis: Large, generally widely frilled, biconvex 
atrypids with coarse, strongly divergent, shallow and 
undulating ribs. Frills hug the shell wall and do not cause 
the interruption of ribs into ‘rows’ as in Spinatrypa 
Stainbrook 1951. Growth lines as in Airypa. Beaks are 
appressed in all ontogenetic stages, and no interarea or 
delthyrium is exposed. The ventral umbo is expanded and 


rather angular. The foramen is often enlarged into the 
apex. 

Internally, a pedicle layer or collar is characteristic, 
but deltidial plates are absent. A distinctive, clear-cut 
dental nucleus (equivalent to an embryonic lateral cavity) 
marks the tooth. Dorsal cardinalia tend to massivity 
and are thickly reinforced. The minute notothyrial pit 
holds a weak cardinal process, overlapping the hinge 
plates. Crura are straight, unfeathered. Disjunct, two- 
layered jugal processes contain nodules and terminate in 
long, sub-vertical, straight Jugal plates. Spiralia with 
about fifteen whorls. Musculature similar to Aéirypa. 

Comparison: The genus is distinguished from Atrypa 
by its coarser, shallower, diverging ribs, strong ventral 
apical globosity, continually appressed beak and complete 
absence of deltidial plates. Internally, it is marked by its 
massive dorsal cardinalia, large and well-developed jugal 
plates and dental nuclei. In Devonian Airypa the 
absence of dental nuclei is notable. 

Atryparian.gen. could be confused with some Spinatrypa 
which have poorly developed or broken spines, but it is 
still distinguished by the absence of rib rows and delthyria. 

Remarks: The genus particularly favoured a substrate 
of clayey calcareous shale or thinly bedded argillaceous 
limestone showing an absence of detrital debris. Locally 
it is associated with horn corals and the most common 
accompanying atrypid is Spinatrypa. It only rarely out- 
numbers all other fauna. Frills are common on many 
specimens, even where the associated Atrypa show no 
development at all. 

Flamand’ illustrated a specimen, possibly related to 
Airyparia, from the Devonian near the Algeria~Morocco 
border in north Africa. Quenstedt* would seem to have 
been the first to figure species of the genus, calling them 
Terebratula prisca Schlotheim 1820. Collections from 
France and Belgium show the genus to be represented 
there. Its main distribution is probably limited to 
Western Europe and North Africa. In the Eifel region of 
Germany, at least three, possibly five, species, each with a 
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restricted vertical distribution, can be identified. A brief 
diagnosis of two member species follows. Details are to 
be published in a major paper. Descriptions are based on 
a small collection of about 800 specimens. 


No. 5027 


Atryparia instita n.gen., n.sp. 


Derwatio nominis: instita (Latin) = a seam, border or 
flounce. Characteristically the species has a marked 
frill. 

Holotypus: Specimen in Fig. 2, 1-4. Locus typicus: 
north-east flank of Miihlenberg, 800 m north-east of 
Niederehe, Hillesheim syncline, Eifel. MTB Dollendorf 
15455 :h7473. Stratum typicum: upper layers of Miillert 
horizon, Ahbach beds, upper Eifelian (Fig. 1). 

Associated fauna: Spinatrypa kelusiana Struve, rare 
Atrypa sp. 
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Diagnosis: Globose Atryparia with well-developed, 
thick, ventrally turnad frills, equally convex valves except 
in late maturity. Ribs markedly flattened. Umbonal 
areas strongly convex (although not as angular as in 
middle Eifelian species), Internally, a cemented, elevated 
pedicle collar is typical. 


Atryparma stabilia n.gen., n.sp. 

Derivatio nominis: stabilia (Latin) = things that are 
stable. The ventral valve is planar, giving the shell a 
stable position. 

Holotypus: Specimen in Fig. 2, 5-8. Locus typicus: 
Weinberg quarry, 1 km north-west of Kerpen, Hillesheim 
syncline, Eifel. MTB Dollendorf 15098 :h7572. Stratum 
typicum: Bohnert sub-horizon, Nollenbach horizon, 
Freilingen beds, upper Eifelian (Fig. 1). Common down 


gerta! nucieus 


juga! process 


ria ngen. Right: Transverse 


serial sections of Atryparia instita n.sp., paratype P'c354.C279i, Millert horizon. Intervals in mm (x 25). (Abbreviations: A. = Alryparia, 


Lau. = Lauch 


, Frei, = Freilingen.) 





Fig.2. 1-4, HOLOTYPUS Alryparia instita n.gen., n.sp., Pe351.C279i, Millert horizon, MTE Dollendorf ra548 
Atryparia stabilia n.gen., n.sp., Pc355.C345, Nollenbach horizon, MTB Dollendorf r9093: h7572 (x 1) 


:Ah7739( x 1). 5-8, HOLOTYPUS 


984 


to Eilenberg horizon, Freilingen beds. Associated fauna: 
Kerpina vineta Struve, Carinatina plana (Kayser), 
Spinatrypa aspera (Schlotheim), Atrypa aff. squamifera 
(Schnur). 

Diagnosis: Flattened ventral and strongly convex 
dorsal valves show more prominently etched, deeply 
troughed ribs than Atryparia instita n.sp. Frills generally 
lacking; valves much flatter in early ontogenetic stages. 
Beak blunted, hinge margins straightish. Internally, a 
pedicle collar is lacking and the dental nuclei are very 
clearly defined. 


Species of the new genus promise to be of considerable 
value in Mid-Devonian correlations of Europe, and have 
successfully been used in the Eifel for detailed biostrati- 
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graphy. Straight-line trends are still not fully known, 
although ribs appear to become progressively coarser, 
and there is a size increase in younger forms. It is likely 
also that there was little or no development of a pedicle 
layer in lower Eifelian species and that this structure 
became progressively more complex. 


t Struve, W., Senckenbergiana Leth., 45, 5 (1964). 
a ar i M. A., Gosud. Geol. Kom. S.S.S.R., Trudi VSEGEI, 93 


° a ryt v Bedrock Geology of the Presqueisle Quadrangle, 
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t Leidhold, C., Abh. Preuss. Geol. Landesanst., 109, 1 (1928). 

* Barrois, C., Mem. Soc. Geol. N., 3 (1889). 

* Copper, P., Palaeontology, Lond., 8, 2 (1965). 

* Fiamand, G. B. M., Recherches Géologiques et Géographiques sur le Haut-Pays 
de l'Oranie et sur le Saouara, P1. 12, Fig. 2 (1911). 

* Quenstedt, F. A., Petrefactenkunde Deutschlands, 1, 2, Die Brachiopoden, 
Pl, 42, Figs. 87-88 (1871). 
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NORTH MEDITERRANEAN CLIMATE DURING THE LAST 
WURM GLACIATION 


By ENRICO BONATTI 


Institute of Marine Science, University of Miami, Miami, Florida 


T is generally assumed that non-glaciated regions at 
temperate latitudes were subjected to cool and humid 
climate (pluvial) during Pleistocene glacial maxima!. 
Data obtained recently in south European areas bordering 
with the Mediterranean seem, on the contrary, to give 
evidence of markedly arid climate during the last 
an Glacial, as also pointed out by Van der Hammen 
et al.*. 

The data in question include the following: 

(a) Pollen sequences from the sediments of Monterosi 
and Baccano’, two crateric lakes of central Italy (Fig. 1) 
lying at an altitude of about 200 m above present sea-level. 
Their combined pollen diagram has been dated using 
carbon-14 at ten levels, and shown to extend continuously 
from about 25,000 years ago to the present. From 
25,000 to about 15,000 yr. B.P. (that is, during the second 
maximum of the Wiirmian glaciation) the area in question 
was essentially treeless, and was covered by a cold steppe, 
with Artemisia as the dominant plant (Fig. 2). This steppe 
gave way to a grassland from about 15,000 to 12,000 yr. B.P., 
then to a shrubland (with Corylus), which preceded foresta- 
tion at about 11,000 yr. B.P., that is, in correspondence 
with the ‘Alleréd’ of northern Europe. During most of the 
Post-Glacial period a forest (with Quercus dominant) was 
prevalent in the region. This sequence suggests cold-arid 
climate during the Glacial period, gradually giving way to 
warmer and humid conditions in the Post-Glacial. 

(6) The presence of a Wiirmian steppe according to the 
Monterosi sediments is confirmed by a cold steppe fauna, 





with Elephas primigenius, Equus idruntinus and Capra 
ibex, which is recorded as having inhabited central Italy 
during the last Wirmian peak‘. 

(c) Pollen diagrams from lacustrine deposits at Fimon 
and Arqua in the eastern Po River Valley, a few metres 
above present sea-level’, show an early phase where there 
is a paucity of arboreal vegetation and a dominance of 
Artemisia, which suggests an arid steppe environment. 
No carbon-14 datings have been published for these 
sequences, but Lona’ attributed this portion of the 
diagrams to the last Glacial peak. In both diagrams 
Corylus precedes the establishment of an oak-dominated 
forest in the Post-Glacial, as in the Monterosi sequence. 

(d) Preliminary pollen spectra and three carbon-14 
datings of a thick peat deposit from Macedonia, Greece, 
have been published recently’. Again a steppe environ- 
ment with Artemisia dominant prevails during the last 
Glacial, while a humid oak forest takes over in the Post- 
Glacial. Older portions of the diagram suggest that similar 
alternations have been present also in previous Pleistocene 
glacials. 

(e) Pollen diagrams from Spain® reveal sequences very 
similar to that shown in Fig. 2. For example, carbon-14 
datings have been made of a diagram from the Lagoon 
of Sanguijuelas in north-western Spain at seven levels; this 
goes from about 15,000 yr. B.P. to the present. The full 
Glacial is thus not represented in it; even so, during the 
earliest 3,000 yr. of this sequence (that is, during the 
Tardiglacial) the non-arboreal pollens are prevalent, and 
dominant among them are steppic general 
such as Artemisia and Ephedra, while in the 
Post-Glacial a forest with ‘Quercetum’ be- 
comes prevalent. Other diagrams from 
coastal areas of southern Spain have many 
features in common with the diagrams from 
central Italy, but do not extend farther back 
in time than the Post-Glacial. 

Present results thus suggest that the main 
features shown in Fig. 2 are to be considered 
valid for the whole north Mediterranean, 
supporting the concept of a prevalently arid 
climate in this area during the last Würmian 
peak. 

A tentative explanation for the dimin- 
ished precipitation in the north Mediter- 


ranean contemporary with glaciations ate 
higher Jatitudes would be as follows: 
much of the precipitation in the south» 


Fig. 1. Some of the locations where evidence of Wirmian arid climate was 

obtained: (a) Monterosi and Baccano lakes; (b) Lazio region with cold steppe fauna 

in the last Glacial; (c) Lakes of Fimon and Arqua; (d) Deposit of Tenagi Philippon, 
Macedonia; (e) Lagoon of Sanguijuelas 
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“an regions derives at present: from westerly 
air masses which originate over the Atlantic, 
hey pick up most of their moisture. During 
maxima the temperature of the surface water 
. north Atlantic at intermediate latitudes on 
erage was approximately eight degrees lower 
t present’. As a result evaporation was also 
-and drier cool winds would sweep southern 
an. regions. At the same time, according to Emiliani 
xiss’s scheme? of the glaciations; relatively warm 


~HE precipitation of polyanions by cationic dyes in 
1 its simplest form can be expressed : 


Pz-zM> + zR+ = Pe-7R+ + 2M+ 


where Pz- is a polymer P with z anionic sites, M+ the 
counterion and R+ the precipitating cation. Applying the 
_ law of mass action to this equation in a ‘model’ treatment 
_ neglecting activity coefficients, it can be shown that the 
ratio of the concentrations [P-zR+]/P-2<M*+] changes 
from very low to very high values inside a narrow range 
of the ratio [R+]/[M*+] if z is large (for example, > 10). If 
e concentration [R+] is constant, the position of the 
rp infiexion in the curve of [P?-zR+]/P-zM+] against 
M+] can be expressed in terms of [M+]. The region. 
[+] in which the ratio [Pz-zR+]/{Pe-zM+] changes 
edly is defined as the ‘critical electrolyte concentra- 
EC) (refs. 1, 2). The equilibrium constant deter- 
he value of ‘the critical electrolyte concentration, 

in turn governed by the relative affinities of Rt 
[+ for the polyanionic sites*. 

inity’ is the sum of all the forces: acting between the 
i ‘ipants.. ‘Coulombic and van der Ww 8 forces, hydro- 
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DING OF CATIONIC DYES TO NUCLEIC ACIDS AND OTHER BIOLOC 
POLYANIONS 


By Dr. J. E. SCOTT and Dr. IRENE H. WILLETT 


Medical Research Council Rheumatism Research Unit, Canadian Red Cross Memorial Hospital, Maidenhead, Berkshire Sas ne 









adjacent seas by the 


sheets advancing southwards f 
In addition to being drier, the | aforeimentians 1s 
air masses were probably less frequent in the Me 
ranean during glacial maxima, being repelled by cold, dr 
winds entering the Mediterranean from the ‘north a8 
(Russia). Such winds were presumably more inter maoo 
frequent than at present, due to a greater temperature co 
gradient between glaciated north-east European areas and Que 
North Africa during glacial maxima. The increase in _ 
temperature of Atlantic water at the end of the Glacial 
together with the diminished importance of the north- Be 
easterly winds would cause increasing precipivations in _ 
southern Europe, and development of a humid climate, as 
indicated by the Post-Glacial portion of the aforemen- 
tioned pollen profiles. ee 
Evidence of aridity in southern Europe during Glacials l 
should be detectable ir: Mediterranean deep-sea sediments. 
Indeed, cores from the western Mediterranean show 
Würmian sections where wind-borne minerals. (mainly i 
quartz) are prevalent; such eolian components disappea: 
in the Post-Glacial*®. It is also to be expected that 
mentation rates in the north Mediterranean. sh 
highest during Late-Glacial phases due to stronge 
on adjacent land, related to the melting of the 
glaciers and to the paucity of vegetation. 
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gen bonds and charge transfer may all be involved. An 

examination of a large number of polyanions, electrolytes 7 

and precipitants has shown that in those cases in which 

Coulombic interactions predominate, there is a distinctive 

pattern of critical electrolyte concentrations, and. there: 

fore of relative affinities of M+ and R+ for the polyanion®. 

The critical electrolyte concentration depends primarily: 

on the type of aniome site on the polymer. -Critical 

electrolyte concentrations are grouped in the order CEC 

(— C00- ) < CEC (=P0,-) < CEC (—S0O,-) when Riis an: 

ion of low electrostatic field and polarizing power, and in 

the opposite sequence when R* contains a chelated Ale TE 

or similar cation with a high polarizing powert. AAT, 
Molecular weight and charge density are factors affecting a 

the critical electrolyte concentration, but except ‘when | 

they are low they are less important than the ch a 

type’. | 
In those cases in which the charge is not due to. che! ated. 

Al*++, ete., the structure of R+ around the cationic site- 

can be considerably changed without altering the critical » 

electrolyte concentration pattern’. The charge may be 

centred on one, or spread over several atoms, which may 















gina nitrogen, carb 
polyvalent. Subs 
charge from the : 
concentration. Se a 
The establishment of a paiak of Coulombic behaviour 
-permits the interpretation of variations from this pattern 
in terms of extra contributions from van der Waals forces, 
- hydrogen bonds, ete. Thus, we find that the behaviour of 
- sibonucleic acid (RNA) and deoxyribonucleic acid (DNA) 
‘towards a range of dyes differs from that of polyphosphates 
-in general. This appears to be a consequence of inter- 
‘actions between the dyes and the purines and pyrimidines 
of the polynucleotides. 
<The critical electrolyte concentration phenomenon has 
been used to localize tissue polyanions with greater 
specificity. than is possible using the dye (alcian blue) 
alone?:*. This article describes an extension of that work, 
is using: a wider range of dyes and polyanions. 
‘The dyes used in this investigation were standard 
a histological preparations from B.D.H. Ltd., Poole, Dorset; 
~ 4G. T. Gurr, Ltd., London, 8.W.6; or (in the case of aloian 
blue and alcian yellow) gifts from Imperial Chemical 
- Industries, Ltd., Blackley, Manchester, through the 
< courtesy of Mrs. 8. M. Neal. Polyanions, other than poly- 
ides, were prepared by the method of Scott’, and 
ts from Dr. F. E. T. Pautard and H. Zola (onuphie 
Dr. S. Gardell (keratansulphate), Dr. Cifonelli 
sulphate, chondroitin sulphates A and B) or 
re commercial samples (heparin, alginate, polyacrylate, 
phosphate). Some polynucleotides were commercial 
ples (thymus DNA, from Worthington Biochemical 
New Jersey, U.S.A.; polyadenylic and polyuridylic 
Miles Laboratories Ltd., Elkhart, Indiana, 
RNA core from Koch-Light Laboratories, Coln- 
inghamshire), but for the most part were made 
ethod of Kirby®?. 
nion solutions were spotted and dried on circles 
tman No, | filter paper, which were then immersed 
ions containing dye and salt. The dyes were at 
er cent w/v. All except those containing aluminium 
de were in 0-05 M sodium acetate buffer pH 5-7. 
UA ter a minimum of 1 h at room temperature the papers 
“were blotted and dried in air. The critical electrolyte 
concentration of a particular polyanion-dye complex was 
taken to be the highest concentration of electrolyte at 
which staining of the polyanion ‘spot’ was apparent. 
Binding to carbohydrate polyanions of thioflavine T, 
-@9-amino acridine, acridine orange and pyronine was 
-conveniently and sensitively assessed in ultra-violet light 
{Shandon ‘Chromatolite’). Unbound dye fluoresced bril- 
liantly, whereas bound dye did not. Similar observations 











































elie The resulta are shown in Table I 
similar and even more striking results were obta 
solutions of magnesium chloride, results in Table- oe 
quoted in sodium chloride, since many polynucleotides: fn 
are precipitable by Mg**, thus rendering interpretation. ee 
more equivocal, n 
Within the group of polyanions containing — -COO- il 
and/or —SO,- groups and no aromatic rings, CEC (= COO”) 
< CEC (COO- + S0,-) < CEC (—S0,-). This sequence 
is the same as that observed for a large number of organie- 
cations’. In general, critical electrolyte concentrations. 
are low, and in some cases staining was observed only in 
the absence of added sodium chloride, that is in the. 
presence of 0-05 M sodium acetate buffer. In the case of. 
methyl green the buffer electrolyte was sufficient to prevent 3 
staining of most of this group of polyanions. 7 z 
Critical electrolyte concentrations of those: polyanions i 
which possess aromatic rings, as purines or pyrimidines, _ 
are much higher. The difference is particularly striking _ 
in the case of pyronine. Other dyes behave similarly to 
those shown in Table 1, for example, methylene blue 
thionine, toluidine blue, safranin, crystal violet an 
‘Rivanol’. In view of the wide range of chemical struct 
involved, the most reasonable explanation of the enhanc 
binding lies in extra interactions due to conjunction 
aromatic systems of dyes and polyanions. 
More sites should be available for interaction on sing 
stranded molecules with less secondary structure. t 
on those with much double-stranded or other seconda vo 
structure. RNAs in general have higher critical elec-. 
trolyte concentrations than DNAs. The lower critical 
electrolyte concentration of thymus DNA, as compared 
with rat liver DNA, is probably attributable to its 
greater secondary structure, due to dissimilar prepara 
tive procedures, or to native differences in the structure in. 
the chromosomes. Up to 80 per cent of DNA of the inter- 
phase lymphocytes is in the repressed chromatin fraction’: 
and DNA from the repressed chromatin has a higher Tm? 
than that from active chromatin!’, indicating a greater — 
degree of secondary structure. Using a speetrophoto-. 
metric method, Drummond et al.1* have shown that th 
are more binding sites available to amino- -acridines. ` 
thermally denatured DNA than on native DNA. Ribo 
somal RNA. (ref. 10) which had been converted into th 
tetraethyl-ammonium salt, dissolved in 50 per cent — 
ethanol and then recovered as the Nat salt (RNA rato 
liver I) showed a higher critical electrolyte concentration 
than ribosomal RNA. which had been isolated as the Nat ; 
































“Table 1. CRITICAL ELECTROLYTE CONCENTRATIONS (IN MOLARITY SODIUM CHLORIDE) OF DYE-POLYANION COMPLEXES ADSORBED ON FILTER PAPER 





LeAnn saan amira HAA NAR PHT RANTS = = 








Pe 
a | | Alcian blue | Thioflavin T d 
-i Hysluronate 0-2 | <0-05 | 
| Alginate 0-3 | <00 | 
-Folyaerylate 0-3 | | 
| Chondroitin sulphate-A 0-8 | < 0-05 | 
| o Chondroitin sulphate-B ; 0-8 < 0-05 
i Shark chondroitin sulphuric acid | 0-8 < 0-05 | 
Heparan sulphate 0-5 | <005 i 
Heparin | 0-9 < 0-05 | 
Keratansulphate 15 
` Onuphic acid (poly-glucose phosphate) 0-3 0-1 | 
| ENA rat liver I (unfractionated) | >15 >12 ! 
| RNA rat liver TI (unfractionated) 0-5 i 0-5 
| RNA 188 rat liver i 0-3 | 0-2 
i RNA 288 rat liver , 0-5 | 0-5 | 
| RNA Drosophila (unfractionated) 0-5 | 05 
| RNA 185 Drosophila i 05 | 0-5 i 
RNA 28S Drosophila j 03 | OL | 
) RNA 4S (high adenine) 0-3 < 0-05 , 
| RNA core 0-3 | 0-1 | 
l DNA (thymus) j 0-5 < 0-05 i 
| DNA rat ‘liver | 0-5 | > 1-2 l 
| Polyadenylic acid | 0-5 | >3-0 | 
i Polyuridylic acid 0:3 | 0-1 | 


i PE + “Staining was not present in 0-0 M sodium chloride. 








Acridine | : 





Azur A 9-Amino | Methyl green | Pyronin >; 
acridine | orange 
ade desea: ae Orne 
< 0-05 < 0-05 | ; < 0°05 <O005 

0-1 < 0-05 | t < ne < O08 0 

OL < 0-05 ; + 0-2 <O-O0% oi 

0-1 | < 0-05 t 0-2 | <O0-08. 9) 

0-1 < 0-05 | + 0-20 <O-05 > 4° 

0-1 0-1 | + O-1 <005 5 

0-4 | 0:3 | 0-1 0-2 QO OB 

0-3 < 0°05 0-1 0-2 : <05 | 

0-2 0-2 ; E 
>12 >03 |  <005 15 . >80 
>11 | 0-5 < 0-05 , 1-0 | > BOS 

0-5 : | <005 0-5 o BQ. 

0-7 | < 0-06 1-0 > BO. 
>11 0-4 | < 0-05 1-5 ee. oe 
>11 | 0-4 | < 0-05 15 >PO 

0-9 0-4 < 0-05 0-8 3 

0-3 0-2 i < 6-05 0-2 ar 

0-4 << 0-05 01 l 0 

0-3 0-05 | > 8-0 ! 0-2 i l 
>12 | >03 i >12 ; , a 

| | + >30 > BO 
| + 0-5 OoOO F 
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ition in 50 per cent 


cal electrolyte con- 


traction with purines and pyrimidines thus exposed. 
is is especially clear in the case of alcian blue.) 
Polyadenylic acid, with purine rings, offers greater 
ential interaction than polyuridylic acid with the 
smaller pyrimidines, and shows a much greater critical 
ectrolyte concentration. 
Experiments were carried out in aqueous solutions 
containing potassium, magnesium or lithium acetates, 
with 9-amino acridine or ‘Rivanol’, The results were in 
substantial agreement with those shown im Table 1, and 
will be reported in detail elsewhere. 
_ Two dyes stand out from the pattern. Methyl green is a 
poor precipitant for polyanions in general. DNA, however, 
shows a very marked and specific interaction, which is 
not suppressed by salt. Heat-denatured DNA shows much 
38 affinity, implying that the double-stranded helix is 
necessary for this interaction. It is possible that inter- 
lation between base pairs occurs, with alignment of the 
o cationic charges of the dye with ionized phosphate 
t groups at opposite sides of the helix. The roughly 
plementary critical electrolyte concentration pattern 
yronin and methyl green is of interest histologically, 
his aspect will be discussed elsewhere. 
ian blue behaves as though it were bound only by 
ostatic forces. It appears to be a better precipitant 
arbohydrate polyanions than the other dyes, and its 
tion is not very sensitive to suppression by electro- 
‘In one instance only, with rat liver RNA (I), does 
eneralization not hold, and in this case the evidence 
vs that the RNA structure is abnormally open, with 
| sites available for extra binding. It seems that 
» blue can bind with forces additional to electro- 
c bonds, but that it doesmot normally do so. In this 
t it differs from all other cationic dyes tested. The 
metry of the molecule is unlike that of other dyes*; 
cationic charge is not part of the chromophore, it is 
‘valent, and it is very bulky. Any one factor could 
t the alignment of ring systems and charges necessary 
wo modes of binding. Aleian yellow, another cationic 
based on the copper phthalocyanine ring, behaves 
larly to alcian blue. 





‘2. CRITICAL ELECTROLYTE CONCENTRATIONS (IN MOLARITY ALUMINIUM 
RIDE) OF DYE-POLYANION COMPLEXES ADSORBED ON FILTER PAPER 


Alcian Muci- 
~ blue carmine 
Alginate t 02 
| Hyaluronate t vue 
|. Polyacrylate >05 
-o Chondroitin sulphate 4 0-3 
_ Chondroitin sulphate B 0-3 
Chondroitin sulphate C 0-4 
Shark CSA 0-2 
| Heparan sulphate O-1 
Heparin 05 
_. Keratansulphate 0-5 
_. Pelyphosphate 0-05 
Polyuridy lic acid 0-06 
Polyadenylic acid 0-03 


a 


Haema- 
toxylin 
0-2 0-03 
0-4 t 
01l > 16 
0-2 

0-2 


Aluminon 


mte ete ape te ie pe te 
7 9S 
t9 
e E ee en en a 










0-06 
> 0-5 
>08 


milar evidence for two modes of binding was obtained 
periments with dyes which depend for their cationic 
/ on chelated Al+++ (Table 2). The pattern of 
| electrolyte concentrations is CEC (—SO,-) < 
COO- + 50,7) < CEC (—COO-)and CEC (—SO,-) 
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n is determined by that of the 





pattern in the 


nding of 
dye-like molecules to polynucleotides has been controver-. 
sial since it was firs: suggested!*. Measurements of meta- 
chromasia'*, fluorescent yield!?, thermal deneturation?® 
and chemical reactivity of intrahelical amino groups!’ 
have all pointed to the existence of more than one type of 


The role of purines and pyrimidines in the bine 


binding. Intercalation provides for an extra mode of 
binding, apart from purely electrostatic combination 
with = PO,~, but a ‘stacked’ dye array would also provide 
additional affinity®° without the necessity for intercalation. 
Caleulations of free energies of intercalation and ‘stacked 
dye’ models* showed that, although both had less than 
DNA itself, the intercalated model had least. It is possible 
that intercalation and stacking can co-exist. Fluorescent 

wih to 



















quenching and metachromasia have been s 
vary according to the base composition of th 
nucleotides!?"1, Although it is difficult to interp 
findings in a way that does not involve interacti 
dye and purine or pyrimidine base, the lack 
diagnostic method for electrostatic binding, 
random and stacked arrays, in the presence of non- 
static binding, is conducive to confusion. Th 
semi-quantitative method permits an assessment 
contribution of the =PO,- by relating it to — COO 
— 80,- (by analogy. the properties of bromine. co: 
related to those of ealorine and iodine). In this m 
phase transition is mvolved, which restricts cor 
with other data, most of which have been o 
aqueous solution. The results strongly suggest 
is an extra interactien with polynucleotide base 
modified by the ocearrence of secondary struc 
polynucleotide, in qualitative agreement with t 
mental data previously cited!*.*1, The type of in 
is not definable, bus probably involves at least 
Waals and ‘hydrophobic’ bonds. co 
If it is true that seme disruption of secondary 8 
enhances binding of aromatie compounds, it impl 
small aromatic molecules may exert their x 
biological effect. while secondary structure is. | 
up or broken down, that is, during replication a 
cription. | ae 
We thank Dr. K. S. Kirby for generous gifts of RNAs 
and DNAs and for very useful discussion of the manu- 
script. Mr. Terence Stacey gave valuable assistance. 
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TRANSFORMATION OF FIBROUS TISSUE TO BONE IN VIVO 
By Pror. C. ANDREW L. BASSETT* and Dr. THOMAS P. RUEDI+ 


Orthopaedic Research Laboratories, Columbia University College of Physicians and Surgeons, New York, New York 


UMEROUS investigations and debates have been 

concerned with the source of osteogenic cells 
during the past century. In recent years, investigations 
carried out with tissue culture techniques'* and with the 
aid of tritiated thymidine** or electron microscopy® have 
indicated that mesenchymal cells, particularly those 
associated with vessels as perivascular connective tissue 
cells, may specially act as osteoblasts. The term ‘osteo- 
progenitor’ has been applied to these cells‘. For several 
years, work in these** and other laboratories? has indicated 
that it is the environment in which the cell resides that 
determines largely whether it will produce or destroy 
bone, cartilage or fibrous tissue. In view of these observa- 
tions it may be presumptive to label a particular cell as 
an osteoprogenitor cell until it has responded to its 
micro-environment and begun forming bone—at which 
time it is an osteoblast. Generally it is agreed that the 
osteoblast synthesizes collagen, mucopolysaccharides and, 
probably, lipids'. These organic fractions of the extra- 
cellular osseous matrix are later mineralized in a pattern 
which is characteristic, at the ultrastructural level. 
Calcium hydroxyapatite crystals are arranged in and 
on the collagen fibrils, with their c-axes parallel to the 
long axes of the fibrils**. This pattern has been mimicked 
by collagen in tendon exposed to tissue fluids in vitro’ 
and by turkey tendon being converted to bone", suggesting 
that pre-existing collagen can be altered so that it is 
mineralized. 

This article reports the pattern of healing of ‘Millipore’- 
isolated defects in the cortex of canine radii, in which 
additional features of the behaviour of osteogenic cells 
and the transformation of fibrous tissue to bone were 
observed. The operative technique, described previously”, 
produces a chamber measuring 0-4 x 2 em (Fig. 1) 
which is open to cells entering from its proximal or distal 
cortical ends and not directly from the marrow cavity, 
periosteum or overlying soft tissues. In the present 
investigation, groups of 3-5 adult animals were killed 8, 
12, 16, 21, 24, 27, 30, 60, 180 and 320 days after operation 
and multiple serial histological sections were prepared 
from the regions of the defect. Initially the chambers 
were filled with a fibrin clot which was invaded by vessels 
and spindle-cells in a centripetal manner. This invasion 
occurred at different rates in different animals, depending 
largely on the number of cells migrating into the chamber 
by way of Haversian and Volkmann canals in the cortex 
at the ends of the chambers. After 21-31 days, most 
chambers were filled with a dense fibrous connective 
tissue (Fig. 2). This fibrous tissue seemed to be trans- 
formed directly to fibre bone and, eventually, to mature 
lamellar bone so that, after 320 days, cross-sections 
through the middle of the defects were indistinguishable 
from the unoperated cortex proximally and distally 
(Fig. 3). Newly forming bone was always anchored 
to pre-existing bone. No cartilage was observed in any 
of these ‘Millipore’-ensheathed specimens. At the 
interface between the new bone and fibrous tissue, collagen 
bundles were continuous (Fig. 4). In the regions where 
they emerged from the woven fibre bone, these fibre 
bundles frequently were surrounded by plump, secretory, 
polygonal cells with basophilic cytoplasm and a clearly 
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defined Golgi apparatus. These cells seemed to develop 
from spindle cells already present between the collagen 
fibres. The front of newly formed bone advanced steadily 
toward the centre of the chambers in a centripetal fashion, 
until all fibrous tissue had been converted into bone. 
In some animals the process was completed in 60 days, 
while in others small amounts of residual fibrous tissue 
were found in the centres of the chambers after 180 days. 
Although conversion of fibrous tissue began as early as 
16 days, lamellar bone appeared primarily after the 
defects were bridged by fibre bone. At no time were 
significant numbers of multinucleated osteoclasts observed 
in the bone formed in the defects. The dead cortical bone 
at the ends and sides of the defects, however, was replaced 
(‘revitalized’) by the alternative waves of osteoclasis and 
osteogenesis, characteristic of creeping substitution. 
These experimental studies suggest that mature fibrous 
tissue may be transformed directly to bone. The process 
has certain histological features in common with those 
reported by Johnson" during the ossification of turkey 
tendon and during the moving of teeth by orthodontic 
forees'*. In the case of this and the turkey tendon study, 
spindle cells, apparently dormant between the bundles of 





Fig. 1. Scheme of operative technique, demonstrating the defect in the 

canine radius, isolated from the medullary canal and overlying soft 

tissues by a ‘Millipore’ membrane. ia heals centripetally, from cither 
enc 





Fig. 2. 30-day longitudinal specimen from proximal one-half of defect. 

Haematoxylin and eosin (x ¢. 10). A, Cortex proximal to defect; B, 

newly formed bone; C, dense igen e filling centre portions of defect; 
he pore’ 
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collagen fibres, became plump, secretory and resulted in the 
conversion of a non-mineralized connective tissue to a 
mineralized connective tissue. Whether these spindle 
cells should be referred to as osteoprogenitor cells or 
mesenchymal cells seems more a problem of semantics 
than practicality. The major point is that they altered 
their functional state at specific times and in specific 
locations. While the exact nature of the cellular activity 
involved in this mineralization process is not evident from 
this study, two possible explanations seem to exist. 
First, the cells may have produced materials which, 
when added to the collagen already present, rendered the 
collagen ‘calcifiable’. Protein—polysaccharide complexes 
and/or lipids have been thought by others!» to be 
involved in such a mechanism. On the other hand, it is 
possible that cellular activity may have removed agents 
inhibitory to calcification, such as pyrophosphate'*. 

In the chambers of some animals the osteogenic response 
was so explosive that bridging by fibre bone was almost 
complete in 30 days, while in others it advanced very 
slowly and required 6 months to fill the gap with bone. 
These differences appeared to be related mainly to the 
rate at which cells could enter the chamber during the 
first 2 weeks after operation. Afterwards, the differences 
seemed to correlate with the rate of cell proliferation and, 
possibly, the amount of instability of the radius resulting 
from the procedure and the activity of the animals. The 
chronicity of the osteogenic response in some animals 
suggests that the stimulus for continuing bone formation 
may be different from that of an acute injury potential. 
The findings of this investigation are consistent with the 
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Fig. 3. 320-day specimen, cross-section from middle of defect. Haema- 
toxylin and eosin (x e. 100, polarized). Birefringent lamellar pattern 
of osteones. This picture was indistinguishable from cross-sections 
taken from unoperated radial cortex proximal and distal to the defect 
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Fig. 4. 24-day specimen, longitudinal section from region at interface 

between new-fibre bone and fibrous tissue. Haematoxylin and eosin 

(x e. 350). Note the bundles of collagen fibres emerging from bony front 

and extending into the fibrous tissue. Note also osteoblastic activity 
along the bony front 
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view that osteogenesis requires a large number of cells 
with the proper genetic endowment, a nutritional environ- 
ment that will support them, and a stimulus, the nature 
of which is still unidentified. They should encourage 
orthopaedic surgeons faced with treatment of fibrous 
union or pseudarthresis, for they demonstrate that mesen- 
chymal cells, residing in fibrous tissue, probably retain a 
capacity to form bone when properly stimulated. 

Osteoblastic activity was noted where prominent, 
longitudinally oriented, collagen bundles emerged from 
bone. Frequently, shese bundles seemed to be arranged 
along lines of tensile stress and linked the two ends and 
sides of the defect. Similar behaviour, that is, osteoblastic 
activity, is observed on the tension side of a tooth being 
moved by orthodontic forces'*. Bone formation occurs 
between the fibres of the periodontal membrane where 
they emerge from alveolar bone. Furthermore, bone 
formation in tendon has been reported when tensile forces 
are excessive, Although it is not known exactly how 
mechanical factors can stimulate this type of cell special- 
ization, recent investigations have demonstrated that 
bone'*-** and tendom*! have piezoelectric properties and 
generate an electric signal in response to deformation. 
Furthermore, weak currents, artificially induced in bone, 
have been observed to affect osteogenesis**, and it is 
likely that currents of similar magnitude, generated in 
vivo, may control the metabolic activity of osseous cells**. 

Finally, while the conversion of non-mineralized con- 
nective tissue to mineralized connective tissue was 
associated with characteristic cell activity, the conversion 
of fibre bone to lame lar was not. There were remarkably 
few multinucleated osteoclasts or resorption cavities 
during the reparative process. Furthermore, lamellar 
bone began to appear in the defect only after bridging by 
fibre bone was virtually complete. Is it possible that the 
stress patterns in the bridged chambers focused local 
electro-mechanical stimuli on osteocytes, thereby stimulat- 
ing them to carry out cyclic, internal remodelling of the 
immature, weak bony structure? Such a cycle of osteo- 
lysis and osteogenesis by osteoclastic and osteoblastic 
osteocytes has been indicated by the recent studies of 
Bélanger**. 

This work was supported by the U.S. Public Health 
Service through the National Institutes of Health. 
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ORIGIN AND NATURE OF THE CUTICULA DENTIS 


By Pror. J. J. HODSON 
Department of Oral Pathology, University of Sheffield 


HE dental cuticle first described by Gottheb'* is 

one of the most controversial structures in dental 
histology and pathology. Gottlieb described it as a 
‘horn layer’ or ‘membrane’ frequently formed by the outer 
enamel epithelium covering the tooth crown (secondary 
enamel cuticle), and later, by proliferation, the root 
cementum. Around this structure Gottlieb'-* built up 
theories which are still largely accepted to-day concerning 
the eruption of the teeth, surface protection against 
caries, the pathology of periodontal disease, the gingival 
sulcus and the attachment of the gum to the tooth surface 
and their importance in the health and disease of the 
periodontium. 

In histological sections stained with Ehrlich’s haema- 
toxylin and eosin Gottlieb’s cuticle appears as an eosino- 
philic or unstained, clear, hyaline or granular membrane- 
like layer of varying thickness (2—-l15u), lying between 
epithelium and the tooth surface (Fig. 2A and C), or applied 
to the tooth surface after loss of the epithelium. In 
unstained sections it appears refractile 
and bluish-green. 

Its presence, form and general appear- 
ance are well documented’*-*. Nothing 
is known of the origin of the dental 
cuticle and little regarding its chemical 
nature. Although it is almost universally 
accepted as being a keratinous structure, 
Sicher*':** and others have recently 
revived Weski’s’ and Lehner’s'® conclu- 
sions that it is not keratin formed by 
maturation of epithelial cells but a ‘kera- 
toid’ cementing substance secreted by 
epithelial cells. Schiile**.** carried out 
extensive histochemical and physical 
investigations but gave insufficient evid- 
ence of his identification of the secondary 
cuticle. Wertheimer and Fullmer** found 
that the cuticle protein was not a keratin 
but contained a prosthetic carbohydrate 
of unusual composition. They inter- 
preted their results, however, as strongly 
indicating an epithelial origin*’. Almost 
all authors believe the dental cuticle is 
derived from epithelium. Turner?’ be- 
lieved that it was a modification of the 
acquired salivary cuticle, while Waer- 
haug** suggested it could be merely a 
thickening of the primary cuticle. 

More than 1,000 surgical and autopsy 


specimens of human permanent and 
deciduous teeth have been examined 
with and without their periodontium; 


some animal jaws were also examined, 
including the dog, hamster, rat and rabbit. 
CGottlieb’s cuticle was observed irregularly 
distributed in 75 per cent of the teeth of 
the permanent dentition and considerably 
less in the deciduous dentition (estimated 
at 10 per cent). The dental cuticle was 
observed in some animals*. D 

The cuticle was found on the exposed 
surfaces of the teeth but more commonly 
between the gingival epithelial cuff and 
the enamel and cementum. The cuticle 
on the cementum was identical in all 
respects with that on the enamel. It was 
also found in three of twelve unerupted 


Fig. 1. 





teeth examined. In many cases in parts of its course it 
was composed of up to five or six layers often separated 
by remnants of degenerate epithelial cells or linear mark- 
ings giving a laminated appearance (Fig. 1C). In some 
specimens the cuticle was present between cells of the 
epithelial cuff and not between the epithelium and the 
tooth surface. Present also were bulbous, circular and 
other shapes either at the termination of the cuticle or 
along its path which projected into the epithelium 
(Fig. 1C, 2A) or, not infrequently, appeared as separate 
‘bodies’. Investigations? have shown that the cuticle, 
‘hyaline bodies’ and the multi-layered strips (noted also 
by Gottlieb? and Turner**) were identical with the 
‘hyaline bodies’ present in some odontogenic cysts and 
elsewhere®:?7;2*-44, The similarity of the latter to the cuticle 
had been previously noted*:**, but the paradontal ‘hyaline 
bodies’ have not been previously described*’. 

It was clear from these and other observations that the 
cuticle did not arise either as a product of or a maturation 


A, ‘Cuticle’ between non-vital bone and squamous epithelium; stained oreein only (24 h) 
(=x 770). B, ‘Cuticle’ between epithelium (right) and calculus mass; stained T.P.A. method, no 
counterstain {x 770). 
between epithelium (right) and cementum; stained Gomori's chromic acid methenamine ( x 770). 
D, Autofluorescence of natural 
enamel surface (365 mu) (x 770). E, Autofluorescence of experimental ‘cuticle’ of globin on an 
epithelial surface (left) (x 770). F, From same experiment as Æ showing globin layer stained by 


C, Multi-layered, laminated ‘cuticle’ with ‘hyaline bodies’ within and 


‘cuticle’ on mandibular incisor between epithelium (left) and 


the T.P.A. method (x 770) 
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Fig. 2. A, Clear ‘cuticle’ between epithelium and cementum. Note 
bulbous projection and epithelial remnants between upper layer and 
cementum; haematoxylin and eosin ( x 770). B, Same as A photographed 
oa polacizod light. C, Granular ‘cuticle’ between epithelium and enamel 
surface; haematoxylin and eosin (x 770). D, Same as C showing bire- 
fringent particles. Æ, Showing transitional stage of ‘cuticle’ from 8 a 
eosinophilia (on right, adjacent epithelial cells) to a clear layer with resi- 
dual eosinophilic material (on cementum surface); haematoxylin and 
eosin (x 1,230). F, A stage of formation of experimental ‘cuticle’ 
showing conglutination of erythrocytes against wax (dissolved) to 
simulate enamel. Shows forming haemoglobin layer (right) and adjacent 
unpressed corpuscles; haematoxylin and eosin (x 770). G, Similar to 
F, but more complete layer. Note single erythrocytes still visible in 
lower part; haematoxylin and eosin (x 770). H, Similar experiment 
but, in place of wax, erythrocytes pressed and conglutinated against the 
surface of dentine to simulate cemental ‘cuticle’, Compare with right 
side of layer in BE (x 770) 


of surface epithelial cells, or that it was a special structure 
of the enamel epithelium or paradontal epithelial cuff. 
This was further supported by the occurrence of similar 
hyaline layers in positions other than the classical sites®, 
as for example on the enamel in dentigerous cysts, 
between hyperplastic epithelium and the cementum surface 
between tooth roots, between hyperplastic epithelium and 
the pulpal dentine within the pulp canal, between non- 
vital bone and encircling epithelium (Fig. 1A), between 
layers within calculus masses and between calculus and 
adjacent epithelium (Fig. 1B), between gingival surface 
epithelium and supra-gingival calculus deposits, and also, 
among other places, between cholesterol crystals where 
no epithelium was present. The layer was also found 
between epithelium and root apices in granulomatous 
lesions or in the process of exfoliation. Three such cases, 
including the case first observed by Gottlieb, appear in 
the literature* 10,32, 

A series of observations were made which led to a new 
approach to the problem of the origin and nature of the 
cuticle and enabled experiments to be devised to reproduce 
the membrane-like layer in vitro??, From the large amount 
of material examined, a consistent picture of the early 
stages of its formation was obtained. The structure 
appeared as a deeply eosinophilic layer of material with 
a slight basophilia, granular or homogeneous in consist- 
ency, varying greatly in thickness and density and develop- 
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ing first into a pale red, then yellowish and finally a 
poorly stained or unstained clear, glass-like or sometimes 
granular layer (Fig. 2A and C). All stages of transition from 
one appearance to the other were observed. Sometimes 
the red stage gradually or suddenly passed into the yellow 
and then the clea> stage; in other cases the yellow or clear 
stage contained varying amounts of residual eosinophilic 
material or granules (Fig. 22), which gradually diminished 
and disappeared as the layer became entirely clear. 

Concurrently with these findings, other investigations 
highlighted a remarkable similarity in haematoxylin- 
and eosin-stained sections, between layers of keratin and 
membrane-like layers composed of conglutinated erythro- 
cytes. These layers showed a number of structural 
features similar te those found in the cuticle. In various 
stages of change the cuticle showed structures which 
appeared to be fragmented eryt hrocytes. 

There are no specific histochemical reactions for 
denatured haemoglobin, and its demonstration in tissues 
is difficult. Most of the general histological stains used 
stained the cuticle and erythrocytes in a similar manner. 
In some of the deeply eosinophilic cuticles an unequivocal 
positive reaction was obtained with the peroxidase method 
of Pickworth*® for dentification of haemoglobin. Reactions 
for iron were mostly negative. The most significant result 
was that obtained using the tannic acid—phosphomolybdic 
acid—amidoblack method for haemoglobin (which stains a 
deep blue) described by Puchtler and Sweat®™ and later 
revised by Puchsler, Rosenthal and Sweat (EPA: 
method). In connexion with my studies on tissue haemor- 
rhage, a thorough investigation of the T.P.A. method had 
been carried out using a wide variety of normal and 
pathological material, as well as various chemical and 
other preparations of haemoglobin and globin. The 
specificity of the reaction was most precise (Fig. 3), and 
my work supports the suggestion® that this stain affects 
the protein part of the haemoglobin molecule and reflects 
structural chemistry rather than amino-acid composition. 
The T.P.A. method showed a remarkable selectivit y for 
the dental cuticle even at 2-3 thick, staining it a deep 
blue (Figs. 1B and 3). The positive results with the 
peroxidase reaction, the specificity with the T.P.A. 
method, the appearances with general histological stains, 
and the morphological evidence in the early stages of 
formation showed that the dental cuticle was a haemo- 
globin product. It was also found that cuticle layers 


rt 
i 
P 
nf 
-3 
- 


fee 





Fig. 3. A, Coronal section through interdental tissues of human mandi- 

bular incisors showing the newly described ‘paradontal hyaline layers’ 

between the reduced emmel epithelium and the enamel surface—note 

their close application $o the epithelium, the specificity of the colour 

reaction and the similar precise staining of single erythrocytes and 

those in vessels (x 90). B, Area arrowed in A under higher magnification. 
Stained T.P.A. method, no counterstain (x 770) 











exposed to the oral environment assumed 
brown colour and lest their affinity for the amidob: 
and many other stains. The nature of the residual 
eosinophilic material in the clear layers previously men- 
tioned was investigated by staining with methyl-violet 
and comparing their appearances with natural and 
artificially produced Heinz bodies™®*, Their similarity 
suggested that they could be similar denaturation pro- 
ducts of haemoglobin. 

The elastic tissue stains were also found to be highly 
selective for the dental cuticle, hyaline layers and bodies 
except in the earliest stages of formation. Fullmer and 
Wertheimer?! were the first to demonstrate the selective 
action of orcein on the cuticle (Fig. 14), but they did not 
investigate other elastic tissue stains. My material 
showed an equally consistent selective reaction using 
Weigert’s resorcin-fuchsin stain, Verhoeff’s stain and 
Fullmer and Lillie’s orcinol-new fuchsin®®. With Gomori's*® 
aldehyde fuschin stain for elastic tissue a positive (but 
variable) reaction was obtained. Using elastic tissue 
stains in conjunction with eosin, it was possible to trace 
in some specimens a transition from an unreactive part 
of the cuticle to a highly selective reaction. It appeared 
that after the layer had formed, a physical and probably 
a chemical change occurred in the denatured globin 
which apparently produced properties simulating some 
of those shown by elastie tissue. It is interesting to note 
that elastic fibres stain a pale blue with the T.P.A. method. 

When examined by ultra-violet light (356 my) the 
cuticle in the light eosinophilic, yellow, or clear stages 
showed an intense bluish white autofluorescence (Fig. 1D), 
which was weaker or absent. in the deeper eosinophilic 
stages, As tryptophan was found to be present it was 
probable that this was responsible for most of the fluores- 
cence. The eosinophilic areas apparently contained 
substances, probably haem, in a state which caused a 
transfer of electronic energy, accounting for the reduction 
or quenching of the fluorescence’. In detail there were 
variations in the intensity of fluorescence which probably 
reflected variations in the complex nature of the degrada- 
tion products of the haemoglobin*:**. Hileman“ ob- 
served only a weak autofluorescence in the cuticle probably 
due to the examination of cuticles in the eosinophilic 
stages. When examined by polarized light, the layer 
showed a variable birefringence in a manner similar to the 
autofluorescence, the yellow or clear areas showing stronger 
birefringence than the less changed layers (Fig. 2B). It 
may be noted here that elastic tissue shows autofluores- 
cence but not birefringence. In some of the clear cuticles 
highly birefringent particles were observed (Fig. 2C and 
D). These were possibly erystalline degradation products 
of haemoglobin rather than included foreign material as 
suggested by Turner’?. 

The histochemical reactions obtained indicated the 
presence of sulphydryl groups, tryptophan, reducing 
substances, and some non-glycogen carbohydrate. Critical 
evaluation of many tests for lipid strongly suggested its 
general absence, but some residual lipid was present in a 
few cases; the blue sudan-black reaction was not due to 
lipid. What happened to the phospholipid of the erythro- 
eyte stroma was not clear. The histochemical reactions 
showed variable results which might be expected in view 
of the chemical complexity of the denatured haemo- 
globin and the insensitivity of the methods available. 
However, the results obtained, together with the reactions 
of the selective and general stains, the structural features 
and the known properties and behaviour of squamous 
epithelium, indicated that a derivation from epithelium 
was a biological impossibility. The general and selective 
staining reactions and some of the histochemical reactions 
showed that the substance was not keratin, and no other 
substance with the properties described could arise from 
epithelial cells. The epithelial cells often showed no 
orientation in relation to the substance. The proximity 
to epithelium has in the past misled investigators into 















midoblack 





March 5, 1966 von 209 


, including the ‘hyaline bodies’, the 
ying between epithelium and the. 
Rather than suggesting attachment of — 


to the part. 7 l 

As the cuticle was found to be composed essentially of 
erythrocytes deposited and conglutinated outside the 
normal influence of metabolic and catabolic changes 
associated with the vascular and reticulo-endothelial 
system (that is, between epithehum and the tooth surface 
or between epithelial cells), experiments were devised to 
reproduce it in vitro by pressing packed erythrocytes and 
various preparations of haemoglobin and globin“ against 
hard surfaces (Fig. 2F-H), or between epithelial surfaces 
(Fig. 1E and F). Using these and other methods, mem- 
brane-like layers were produced with morphological 
and staining characters closely simulating those of the 
dental cuticle in both sectional and spread preparations. 
Layers as thin as 1-2y were produced, thus explaining the 
very thin, amidoblack positive cuticles which could be 
mistaken for the so-called ‘primary cuticle’. The thickness 
of one red cell in sections is likely to be less than 3u. 
The fluorescent and birefringent properties of the experi- 
mental layers also paralleled those of the euticle. Up 
to the present it has not been possible to reproduce the 
stage which reacts with the elastic tissue stains. Observa- 
tions of membrane-like layers of keratin, parakeratin, 
fibrin and serum were also made, but these showed no 
close resemblance to the cuticle. 

Summarizing, these investigations show that the dental 
cuticle is a fortuitous formation, foreign to the part, of 
haematogenous origin and composed of denatured 
haemoglobin. Since Gottlieb’s ‘hornifted membrane’ is 
neither a cuticle nor a membrane, and is, strictly speaking, 
a pathologically formed layer, it is suggested that it be 
re-named the ‘haematogenous paradontal hyaline layer’. 
The role hitherto aceorded to the ‘dental cuticle’ in the 
strueture, physiology and pathology of the teeth and 
periodontium will, in the light of the new findings, need — 
reconsideration. It is somewhat paradoxical that the 


structure considered for so long to bind the gingiva to —— 
the tooth surface should itself indicate that no such 


union exists. ie 
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“HE experiments described in this ar ticle are part of a 
| research programme which has two basic aims. One 
to explore the potential value of viruses as experimental 
ols in the study of early mammalian development. The 
er is to determine in greater detail the known relation- 
ip of viruses to birth defects. — 
‘he ultimate intention is to. work with temperate 
uses; nevertheless, initial experiments were made with 
irulent virus so that any effect. on egg development 
yuld be readily detected. The agent selected was Mengo- 
us, a picornavirus consisting of spherical particles 27- 
muy in diameter’. Previously it. was reported? that 
lition of the 37A heat-stable strain? of Mengovirus to 
ultures of two-cell mouse eggs prevented further develop- 
ent of the ova and ultimately caused their necrosis. 
hese effects were clearly due to Mengovirus, since purified 
irus preparations were active at high dilution and were 
locked by anti-viral serum. Interestingly, the zona 
ellucida, which was expected from other data* to exclude 
macromolecules, proved quite permeable to this virus. 
Once Mengovirus was found to produce an ovo-patho- 
logical effect, the next phase of the investigation was to 
etermine whether the egg was capable of supporting the 
synthesis of new virus particles. This article shows that 
us synthesis does occur. However, the one-step growth 
ve is different from that in either mouse fibroblasts or 
ells. 
The methods used for E AET and culturing two-cell 
va have already been described?. The culture medium 
used for maintaining them in vitro was developed by Dr. 
R.: L. Brinster®. Its essential components are sodium 
pyruvate (which replaces the sodium lactate used in a 
previous formulation) and crystalline bovine plasma 
albumin in a bicarbonate-buffered balanced salt solution. 
_ Zonae pellucidae were removed with 0-25 per cent pronase 
in’ phosphate-buffered saline, containing 1 per cent 
polyvinylpyrrolidone. This enzyme was also used to 
prepare the monolayers of mouse embryo cells used in the 
ee plaque assays*. 
To establish conclusively whether mouse ova could 
synthesize Mengovirus, the virus was diluted in culture 
medium to about 10,000 plaque-forming units (P.¥.U.) 
per ml. and a series of 0-01 ml. drops were placed under 
ral oil in plastic Petri dishes. Half the series of drops 
ed as controls, while the remainder each received ten 
ree ova. The cultures were then incubated in 5 
cent: carbon dioxide. After 24 and 48 h, each drop was 
nsferred to l ml. of culture medium. These samples 
ere then frozen. and thawed three times to release any 
itra-ovular virus present. The virus content of each 
ample in terms of plaque-forming units was determined 
> plaque. titration On monolayers. of mouse embryo 























After 24 h ineukation the virus content of ihe doops 
containing eggs wes somewhat lower than the controls, 
indicating adsorption of virus to the ova. _Howeve , 
48 h half the drops with eggs were found 
relatively large numbers of virus particles (Fig 
conclusively that the two-cell mouse ovum iY 
supporting the synthesis of this RNA virus. The 
efficiency of adsorp: ion due to the low virus concentra’ 
could have been ons reason for our failure to demonstrate 
virus synthesis after 24-h incubation. However, another 
reason turned up when the one-step growth curve of 
Mengovirus in two-cell ova was determined in the next 
series of experimenss. 

Ova, free of their zonae pellucidae, were placed in a 
concentrated _ suspension of Mengovirus (108 PEU mL ) 
for 60 min at 37° ©. This treatment had prev Or 
shown to bring about infection of all the eggs 
Unadsorbed virus was then removed by trans 
ova serially through five 0:5-ml. amounts o 
medium contained in the. depressions of a glass. spot-test 
plate. Three separete micropipettes were used. during this 
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Fig. 1. Synthesis of Mengovirus py. ` -groups of two-cell mouse ova 
added to drops containing small numbers of virus particles. Assays 
were made 48 hafter adding ova 
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ni A e-step growth curve for Mengovirus in two-cell mouse ova. 
inset: shows the curve obtained with mouse embryo cells (pre- 
be dominantly fibroblasts) 
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‘ocess to minimize carry-over of virus. The 
were finally placed in a series of 0-01-ml. drops 
der mineral oil; ten ova per drop. Culture 
incubated at 37° C under 5 per cent carbon 
d at intervals triplicate drops were sampled 
d as in the previous experiment. For the first 

ation (Fig. 2) no virus was detected, but by 
00 p.y.u. were formed per egg. A maximum 
out 1,700 P.r.u. per egg was reached by 13 h. 
this time necrosis was observed in some of the 


parison, a growth curve was constructed using 
ouse embryo cells, collected after one in vitro 
ze when they appeared to be predominantly fibro- 
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ted for 60 min at 37° € alls were 
removed with pronase and washed repeatedly by} 
speed centrifugation to remove unadsorbed virus. Gro 
of fifty cells were placed in microdrops and then processec 
exactly as the eggs had been. The inset in Fig. 2showsthe  __ 
growth curve obtained. The latent period was about < 
half that in the eggs. Virus synthesis in the fibroblasts __ 
was complete in about 8 h, whereas in the eggs it had not 
yet commenced at this time. eos 
The mean number of infectious virus particles produced 
by each fibroblast was approximately 65. Brownstein 
and Graham? have reported a one-step curve for the 37TA 
strain of Mengovirus in mass suspension cultures of Lo 
cells. Their curve displays the same characteristics as 
we obtained from the fibroblasts, with the exception of a 
greater yield (500 p.¥.u. per Z cell). If allowance is made 
for the larger size of the L cell (a mean volume of 905u% 
compared with 140u for the average mouse fibroblast- —__ 
see ref. 7), then the virus produced per unit volume js - 
nearly the same for both cell types (0-5 P.F.u./u*). How. 
ever, the two-cell ovum (approximate volume, 344,000u: 
—see ref. 7) yielded about 1,700 P.F.c. per ovum, or G 
p.F.u./u3. This is only 1 per cent of the virus produced by 
the somatic cells on a unit volume basis. sighs 
The reason for the relatively slow and inefficient 
synthesis by the ovum when compared with other 
is not known, but it may be due to an immaturity of 
subcellular particles, particularly the ribosomes, invo 
in building the new virus units. Experiments are. 
planned to test this working hypothesis. Bo 
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rTCHE contribution of penicillinase activity to the 
methicillin resistance of methicillin-resistant staphylo- 
cocei has been controversial. Penicillinase can inactivate 


methicillin, although the V max and the relative affinity of 
substrate for enzyme are only 1/30th and 1/12000th 
respectively of the values for benzylpenicillin!. Cultures 
of methicillin-resistant staphylococci may inactivate more 










3e The rate of such destruction is rela- 
and 8-24 h is usually needed in order to reduce 
ably the concentration. Sutherland and Rolinson 
methicillin-resistant strains isolated from diverse 
found that these strains consisted of a majority 
ith a comparatively slight increase in methi- 
3 a minority population with a consider- 
esistance®. In our laboratory 







we have confirmed that the minority population consists __ 
predominantly of mutants with inereased intrinsic resist- 
ance. If penicillinase production were not a significant __ 
factor in methicillin resistance, then penicillinase-negative —_ 
variants should have a degree of resistance comparable 
with their penicillinase-positive parents. Eriksen and 
Erichsen, however, reported that such variants of one 
strain were significantly less resistant to methicillin and _ 
concluded that resistance to methicillin was due both to. 
penicillinase activity and to inherent resistance’. =! 
article reports an experiment which I undertook 
isolate and evaluate penicillinase-negative variants 
five methicillin-resistant strains. re 
The penicillinase-negative variants were det 
Novick’s test in which penicillinase-positive co 
on @ purplish eolour resulting from the 
an acid-insoluble pH indicator, N 


amine-azo-earboxy-benzene, when the 



















































ctivity was con- 
ition of methicillin 
| : yut: d similar to that 
by Sutherland and Rolinso ‘Dilutions of a broth 
ure were pipetted on to a series of plates containing 
easing amounts of methicillin up to 500 pg/ml. Three 
he strains were from the same sources as those in- 
tigated by Sutherland and Rolinson. Two of these had 
opulations with resistance patterns similar to their report, 
ut one had a majority population with an increase in 
esistance to 125 pg/ml. This was strain No. 8054 which 
‘Stewart and Holt had previously reported to be of uni- 
formly high resistance to methicillin; however, even 
this strain contained a small population of more highly 
esistant mutants. Two additional methicillin-resistant 
strains were supplied by Prof. William M. M. Kirby. 
These American isolates had a composition of methicillin 
esistance similar to the European strains as described by 
sutherland and Rolinson*. All five methicillin-resistant 
trains contained Spontaneously occurring penicillinase- 
1egative variants in a frequency of about 10-* (Table 1). 
“he penicillinase-negative variants produced a small 
umber of highly resistant colls with the ability to form 
lonies on 500 ug/ml. methicillin plates. The number of 
1 colonies, their growth rate, and their eventual size 
re comparable with those observed with their penicil- 
se-positive parents. Comparison of results on lower 
centrations of methicillin indicates that the penicil- 
se-positive variants produced relatively more colonies 
ates from 2-5 to 5 ug/ml. methicillin (Table 2). The 
Of proportionality between colony count and size of 
um found at 5 ug with the penicillinase-positive 
in and at 2-5 ug with the penicillinase-negative variant 
milar to that which was occasionally observed with 
icillin and Æ. coli##, The ability of relatively more 
nies to grow with more dilute inocula is contrary 
rhat would be predicted from an inoculum effect due 
penicillnase. In some experiments the penicillinase- 
tive variants gave rise to comparati vely more colonies 
an their penicillinase-negative descendants up to 50 
pal. with diluted inocula and up to 250 ug/ral. with 
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Table 1. METHICILLIN-RESISTANT Staphylococcus aurevs 
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undiluted inocula. If one assumes that the loss of penicil- 
linase activity was not accompanied by the loss of any 
other genetic characteristi h contribute to methic llir 
resistance, then the ability of more penicillinase-producing 
colonies to grow on the lower concentrations of methicillin 
is at least partially a result of penicillinase activity. At 
500 ug, however, growth is entirely associated with-in- 
creased intrinsic resistance. With either penicillinase- 
positive or penicilinase-negative strains, growth in broth 
cultures containing 5 pg/ml. resulted in the seleetion of a 
population, many of the cells of which could grow as 
isolated colonies up to at least 500 ug/ml. Accordingly, 
the contribution of penicillinase activity to methicillin 
resistance is variable, depending on the test used to measure 
resistance. The resistance of the small number of highly 
resistant mutants is independent of penicillinase activity. 
Since the rate of inactivation of methicillin by penicillinase 
is low, significant. inactivation would not be expected in 
clinical situations in which the supply of methicillin is 
frequently replenished, and it would appear that exposure 
of such methicilin-resistant strains to comparatively 
small concentrations of methicillin can result in the selec- 
tion of highly resistant variants. The highly resistant 
mutants, however: grow more slowly than their 
Consequently, their pathogenicity may also be 
Genetic control of penicillinase activity apg 
associated with an extra-chromosomal element 
Methicillin-resistamt clinical isolates have al 
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o Phage typing was performed by Dr. Valerie Hurst, who found that all the penicillinase-negative varients tested had the same type as thelr parent strains 
, 6082, six variants including the tetracycline-sensitive one: No. 8054, two variants; No. 13137, two variants). RTD, Routine teat dilution. oe 


COLONIES OF RUSSELL STRAIN OF METHICILLIN-RESISTANT Staphylococcus aureus ON METHICILLIN PLATES 
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determinants of these- tr aits were closely linked “on the 


same plasmid. In the current strains, resistance to mereury 
salts was lost at the same time as penicillinase was lost 
in all cases (Table 1). 

Tetracycline resistance was reported in one staphylo- 
coceal strain to be associated with a plasmid’*. Of fifteen 
penicillinase-negative isolates from six separate experiments 
with strain No. 5982, only one variant had lost its resist- 
ance to tetracycline, and it would seem that tetracycline 
resistance in No. 5982 is not on the penicillinase plasmid. 
Sutherland and Rolinson*® and Stewart and Holt! have 
reported that No. 8054 was tetracycline-resistant, but 
the strain supplied to us through the courtesy of Drs. 
B. M. Kagan and E. R. Martin was sensitive to 3 ug/ml. 
tetracycline-—-a finding which indicates loss of tetracycline 
resistance after serial passage in several laboratories and 
consistent with loss of a plasmid. 

In. conelusion: (1) Penicillinase-negative variants of 
methicillin-resistant Staphylococcus aureus maintain the 
capacity to produce mutants highly resistant to methicillin. 
(2) American isolates of methicillin-resistant staphylococci 
were similar to European strains. (3) Loss of penicillinase 
activity occurred spontaneously and was not increased by 
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acriflavine. (4) Tetracycline resistance was not on the 
penicillinase plasmid. | TE Te 
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“FOR many years now, claims have been made for the 

{i existence of more than one acid-activated gastric 
proteolytic enzyme. Until recently such evidence de- 
pended on differences in pH optima, substrate specificities, 
and degrees of activation or inactivation by different 
agents. This evidence has been thoroughly reviewed and 
appraised by Taylor’. 

Recently a number of investigators have utilized 
column chromatography to isolate several pepsins from 
gastric juice and pepsinogens from gastric mucosa. For 
example, Ryle and Porter? separated, from crude porcine 
pepsin, pepsin itself and two minor components which 
they named parapepsin I and TI. Investigation of the 
physico-chemical and enzymatic properties leaves little 
doubt, despite similarities, that these enzymes have 
separate identities. Chromatographic fractionation of 
crude pepsinogen from porcine gastric mucosa enabled 
Ryle® to isolate the zymogens corresponding to pepsin 
and parapepsin II. Parapepsinogen I was not found. 
Tang and Tang* described a zymogen from human gastric 
mucosa which, after acid activation, yields both pepsin 
and gastricsin. The properties of these enzymes appear 
identical to those of the pepsin and gastricsin previously 
isolated from human gastric juice’. Seijffers et ak." 
isolated three chromatographically distinct proenzymes 
from human fundic gastric mucosa. These were desig- 
nated pepsinogens IL, II and IH. Extracts of pyloric and 
duodenal mucosa yield only a single pepsinogen which, 
under the conditions of investigation, is apparently 
identical to the pepsinogen I of fundic extracts®. Since 
then, these same investigators’ have compared the 
chromatographic behaviour of pepsins with acidified 
enzymes which had been previously purified as pepsinogen. 
Such: comparison indicates that pepsinogen I yields 
pepsin I, pepsinogen III yields pepsin TH, while pepsino- 


* Present address: Nuffield Unit of Medical Genetics, Department of 
Medicine, University of Liverpool  — 


gen II yields a mixture of two pepsins, IIA and IHIB. © 
It is possible that pepsinogen II, while chromatographic- 
ally pure, is a mixture of pepsinogens ITA and HB. — 
Seijffers et al.* have also identified pepsinogens IT and IT 

in human urine. The ratio of pepsinogen TI and HI in 
urine, in terms of proteolytic activity after activation, 
apparently reflects the ratio of pepsinogens TI and Hil 
in gastric mucosa. In a total of twenty-three urines o 
from twelve individuals, pepsinogen I was never identified. 

Electrophoresis has had comparatively little use as a 
means of pepsinogen fractionation largely because of the 
lack of suitable methods. Analytical electrophoresis 
has, however, been utilized. Tang and Tang‘, for example, 
used starch-gel electrophoresis at pH 6-5, localized protein 
with amido-black stain, and showed that the zymogen 
isolated from human gastric mucosa was electrophoretic- 
ally homogeneous. After this zymogen had been acidified, 
electrophoresis revealed two distinct components corre- 
sponding in position to the bands of gastriesin and pepsin 
obtained from human gastric juice. Post-electrophoretic 
analysis was achieved by proteolytic assay of unstained 
transverse sections of gel. 

Much more extensive use of analytie electrophoresis 
has recently been reported by Rapp et al.” and by Kushner, 
Rapp and Burtin!®, These investigators adopted the 
technique of Uriel? for the demonstration of proteolytic 
activity after electrophoresis in agar. This procedure. 
consists of post-electrophoretic immersion of agar plates 
in a solution of albumin, buffered at acid pH, followed by — 
fixation and staining with amido black. The intac 
albumin fixed by agar is stained by the dye, w 
digested albumin in zones of proteolytic activity rer 
unstained. By this means four proteases are detectabl 
in gastric mucosal extracts after electrophoresis ‘a 
at pH 8-2. These proteases (P) are designated 















and IV in order of decreasing mobility®. Immianc electro- 


phoretic investigations indicate that II, IT and IV are 
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o antigenically and immunologically different. Subsequent 
0 correlative column chromatography, electrophoresis and 
immunochemical analysis'® established that these zymo- 
gens possess the properties of pepsinogen. Moreover, 
at least five electrophoretically distinct enzymes are 
detected after acid activation. Immunological corre- 
spondence could be shown between the acidified and non- 
acidified forms of pepsinogens IT, IIT and IV as well as 
between human pepsinogen IL and purified porcine pep- 
sinogen. 

The objective of our investigations has been to delineate 
the origin and functional significance of the multiple 
pepsinogens and their derivative proteolytic enzymes. 
The immediate purposes of this report are, first, to 
describe a simple, reliable method for analytic and pre- 
parative starch-gel electrophoresis of pepsinogen and, 

-geeondly, to indicate that the several pepsinogen com- 
ponents defined by this method differ not only in electro- 
phoretic mobility but also, when activated, in pH optima 
and proteolytic specificity. Comparison of the electro- 
phoretic mobilities of multiple pepsinogens from several 
species makes possible the provisional suggestion that the 

several pepsinogens of a species are probably the product 
of a single gene. If this view is correct, then the differences 
between several, if not all, pepsinogens of a species presum- 
- ably arise after the protein chain has been synthesized. 
= Materials. Whole stomachs were obtained within 
-10 min of slaughter from two pigs, two dogs and one 
rabbit. All animals were healthy. ‘The dogs and the rabbit 
were killed with intravenous pentobarbital, the pigs at 
the abattoir. Human gastric mucosa was obtained, at 
surgery, from an individual with a pre-pyloric ulcer. 
Mucosa removed from the most proximal and distal 
“portions of this specimen corresponded histologically to 
fundie and pyloric mucosa respectively. 

Random urine specimens were collected from four pigs, 
three cows and three dogs. Initial morning urine speci- 
mens were obtained from two healthy humans. Specimens 
“were promptly brought to pH 7-5 by addition of EBT 
 puffer™ (vide infra). After they had first been centrifuged 
to remove solid matter all urine specimens were mam- 
tained at 3° C until used. | 

Crystalline porcine stomach pepsinogen, B grade, lot 
number 108363. was purchased from Calbiochem, Los 
Angeles, California. 

Preparation of gastric mucosal extracts, Stomachs were 
opened immediately after collection, washed with chilled 
isotonic saline, and placed on ice. Within 1h of collection 
inside a 4° C room, strips of gastric mucosa were removed 
from the fundic and pyloric ends of each stomach and 
thereafter stored separately at ~ 20° ©. Extracts were 
prepared by homogenization of 2-5-g wet mucosa and 2 ml. 
of distilled water in a chilled Servall homogenizer at 
50,000 r.p.m. for 3 min. The homogenate was washed 
into a tube with 2 ml. of water and centrifuged at 40,0009 
for 20 min at 3°C. The supernatant solution was removed, 
“again centrifuged, and stored at 3° C. 

Treatment of urine samples, Seventy-five ml. volumes 
were concentrated at 3° C by ultrafiltration in collodion 
bags manufactured by Membranfiltergesellschaft, Göttin- 
gen. Small amounts of precipitate were removed from the 
concentrates by centrifugation and the clear supernatant 
fluid stored at 3° C. 

Assay of peptic activity. The method of Sievers and 
Fischer’, as modified by Hanley", was used. The 
reactants for assay consisted of 2-5 ml. of 2 per cent bovine 
haemoglobin (Armour) in 0-01 N hydrochloric acid, 2 mil. 
buffer solution (vide infra), and 0-5 ml. of solution to be 
assayed. The last was suitably diluted with water until 
within the range of method sensitivity. Two 2-ml. 
aliquots were removed immediately after mixing the 
reactants. Two ml. of 10 per cent (w/v) trichloroacetic 
acid (TCA) were added to one aliquot which then served 
as the blank. The second aliquot was sealed, incubated 
at 37° C for 24 h, and thereafter 2 ml. of 10 per cent J 
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were added. The remaining millilitre of digestion mixture 
was assayed for pH. A final reactant mixture prt ot 
15-43 was obtained by reciprocal alteration of two 
buffer solution eluants, namely, 0-2 N hydrochloric acid 
and a solution which contained 0-2 M pi-glycine and 0-1 N 
sodium hydroxide. Tyrosine-lke material in 1 mi. of 
TCA supernatant solutions was determined after incuba- 
tion with 2-5 ml. 4 per cent (w/v) sodium earbonate in 
0-1 N sodium hydroxide and 0-5 mi. Folin-Ciocalteau 
reagent (diluted 1:3 with water) for 30 min ab 37° C. 
Absorbance was measured at 700 mu. The difference in 
absorbance between blank and test aliquots served as a 
measure of proteolytic activity. 

Starch-gel electrophoresis. Vertical starch-gel electro- 
phoresis was usually performed using a pH 8-5 buffer 
containing EDTA, boric acid and tris-thydroxymethy!) 
aminomethane (EBT) buffer®. A few analyses were 
performed with Smithies borate buffer’ and with Poulik’s. 
discontinuous buffer’*. Gels contained seven sample slots- 
and each slot had a capacity of approximately. 
0-08 ml, After being subjected to electrophoresis at 3° C 
for 11 hat 5 V/em a horizontal slice of the gel was soaked 
in 0-06 N hydrechloric acid for 2 h, thereby lowering the 
pH to approximately 2 and converting pepsinogen to 
pepsin. One section was then developed with amido- 
schwarz dye’. Gels stained with this dye ‘develop a 
diffuse light blue background due to the residual protem. 
present in hydrolysed starch. This blue background is 
locally lost, and replaced by visible non-staining white 
zones wherever there are proteolytic enzymes present. 
such as activated pepsinogen. The proteclytic activity 
of such non-staining zones is verified by a method in 
which bovine “brin (Armour), previously dyed with 
indigo carmine, is dusted on to the cut gel surface of 
the remaining slice of the original acid-soaked gel. The 
gel is then covered with a wad of filter paper moistened 
with 0-06 N hydrochloric acid, and incubated for several 
hours. The gel surface is stained blue by liberated dye. 
A blueprint of such reaction can be obtained by subse- 
quent drying of the filter paper to which zones of blue dye 
have adhered. 

Estimation of molecular sizes. The relative molecular 
sizes of several components were estimated, first, by the 
method of Smithies!® utilizing the principle that electro- 
phoretic migrateon in starch gels is a function of starch 
concentration and, secondly, by the filtration. method 
using ‘Sephadex. G-75’ (Pharmacia). 

Electrophoretic fractionation of pepeinogen. After 
starch-gel electrophoresis of 0-5 ml. of pepsinogen, the 
edges of the gel were marked at intervals, and thereafter 
a thin horizontal slice removed for staining with amido- 
schwarz. The balance of the gel was kept frozen in order 
to obviate diffusion. After the zones of proteolytic activity 
had been identified by staining with amido-schwarz the 
positions of these zones were referred to the remainder 
of gel. The gel was then divided into parallel 1/8-1n. 
wide strips. Pepsinogen was eluted from each section by 
means of concentric electrodialysis®® in, Visking “Nojax” 
cellulose casing at 3° ©. Fractions were recovered. in 
approximately 7 ml. EBT starch-gel buffer, Elution was 
essentially complete within 3 h. Serial eluates were then 
assayed for proteolytic activity at pH 20 and pH 3:5. 
Recovery was excellent and in many instances considerable 
dilution was necessary to bring eluate activity within range 
of the assay meshod. The amount of pepsinogen present 
as protein in sach fractions was crudely estimated by 
comparison of proteolytic activity of acid-activated 
fractions with (gi derived from known concentra- 
tions of unf grci | psi Hi. 
Such estima’ 
pepsinogenill 
iS aT ga 
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Table 1. COMPOSITION OF [NSULIN-PEPSIN INCUBANTS 
Insulin B Equivalent Source of 
chain Solvent pg of pepsinogen 
(mg) pepsinogen® fractions 
1 5% formic acid, pH 1-9 1 Pig and man 
l 5% acetic acid, pH 2-9 l Pig 
3 5% acetic acid, pH 2-9 5 Pig 


* See section Electrophoretic fractionation of pepsinogen. 


Digestion of insulin B chain by acid-activated pepsinogen 
fractions. Insulin B chain was prepared from erystalline 
bovine insulin (Lilly) according to the method of Sanger?! 
or by the unpublished method of Dintzis and Dintzis. 
Samples of B chain were digested with pepsin obtained 
by acid activation of electrophoretically prepared frac- 
tions of pepsinogen. Fractions examined in this manner 
were derived from porcine crystalline pepsinogen as well 
as from the pepsinogen of human gastric pyloric mucosa. 
Relevant differences between the composition of the 
various digestions are shown in Table 1. All digestions 
were incubated for 18 h at 37° C. Thereafter, samples 
were dried in vacuo and subjected to paper electrophoresis 
at pH 6-4 in pyridine-acetic acid—-water buffer (10: 0-4; 
89-6 v/v) for 3-5 h at 35 V/cm under cooled ‘Varsol’. 
Guide strips were cut from the dried completed ionograms 
and stained with 0-2 per cent ninhydrin in acetone 
followed by development with chlorine®®. Bands located 
in this fashion were eluted with 6 N hydrochlorie acid 
from the unstained remainder of the paper into 10 x 75 
mm ‘Pyrex’ test-tubes, sealed under nitrogen, and 
hydrolysed for 18 h at 100° C. Hydrolysates were dried 
in vacuo and subjected to electrophoresis in formic acid 
buffer pH 1-85 (ref. 23) for 2 h at 35 V/em under ‘Varsol’. 
Dried ionograms were developed with 0-2 per cent nin- 
hydrin in acetone and the amino-acid composition of the 
hydrolysate thereby determined. 





Fig. 1. Starch-gel electrophoresis of gastric pepsinogens from several 
species. In this and succeeding similar gures ge) buffer is pH 8:5 EBT 
(see text), onan is at bottom and anode at top. Followi electrophoresis, 
gels were e acid and thereafter deve ido-schwarz stain, 
The same means of development 
figures except Fig. 2. Pepsi 

as white, non-s ing 
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Fig. 2. Starch-gel electrophoresis of porcine crystalline pepsinogen 
developed, on left, by the method of proteolysis of dyed fibrin and, on the 
right, by negative staining with amido-schwarz 


Starch-gel electrophoretic heterogeneity of pepsinogens 
present in pyloric and fundie mucosal extracts from single 
stomach of pig, human, rabbit and dog is shown in Fig. 1. 

The general pattern of the result was similar with a 
discontinuous buffer, with a borate buffer®, and with 
EBT buffer. The last was used for most examinations. The 
gel shown in Fig. 1 was developed with amido-schwarz 
stain. The activated zones of pepsinogen appear as white 
unstained areas on the pale-blue background of the gel. 
When present in large concentrations, such as are present 
in undiluted fundie extracts, pepsinogen appears as a 
narrow, positively staining, band surrounded by a white 
halo. Contaminating, non-proteolytic, proteins appear as 
darkly stained areas of which the most intense has a mobi- 
lity equivalent to that of albumin. Use of the dyed fibrin 
method on mirror images of such gels (Fig. 2) readily 
confirms the fact that only the white areas contain 
detectable proteolytic activity. 

The various pepsinogens defined in this way are pro- 
visionally designated PG (pepsinogen) I, II and IIT in 
order of decreasing mobility toward the anode at pH 8-5. 
Porcine crystalline pepsinogen exhibits three bands of 
which the slowest, PG ITI, is also the weakest in terms of 
proteolytic activity (Fig. 9); indeed, it does not always 
reproduce photographically (Fig. 3, slots 1 and 7). PG ITI 
of the pig can, however, be clearly seen in the extract of 
fundic mucosa (Fig. 1). Pyloric mucosal extracts from 
pig, human, rabbit and dog give apprecizbly weaker 
reactions than fundie preparations of similar wet weight 
(Fig. 1). In addition to such apparently quantitative 
differences in activity there are other differences. For 
example, PG I and II of pig pylorus exhibit approximately 
equal intensity of development whereas PG I from pig 
fundus is considerably more intense than PG II. In 
pyloric extracts of human stomachs the intensity of 
PG II considerably exceeds that of PG I, whereas in 
human fundie extracts, as in the pig fundic extracts, 
PG I is more intense than PG II. In the rabbit pyloric 
extract, relative intensity of the pepsinogens is such that 
only PG I was clearly distinguishable whereas in fundic 
extracts PG I and II have similar intensity. Although 
dog pepsinogen does not give diserete banding there is an 
evident difference between pyloric and fundic extracts 
(Fig. 1). However, subsequent work still in progress is 
revealing that human gastric mucosa taken from an area 
onfined to within a few centimetres of the pylorus contains 
a single pepsinogen corresponding in mobility to 
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Fig. 3. Starch-gel electrophoresis of pe from several 


were deve loped with amido-schwarz 


— S A aie A and (7) crys rcine pepsinogen 
standard (PG I and PG II are visible); (2) pig urine; 3) cow urine; 
(4) dog urine; (5) human urine; (6) urine from gastrectomized dog 
PGI. Study of distal pyloric mucosa of the other species 
is pending. Our provisional designation of three principal 

pepsinogens in man, pig and rabbit must be circumspect 
since, for example, PG II and PG III of fundie extracts 
are, in fact, composed of double bands. This phenomenon 
was consistently reproducible. PG IL, derived from either 
pig or human stomach, showed a greater tendency to be 
solitary in pyloric extracts than it did in fundic extracts. 

is was true even when increased concentrations of 
zymogen were examined. The principal pyloric PG II 
component consistently corresponded, in migration, with 
the slower component of fundic PG IT. 

Although considerable differences in electrophoretic 
mobility of pepsinogens occur between the species exam- 
ined, there exists in all species an approximate constancy 
in the ratio of PG IL: PG I migration distances from 
origin. In fundic extracts the ratio of PG TI : PG I migra- 
tion distances is 0-89 in the pig, 0-90 in man and 0-89 in 
the rabbit. The respective PG III : PG I ratios for these 
species are 0-73, 0-77 and 0-73. 

Fig. 3 shows the results of starch-gel electrophoresis of 
concentrated urine from pig, cow, dog and human. Only 
the pig urine demonstrates two proteolytic components; 
these correspond exactly to PG I and PG II of the crystal- 
line pepsinogen standard. These two components in 
pig urine were consistently identified in different prepara- 
tions of the same urine specimen and in urine from three 
other pigs. In different urine specimens obtained from 
one human subject, bands corresponding in position to 
both PG I and PG II were occasionally seen in both 
amido-schwarz and dyed fibrin methods of analysis. In 
other specimens obtained from this same subject only 
one rather broad band was seen. The leading edge always 
corresponded in mobility to the leading edge of human 
PG I obtained from mucosal extracts. The reason for 
this inconsistency in the demonstration of these two 
‘components in human urine is unknown. Dialysis, salting- 
out procedures with ammonium sulphate, and precipita- 
tion of proteins with acetone had no material effect on 
such results. When the urine of dogs was examined, one 
animal], although considered healthy, was found to have 
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no demonstrable pepsinogen. A second dog had had a 
total gastrectomy and demonstrated no pepsinogen 
bands. Results for urine from a third dog areshownin Fig. 3. 

In the species examined there were no differences which 
could be attributed to the sex of the subject. On no 
occasion was a third band, corresponding to PG II 
of the gastric extracts, observed in urine. The proteolytie 
activity and the electrophoretic pattern of pepsinogen, 
whether from urine or mucosal extracts, were not in- 
fluenced either by freezing at — 20° C for 3 weeks or by 
storage at 3° C for 6 weeks. 


Characterization of PG | and PG Il from Man 
and Pig 

(1) Relative molecular size. The relative electrophoretic 
migration of PG I and PG II derived from porcine erystal- 
line pepsinogen remained constant in gels of varying 
starch concentration”, thereby suggesting similarity in 
the molecular size and shape of these two zymogens. 
Such a result excluded a monomer-dimer relationship 
between PG Land PG II. The fact that both pepsinogens 
are recoverable only from the internal volume of ‘Sephadex 
G-75° (Pharmacia) (developed in dilute EBT buffer) 
corroborates this view. Dimers of pepsinogen would have 
a molecular weight of twice 45,000 and thus be excluded 
from the internal velume of ‘Sephadex G-75’. 

(2) Electrophoretic isolation and purification of individual 
pepsinogens. A representative proteolytic assay of acid- 
activated fractions recovered by starch-gel electrophoresis 
is shown in Fig. 4. Unactivated fractions of PG I and 
PG II, obtained in this way, were concentrated fifty-fold 
by ultrafiltration and re-examined electrophoretically. 
In each case, only a single sharply defined band of pepsino- 
gen could be identcfied. Moreover, re-run preparations 
were free of extraneeus positively staining material such as 
is apparent in both erude extracts and crystalline pepsino- 
gen, thereby suggesting at least a degree of purification. 
In this manner electrophoretically homogeneous, partially 
purified PG I and PG II were prepared from porcine 
crystalline pepsinogen and from human pyloric mucosa. 
Human pyloric extract rather than fundal extract was 
chosen for starting material since pyloric PG IT tends to be 
single rather than double banded as in the case of the 
corresponding fundal zymogens. Initial attempts to 
isolate useful amounts of the weakly active PG III from 
porcine material were unsuccessful. 

(3) Proteolytic activity of activated pepsinogens at 
various hydrogen ion concentrations. Variation of proteo- 
lytic activity with pH was determined for activated PG I 
and PG II electrephoretically isolated from porcine 
crystalline pepsinogen (Fig. 5) as well as for activated 
PG I and PG II isolated from human pyloric mucosa 
(Fig. 6). In both species activity of PG I is maximal at 
approximately pH 2-0 whereas activity of PG IT is maxi- 
mal at approximately pH 3-0. The pH activity maxima 
of human activated pepsinogens are somewhat broader 
than those of porcine pepsinogen, but otherwise similar. 
No conclusions should be drawn from the varying 
of proteolysis at the pH maxima since dilution was not 





Fraction No. 
Proteolytic assay of eluates derived from serial transverse 


Fig. 4. 
sections of starch gel con-aining electrophoretically fractionated 
crystalline pepsinogen. After se tion and elution at an ne pH 
aliquots of fractions were ex for proteolytic activity (see be ie 
at approximately pH 1-9 (black bars) and at pH 3-5 (croas-hate 
he Fractions urabered 


reine 


bars). are n 1 to 7 in order of decreasing migration 
toward the anode. Fractions 1 and 2 correspond to PG I while fractions 
5 and 6 correspond to PG TI 








always comparable and extraction from gel 
complete. fe 3. Oe 
(4) Digestion of the B chain of insulin by 
_ pepsinogens. Lonograms of peptides derived from peptic 
hydrolysis of insulin B chain are shown diagrammatically 
in Fig. 7. The amino-acid composition and inferred 
sequence (given the known sequence of B chain) of these 
peptides are shown in Table 2. A comparison of the sites 
of B-chain hydrolysis by pepsin derived from electro- 
phoretically purified preparations of human PG I and 
PG IL and from porcine PG I and PG IT appears in Fig. 8. 
z As ean be seen, the specificity of PG I and PG IT is unin- 
fluenced by species source. However, in both species 
PG Land PG II produce different patterns of hydrolysis. 
In either species the principal difference between PG I 
and PG IT appears to be due to a rapid split between the 
leucine and valine at positions 11 and 12 by activated 
PG I, but-not by activated PG IT. Other differences 
were the selective cleavage between the phenylalanines 
at positions 24 and 25 by activated PG IT and between 
phenylalanine: and tyrosine at positions 25 and 26 by 
activated PGI. Such differences between PG I and PG II 
were not influenced by the pH at which hydrolysis was 
performed (Table 1}. All our observations are, with a 
few minor exceptions, corroborative of those described 








QO 1-0 2-0 30 40 

. Fig. 5. Influence of pH on proteolytic activity (see text) of electropho- 
‘retically fractionated pepsinogens obtained from porcine crystalline 

pepsinogen, Open circles indicate PG I and closed circles PG IT. PG I 
was derived from fractions 1-2 shown in Fig. 4 and PG IT from fraction 5 
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Fig. 6. Influence of pH on proteolytic activity (see text) of electro a 
phoretically fractionated pepsinogens obtained from human pylori 
mucosal extracts. Closed circles indicate PG I and open cireles PG IG = 
PG I aliquots were diluted 1 : 2 before assay of proteolytic activity and 
the TCA supernatant a further 1: 4 prior to measurement of absorbance. 
PG IL aliquots were diluted 1 : 8 before assay and thereafter TCA 
supernatant was diluted 1: 2 
by Ryle and Porter? for the digestion of B chain by . 
porcine pepsins. The pepsin derived from PG I appar- — 
ently corresponds to their parapepsin IT and the pepsin- 
from our PG II to their parapepsin I. me aa 
(5) Effect of temperature. Fig. 9 shows the effect of — 
heating on the electrophoretic pattern of porcine crystal- 
line pepsinogen (2 mg/ml. of EBT buffer, pH 8-6). Aliquots- 
were heated at 37°, 46°, 55°, 64°, 73° or 82° C for 30: min _ 
and thereafter cooled by being plunged into iced water... 
PG III appears to be the most thermally labile of the three. 
pepsinogens. Its intensity is diminished at 46° C = 
destroyed at 55° C. At 64° C all three pepsinogens, 
for a very small amount of PG I activity, appeaa 
destroyed. At still higher temperatures, PG I, or so 
thing which has the mobility of PG I, survives the 
ment at increased temperatures with little or no los 
proteolytic activity. At these higher temperatures 
and III are replaced by a smear of moderate inten 
This smeared area lies somewhat nearer to the 
than the normal position of PG IIT. Results such as 
shown in Fig. 9 were obtained repeatedly in se 
experiments. _ wee 
(6) Effect of alkali. Preparations of porcine crysta 
pepsinogen, 2 mg/ml., were brought to pH 7-5, 8-3, 9-3 and 
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Peptide sequence identified from its amino-acid composition 
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eee ee rn = ae m a a O E fo 
1 i Tyr Thr Pro Lys Ala ; High yield Pig pepsinogen I F 
3 Phe Val Asn Gln His Leu CySO,H Gly Ser His Leu High yield cae 
a: Ala Leu + free amino-acids Low yield J 
6 Tyr Leu Val CySG,H Gly Glu Arg Gly Phe Phe | High yield ta 
| Fi Tyr Len Yal CySO,H Giy Glu Arg Gly Phe High yield | : 
9 | Val Glu Ala Leu | High yield 
10 | Val Giu Ala Low yield i 
| 2 Phe Tyr, Thr Pro Lys Ala | High yield | | Pig pepsinogen IT | 
; 4 i Free amino-aci i Very low yield 
| 5 | Phe Val Asn Gin His Leu CySO,H Gly Ser His Leu Val Glu Ala Leu High yield 
| ' | Tyr Leu Val Cy80,H Gly Glu Arg Gly Phe | High yield 
| Leu Val Cy80,H Gly Glu Arg Gly Phe | Low vield 





7. 

8 
“LOO | TyrThr Pro Lys Ala | 
: : q Phe Val Asn Gln His Leu CySO,H Gly Ser His Leu 






| Ala Lead Tyr . 
Tyr Leu Val CySO,H Gly Glu Arg Gly Phe Phe 
Leu Val Cy80,H Giy Glu Arg Gly Phe Phe 
{ Val Glu Ala Leu 
| Val Gla Ala 
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| | Phe Tyr Thr Pro Lys Ala oa High yield | Human pepsinoy 
i. Tyr Leu Val CySO,H Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys Ala High yield | oa 
Ae Phe Val Asn Gln His Leu CySO,H Gly Ser His Leu Val Glu Ala Leu High vield | 


COLO Phe Val Asn Gin His Leu CySO,H Gly Ser His Leu Val Glu Ala Leu Tyr 
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Fig. 8. Sites of gigerion of insulin B chain by acid activated human and porcine PG I 
arrows refer to principal hydrolytic activities and dotted arrows 


and PG II, Soli 


to minor activities 


10-1 with a glycine-sodium hydroxide buffer. After 
standing at 3° C for 16 h, the solutions were subjected to 
electrophoresis. From Fig. 10 it is evident that increasing 
alkalinity results in the destruction of PG III and PG I. 
PG II, however, persists at pH 10-1 although with some 
diminution of proteolytic activity. 


Origin of Zymogen Heterogeneity 


The sum of precedent investigations and our own 
leaves little doubt that more than one gastric pepsinogen 
exists. Explanations for the origin of such heterogeneity 
may, for the sake of discussion, be resolved into two 
extreme alternatives: either each pepsinogen represents 
the product of an individual gene or all pepsinogens are 
produced by a single gene and diversity thereafter 
created by modification of a single gene product. Pre- 
cedent for the first of these alternatives is provided by the 
human haemoglobins. In this instance, four different 
genetic loci each produce similar but distinctive poly- 
peptide chains**. Precedent for the second alternative 
derives from vertebrate myoglobin where, in each indi- 
vidual, a multiplicity of electrophoretically distinguish- 
able components arise through modification of a single 
gene product*®. 

We favour the second alternative as the origin of pep- 
sinogen diversity and believe that evidence for this view 
is provided by the approximate constancy, in three 
species, of the migration ratios PG Il: PG I and PG ITI: 
PG I. Before interpreting such concordance it should 
first be recalled that both PG I and PG IT are functionally 
distinetive both in pH optima (Figs. 5 and 6) and proteo- 
lytic activity (Fig. 8). It is possible, therefore, to identify 
PG I and PG Il in both man and pig by criteria other 
than electrophoretic mobility and thus eliminate, for 
example, the possibility that human PG I corresponds to 
porcine PG II and human PG II to porcine PG I. Accord- 
ingly, it appears that the principal difference between the 
corresponding pepsinogens of man and pig lies in differ- 
ences in electrophoretic mobility at pH 8-5. This differ- 
ence presumably reflects change in one or more amino- 
acid residues such that, at an alkaline pH, the net negative 
charge of human PG I is less than that of porcine PG I. 
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In the event that there are separate genes 


=i for PG I, PG TI and PG III in both man and 
2 Q Per pig, then there must have been concordant 
g PGI mutations in all three pepsinogen genes 


in at least one species so as to allow approxi- 
mate constancy of the migration ratios 
PG IL: PG I and PG III : PGI. Such con- 
cordant mutation demands a good deal of 
coincidence and leads us to favour the 
A egr Alternative explanation whereby post- 

synthetic modification of the product of 

PGI a single gene is the source of zymoge 
heterogeneity. If correct, the latter ex- 
planation provides a source of individual 
variation beyond that directly specified 
by a structural gene. Such variation might 
have biological utility in that it is associ- 
ated with a more diverse set of functional 
properties than is evident with only one 
kina of zymogen. 

Although the nature of the postulated 
modification is unknown it is clear from 
mobility in starch gels of varying porosity 

and from ‘Sephadex’ passage that hetero- 
t geneity is not the result of whole pepsino- 
gen polymerization. This eonelusion is 
$ in accordance with that of Ryle*, who found 
the molecular weight of parapepsinogen TI 
to be similar to that of pepsinogen. 

It is possible that electrophoretic and 
functional distinctions between pepsino- 
gens arise in the association of the 
zymegen molecule with phosphate. The 
pepsinogen molecule contains one phosphate radical in 
a diester linkage**, and it is plausible to believe that this 
phosphate might, as it does in pepsin, exist as the diester or 
as the monoester or be absent. In connexion with this 
possibility it is of interest that three electrophoretically dis- 
tinctive ovalbumins exist and contain, in order of decreas- 
ing mobility, 2, 1 and 0 atoms of phosphorus**. It is partic- 
ularly relevant to the present discussion that incorporation 
of phosphorus into ovalbumin apparently occurs after 
polypeptide synthesis*’. Our preliminary attempts to 
alter the electrophoretic mobility of porcine crystalline 
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Fig. 9. Starch-gel ele-trophoresis and subsequent amido-schwarz 

development of aliquots of porcine crystalline pepsinogen (2 mg/ml 

EBT buffer) treated for 39 min at varying temperatures prior to electro- 
phoresis. Figures refer to degrees centigrade 
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pepsinogen by incubation with partially purified calf 
intestinal alkaline phosphatase and potato phosphatase 
were unsuccessful. Success might have depended on 
contamination of these phosphate monoesterases with 
small amounts of diesterase and further attempts with 
other sources of phosphatase might be profitable. Even 
if not the cause of pepsinogen heterogeneity, it is con- 
eeivable that the double-banding of certain pepsinogen 
fractions (Fig. 1) might be related to the phosphate con- 
tent. 

Irrespective of the origin of such pepsinogen hetero- 
geneity, its functional aspect, as manifest by differential 
proteolysis of insulin B chain, may be useful to investi- 
gators of protein primary structure. Although evidence is 
limited to that from electrophoretic analysis it seems 
probable that a preparation containing largely the proteo- 
lytic characteristics of PG I can be obtained by treatment 
of crude pepsinogen at 73° C (Fig. 9), while a preparation 
containing only PG IT can be obtained by treatment of 
crude pepsinogen at pH 10 (Fig. 10). 


Differences in Zymogen Heterogeneity in Tissues 
and Fluids 

A further dimension of pepsinogen heterogeneity exists 
between tissues and fluids of an individual. Taylor** 
concluded from a comparison of pH activity curves that 
fundie and pyloric proteases were different. Seijffers, 
Segal and Miller* found only one pepsinogen after chroma- 
tography of pyloric extracts whereas three were present in 
fundic extract. The present investigation also indicates 
differences between fundic and pyloric mucosa. Our 
initial results seem to indicate that pyloric mucosa contains 
two of the three pepsinogen components of fundic mucosa 
and not one as reported by Seijffers et al.?7. However, 
subsequent work, still in progress, with human partial 
ee specimens is revealing that gastric mucosa 
rom a narrow area adjacent to the pylorus does in fact 
- possess only one pepsinogen corresponding electrophoreti- 
cally to PG IT. It is likely that the pyloric mucosal 
extracts shown in Fig. 1 contained some fundie type 
peptic cells. Of the three pepsinogen components of these 
cells, only PG I shows up—it being the ‘strongest’. 





8:3 9-3 
Fig. 10. Starech-gel electrophoresis at a 8:5 and subsequent amido 
crystalline 
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subjected to varying alkalinity, for 16 h, prior to electrophoresis. Figures 


warz development ree pepsinogen which had been 
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Similarly, although there is no doubt that PG I and PG II 
both may appear in urine, other investigators’ find only 
one. Clearly it is now necessary to utilize several methods, 
including those of protein composition, to compare the 
various pepsinogen fractions obtained in several labora- 
tories. 

Summary 


Pepsinogen, derived from each of several species, may 
be easily resolved into multiple components by means 
of alkaline starch-gel electrophoresis. The technique 
involves acid activation of pepsinogen after electrophoresis 
and subsequent identification either by digestion of dyed 
fibrin or more simply by digestion of residual protein 
present in starch. In the latter method, gels are developed 
with a general protein stain and peptic activity appears 
as white non-staining areas on a blue background. 

Two principal pepsinogens, PG I and PG II, have 
been obtained from porcine and from human material by 
means of preparative starch-gel electrophoresis. Com- 
parison of the configuration of pH-activity curves and 
patterns of insulin B-chain hydrolysis obtained after acid 
activation of these pepsinogens indicates that: (1) PG I 
and PG II are substantially different functionally as well as 
electrophoretically; (2) despite inter-species electro- 
phoretic differences there is substantial functional corre- 
spondence between PG I of man and pig and between 
PG II of man and pig. | 

Comparison of individual porcine pepsinogens estab- 
lishes that the observed electrophoretic differences are not 
polymeric by nature. A clue to the origin of the multiple zy- 
mogens is provided by a comparison of the mobility of 
human, porcine and rabbit pepsinogens which indicates 
that interspecies differences are accompanied, in each 
species, by approximately parallel changes in the mobility 
of all principal pepsinogens. Such concordance s 
that the diverse pepsinogens originate, in each individual, 
through the modification of a single gene product rather 
than as the products of several genes. If correct, this 
explanation provides an instance in which functional 
diversity is extended beyond that which is genetically 
determined. 

A further diverse aspect exists, as there are differences 
in the number of pepsinogens found in fundie and pyloric 
extracts, and also in urine. 

This work was supported by grants from the National 
Institutes of Health, GM 10189 to 8. H. B., and NM 06006 
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IMMUNOELECTROPHORETIC PROPERTIES OF LOW-DENSITY HUMAN SERUM 
LIPOPROTEINS 


By Pror. FREDERICK ALADJEM 


Department of Microbiology, University of Southern California School of Medicine, 
Los Angeles, California 


HERE is some controversy concerning the immuno- 

chemical properties of human serum or plasma lipo- 
proteins. Evidence for immunochemical heterogeneity 
has been obtained from quantitative precipitin analyses 
and from immunodiffusion experiments. By means of 
quantitative precipitin analyses, ultracentrifugally isolated 
8,6 and S713 lipoproteins were shown to cross-react with 
anti-S;6 and anti-S;l13 rabbit antisera, but not to be 
immunochemically identical'. By immunodiffusion in 
tubes! and in plates? five or more lipid staining zones of 
precipitations were obtained. The immunodiffusion data 
were interpreted to indicate heterogeneity. Gitlin? has 
also reported heterogeneity of lipoproteins (see refs. 
l and 4 for discussion); more recently Lawrence and 
Shean* have reported two and three zones of precipitation 
by immunoelectrophoresis. Levine et al.* have used quan- 
titative precipitin analyses and immunodiffusion to study 
low-density lipoproteins. While these authors interpret 
the results of precipitin analyses as evidence for homo- 
geneity of lipoproteins, their results do appear to suggest 
that immunochemical differences exist between the 
different lipoprotein classes (see ref. 1 for discussion). 
Evidence for immunochemical homogeneity is based 
primarily on the finding of only one zone of precipitation 
by immunodiffusion*-*, by immunoelectrophoresis’~’, or by 
both??:™, 

In view of the continuing reports that only one zone of 
precipitation forms between low-density human lipo- 
proteins and antiserums*-"', this article presents the results 
of immunoelectrophoretic experiments which clearly 
show multiple zones of precipitation and which also reveal 
the existence in the S;17+ fraction of a component with 
the immunoelectrophoretic mobility of albumin. The 
status of the immunochemistry of lipoproteins at present 
is briefly discussed. The available evidence strongly 
suggests immunochemical heterogeneity of low-density 
human lipoproteins. 

Low-density human serum lipoproteins S76, 8/13 and 
S,17+, and lipoprotein free serum fractions were prepared 
and characterized as previously reported’. The starting 
material was pooled fresh serum. 

Antisera were produced in rabbits and monkeys. All 
animals were kept for 6 weeks and bled three or four times 
during this period to obtain pre-immunization serum. 
Thirty rabbits and thirteen monkeys (five Macacus and 
eight Cercopithecus) were divided into three groups. The 
first group was immunized with S;6, the second group with 
S713, and the third group with S;17+. About 10 mg 
lipoprotein fraction contained in 0-5 ml. was emulsified 
with an equal volume of Freund’s complete adjuvant. 
A mixture of freshly prepared lipoprotein and adjuvant 
was given to each animal twice weekly for 10 weeks. 
Commencing 3 weeks after the last injection, animals 
were bled three times at intervals of about 5 days, and were 
then allowed to rest for 3 weeks. Further courses of 
injection were then given. Each course consisted of two 
injections, 5 days apart, of newly prepared lipoprotein 
fractions plus adjuvant, in quantities indicated here, 
waiting 2-5-3 weeks and then three bleedings, again at 


5-day intervals, and a rest period of 3 weeks. Quantita- 
tive precipitin analyses were done by the usual procedure”. 

Immunoelectrophoresis was performed essentially by 
the technique of Grabar and Williams. The dimensions 
of the immunoelectrophoretic plates were 10 x 20 x 
0-5 em. Ion agar No. 2 (Consolidated Laboratories, 
Chicago, Illinois) was used, concentration 0-8 per cent in 
barbital buffer, u = 0-05, pH = 8-1, 0-9 per cent sodium 
chloride. Rectangular antigen wells 1-5 x 0-3 x 0-5 em 
were filled with 0-25 ml. lipoprotein fractions containing 
20-30 mg lipoprotein/ml. and 0-8 per cent agar. After 
electrophoresis, antibody wells were filled with unfraction- 
ated antiserums, which contained not less than 1 mg 
precipitable antibedy/ml. (tested with 876). Diffusion 
was allowed to proceed for 28 days. Immunoelectro- 
phoresis plates were stained with sudan black B. Im- 
munoelectrophoretzc analyses of whole human serum 
served as immunoelectrophoretic and staining controls. 

Ultracentrifugally prepared non-lipoprotein-containing 
serum fractions were tested by precipitin reaction with the 
three types of anti-lipoprotein antisera. In no instance 
was precipitate observed. This finding confirms and 
extends our previeus observations that lipoproteins are 
antigenically distinct from non-lipoprotein-containing 
serum proteins'!* and served to ascertain that the anti- 
sera used were specific for low-density lipoproteins. 





Fig. 1. Immunoelectrophoretic analysis of Sy6 lipoproteins. Upper 

antigen well: 20 mg/ml.; lower antigen well: 80 mg/ml. Top antibody 

well, rabbit anti-humaa serum; centre antibody well, rabbit anti-Sy 17 + ; 
bottom well, normal rabbit serum 


Fig. 1 shows the immunoelectrophoretic results with two 
concentrations of S,6 lipoproteins and antisera. Six 
to eight zones of precipitation can be readily seen, all 
staining with sudan black B. This experiment shows that 
ultracentrifugally isolated S,6 lipoproteins are electro- 
phoretically reasonably homogeneous but that several 
zones of precipitation forny which coalesce at the cathodic 
end. Multiple lipid staining zones of precipitation were 
similarly obtained with isolated S,13 lipoproteins and anti- 
low-density lipopretein antisera. 


1004 


The results of immmunoelectrophoretic analyses of 


S,;l7+ lipoproteins and of whole human serum, using 
several antisera, are shown in Figs. 2-4. Similarly 
prepared antigen and antiserum preparations were used 
in these experiments. It can be seen that some of the 
S,;l7+ lipoproteins move with mobility of albumin, 
some with intermediate mobility, and some, probably 
chylomicrons, remain at the origin. With the monkey 
antisera an additional zone of precipitation is observed 
with certain S717 + preparations. 


Among the questions which are raised by these results 
are: (a) What is the reason that after more than a dozen 
reports On immunodiffusion and immunoeleetrophoresis 
of lipoproteins there is not even agreement whether only 
one zone or several zones of precipitation form between 
low-density lipoproteins and anti-lipoprotein 
(b) How should the finding of multiple zones of precipita- 
tion in Fig. 1 be interpreted ¢ (c) What is the significance 
of the finding that a component in the S,l7+ fraction 
moves with the mobility of albumin ? 

The answer to (a) may well be found by considering the 
differences in the experimental procedures in the various 
investigations. Since we wish to ascertain whether 


sera ? 


immunochemical heterogeneity exists between or within 
the different lipoprotein classes, we work with adequately 
high lipoprotein concentrations and with antisera or 
fractions which contain 


antiserum not less than 1 mg 





Fig. 2. Immunoelectrophoretic analysis of S/17+ and serum control, 

Upper antigen well: normal human serum; lower antigen well: 40 mg/ml, 

§717+. Top antibody well, rabbit anti-Sy17+ ; centre antibody well, 

rabbit anti-human serum: bottom antibody well, rabbit anti-Ss17 + 
(same as in top well) 





Fig. 3. Immunoelectrophoretic analysis of S717 + and serum control. 

Upper antigen well: 40 mg/ml. S17+; lower antigen well: normal 

human serum. Top antibody well, rabbit anti-Sy17+ ; centre antibody 

well, rabbit anti-human serum: bottom antibody well, rabbit anti- 
S17 + (same as in top well) 
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Fig. 4. Immunoelectrophoretic analysis of S717 + and serum control. 

Upper antigen well, 10 mg/ml. S/17+; lower antigen well, normal 

human serum. ‘Top antibody well, monkey anti-ASy17+ ; centre anti- 

body well, monkey anti-normal human serum; bottom, monkey anti- 
S717 + antiserum 


antibody/ml., often considerably more. In all the investi- 
gations reported in the literature in which only one zone 
of precipitation was observed, the lipoprotein con- 
centrations were low, approximately those found in 
normal human serum or less; antibody content is not 
usually determined. It has been our experience that 
only one zone of precipitation can be readily obtained if 
the lipoprotein and/or antibody concentrations are 
sufficiently low. While we have not rigorously analysed 
the conditions (concentrations, geometry, ete.) which 
vield one or multiple zones of precipitation, it appears 
reasonable to conclude that the discrepancies in the 
literature are due to differences in the reactant concentra- 
tions used in the different investigations, 

How can the results in Fig. 1 be interpreted to yield 
information about homogeneity or heterogeneity of low- 
density lipoproteins’ In recent years a considerable 
amount of dogma has developed to aid the interpretation 
of immunodiffusion and immunoelectrophoresis results. 
A fundamental tenet of this dogma is that multiple zones 
of precipitation should be independent to be interpretable 
as evidence for the presence of independent antigen- 
antibody systems. While this is intuitively reasonable, 
direct evidence is lacking. The zones of precipitation in 
Fig. 1 are not independent; the multiple zones fuse into 
one zone at the cathodic end. Fusion of zones of pre- 
cipitation has been observed frequently and has usually 
been interpreted to indicate antigenic similarity or ‘partial 
identity’. Other interpretations have been suggested. 
Kaminski has observed this type of precipitation (ref. 15, 
Fig. 6) and has suggested that it may be due either to the 
same mechanism as that which gives rise to Liesegang 
rings or to heterogeneity of antibodies. We have observed 
this type of precipitation regularly only with two types of 
serum proteins: with albumin and with low-density 
lipoproteins. We have occasionally (with certain rabbit 
or monkey antisera) observed it with y-globulins. 
On the basis of the work of Kaminski’’ and others'*:"? it 
has been suggested that ““‘When either antigen or antibody 
is in great excess the band may widen and even divide 
into several lines, although the antigen and antibody are 
pure’’'*, Evidence to substantiate this suggestion is also 
lacking at the present time; it is not likely that ovalbu- 
min}, serum albumin” or tetanus and diphtheria toxoids’? 
can qualify as ‘pure’. Twice-recrystallized human mer- 
captalbumin, for example, has been shown by high-voltage 
starch-block electrophoresis to contain at least nine com- 
ponents’, The Liesegang ring phenomenon is the béte 
noire of immunodiffusion and has sometimes been used to 
explain away results which cannot at present be explained. 
So far as I know the Liesegang ring phenomenon is not 
understood ; it is questionable whether it occurs during im- 
munodiffusion. Heterogeneity of antibodies also does not 











March 5, 1966 


No. 5027 











to be a likely explanation, since heterogeneity would 

) be expected to exist in antibody populations against 

a ens | aple of precipitation should 
he) “the usa. e considerations 1+ 
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nay be concluded that the most reasonable explanation is 
hat the multiple zones of precipitation indicate hetero- 
neity of antigen, and that fusion of zones at one end 
ggests antigenic similarity or ‘partial identity, It 
“may. be anticipated that the development of a rigorous 
analysis of immunodiffusion will eventually clarify such 
_ questions, but at the present time we are still attempting 
to tinderstand the processes which give rise to the initial 
~ gones of precipitation’’. 

_ There has been general agreement that low-density 
_ lipoproteins move in agar with the mobility of 8-globulins 
_ while high-density lipoproteins move with the mobility of 
æl globulins. The report by Heide et al." suggests that 
_ 8,13 lipoproteins have slightly greater mobilities than 
__ 8,6 lipoproteins. Walton? has recently investigated this 
— problem; he found only very slight differences between 
mobilities of S;3-9 and S;20-400 lipoproteins and attrib- 
ted these to preferential interaction of S/3-9 lipoproteins 
h agar. He noted that the mobility of low-density 
poproteins in agar is somewhat concentration-depend- 
ya progressive displacement of precipitation zones 
zard the anode was observed at low lipoprotein con- 
trations. Our finding that $;17+ lipoproteins con- 
ia fraction which moves with mobility of albumin 
unexpected, S,17+ lipoproteins certainly contain 
material of hydrated density. greater than 1:015 
nl, S;i7+ reacts with antibody against S6, S,13 
S;l7+, but not with antibody against albumin nor 
antibody against the lipoprotein-free serum fraction. 
difficult to estimate the concentration of the albumin- 
bility material; it would appear to constitute 10-20 
cent of S;17+. Here again the reason why this fast- 
ving material has not been previously observed and 
y it is not observed in Figs. 2-4 in whole serum is almost 
ertainly simply a matter of initial antigen concentration. 
fot enough S;l7+ containing the albumin-mobility 
raction is present in undiluted serum to allow formation 
a zone of precipitation. 

‘We are left, then, with the following experimental 
bservations which appertain to heterogeneity of low- 
ensity human plasma or serum lipoproteins: (a) the 
finding that antibodies against low-density lipoprotein 
can be completely absorbed by either 876, 8,13 or Ssl7 + 
poproteins but that, none the less, Sy3 and S713 lipopro- 
pins react differently by quantitative precipitin analysis’; 
.) the multiple zones in Fig. 1 and the immunodiffusion 
esults already cited; (c) electrophoretic mobility differ- 
ences in agar between S;6 and a component of S717 + 
lipoproteins (Figs. 2-4); (d) data from amino-acid end 


- group analyses which show that low-density lipoproteins 











































NATURE 





ao 

Me wage 
Barry 
OCR 


antigenic componeats become apparent. Low-density | 
lipoproteins S;6 and S,;13 contain at least 6 or 8 com- @ 
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ESTABLISHMENT OF AN EXPERIMENTAL CAT BREEDING 
COLONY 










“HE Departmental Committee on Experiments on 
-Animals under the chairmanship of Sir Sydney 
lewood! recommends that the Secretary of State 
ould be empowered, subject to consultation with the 
terests concerned, to prohibit the use of laboratory 
imals (other than monkeys and animals of farm species) 
10t. bred for the purpose in registered laboratories or 
preeding units outside laboratories. 





By Dr. H. REINERT and G. K. A. SMITH 


Department of Pharmacology, Pfizer Ltd., Sandwich. Kent 






It is more than lisely, therefore, that these recom 
tions will induce otker laboratories to consider t 
of cats. and the recent increased demand for. 





experimental and kreeding colonies supports this assumy j= 


tion. We feel that eur experience in establishing an experi- 
mental cat-breeding colony should be of interest to other 
scientists and laboratories who are using animals for experi- 
mentation under tke Cruelty to Animals Act, 1876. 









reliable.” This is based on seasonal breeding ‘peaks an 
also on the high demand for cats by university depart- 
ments during term-time. A proper planning of experi- 
ments is thus made quite impossible. The great demand 
and low supply lead in some cases to quite excessive 
charges by animal suppliers. The condition of cats 
supplied for experimental purposes is generally extremely 
poor and it is not uncommon to lose more than 50 per cent 
of the intake within 1 week before the start of experi- 
mentation since most laboratories will quarantine animals 
supplied from outside sources. This leads obviously 
to a considerable wastage of already very scarce and 
expensive laboratory animals. The main cause of death 
in quarantined cats is respiratory and gastro-intestinal 
disease. 

The poor condition and low resistance of these animals 
prejudice the performance of lengthy and elaborate 
experiments under anaesthesia and reduce considerably 
the success rate. On account of the condition of the 
animals, experiments have to be repeated unnecessarily, 
thus again leading to wastage of valuable animals. The 
scientific value, if any, of experiments carried out on 
such animals must consequently be very limited. Apart 




















from this wastage of animals, the scientist undertaking 
the experiment also loses still more of the already limited 
time available for experimentation. Experiments on ani- 
ma ‘poor general condition are thus a highly uneco- 
nor rocedure from the point of view not only of the 
cost of the animals but also of the high cost of the time 
wasted. 

x 1, of course, always the risk that, under present 
con when dealers offer or supply large numbers of 





xperimental purposes, the laboratory may be 
‘stolen property with all its subsequent legal 


particularly interested in neurophysiological 





; using tnter alia stereotactic techniques, and 

a us most desirable to work on a uniform strain of 

-an vhich would increase the success rate of accurate 

el placing. A great number of such experiments 

ip ecovery from the anaesthetic, and a good state 
o is Obviously highly desirable. 


ese organizational, economic, scientific and legal 
s it was decided to start at first a small holding 
ony in Sandwich in the Department of Pharmacology 
in the summer of 1958. At this time the cats, usually at 
the kitten stage, were obtained locally, with open know- 
ledge of the reason for their purchase, our object being 
to keep the animals until they were of a sufficient size and 
in good physical health for experimental use. Any new 
intake was inoculated against feline enteritis and was 
housed indoors within wire-mesh walled rooms some 
12-15 ft. sq. in a separate wing of the laboratory building. 
The eats were fed on a diet suggested by Short? consisting 
of a proprietary food mixed with ‘Diet 41’ meal with a 
supplement of ‘cooked fish and reconstituted dried milk 
for drink. 








~un- 





Late in 1959 the cats were moved outside. Their night 
quarters consisted of a walled-in area at the base of a 
water storage tower. Shelves were provided for sleeping 
accommodation and a trap kept them penned in at night, 
They were let out daily into a wire-mesh surrounding pen, 
inside of which were several small alder trees which 
provided shade and some old tree boughs for claw exercise. 
The cats were now being fed with liver, fish, tinned cat. 
food, and some potato, and received ‘Minadex’ in their milk 
feed. Within a short period an improvement was notice- 
able. Be 

In the light of our experience and findings plans were 
going ahead for the establishment of suitable buildings to... 
house breeding colonies of cats and dogs? in another area. a 
on the Company’s site. These were finally completed in - 
the summer of 1961. ET 

The new cat unit is of cavity-walled structure with a — 
screeded concrete floor on 2-in. hollow clay pots, some 
120 ft. long by 30 ft. wide with laterally extending exter 
grass runs. Adjoining the building at one end is an annex 
housing a preparation room and a toilet. Inside, the floo 
slopes inwards along the length, to a grilled gulley; A’ 
corridor runs along this central line and connects to eight 
cat rooms on either side. The walls of these cat rooms 
























consist of wire-netting fixed to wood studding and con 
tinue upwards to the roof ridge. On either side of eac 
room are open mesh shelves some 3 ft. from the floor wit 
a wooden shelf above. To supply warmth during the c 
months a steam-heated pipe runs under the lower shel 
Along the roof ridge four large fans exhaust the inner 
to the outside and these are thermostatically control 
to cut out when the inner temperature falls below 58 
Each cat room has on the outer wall a draught- 
hinged-exit fitment to allow the cats free access to` 
outside grass run. This run, 15 ft. wide and 50 ft. lo 
terminates with a 3-ft.-wide sand pit covering the wi 
of the run which the cats invariably use as a defaecat 
area (gross material being removed daily by rakin 
The terminal fence is fitted with a padlocked exit gat 
These cat pen runs are constructed of 2-in. tubular metal _ 
framework with l-in. woven-mesh wire 7 ft. high; to 
prevent escape the whole is covered above with l-in: 
chicken mesh wire, supported on wire lacing. ae 
Adjacent to the end of this building are four stud pens 
constructed of wood posts with wire-mesh and sited in a. 
row with a communal corridor. Each pen has a sturdy 
wooden kennel standing 1 ft. high on centrally placed © 
paving squares in a 10-ft. x 8-ft. turfed area incorporating 
a small sand bed. | 
As has already been stated, we were buying young cats, es 
mainly weaned kittens, occasionally a complete litter with 
the mother. The cats were of all colours and fur length ~ 
but mainly of the tabby variety. Our intention was to- 
select from the short-haired tabby types the nucleus on 
which to found our breeding stock. TAEI IRS FY 
Every new cat was inoculated against feline enteritis 
and received a booster dose after a year in the color 
It was also assumed that all cats would harbour som 
form of endo- or exo-parasites and these were routinel 
dealt with by the customary proprietary treatmeni 
became satisfactorily controlled. In 1962 the unitb 
a closed colony and since then these pars 
virtually disappeared. However, most, if n 
harboured respiratory disease agents ant 
infection became enzootic within the colony with dea 
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ve sped a skull ‘ana culled. for a tea use ‘he 
ag-haired, coloured and narrow-skulled cats. 
Originally, for mating purposes some thirty queens 
ere kept together with from two to four toms until the 
females were obviously pregnant: these queens were then 
_ removed to another room. We were hoping to keep manual 
abour and costs to a minimum by utilizing a communal 
form of littering down using large nesting boxes instead of 
_ small individual boxes or cages. This was not successful 
as some mothers apparently abandoned their young to a 
more generous ‘mothering’ queen for suckling who often 
supplied sustenance to some fifteen te twenty kittens. 
Because of several days’ difference in the age of the 
young, the smaller kittens were often pushed out and 
rampled on and under this local overcrowded environ- 
ment respiratory virus could and did easily gain a foot- 
old. An isolation technique was adopted by suitably 
placing six to eight large cat cages within a room. In 
ch cage was placed a cardboard carton with some straw 
he pregnant queen to litter down. The queens were 
wed out separately for exercise. 
s parturition time approaches. the queen prepares her 
‘and shows little interest in leaving the cage. She is 
urbed as little as possible by the animal staff, litters 
rring naturally with the queens being left to carry on 
| their instinctive nursing care. Apart from two 
nature litters occurring in young primipara queens 
6 have been no complications during pregnancy. 
ardboard litter boxes—though sanitarily ideal from 
sposal point of view—-do involve considerable time in 
sembly. Often, too, destruction by the queen or the 
ig kittens during the confined period causes the need 
frequent replacement: this with large numbers of 
rs is costly both in labour and materials. Recently 
ave replaced the cardboard boxes with a chipboard 
lustrial container; these have sufficient weight so as 
t to topple, stand up well to washing and sodium 
1ypochlorite disinfection (thus allowing repeated use) and 
ack neatly when not required. It is hoped to try a 
tie container-—as soon as a suitable box becomes 







































Teo infection at a minimum, kee and reor 
vidual or litter progress. and keep a firm check on 
ir parentage and identity. The litter is kept together 
r 12-13 weeks (the mother being removed at weaning 
6 weeks); during this confinement the kittens are tattooed 
-by four digits—two in each ear—coded as in a like manner 
_. to our dog colony’. For example, looking at the cat’s face 
_ from the front and reading from left to right on the 
ears the four-digit code 4F H5 represents 1964 (4): 
_ June (Ff): the eighth litter (H) occurring in that month 
_ and the fifth kitten (5) of that litter. This coding allows 
| any member of the departmental staff to identify age, 
_ individual and litter mate directly without recourse to 
a any records. 
_ At 5 and 8 weeks the kittens are given an inoculation 
against feline enteritis, at 10 weeks they are wormed and 
t 13 weeks are removed from the litter cages, sex segre- 
rated into rooms so that the young are approximately of 
ë same age and size, where they stay until they are 
moved for experimental or other purposes, usually 
er they are at least 6 months old. 
Our cats are extremely tame, and come running for 
ntion. when a room is entered, thus making capture 
This is undoubtedly due to, the frequent handling 
vrth. hnicians. Apart from 
‘tens are weighed 
first four and 
ap to 24 weeks. 
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Weights, together with tattoo. coding and other relevant 
data, are recorded. on 8 a bree omg record . igheet and 
eventually filed. Da Be ; é 



















tive powers of the young—to be produced, for econo 
reasons, in the least possible time and we ighir g2. kg. 
The weight curve plotted from the collected data shows 
that this weight occurs when the animal is between 5 and 
6 months. The curve is shown in Fig. 1 and for comparison 
the weight curves found in cats from two other sources" 
are included. 

The queen after weaning is wormed and returned to 
stud, usually with a different tom cat. In this way it is 
possible to obtain three litters within the year. For 
example, two queens have produced seven litters, one 
within 23 months and the other in 25 months.: 

Between January and December in 1963 and. 1964 there 
were 350 litters, 175 in each year: Fig. 2 shows graphically 
how these litters occurred month by month with three 
distinct overlapping peaks of kitten production for each 
year. This is linked in the lower graph with the average 
litter size per month, indicating that for this colony there 
is a tendency for larger litters within the seconc rd 
production peaks which occur in the latter à 
calendar year. 
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Fig. 1. The graph stows the mean growth curves for mile cats topen 
symbols) and female «ate (closed symbols) obtained from, three sources. 


A and A, Short, 200-cats (ref. 4); O and ©, Reinert: and Smith, 597 
cata; C] ang W. Dickinson and Scott, 81 cats (ref. 6) 


Normally we expeet to take our yield from the first five 
litters before discarding the queen. By comparing suitable 
animals with their record it is possible to select the cats 
most likely to produce good, healthy litters regularly. By 
using some eighty queens with ten different toms we hope 
to maintain our requirement and at the same. time out- 
breed as much as is possible within a closed colony; 

Breeding losses have been confined to the young, those 
occurring within the first. 3 days and the rest (ma r 
weaning) up to about 15 weeks. The kitten: 
included in this period were grouped togeth 
ing. From the beginning of 1965 the litte 
confined together for up to 13 weeks befo 
and this procedure has so far minimized t 

Results for 1963-:and 1964 have been tabi 
and show the number of litters occurring 
according to the Etter size. The combined ti sh 
normal distribution with a. slight. shift to the: le C rar 
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over from one to ten kittens occurring in a single litter 
with the mean at 4°52. Losses occurring at birth and 
during the growing eee lower this mean to a5 cats per 
litter available for e a total 
of 875, young adult cats ‘from 1,581 kein hom over 
2 years, roughly a production of five cats from eaeh breed- 
ale a year. Breeding losses are just more than 
rent and it is to be hoped that these can be sub- 
diy reduced—although losses almost as high have 
ound in dog colonies? where greater prophylactic 
sures against infectious disease can be given. 
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Fig, The upper graphs show the number of kittens born in 1963 (@) 
pad i804 (©). The lower graph illustrates the average litter size occur- 
ring in each month for the combined totals 


The colony has been reared on a diet consisting of: 
83 parts cooked horsemeat (6 parts offal); 5 parts whole 
cooked potato; 12 parts ‘Terrier’ meal; 0-3 parts bone 
meal, plus salt and dried yeast. All cats have two feeds 


daily, the main portion being fed in the afternoon. 
If the weight curve up to 24 weeks of 597 cats is com- 
Parai 


with the findings of Short* (who used 200 cats) and 
so} N T pea used. SL i). Tho n it is found that 
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Dickinson and Scott showed slightly less kittens born 
per litter over 5 years, averaging 4-03 kittens for 180 litters 
producing 727 cats. We have obtained a mean of 4-52 for 
1,581 cats; this seems to indicate that our present cooked _ 
diet supports reproduction without any lowering of litter. 
size since we are now in our third and fourth generation. — _ 
We confirm the findings of these workers that a peak 
production occurs in March and only small numbers in| 
May; however, contrary to their findings, our resalts > 
reveal a distinct third reproductive peak in the autumn > 
months, which is linked to a third peak in litter size. o= | 

Information on losses is remarkably scanty—although — 
it is well known that the cat has a very high incidence of | 
disease, especially of respiratory origin-——as many have 
found to their cost. Until satisfactory vaccinal or other- a 
protection is easily and cheaply available, little can l : 
done to change this state of affairs apart from good. hus. 
bandry and adequate diet. Our 40 per cent loss, in rearing 
the cats to 6 months of age when they are of practic 
experimental size, emphasizes the high cost involved 
breeding and maintaining these animals, and must reflect 
the unlikelihood of obtaining at any time well-nour- 
ished, parasite-free and reasonably healthy cats inm- 
quantity from any source other than from recognized : 
colonies. 

Ideally it would, perhaps, be best to start a colony 
with Caesarian-derived animals, suitably quarantined, to- 
ensure that no infectious agents have passed the placental i 
barrier; and afterwards to breed from these. This is- 
long-term, costly and does not meet the immediate urgent ~ 
demand; however, this procedure does not prevent theos- 
possibility of infection at a later stage, introduced by ~~ 
birds or stray animals when housing cats under open-air 
conditions. 

Animal technicians and other personnel should use 
rubber footwear to pass through barrier foot-baths and 
be supplied with adequate clean protective clothing. 
There should also be provision for hand-washing facilities. 

With the introduction of new breeding adults there 
should be vigorous observance of quarantine, such as 
separate accommodation remote from the existing colony. 

It is also desirable that a proof litter should be reared in). 
the same quarters before the adult is finally introdueed 5 
into the main colony. 

Our final advice, based on bitter experience, and in spit 
of a genuine desire to help those interested in starting cat 
colonies for themselves, is rigidly to exclude visitors, so. 
to prevent the disastrous and decimating effects 
fresh introduction of infection. 
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CYTOGENETIC VARIATIONS INDUCED WITH A MAGNETIC PROBE 
By W. C. LEVENGOOD 


University of Michigan, Institute of Science and Technology, Aan Arbor, Michigan 


XNPERIMENTAL evidence concerning the possible 

influence of magnetic forces on cytological develop- 
ment in living organisms is, at the present time, in a 
somewhat controversial state. Several investigators'-* 
have reported a retardation or growth-arresting effect 
of magnetic fields both at the cellular level as, for example, 
in carcinoma tissue as well as in whole organisms such as 
mice. Recently, however, Halpern and Greene* found 
that a 1,200-gauss magnetic field had no significant 
influence on the growth of human cancer cells (HeLa) 
in tissue cultures. In most of these reported investiga- 
tions, the experimental arrangements have been such that 
the organisms were tested in essentially a homogeneous 
magnetic field. One finds very few discussions either of 
the influence of field gradients or of direction and polarity 
effects. 

In proliferating tissue as well as in resting cells, changes 
in local ion concentration are known to have pronounced 
effects on general cell morphology® and cellular functions. 
Within a uniform magnetic field the force on an ion is 
simply charge times the vector product of velocity and 
field strength. Ideally, under uniform conditions the 
path described by the ion is circular and motion in a 
transverse direction is at a minimum. With increasing 
gradient of flux a lateral ionic drift mobility occurs and 
the direction of ion flow, although a more complex motion, 
could, as a result of this additional degree of movement, 
increase the probability of the field influencing intercellular 
bonding sites. It is thus conceivable that one might gain 
additional knowledge concerning the physiological action 
of magnetic fields on cellular organization by using high 
localized field gradients rather than striving for homo- 
geneous test regions. This would be especially true if 
ion-drift mobilities were intimately related to the basic 
cellular functions. 

Based on these considerations, a magnetic probe device 
was designed to provide an intense, non-homogeneous 
field in specific regions. This article presents the initial 
results of subjecting living systems to the probe. In 
the majority of experiments, the approach has been to 
apply the magnetic probe to the gonadal organs in 
Drosophila melanogaster at various stages of metamorpho- 
sis. The results of the probe treatments are examined in 
terms of reproductive response effects such as sex ratios, 
progeny yields and rate of development. Although in the 
course of these experiments phenotypic variations were 
observed, extensive crossing tests have not been conducted 
to determine mutation rates. The main emphasis in this 
research was placed on examining the question of magnetic 
fields affecting development and fecundity. 

The initial results from the probe tests demonstrate 
that the application of high field gradients to the develop- 
ing reproductive organs in Drosophila melanogaster has a 
pronounced influence on development time and on the 
yield of progeny. A growth retardation effect in an inter- 
val of development, including the embryonic and post- 
embryonic stages, was found to be genetically transferred 
to succeeding generations even though only pupae pro- 
ducing the first or F, generation were exposed to the 
probe. Viability in the first few inbred generations, as 
measured by progeny yields, is shown to decrease exponen- 
tially with increasing development time; a subsequent 
increase in sex ratio is suggested. We shall present 
exploratory data which show variations in the probe 
influence as a function of pupal age, and we shall also 
discuss a proposed mechanism based on enzymatic 
inhibition induced by the magnetic field. 


The probe was designed to produce an intense localized 
field over a region comparable with the diameter of the 
ovaries and testes in Drosophila (approximately 100). 
A coil (5:8 em long) of No. 34 insulated copper wire was 
wound uniformly around a 6-mm diameter rod (of low 
remnant field) with a final resistance of 1,700 ohms 
(26,770 turns). As one end of this rod a l-in. section was 
prepared with a eonical taper down to a final diameter 
of 125u with the end machined flat. Two parallel con- 
nected 22-5 V batteries were used to power the coil and 
this gave a current of approximately 12 m.amp. 

The magnetic field characteristics of this probe were 
mapped using a model 110 Bell gauss-meter. ‘The cffective 
area on the meter sensor was approximately 1 x 2 mm. 
The field strength was determined as a function of distance 
from the probe tip. During calibration, the field contribu- 
tion from the shoulders of the probe was reduced by 
extending the tip through a sheet of magnetic shielding 
metal; | mm of the probe was allowed to protrude. Using 
the ratio of the rea on the flat probe tip to the much 
larger area of the test sensor on the gauss-meter, the 
effective field strength at the probe surface was determ- 
ined to be 21-8 + 1-0 kG. The field gradient within 
the first 2 mm from the probe tip was approximately 
9 kG/mm. 

The probe was mounted in a vertical position over a 
table with a mevable stand (glass microscope slide). 
With this apparatus the specimen could be brought 
within proximity of the magnetic probe tip, thus allowing 
treatment of selected portions on larvae, pupae and adult 
flies. In Fig. 1, a pupa is shown set in position below the 
probe tip. In the case of eggs, the single egg within the 
chorion (~ 0-1 mm long) was exposed to the magnetic 
field. 

Using this partecular probe design and current load, no 
significant heating effects were observed for exposure 
periods of 30 min or more (less than 3 per cent current 
variation). The current was monitored during each 
exposure test and the polarity of the probe tip (N. or 8. 
pole) was designated. 

Although Drosophila were exposed to the magnetic 
probe in the egg, larval, pupal, and adult forms, the major- 
ity of these expleratory data were obtained in the two 
last-mentioned stages of development. The following 
general test procedure was used in the probe treatments: 
(1) With the organism on the movable stage, the glass 
platform was raised until a 0-5-mm air gap remained 
between the probe and the test specimen. (2) The field 





Fig. 1. Pupa set in position below the probe tip 










done to prevent transient exposure to a field of reversed 
polarity. -(3) In the case of pupae, the probe was posi- 
tioned at the dorsal location of the developing reproduc- 
tive organs. After each exposure the treated pupa was 
placed with a small segment of the paper on which it 
had formed into a culture bottle containing fresh medium. 
(4) Adult flies were anaesthetized with ether and the 
reproductive organs subjected to the probe treatment. 
In this case, the probe tests were of short enough duration 
so that the flies remained anaesthetized and immobile 
under the probe. The exposures were of 5 min duration 
or less. 
‘The medium, a cornméal~molasses type with propionic 
acid mould inhibitor, was placed in the bottom of 4-oz. 
culture bottles to a depth of about 2-5em. The laboratory 
temperature was 22° + 2° C, and both barometric pres- 
sure and relative humidity were monitored. Parents 
were left 10 days in the bottles. Countings were made 
over an 8-day interval starting with the day the new 
generation of adult flies were seen. 
In most of the test series, three or four generations of 
flies e examined following the probe treatment; six 
irs flies were randomly selected as the parent stock 
ew generation. In some cases where the effects 
“pronounced, the repeated filial generation crosses 
l ontinued for a renee of ai ha a Wherever 








l mo total of 52 sanbiol (Ore-F) cultures were 


Cees Said the mean oa time was 13-60 days with 





Ai mean development time of 13-6 days is somewhat 
longer than. is usually reported in the literature (~ 10 
days); however, this reported value does not include the 
pre-egg-laying period when the flies are introduced into 
the new culture. Miller’ recently demonstrated that 
larval competition in high-density cultures may increase 
the period of development. This factor was examined 
by placing single, fertile eggs in fresh cultures. It was 
noted that imagos appeared after 10-12 days of develop- 
ment; however, a factor of 24-48 h is to be added to this 
sinee the usual pre-egg-laying period in the new culture 
may be several hours (recovery from etherization, etc.) 
and the eggs may have gone through a maximum of 22 h 
development before laying. Applying a 1-2 day factor 
brings the single egg development time within the 11—16 
day range of the regular control cultures. It appears, 
therefore, that overcrowding and larval competition are 
“not factors.and the 13-6 day value is a characteristic of this 
‘Oregon-R). Different strains apparently disclose 
tions in development time’. The investigations 
re were all conducted with the Ore-F strain. 

nfluence on development time. The probe influence 
elopment time was followed in detail through a 
generation series which were started with 













om 

tr y general the development time alteration 
is t readily selected out of the popula- 
ti ample shown: -i in Fig. 2 was initiated 





ine in Fig. 2 and the shaded area designates the standar 





error of the mean. Although the individual generation > 
points disclose considerable variability the points lie well ae 
outside the statistical values formed by the control > 
group. With succeeding generations there appears to- 
be a general levelling-off effect. in the development time; 
however, it is apparent that the development retardation —— 
is not rapidly selected out of the test culture. In the 
F, of this series reciprocal crosses were made with. ur- 
treated flies from a stock culture. Both test cross-cultures 
were examined for two generations each, and it was- 
observed that the development time in every case was 
within the normal range (11-16 days). From these test. 
crosses it may be concluded that the alteration in develop-. 
ment time shown in Fig. 2 does not involve a dominant 
mutant effect. 7 
In some cases the adult fies from the probe-treated : 
pupae produced only one or two flies in the F, with- 
development times of more than 20 days. Many pupae. — 
formed but did not hatch. This effect was particu- — 
larly noticeable when treating pupae less than 20 h old. 
In one ease the six adults from 20-h-old pupae, treated. 
10 min with the §.-oriented probe, produced one Fi : 
female after a 32-day development time. The ee 
pupae in the culture died before hatching. : 
Even with a brief exposure of only 2 min, an effect ¢ o 
progeny yield was noted, most pronounced from pups 
treated in the early stages of growth. The results fo 
two generations are shown in Table 1 for 20-h and 72-h-o 
pupae tests. Treatment of the 20-h-old pupae increase 
the development time in the F, and in the F, larva 
formed, but they did not pupate; death occurred afte 
going through the larval stage. Treatment of the 72-h-ol 
pupae did not produce the lethal effect in the secon 
generation, and the development times were within th 
range of the controls although at the upper limit. : 
(2) Response of individual pupa to probe exposure. T 
obtain some idea of the male and female response to th 
probe treatment, a series of single pupa tests were made 
The treated pupae were about $7 h old and were given 
30-min exposure. Each treated pupa was placed in- 
separate culture bottle and, after hatching, was mated wi 
several untreated flies. The probe-treated males w 
crossed with virgin females from a stock culture. -T 
results summarized in Table 2 demonstrate that. 01 
in the ease of the male progenitors were the development | 
times altered; however, the influence was not the same: in A 
every case. Perhaps it is necessary to treat flies at a 
definite stage of development to obtain the same results. 
In these series there could have been a 3 or 4 h variation 
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Fig. 2. Influence of magnetic. probe on: total. emb 

embryonic development. time (110-h-old papac= rol 
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k < 92-b-old pupae 


O oo 2O-h-old pupae oo ee: 
-Total No. Developmen Total No. Development 
progeny time (days) progeny 

R5 9 caro ee 123 16 

() = oie 106 16 

ae e 190 16 


SINGLE PUPA—36-H-OLD EXPOSED 30 MIN TO PROBE 
Mean values from 4 generation series 
3 Series ve & Series 


`. Table 2. 


Development 
time (days) 
12-5 
125 
11:7 


Development 
time (days) 
12-2 N. 

3. 119-1 17+2 N: 
N. 39-0 240 S. 


Table 3, FERTILIZED FLIES EXPOSED È MIN--—N.-ORITENTATION 


Probe treated Controls 
Total Development Total Development 
progeny time (days) progeny time (days) 
F 86 13 131 14 
} Sn 


Probe. 
orientation. Progeny 
145-7 
1834-0 
91-0 


‘otientation Progeny 
cs S, 151-5 


n the pupal ages and this may account for the different 
response effects in male pupae given the same treatment. 
The influence of pupal age is discussed in greater detail 
-a later section. ee 
(3) Treatment of adult females. Three adult female 
es were treated 2 min with the magnetic probe after 
ey had been fertilized. After exposure to the probe they 
sre placed in a fresh culture without the presence of 
es. This ensured that the eggs deposited would be 
z those treated in vivo. The results of this test. together 
th a temporally corresponding control series are given 
‘Table 3. The development times did not appear to be 
xeneed, by the probe. In the third generation of the 
-treated series, eggs were deposited but no larvae 
ied. Many flies in the second generation showed wing 
ormalities. - ia ee 
om the 2-min results it was thought that a longer 
sposure would produce a more drastic effect on the 
ductive responses; however, such was not the case. 
o- groups consisting of three fertilized females in each 
up were exposed 5 min to the probe using an N. and 8. 
mtation. The groups were examined through four 
generations and in these series the third generation sterility 
effect did not appear, and there was no apparent effect 
n development time. 7 
(4) Development time alteration through male progenitors. 
In one test series, six 21-h-old pupae were treated 10 
min with the S.-oriented probe and only five males were 
atched in the first generation with a development time 
of 28 days. These five male flies were crossed with normal 
untreated females and the development times noted for 
ten generations. The results are plotted in Fig. 3 and it 
~ean be seen that there is a significant increase in the 
| development times. In the third generation the develop- 
ment time was within the control level; however, in the 
JP, there was a very sudden increase in the development 
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Fig. 3. First generation males from probe-treated, pupae erossed with 
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Mean development time (days) 


Mean progeny 


Papal age (h) 
Fig. 4. Variations im development time and progeny 
pupae (points are mean values from four orr 
time showing that the effect. was not selec 
culture in the previous generation. T 
increase in develapment time as carried over 
males is in contrast with the previous test cro 
seventh generatien of the 110-h pupae (Fig. 
case two generations of reciprocal crosses. did not 
alterations in the development times. From th 
test crosses it appears that the probe effect on deve 
does not follow a simple Mendelian expression 
(5) Exposure i head region. More thar 
of various ages were exposed in the head regi 
treatment-—-N. orientation). The purpose 
out if the probe exposure affected an area con 
imaginal disks. This treatment produced & 
mortality; more than 50 per cent of the pupae 
the head region cid not reach the imago sta 
5 and 10 per cent of the imagos from head- 
showed severe wing abnormalities and: bo 
Generally the abnormal flies did not live 
an hour after hatching and crossing expe 
not possible. Possibly the probe influenced tl 
growth and development hormones from the 
corpora allata located near the brain. _ n 
(6) Developmerd, fecundity and age of treat 
Although no attempt was made to investigate ex 
the relationship between pupal age and the probe effect, 
enough experiments were made at different pupal ages 
to warrant at least a cursory survey of the results. Data 
from a number of probe-treated generations were grouped 
according to the age-level at which they were originally 
exposed. A 10-b interval was arbitrarily chosen for the 
test period and both the progeny and development times 
were tabulated within each age interval. Fe 
The mean values for both progeny and development 
times are plotted in Fig. 4 as a function of pupal age. 
Each point in Fiz. 4 represents from 4 to 20 generations. 
of data and the horizontal lines indicate the age range 
included. The zero progeny point at the l-h age-level 
in the lower curve in Fig. 4 represents a lethal effect. 
Pupae treated at this early age generally died before 
hatching. ate igs 
It is interesting to note that there is an approximate 
inverse correspondence between development time and. 
progeny. It should be pointed out that all data shown in 
Fig. 4 represent either singly treated male pupa or the 
treatment of both male and female pupae. The results 
of treating a series of female pupae then crossing with 
unexposed males disclosed no significant change in 
development time and the fecundity was essentially 




































pi 
th tment than at other stages of development. 
© following paragraphs we shall advance an hypo- 








thesis concerning the mechanism of action. We shall 
show that the ideas suggested, pertaining to the influence 
of the probe field on living organisms, agree qualitatively 
> and to a limited extent quantitatively with the experi- 
mental results in the preceding sections. These concepts 
are presented with the realization that a demonstration 
of agreement between experiment and theory does not 
necessarily rule out other possible explanations for this 
phenomenon. It is anticipated that as more experimental 
data are accumulated any hypothetical foundation which 
might be advanced at this early stage will experience 
alterations, 
Before proposing concepts relating to the probe findings, 
it is worthwhile to examine the comments of others who 
have been involved with biomagnetic effects. One of the 
first positive effects of a magnetic field on enzyme activity 
oy; by Smith and Cook’. The activity of trypsin 
ound to increase when exposed to a magnetic 
uthors postulated that this effect suggested 
in the state of organizational order in the 
e energetics of magnetic field-enzyme inter- 
lso been recently considered by Gross®; an 
ase in antibody formation in a magnetic 
ught to be related to the possible orientation 
otein molecules. Gross pointed out that even 
nergy for a flipped electron spin in a 5-k.- 
approximately 1/500 kT at 25° C, this is 
yt magnitude to distort the bonding angle 
electron and it is in the large molecular 
_ such magnetic effects are possible. 
hasized that the velocity of a chemical 
wed down if paramagnetic reaction products 























foregoing, it does not seem unreasonable to 
i the magnetic probe increases the free- 
nan enzyme-substrate system. This change 
gy would alter the equilibrium constant, K, 
ical reaction according to the relation: 


K = exp(— AF/RT) Q) 


the gas constant and T the absolute tempera- 
xamination of the data obtained in the probe 
A gests that an alteration in AF may have changed 
-the temporal sequence of gene activation during the cyto- 
differentiation stages (Fig. 4). A determination of these 
thermodynamie alterations would not, however, reveal 
anything about the actual reaction mechanisms. For a 
clearer: understanding of probe-induced variations in 
reaction rates it would be advantageous to examine the 
chemical kinetics of the effected enzyme systems. It has 
been pointed out by Wagner and Mitchell? that a change 
in the velocity of an enzymatic reaction of only a few 
per cent can make a difference in coat colour in the fur 
of a mammal, or even between life and death of the 
organism, 
If the developmental] reactions in Drosophila have been 
effected to the depth suggested in the preceding discussion, 
‘then the question remains of what to look for in terms of 
changes in the reaction kinetics. When examining this 
point, one turns to the parameters that were observed 
to be altered by the probe treatment, namely, 
reproductive yields and development times. As data 
were accumulated from various series of probe-treated 
a came apparent that variations in progeny 
related to the alterations in development time; 
inly indicated by the reciprocal nature of the 
n Fig. 4. 
; progeny ‘yields were considered to be an 
robe-induced variations in enzyme activity 













tionship is obtained between the altered enzyme concen 







where Æ is the original enzyme concentration, Iw. th 
magnetic field inhibition, Em the concentration of the 
altered enzyme, k, the reaction rate of the probe-induced Se 
alteration and k, the rate of return of the altered enzyme 
to the original activity. ey, 
It appears, however, that this inhibition may be con- > 
sidered irreversible {k,—> 0) since the altered enzyme 2 
activity Em is transferred to succeeding generations of = 
flies. At least restoration to the original enzyme activity 
(Em —> E) is not significant over the interval commensur- — ` 
ate with the period of morphogenesis and k, may be taken 
as zero. (fess 
Irreversible inhibition, as pointed out by Webb!) is 
expressed by first-order kinetics. The rate of reduction of | ve 
normal enzyme activity can be written as: ee 
(3). 





~dH/dt = k,In)E 
This may then be expressed in the integral form: 


Em 
{ (1/E)AE = k,(In) f dt 
E 0 



















and after performing the integration the following rel 


tration and reaction time: f 
Em = E, exp( —ky(im)t) 
where E, is the initial concentration. This initial | 
centration of enzyme Æ, represents the concentration w 
the probe is applied to the organism. The value of Ẹ 
not the same for each probe-treated series but depen 
on the stage of post-embryonie development (Fig. 4). 
change in this initial concentration brought about by the 
probe treatment induces an alteration in the developm 
rate. oe 
From equation (5), the validity of the foregoing assum 
tions can be examined by plotting the logarithm of 
progeny yields against the development time. The pr 
duction of offspring reflects the degree of success of variou 
enzymatic reactions, particularly developmental enzym 
involved in morphogenesis. It does not seem unreasonab 
therefore, to postulate that progeny yields in the pro 
treated series are an expression of the altered enz 
Em and that development time is directly related to j 
the reaction rate. In Fig. 5 the mean values for a number 
of four generation series indicate experimental agreement 
with the equation (5) relationship. The solid square at 
the left of the curve gives the mean and standard devia- —__ 
tions for the 52 control cultures. The scatter of the data | ae 
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Fig. 5. Relationship between progeny and development 
represent means of four-generation series. treated with magne 
in pupal stage of first. generation (solid square and dashed lines 

~ mean and standard deviations of 52° control. cult 




































local factors such as 
boratory tempers were maintained 
stant, it has been demonstrated by Levengcod and 
hinikle!? that variations produced by ‘external’ effects 
such as solar flares may influence Drosophila fecundity. 
These external environmental parameters were not 
constant over the several months during which the data in 
Fig. 5 were accumulated. 

From the data in Fig. 5 the supposition is made that 
the ratio of altered to unaltered reactant species (Emi Eo) 
is @ controlling factor in determining the final progeny 
yield. An increase in the development time suggests 
that in terms of relative enzyme activity Em < E, 
following the probe treatment; the active fraction may be 


eepressed by: 
= 1 — exp(— k(Im)t) (6) 


From the OA postulated between progeny yields 
and this fractional activity, the specific rate of inhibition 
from the Fig. 5 data is: 


k, = 0-146 x 10 see-? (7) 


if introduced at the sensitive periods of metamorphosis, 
e inhibition seems to have a pronounced effect on the 
development cycle. Such an inhibition, once established, 
somes an inheritable factor, traceable through an 
ease in the total period of embryonic and post- 
bryonic cytodifferentiation (Figs. 1 and 2). 

. further relationship between alterations in develop- 
nt time and fecundity of the organism was shown in an 
mination of sex ratios. The mean values for a number 
our- -generation series are shown in Fig. 6 with the probe 
mtations designated. There is considerable scatter 
he data and the dashed line was sketched in merely to 
ow the trend. This indicated increase in sex ratio may 
so be related to the altered enzyme reaction kinetics. 
this as well as in the previous series there appears 
be no marked influence of probe orientation. From 
previous considerations of free-energy changes result- 
‘from molecular orientation, it might be expected 
at the N. and S. orientations on the probe would produce 
ilar effects. One would anticipate polarity differences 
uly in the case of large anisotropies in the molecular 
dipoles. If such anisotropy exists, the present data 
dicate that the effect is not pronounced. 

t this stage of the experimentation one can only make 
speculations concerning the type of genetic inheritance 
primarily involved in the alterations of dev elopment time 
and fecundity. Tentatively, from the manner in which 
development time alteration is transmitted to succeeding 
- generations and results from a limited number of test 
_ erosses, the presence of a cytoplasmic inheritance is 
_ indicated. The concept has been advanced!’ that cyto- 
oe plasmically inherited characteristics can be induced by 
changes in reaction rates, and this would be in accordance 
with the hypothesis of variations in the reaction kinetics. 
_ Cytoplasmic changes appear to be instigated more 
readily than gene alterations. In one respect the data 
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presented i in 1 the: x precei ding sect a: are in 
with present-day knowledge concerniny 
cytoplasmic inheritance. Generally, in 
inheritance it is the female which carries tk 
A comparison of single-probe-exposed pupae (' ble 2. 
demonstrated, however, that the alteration in dev lop- weg 
ment time was initiated through male and not through _ 
female pupae. Male adults from treated pupae | Fig. 3) 
also transferred the increased development time when 
crossed with normal females, whereas females have not a 
demonstrated any transference when crossed with normal — 
males (occasionaly treated females are sterile). The 
previously reported production of normal genotypes: by 
males has been attributed to the fact that gametes con- 
tain very little cytoplasm. The. greater volume of cyto- 
plasm in the female egg theoretically increases -the 
probability of cytoplasmically induced mutations. H, 
as suggested in themechanism proposed here, the magnetic 
field through orientation of large molecules reduces the 
free energy of a small percentage of the enzyme reactants, 
a small volume of cytoplasm in the sperm could. assume 
greater importance than the larger volume in the femal 
egg. In the sperm we will assume that the perce 
the reactant species per unit volume of cyt 
about the same asin the egg cytoplasm. One e 
for the greater effectiveness of the male gam 
possibility that cytoplasmic bodies in the sp 
greater proximity with the nuclear material- 
orientation effects could increase the probabili 
actions between matochondria and the nuclear 
This in general might explain the greater Ser 
expressed by male-treated pupae. | 

Perhaps in the ‘cramped quarters’ of the sp 
magnetic field is operating on fixed-charge sy 
described by Ling**. In such a fixed- charge sy 
one species of ion is markedly restricted in 3 
presumably in this case the restriction would 
protein with its associated cations. The ani 
OH- groups possess a greater degree of freede 
matrix. The application of the non-unifo 
field alters the ionic flow pattern and as a 
may effect the bonding energy between the 
its counter ion. ‘One possible site for sue 
alteration is withm the interstices of the r 
An induced oriertation within the mitoc 
influence the nature of the polypeptide chains ¢ 
wards alter the internal energy control me 
It was suggested by Bourne™ that the movenu 
mitochondria may be due to ion pumping and under - 
such conditions the probe could effectively alter ion 
paths. Such speculations will, however, depend on further 
experimentation for confirmation or denial. o 

These initial investigations suggest that the magnetic 
probe may be important as a technique for producing 
modifications in cytodifferentiation. This method of 
locally applying intense field may also be of prime signific- 
ance in the contrel or alteration of cell devel ink 
carcinoma tissue. a 
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LETTERS TO THE EDITOR 


RADIOPH YSICS 


Pre-absorption Events at 230 Mc/s 


Tar ‘Type IV radio event of February 5, 1965, was 
“observed with the University of Michigan 28-ft. para- 
boloid at frequencies of 230 and 345 Me/s. Following 
1847 uT: many short—duration bursts similar to the 
: ‘spike’ bursts described by de Groot} were observed, 
- Superimposed on the continuum at these two frequencies. 
This communication describes four bursts at 230 Mc/s 
which were preceded by brief decreases in the background 
„radiation intensity. We interpret these decreases as absorp- 
tion of the type IV continuum. The four events occurred 
“between 1849 and 1851 v.t. Although numerous bursts 
at 345 Mc/s, no similar pre-absorptions were 
ed att this frequency. No instances of post-absorp- 
were evident on either frequency. Three of 
sorption events are shown in Fig. 1. The 
ristics of the events are given in Table 1. The 
a which the radio events were associated started 
T. and reached a maximum near 1810 v.t. 
adiation was observed at metre wave-lengths at 
from 1800 until 1940 u.r. and at decametre 
igths at Boulder from 1810 until 1905 v.T. 













Table 1 (see Fig. 2) 


t (gee) ta (sec) i, (860) t, (sec) 
040 0-10 0-08 0-25 
0:45 O11 0-09 0:25 
0-20 0-10 0-06 0-10 
0:33 0-07 0-08 0°30 


on. cece oceasions’-*. The most certain cases 
bsorption?* appeared to be associated with active 
ments crossing the flare regions. Because of the 
f the four events we observed, it seems unlikely 
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Fig. 2. Event ih) 
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Fig. 3, Event (d) shown with its reflexion 





to us that the absorptions were due to the drifting = 
of material across the emitting region. The four events oo- 
exhibit considerable symmetry; the total energy absorbed =- 
is comparable with that emitted. Each event is nearly = 
symmetrical about the cross-over point, that is, t = tg | 
t, = t, (Fig. 2). Moreover, inspection of event (d) reveals 
a curious reflexion of small details about the cross-over. 
In Fig. 3 the event is compared with its reflexion. It will 
be noted that three features separated by 0s.13 are found 
in the falling portions of both the emission and absorption ©. 
features. The symmetry of these events and lack of post- =: 
absorption events tend to rule out scintillations as the 
source of these phenomena. We are left with the likelihood 
that true absorption, storage, and re-emission of the radio- 
frequency energy occurred during these four events. 
This work was supported in part by the National Science 
Foundation under grant GP 2792-NSF. 
H. D. ALLER 
C. J. JENSEN 
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Radio Astronomy Observatory, 
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Dual- and Multiple-beam Interferometry by 
Wavefront Reconstruction 


THE formation of optical images by wave-front recon- 
struction as originated by Gabor! and more recently 
extended by Leith and Upatnieks? has made it possible 
to perform interferometry with light reflected or scattered 
from an irregular three-dimensional object’. Some of the 
possibilities of this method have been discussed in a 
previous publication‘, and more recently Stetson and 
Powell®, Collier, Doherty and Pennington’ and Brooks, 
Heflinger and Wuerker? have demonstrated several 
potential applications. This communication reports the 
successful achievement of multiple-beam as well as two- 
beam interferometry from the surfaces of standard 
engineering components. It would seem that many 
problems involving dilatation of a structure may be 
investigated in this way. 

The principle of the method consists of recording the 
hologram of an object using coherent laser light, and 
afterwards replacing the processed hologram plate in its 
original position in the same apparatus. One then sees 
the reconstructed image of the object superimposed on 
the object itself. Any slight change in the surface con- 
tours produced, for example, by mechanical strain or 
thermal expansion will give rise to interference effects 
between corresponding points on the object and its holo- 
graphic image, and fringes will be seen to cross the surface. 

Fig. 1 shows the experimental arrangement used to 
produce holographic recording of a piece of steel channel- 
section girder, and to demonstrate interference effects on 
distorting it. Coherent light from a helium—neon gas 
laser is directed through a microscope objective, O, which 
diverges the beam through a suitable angle so that the 
object is illuminated obliquely. The photographic plate, 
H, now receives an undisturbed spherical wave, together 
ama light scattered from the rough surface of the girder, 

. The resultant hologram contains sufficient information 
A reconstruct a three-dimensional image of the girder in 
exactly the same position as the original. 

Fig. 2 shows the appearance, when viewed through the 
replaced hologram, of the girder after it has been clamped 
across its webs. Two-beam interference fringes are formed 
over the surface, their contrast being governed by the 
relative brightness of the object and reconstructed image, 
and their number and position on the degree of distortion. 
The angles of illumination and viewing must also be taken 
into account for a quantitative assessment. 

For a permanent fringe record it is unnecessary to form 
‘live’ fringes between the object and its recorded image. 
Instead, a double hologram may be made by exposing 
the photographic plate twice, once with the girder un- 
clamped, and a second time with it clamped. The fringes 
are now ‘frozen’ into the photographic recording, and the 
object, together with the fringes covering it, may be 
reconstructed without special re-positioning in the 
apparatus. In fact, it is no longer necessary to use highly 
coherent light for the purpose, a divergent beam of 
‘monochromatic’ light, for example, from a filtered 
mercury lamp being sufficient. 

An extension of the method of ‘frozen’ fringes makes 
it possible to observe multiple-beam interference. Here 
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Experimental arrangement for producing hologram of channel- 
section girder 


Fig. 1. 
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Fig. 2. Two-beam interference pattern on girder due to deformation 





Fig. 3. Five-beam interference fringes from multiple-exposure hologram 


a multiple-exposure hologram is made with equal incre- 
ments of strain between exposures. Fig. 3 shows the 
reconstruction from a five-ex cposure hologram of the 
girder. In this experiment the strain was obtained by 
welding vertical steel >ars to the sides of the girder and 
connecting their upper ends together with a long threaded 
bolt equipped with a wing-nut and self- aligning washers. 

{qual turns of the nut then resulted in equal increments 
of strain in all parts of the structure. The fringe pattern 
obtained is now a sharpened version of the two-beam 
interference pattern which would have resulted from a 
single-strain increment. Three subsidiary interference 









eS “ multiple-beam effects are obtained only when 

-each individual point on the surface of the object is dis- 
| placed by equal amounts between exposures. To produce 
‘Fig. 3 it was assumed that the structure behaved per- 
fectly elastically, which was borne out in the result. 
However, if due to overstress, for example, Hooke’s law 
-had not been obeyed, the fringes would no longer have 
been sharp. It is therefore possible that this method 
could be used to detect weak spots in an engineering 

_ component. 
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CRYSTALLOGRAPHY 


ilar? Dimensions and Crystal Structure 
f Dimethyl Sulphoxide at —60°C 


HYL sulphoxide (DMSO) has been much discussed 
tigated in recent years because of its remarkable 
in medicine and as a solvent. We have now 
ained its molecular dimensions and crystal structure, 
0°-C, from an analysis of three-dimensional X-ray 
on data. The sample, being a liquid at room 
ture, was enclosed and sealed inside a Lindemann 
pillary of 0-3 mm diameter. It was crystallized, 
nside a low-temperature Weissenberg camera! 
w freezing, melting and refreezing with a jet of cold 
-gai obtained by boiling liquid oxygen*. The to-and-fro 
horizontal movement of the crystal goniometer shaft, 
< involved in this process, was made sufficiently slow and 
- mechanical by coupling the shaft to the spindle of the 
 — camera motor by suitable reduction gears. Crossed polar- 
<: oids mounted on the camera base were used to ensure the 
- quality of the crystal, before single-crystal X-ray pictures 
were taken. Using copper Ka radiation, rotation and 
ARLE (L = 0,1,2,3) equi-inclination intensity data (on 
multiple films) were collected. 


DMSO crystallizes in the monoclinic system, the cell 


dimensions, at — 860 + 5° C, being a, 11-496 A, b, 6-742 A, 
c, 5:234 A and B, 95-37° (measured from hkl and hk2 
Sees photographs by the offset method of Buerger’). Absent 
Spectra: AOl when his odd, 00 when k is odd. The space 
: group is therefore P2,/a. The calculated density, at 
me BOF. C, for four molecules in the unit cell is 1-285 g/e.c. 
oo and: Compares well with the liquid density of 1-101 g/c.c. at 
0 















y co-ordinates were first determined from an M, 

Tap’ derived from a sulphur-sharpened Patter- 
n. They were later obtained independently, 

Ah | the z bee airspeed, from a three-dimensional 


di i fference Fourier maps and then 
juares, with kierma o 


Fig. 1 












taken into account in the last four cycles. Thei 
R-factor for all the observed ALL (L = 0,1,2,3) reflex 
is 0-129 (Rix, = 0-104). The final atomic co-ordinate: 
fractions of cell edges) with their estimated stan 
deviations (inside braekets), obtained from Cruicksha 
formula, are listed in Table 1. 


Table i 
Atom 
(referred to zx y 
in Fig. 1) 
8 0-1912 (0-0002) 1539 (0-0006) 
0 ©1711 (68-0006) 01385 (00014) 
Cy 00885 (0-0012) (3362 (0-0026) 
Cs 0-1280 (00012) — 0-0615 (60-0020) 0 8230 (0-004 


The DMSO molecule has a pyramidal shape with 
following dimensions ‘standard deviations are given: 
brackets): S-O = 1471 A (0-0080), S-C, = 1-812 
(0-0140), S-C, = 1-801 A (0-0096), C,-S-O = 107-04° 
(0:57°), Cy-S-O = 107-43° (0-56°) and ©,-8-C, = 97-86° | 
(0-54°). In the case of DMSO vapour, it is found’ that _ 
two molecular models fit the electron diffraction pattem. 
equally well. The present dimensions obtained from the | 
crystal are very close to the averages’ of the dimensions __ 
of these two models. The 8-C single bond length in DMSO | 
(1-81 A) is significantly longer than that found in diphenyl] __ 
sulphoxide! (1-77 A). This difference is only to be expected a 
as the carbon atom in the latter compound is in the ap? oe 
state unlike the sp? carbon in DMSO. ee 

In the erystal strueture the molecules are very closely es 
packed with all the molecular approaches corresponding a 
to those expected for van der Waals interactions. The 
nearest intermolecular C-C contact is between the centro- __ 
symmetrically related C, atoms (3-72 A). Analysis | of 
thermal vibration amplitudes of atoms as well as the 
location of hydrogen atoms is being worked out. | 

All the crystallographic computations were car 
on the National Elliott 8038 computer at- 
Bangalore, using programes written earlier B or 
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lectron Spin Resonance Technique for investi- 
“gating Reactions of Free Radicals with 
_ Nucleic Acid 





mpounds of Biological interest: 

| Constituents 
LIER, ee ‘and Wallis report A ed the use of 
n-spin resonance spectroscopy: to investigate the 
ms of hydrogen and other gaseous free radicals with 









radicals, and react 
ich are stabilized 
ym one another. 
stream of gaseous 
“polymer radicals 
s technique is that. 
an. be prepared as 
eneral method 
vestigation of 
£ usses spectra 






- accessible to gaseous free 
-to produce polymer radicals 


K, d 


r may, daring and sep: 



















ee Alesis 
ge communication: dese: 












































: he S the: use of quartz 
T pa eeta paar take of th 
investigated is added to 


7 ining quartz 
quickly. frozen, and. freeze 


During the drying 
I y the quartz strands 
oduce a ‘highly dispersed se sample. This sample is 
d in the electron spin résonanve cavity and a gas 
m containing atoms is passed over it. Investigations 
rad cal reactions can then be carried out just as with 
s. The quartz wool has negligible effect on the 
reactions or the electron spin resonance spectra of the 
flicals: polyuridylic acid preparations exposed to 
hydrogen atoms as self-supported fluffs or supported on 
uartz wool give rise to comparable spectra. 
This technique has been used to examine the reactions 
of hydrogen and deuterium atoms with several constituents 
of nucleic acids at room temperature’. These reactions are 
-of interest because radicals formed by the action of 
ionizing radiation on thymidine*’, thymine’, and 
_ DNA all seem to have a hydrogen atom added to the Ce 
position of the pyrimidine ring of the thymine part of 
_ the molecule. If this interpretation is correct, the same 
_ electron spin resonance signal might be expected when 
ydrogen atoms produced by an electric discharge in 
ydrogen gas react with these substances. 
Such is found to be the case with thymine’. The electron 
in resonance spectrum of the thymine~hydrogen atom 
ion product consists of eight lines (Fig. la) and is 
ar to that obtained on y-irradiation of crystalline 
ne*. The spectrum of the deuterium atom product 
b) differs in a way which is consistent with addition 
atom to the molecule. A more complex result is 
vith E S When it is first exposed to 
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ers in a finely divided fluff state. Such fluffs are 


E the sugar-containing compounds are not complete! 


seaponent._ an i ne 
stood. It is similar, however, to changes observed during 
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Fig.1. First PETATE of the. ATETEA ni resonance absorp’ 

of thymine after reaction with (a) hydrogen atoms; Gy deu 
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Fig. 2. First derivativæof the electron spin resonance abso ation # ši èe i oS te a SE 
of thymidine after reaccion with hydrogen atoms. (a) Early sped rum: ae 
{b) late spectrum es 


similar to the singlet obtained on exposure of deoxyribose 
to hydrogen atoms, but with a small thymine component 
Fig. 2). S 
Parallel experiments have been done with the uracil : 
family of pyrimidine compounds. Exposure of uracil to. 
hydrogen atoms gives a product with a spectrum similar 
to that of the thymine product except that the two end a 
lines are absent. Uridine and polyuridylic acid, both of 
which have a ribese component, behave in the: 
manner as thymidine. This agrees with the findin 
hydrogen atom reactions with ribose and deoxyribe 
products with similar spectra. The same late spec 
produced by deuterium atom exposure, suggest 
abstraction from the sugar with the formatit j 
same radical is occurring. - 
. The details of the sequential change i in the a 
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excited-rare-gas bombardment of polystyrene-polymethy! 
methacrylate mixtures and co-polymers. In these, the 
first, but on con- 
tinued reaction the polymethyl methacrylate product 
spectrum dominates’. 

The radical build-up in all systems investigated reaches 
a steady state during the first few minutes of exposure. 
After exposure the signal intensity remains essentially 
constant for an indefinite period in a vacuum or an inert 
atmosphere. However, on admission of dry air it decreases 
immediately to one-half to one-third the steady-state 
value, usually without a change in spectral shape; and 
in ordinary moist room air it is, in most cases, immedi- 
ately destroyed. 

Our present research is directed toward continuing 
investigations of nucleic acids and their components. 
This technique is by no means limited to these compounds, 
however. It should be possible to use it with almost any 
compound, organic or inorganic, which has a sufficiently 
low vapour pressure to remain in the cavity during the 
experiment. With simple modification, such as by using 
an adsorbing material as a support, it may also be possible 
to extend the method to include volatile substances as well. 

These investigations were supported by the U.S. 
Atomie Energy Commission through a contract with 
Atomics International, and through a contract with the 
University of California. 
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Graphite-Carbide Materials prepared by 
Hot-working with the Carbide Phase in the 
Liquid State 


ALTHOUGH processes of hot-working are attractive as a 
means of reducing the porosity and permeability of graph- 
ite, the results of measurements of some of the other 
physical properties are disappointing’*. For example. 
bodies hot-worked in compression show some increase in 
compressive strength parallel to the direction of hot- 
working, but this gain is offset by a decrease in strength 
in the perpendicular direction. Although appreciable 
reductions in the porosity and permeability have been 
attained, attempts to reduce these properties to negligible 
values by hot-working to high strain-levels have not been 
successful 


The work described here is concerned with a new 
process wherein graphite bodies containing dispersed 
carbide particles are hot-worked at temperatures such 
that the carbide phase is in the liquid state. Two carbides 
have been used, zirconium carbide and molybdenum 
carbide, with carbide-graphite eutectic temperatures at 
2,850° (ref. 3) and 2,584° C (ref. 4) respectively. 

The carbide-bearing bodies were prepared by hot- 
pressing (at approximately 800° C) a dispersion of fine 
earbide particles in a graphite matrix composed of 80 
per cent graphitized petroleum coke and 20 per cent pitch 


L ornder:; the nominal carbide content was 10 vol. per cent. 
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Using a hot-working device, which is described in ref. 2, 
these bodies were deformed in compression to strain-ləvels 
as high as 60 per cent true strain. 

Photomicrographs of graphite bodies containing molyb- 
denum carbide particles are shown in Fig. 1. After hot- 
working, the graphite matrix is very dense, and the carbide 
particles are uniformly dispersed with a particle size 
generally less than 5u. The carbide content decreases 
with increasing hot-working strain, the excess liquid 
carbide appearing as droplets on the surface of the speci- 
men. 

Some results for the compressive strengths are given in 
Fig. 2. These tests were made on cylinders 0-25 in. in 
diameter by 0:375 in. in height cut with the cylinder axis 
either parallel or perpendicular to the direction of hot- 
working. Hot-working of the carbide-bearing bodies 
results in large increases in strength parallel to the direction 
of hot-working and modest increases in the perpendicular 
direction. These effects are in sharp contrast to the results 
for a similar graphite matrix hot-worked without the 
carbide additives. 

The effective strengthening of the graphite caused by 
the presence of the liquid carbide phase during hot-working 
is also shown by the measurements of flexural strength 
shown in Fig. 3. It should be pointed out that this 
strengthening is not found when the carbide-graphite 
body is hot-worked at temperatures such that the carbide 
phase is solid*. The strengthening mechanism appears 
to be more complex than a simple reinforcement of the 
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Fig. 1. Microstructures of graphite bodies containing 


g molybdenum 
carbide particles; left, after annealing at 2,700° C; right, after hot- 
working to 56 per cent strain at 2,700° C. (x ¢. 120) 
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graphite matrix because the higher strengths are observed 
forspecimens with decreasing amounts of the carbide phase. 

Preliminary measurements of the helium permeability 
of the carbide-bearing bodies hot-worked abovethe carbon— 
graphite eutectic temperature indicate that the liquid 
carbide is effective in blocking pores. The permeability 
of the starting material is of the order of 2 x 10-4 cm/sec; 
when hot-worked, even to modest strain-levels, the 
permeability is decreased to less than 10-* cm?/sec. 

Hot-working with a dispersed liquid phase appears to 
be a logical development of the concept of liquid-phase 
sintering’. The compressive deformation acts to drive the 
liquid phase into intimate contact with the porous matrix 
as well as to reduce the diffusion distances for the sintering 
process. In contrast to hot-pressing with a conventional 
piston and cylinder device, the hot-working process 
affords an opportunity for the excess liquid to escape 
through a free surface so that the resulting graphitic 
materials contain only that amount of carbide necessary 
to plug up the pore structure. 

We thank L. O. Foster and A. S. Schwartz for their 
assistance and also J. C. Bokros and R. J. Price for their 
advice. 
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Commission under contract A7'(04-3)-167. 

J. L. WHITE 
J. M. PONTELANDOLFO 
General Atomic Division of General Dynamics Corporation, 
John Jay Hopkins Laboratory for Pure and Applied 
Science, 
San Diego, California. 


1 Bushong, R. M., and Neel, E. A., Proc. Fifth Carbon Conf., 1, 595 (Pergamon 
Press, Oxford, and New York, 1962). 

2 White, J. L., and Price, R. J., Carbon, 2, 327 (1965). 

3 Sara, R. V., J. Amer. Ceram. Soc., 48, 248 (1965). 

‘Rudy, E., Windisch, St., and rosea 5 Y. A., Ternary Phase Equilibria in 

ransition Metal—Boron-Carbon-—Silicon Systems, Pt. I, 1, Me-C System, 

Air Force Materials Laboratory Technical Report AFMI-TR-65-2 
(March 1965). 

5 Kingery, W, D., Woulbroun, J. M., and Charvat, F. R., J. Amer. Ceram. Sot., 
46, 391 (1963), 


NATURE j 


1019 


Anharmonic Oscillations in Electrical 
Potential at Probe Electrodes in Membrane 
Transport Cells 


Foreacs! has described experiments which led to the 
conclusion that steady-state fow may not occur during 
ion transport through ion-selective membranes. His 
observations may be summarized as follows. Constant 
direct current (from rectified power supply or accumu- 
lators) was passed through the cell: 

Ag(s)/AgNO, (0-01 M)/M/AgNO, (0-01 M)/Ag(s) 
where M is a homogeneous cation or anion exchange 
membrane. The solutions were stirred at 1,100 r.p.m. 
Saturated calomel probe electrodes connected through 
0-01 M potassium shloride/0-01 M potassium nitrate salt 
bridges to an oscilloscope were used to measure potential 
differences across the membrane. It was found that: 
(1) the observed potential underwent anharmonic oscil- 
lation (frequency not stated) about a constant average 
value; (2) the peak-to-peak amplitude of the oscillations 
increased with increasing current density; (3) similar 
oscillations of smaller amplitude were observed when the 


membrane was removed; (4) similar oscillations of much: `. 


greater amplitude were observed when the solutions were 
replaced with 0-01 M silver nitrate in an agar gel. 

Observations (1). (2) and (3) have been confirmed in 
this laboratory, using homogeneous cation exchange 
membranes between 0:01 M potassium chloride solutions 
and reversible Ag/AgCl electrodes. It has not been 
possible to confirm observation (4), however, nor has it 
been possible to arcept the conclusion concerning the 
absence of steady-state flow conditions. The correct 
explanation of the observed effects is important, since the 
use of probe electrodes in membrane experiments 1s 
widespread. 

Fig. 1 is a sketch of the top half of cell 1. The bottom 
half was a mirror image of the top, and the cell was 
operated with the membrane surfaces horizontal. The 
probe electrodes were chloridized silver wires, and were 
located in planes distant 2 mm from the membrane sur- 
faces. Cell 2 was simply a 10-mm glass tube provided 
with four joints which carried current electrodes and 
probe electrodes (saturated calomel connected through 
0-01 M potassium chloride salt bridges). Open tubes 
opposite the probes permitted the introduction of special 
stirrers. 

In cell 1 it was found that rotation of the drive magnets 
without the stirrers produced no oscillations in potential 
at the probes. No cscillations could be detected across a 
resistor in series with the current electrodes, even when 
the stirrers were ix operation. The frequency of the 
oscillations was twize the frequency of rotation of one 





Fig. 1. Membrane transport cell, A, Drive magnet; B, current elec- 
trode; C, two-bladed glass stirrer with enclosed magnet; D, probe 
electrode mounted on ‘Plexiglass’ flange; 17, membrane 
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stirrer (180-275 r.p.m.). If two stirrers were used, there 
were four oscillation peaks per stirrer rotation, unless the 
stirrer blades were adjusted to pass the respective probe 
electrodes at the same time. The peak-to-peak amplitude 
of the oscillations was proportional to current density, 
and had the value 6-1 + 0-4 mV/m.amp/cm? of membrane 
surface between current densities of 0-2-3-0 m.amp/cm?. 
These effects are due, evidently, to an interaction between 
stirrers and probe electrodes. 

Two hypotheses concerning this interaction were tested. 
The first assumed that there was a large enough potential 
drop across the probes to establish local concentration 
gradients. These gradients could then be perturbed by 
the stirrers, and a perturbation in potential would result. 
Experiments were conducted (cell 1) in which all but the 
flattened ends of the Ag/AgCl probes were insulated, and 
the probes were bent so that their end faces were per- 
pendicular to the direction of current flow. Oscillating 
potentials of the same magnitude were found, and the 
hypothesis was therefore rejected. 

The second hypothesis was that the stirrer blades dis- 
torted the potential distribution near the probe electrodes. 
A number of experiments supported this hypothesis. 
(1) When the probes were lengthened and bent so that the 
uninsulated tips were at least 2 em from the stirrer paddles, 
the amplitude of the oscillations was reduced to zero. 
(2) When the probes were bent so that their tips were 
within 1 mm of the membrane surfaces, the amplitude 
was about one-fifteenth of its value with the probes near 
the stirrer blades. (3) When a stirrer blade was close to 
a probe and stationary, an extra, constant potential arose 
between the probes, and disappeared when the blade was 
moved away. (4) Both insulating and conducting stirrer 
blades caused fluctuations in probe potential (cell 2). 

More direct support for this hypothesis was obtained 
from equipotential maps constructed to be two-dimen- 
sional electrical analogues of the cell. These maps were 
made on “Teledeltos’ electrically conducting paper, used 
with copper strip electrodes and a Servomex type FP92 
field plotter. The maps for two different orientations of 
insulated stirrer blades are shown in Fig. 2. The change 
in potential distribution as the stirrer goes from the 
‘horizontal’ position to the ‘perpendicular’ position is 
evident, and is sufficient to cause a change in potential 
at the probe. Similar distortions of the field were obtained 
using conducting stirrer blades in the maps. 

The amplitude of oscillation will be greater with a 
membrane present simply because of the higher resistance 
of the membrane and the greater potential drop across it 
than across an equal thickness of solution. The percentage 
distortion of the field by the stirrers is constant. Hence, 
the total amplitude should be proportional to current 
density. Although this is the case in the experiments 
reported here, it is only roughly true in Forgacs’s exper- 
ments. Forgacs used current densities up to 30 m.amp/cm, 
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and it is possible that additional effects due to concen- 
tration gradients near the membrane surfaces were en- 
countered by him. i 

Small, irregular oscillations were observed in cell 2 when 
it was filled with agar gel, and the current electrodes dis- 
integrated rapidly. For this reason, no relevant conclu- 
sions can be drawn from such experiments. 

The foregoing experiments demonstrate clearly that 
unless careful attention is given to the design of stirred 
membrane transport cells, probe electrode measurements 
can be misleading. While it is possible to produce small 
oscillations in potential at the membrane surface, this 
effect is due to the stirrers, and not to any departure from 
steady-state conditions inherent in the membrane. 

The work was supported by grant A-1332 from the 
National Research Council of Canada. 
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Ir appears to me that the explanation given by Prof. 
Lorimer and Brydges is a reasonable interpretation of 
the results which they obtained with their experimental 
system. They show that a system incorporating ion- 
exchange membranes may be subject to oscillations for 
reasons not associated with the membrane itself. Their 
reasoning, however, cannot be related to general systems 
of this type, and certainly not the experimental set-up 
which I used in my experiments, the results of which 
were reported in my communicavion!. 

The differences between the two experimental systems 
are as follows: (1) The stirrers in my experiments were 
placed behind the top of the probe electrodes and con- 
sequently outside of the potential field between the 
electrodes and the membrane. In Lorimer and Brydges’s 
experiments the stirrers were placed in such a position 
that the rotation of the blades was able to affect the 
potential field between probe electrodes and membrane. 
(2) Lorimer and Brydges found a correlation between the 
frequency of potential oscillations and the frequency of 
the stirrer(s) rotation. Such a correlation would be 
expected from the experimental arrangement. In my 
experiment, the oscillations were anharmonic, with ran- 
domly changing frequency, and did not appear to be 
influenced by the condition and rate of stirring. (3) 
Lorimer and Brydges found a direct proportionality 
between amplitude of oscillations and current density 
within the range stated, whereas the results reported by 
me show no such proportionality at this range. The 
oscillations become significant only at current densities 
higher than those which they used. 

The fact that the electrical supply system is not 
described by Lorimer and Brydges makes it difficult for 
me to evaluate fully their experimental results. 

It is regrettable that in the short note I submitted, I 
did not include some of the details of the experimental 
procedure given here; however, this was in the nature 
of a preliminary communication of work which was and 
is being continued. I did not state or imply that steady- 
state conditions do not exist in all circumstances, but 
that they may not necessarily be present. Any theory 
of ion transport through membranes which assumes 
a priori steady-state conditions may over-simplify the 
problem. 

This work was, and continues to be, part of an effort to 
elucidate the phenomena of permselective membrane 
polarization which are not fully explained by existing 
membrane models, This is being done by investigating 
unusual aspects of membrane behaviour, finding an 
explanation for such behaviour and thereby increasing 
the range of applicability of the model. Several publica- 
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tions during the previous few years have dealt with such 
phenomena?*, It was thought, at the time that my first 
note was published, that the oscillating effect might be a 
good starting-point for further development. Unfortun- 
ately, these effects have presented so complex a picture 
that I have not yet derived a conclusion worthy of pub- 
lication, except for an additional short note? on the 
influence of membrane/solution boundary conditions on 
such oscillations. 

Nevertheless, I should like to use this occasion to present 
a number of generalizations which have been based on 
observations made during the past few years. (1) The de- 
scribed anharmonic oscillations need not necessarily occur 
with all types of membranes under all conditions. (2) Gen- 
erally, such oscillations increase more than linearly with 
current density. (3) They generally increase in amplitude 
with time of direct current transfer through the mem- 
brane, or may appear after some time of current passage. 
No case has been observed where the oscillations disappear 
during current transfer. 

I hope that with the continuation of the work, results 
will be obtained which will provide a wider understanding 
of the problem, in which event they will, of course, be 
submitted for publication. 
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Electronic Structure of the Pt¿Clı Molecule 


Ir has recently been found that in addition to the crystal 
form which consists of ribbons of PtCl, units, each chlorine 
being shared by two platinum atoms', PtCl, crystallizes 
in a form* containing Pt,Cl,, molecules which are iso- 
structural with the Ta,Cl,.*+ cation*®. However, these iso- 
structural species are not isoelectronic, the cation effec- 
tively having forty valence electrons‘ and the platinum 
compound seventy-two. In both cases each chloride 
anion is assumed to contribute two ‘s’ electrons only; 
the four ‘w’ electrons may, in general, be neglected and 
assumed non-bonding®. The bonding within the Ta,Cl,,?+ 
cation has recently been described in terms of a topologi- 
cal-equivalent-orbital approach’ and it is the purpose of 
this communication to extend the treatment to the 
isostructural platinum compound. 

When three precisely equivalent orbitals interact they 
do so to form a single and a degenerate pair of molecular 
orbitals. In the present example there are eight sets of 
three orbitals of this type, one set for each of the faces of 
the octahedron‘. These orbitals are a,b,e hybrids located 
on each platinum atom (here we classify the hybrid orbitals 
by the symmetry species which they span in the C4, 
local symmetry at each platinum atom; in this way we 
give more flexibility to the mixing coefficients). When the 
symmetric combination of a set of these orbitals is the only 
one occupied, then a three-centred ‘face’ bond is formed 
which contributes to the molecular stability. Such bonds 
are found in the Ta,Cl,,’* cation. If more electrons are 
fed into each set of three orbitals, then a diamagnetic 
molecule will only result if four electrons are added. 
Further, occupation of these three orbitals by six electrons 
is essentially equivalent to having three non-bonding lone 
pairs of electrons. This is the situation which exists in 
Pt,Cl,,, the thirty-two electrons added to the forty in the 
Ta,Cl,.2+ structure occupying anti-bonding orbitals to 
give a molecule held together by the chlorine bridges 
alone. This conclusion finds support in the Pt—Pt distance 
of about 3-4 A (compare Ta~Ta in Ta,Cl,,2+ which is 
about 2-9 A). 
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Clearly, there is lîbtlo to choose between the two crystal 
forms of (PtCl,), from the point of view of energy. In 
both, each platinum is surrounded by four chlorine atoms 
at the corners of a square and is bonded to neighbouring 
platinum atoms by them, all other platinum electrons 
being effectively non-bonding. 

S. F. A. KETTLE 

Department of Chemistry, 

University of Sheffield. 
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Tritium Enrichment by Gas Chromatography 


GAS-SOLID chromatography has proved to be a promis- 
ing method for enrichment of tritium in hydrogen gas 
samples!. Previous work has shown that tritium can be 
enriched with a coneentration factor of about 20 in hydro- 
gen samples of up to 300 ml. and with a tritium loss of 
up to 5 per cent in a relatively small system. Many problems 
involving low-level tritium determination, however, re- 
quire much larger samples of hydrogen (or its equivalent 
as water) to obtain sufficient tritium for detection and it 
was, therefore, of interest to see how far the gas chromato- 
graphic system could be extended in this direction. 

An important primary consideration is the size of the 
‘low background’ eounter ultimately intended for the 
determination of tritium. Two types have been considered 
here, one of low volume (approximately 40 ml.)?, which 
implies the necessity of high concentration factors, and 
the other of relatively large volume (1-5-2-0 1.)5 where a 
lower factor can be tolerated. 

In the former case, an apparatus with a three-column 
system was used’. The first column was made of copper 
tubing with an inner diameter of 10 mm wound in a spiral 
and with an active length of 2 or 4m. The second, also 
of copper, had an inner diameter of 5 mm and an active 
length of 160 cm, while the third or ‘retention’ column was 
a glass capillary of 1-2 mm inner diameter with an active 
length of 35 or 70 cm. In all cases, activated Linde mole- 
cular sieve 5A was used with a grain size of 0-5-0-8 mm 
for the first column and 0-3-0-5 mm for the other two. 
As before}, the elution-displacement technique was used 
with helium as the eluting gas and the columns cooled in 
liquid nitrogen. The results of experiments using various 
combinations of column. lengths are shown in Table 1. 

Table 1. TRITIUM RECOVERY FOR VARIOUS THREE-COLUMN SYSTEMS 


Hydro- 
First Second Third Sample gen Tritium fraction Enrich- 
Experi- column column column volume fraction Volume Activity ment 


ment (m) (cm) em) (ml) activity ml.) (percent) factor 
(per cent ) 
1 2 160 35 1,290 1-2 12 98-8 106 
2 2 160 70 1,530 0:3 25 99-7 61 
2 000 28 97:2 78 
3 4 160 35 1,810 1-2 12 98-8 149 
2,120 37 98-3 170 
4 4 160 70 8,980 3-8 25 62 118 


It can be seen thst 3 1. of hydrogen can be handled with 
an acceptable tritium loss. The final volume of tritium- 
hydrogen fraction is defined by the capacity of the third 
column and was 12 and 25 ml. for the 35 cm and 70 cm 
columns respectively. Some increase in the size of this 
third column would probably make it possible to deal with 
samples of more than 31. Any further increase in the size 
of the first column. introduces the technical difficulty of 
satisfactorily windmg copper spiral from large-diameter 
tubing. 

Large volume counters (1:5-2:0 1. capacity) with an 
acceptable low background have been described and are 
produced commercially. In this case, a two-column system 
has proved to be setisfactory. The first column (of glass) 
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consists of three sections ın line—the first two are 50 mm 
inner diameter and 28 cm long and the third 20 mm inner 
diameter and 30 cm long. These are connected by short 
lengths of tubing of 8 mm inner diameter and filled with 
molecular sieve material with a grain size of 0-5-0-8 mm. 
The second, or ‘retention’, column was made of a spiral of 
copper tubing (5 mm inner diameter) with an active length 
of 160 cm and filled with molecular sieve material of 0-3— 
0-5 mm grain size, corresponding to a hydrogen capacity 
of 900 ml. A specially long Dewar vessel was constructed. 
for cooling the first column and this was lowered auto- 
matically over a period of about 100 min. Using a 10-l. 
sample of hydrogen (corresponding to 8 g of water) a final 
hydrogen sample of 900 ml. was obtained containing 98 per 
cent of the tritium. The whole process, including reduction 
of 8 g of water with magnesium at 600° C, took about 3 h. 

By increasing the length of the retention column to’4 m 
it was possible to process 20 1. of hydrogen, which yielded a 
final fraction of 2 1. containing 96 per cent of the tritium. 
In all experiments, a concentration of approximately 
0-015 uc. tritium/l. of hydrogen was used. 

T wish to thank Dr. G. B. Cook, head of this Laboratory, 
for many helpful discussions and Dr. M. B. A. Crespi for 
his advice. 
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Mechanism of the o-Phenylenediamine 
Cleavage of Ketones 


THE thermal reactions of o-phenylenediamine with 
carbonyl compounds have been investigated for a number 
of years'*. Recently, Elderfield*-* has extensively 
investigated the cleavage of ketones with this reagent, and 
has found that the reaction affords 2-alkylbenzimidazoles 
and alkanes in -high yields. Investigations of the scope 
of the degradation have indicated that the more sub- 
stituted group is eliminated as the alkane’-®. The mechan- 
ism of this elimination is not, however, known at the 
present time. 

Initial experiments in this laboratory have indicated 
that benzyl ketones are more readily cleaved than aliphatic 
or aromatic ketones. This fact has led us to suggest that 
the initial intermediate, 2-benzyl-2-alkylbenzimidazoline, 
either rearranges to 1-benzyl-2-alkylbenzimidazoline which 
then decomposes to the alkane and benzimidazole or 
degrades to the final products by means of a bimolecular 
elimination. In an investigation of the former hypothesis, 
the second intermediate, 1-benzyl-2-phenylbenzimidazo- 
line, was prepared by reacting N-benzyl-o-phenylenedi- 
amine with benzaldehyde; this compound was then 
pyrolysed in the usual manner: the benzimidazoline 
(2:86 g, 0:01 M) was heated in a ‘Pyrex’ distilling tube. 
The temperature of the oil bath was raised slowly to 
180° C and this temperature was maintained for 12 h. 
During this time, toluene did not distil from the reaction 
mixture. After the pyrolysate was allowed to cool, it 
was washed with methyl alcohol; this treatment gave 
1-benzyl-2-phenylbenzimidazole (2:04 g, 72 per cent). 
It is evident, therefore, that 1-benzyl-2-phenylbenzimid- 
azoline is not an intermediate in the o-phenyldiamine 
reaction. 

The latter hypothesis, namely, the bimolecular elimina- 
tion pathway, was also investigated. This mechanism was 
suggested because recent investigations!" on the pyroly- 
tic decompositions of esters have indicated a bimolecular 
pathway, and Elderfield et al. have been able to catalyse 
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the cleavage reactions with both acids and bases’. 
The latter result has led us to investigate amines and 
benzimidazoles as possible catalysts in these reactions. 
These investigations have shown that the decomposition 
temperature (initial gas evolution) of 2-benzyl-2-pheny]l 
benzimidazoline can be lowered from 235° C to 200° C 
by adding small amounts of diphenylamine, benzimidazole, 
2-phenylbenzimidazole or 2-methylbenzimidazole to the 
pyrolysis mixture. <A. typical experiment is as follows: 
benzyl phenyl ketone (1-06 g, 0-01 M), and 2-phenyl- 
benzimidazole (0-194 g, 0-001 M) were heated in a ‘Pyrex’ 
distilling tube. The temperature of the bath was slowly 
raised to 195-205° C; at this temperature gas evolution 
was evident. . When the reaction was run in the 
absence of the benzimidazole, the decomposition 
temperature was found to be 230-240° C. Based on the 
catalytic activity of these compounds, the mechanism of 
this reaction may involve a bimolecular elimination that 
can be formulated in this manner: 
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Operon Hypothesis : New Evidence from 
the ‘Constant Proportion’ Group of the 
Embden-Meyerhof Pathway 


A. NUMBER of examples have now been reported in which 
a group of enzymes 1s synthesized in such a manner that 
the relative activity of each of the enzymes within the 
group is constant. An important example of this is the 
‘constant-proportion’ group in the Embden—Meyerhof 
pathway, which has been extensively investigated by 
Vogell et al.1 and by Pette et al.?. These workers examined 
a wide range of materials, extending from baker’s yeast to 
various mammalian, tissues, and found that the activity 
of the five enzymes, triosephosphate isomerase to enolase, 
formed a pattern, which is quite reproducible. They 
suggest that this indicates a “‘co-ordinate control of enzyme 
synthesis’ by the cell at the molecular level, a subject 
which has been, the focal point of much recent attention. 

A. most significant observation, however, which appears 
entirely to have escaped notice is that the actual pattern 
reported by Vogell eż al. in fact represents equimolar 
amounts of these five enzymes. In Table 1. column 4 
shows the calculated ‘activity pattern’ of equimolar ratios 
of the enzymes, and column, 5 the findings of Pette et al. 
The figures in both columns are expressed as a ratio to 
the activity of glyceraldehyde phosphate dehydrogenase. 
Despite the large cumulative errors which may appear 
in calculations involving several independent measure- 
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Table 1. ACTIVITY PATTERN OF THE CONSTANT-PROPORTION GROUP IN THE 
EMBDEN-MEYERHOP PATHWAY: A COMPARISON OF THE CALCULATED VALUES 
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WITH THE MEASUREMENTS OF PETTE et al. 
Specific activ- Measure- 
Molecular ity (umoles Calculated ments of 
Enzyme weight substrate/ activity Pette ef ai 
h/mg protein} pattern (ref. 2) 
Triosephosphateisomerase Approx. 29510! Approx. 19 6-12 
B x 10'* (ref 3) 
Glyceraldehyde phosphate 1-4 x 10° 55x10 1 1 
dehydrogenase cage ` (ref. 3) 
an 
Phosphoglycerate kinase 3:4 « 10¢ 1°85 x 104 0°82 0°6~1+2 
ref, 6) (ref, 8) 
Phosphoglycerate mutase 5°7 x 104 78x 10° 058 0 6-1 2 
(ref. 7) (ref. 7) 
Enolase 85x 10# 2°72 x 108 0:30 0 15-0°3 
(ref. 8) (ref. 3) 


* This is an approximate value obtained in these laboratories by the method 
of Andrews (ref. 9) using gel-filtration on ‘Sephadex G 200’. 


ments (particularly by different workers), there is a remark- 
ably good correlation between the calculated and the 
experimentally derived values. 

We may conclude, therefore, that the cell necessarily 
produces molecules of each of these five enzymes in pre- 
cisely equal numbers. This is of particular interest because 
the Embden~Meyerhof ‘constant-proportion’ group 
appears to be an example of a group of proteins the 
synthesis of which is controlled by a single ‘operator’ 
gene. Although a number of such groups have been 
investigated, particularly in bacteria!®:11, figures for the 
stoichiometric relationship of the rates of synthesis of the 
individual proteins within any particular group have not 
been published. It is therefore possible that this finding 
18 valid for operon groups in general. 

Should this be true, then a considerable simplification 
may be made to the present model of protein synthesis; 
namely, that one single molecule of ‘messenger’ RNA. is 
synthesized from the DNA strand per operon rather than 
a separate molecule of ‘messenger’ RNA for each structural 
gene. This RNA molecule would obviously duplicate the 
‘commas’ presumed to exist on the DNA molecule and 
would thus induce breaks in the polypeptide chain during 
the actual protein synthesis. 
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Fig.1. A modified scheme for protein synthesis, necessitating equimolar 
production of each protein common to & single operon 


A. simple and unequivocal explanation thus becomes 
available for two aspects of the co-ordinate control of 
enzyme synthesis which are at present matters of conjec- 
ture. First, the remarkably constant ratio between the 
rates of synthesis of proteins within a group of this type 
becomes self-explanatory; secondly, the operator genes 
are no longer required to initiate RNA synthesis in 
structural genes which are geographically separated from 
them on the chromosome. With the techniques which are 
at present in use for the study of RNA synthesis, it should 
not be impossible to distinguish between the presently 
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accepted model and that which is proposed in this com- 
munication. 
P. D. MIER 
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Colour, Magnetic Resonance and Symmetry 
of the Cupric Site in Blue Protein 


THe blue copper-proteins are characterized by very 
intense optical absorption near 600 mu and unusually low 
cupric hyperfine splitting (A) as observed by electron 
paramagnetic resonance. The nature of the copper-protein 
binding and the relasionship between the colour and the 
electron paramagnetic resonance spectrum, while the 
subject of much investigation and speculation. have 
remained obscure!-*. However, almost all investigations 
have centred on ceruloplasmin and laccase, which contain 
eight and four atoms of copper per protein molecule, 
respectively, with orly about half this number in the 
cupric state. It seemed, therefore, that these two proteins 
are not best suited fcr further investigation, particularly 
since it has been shown that blue proteins which contain 
only one cupric ion per molecule also have intense optical 
absorption near 600 mp and small Ay values®:*. It was 
with the foregomg in mind that an investigation of the 
blue protein from Pseudomonas aeruginosa was under- 
taken. This protein has a broad absorption with a max- 
imum at 625 my (molar extinction, coefficient of approx- 
imately 2,000) and an A, value of 60 x 10-* cm. The 
protein was isolated according to the method of Horio’, 
with some modifications, and investigated in solution at 
room temperature and in frozen solution at — 160° C by 
optical, electron paramagnetic resonance and optical 
rotatory dispersion methods. 

The electron, paramagnetic resonance spectrum of the 
native protein, pH. 6-8. in frozen solution 1s in agreement 
with the -published spectrum®. In the pH range 3-8 there 
is no change in the electron paramagnetic resonance 
spectrum, and there are only small fluctuations in the 
optical density at 625 mu. In the pH range 8-12, the 
blue colour decreases in intensity very slowly, the rate of 
change of optical density increasing as the pH is raised. 
This change is reversible, the optical density being 
restored on decreasing the pH. to a neutral value. In 
proportion, to the decrease in optical density, the intensity 
of the electron paremagnetic resonance absorption 
decreases without any other change in the features of 
the spectrum (Fig. 1). Since the line width and shape of 
the absorption do not change (for pH less than 12), the 
amplitude is a measure of the intensity. The effect of 
urea at pH 6-8 was determined at several concentrations, 
and the resulting microwave versus optical absorptions 
are included in Fig. 1. The three points in the case of 
7-7 M urea represent thə time course of the process. 

The severe reduction of electron paramagnetic resonance 
signal in alkaline solution and high urea suggests that the 
copper is reduced from cupric to cuprous under these 
conditions. To test this hypothesis, one drop of 10- M 
potassium ferricyanide in buffer at pH 9-6 was added to 


1024 


l ml. of protein solution at pH 9-6 which had lost 63 per 
cent of its optical density at 625 my. The optical density 
and the electron paramagnetic resonance spectrum were 
restored immediately to their original values, thus sup- 
porting the hypothesis. Potassium ferricyanide restores 
neither the colour nor the electron paramagnetic resonance 
spectrum of the protein in 7-7 molar urea, a fact which 
points to the stabilization of the cuprous state in the 
denatured protein. 

The reduction, of copper to the cuprous state is most 
probably effected by —-SH groups, there being no other 
known reducing agents present. This reaction occurs 
either beeause the oxidation of sulphydryl groups is 
favoured at a high pH, or because of an increase in the 
redox potential of the cupric-cuprous couple. A change 
in the latter redox potential does not seem likely in 
alkaline solution (pH less than 12) in which the con- 
figuration of the protein is apparently not changed; 
whereas it is very likely on urea denaturation which 
changes the secondary structure. These considerations 
are supported by measurements of optical rotatory dis- 
persion. 

At neutral pH, this blue protein (in contrast to cerulo- 
plasmin?) shows a marked Cotton effect in the visible 
region (Fig. 2). Therefore, the cupric ion is in an asym- 
metric environment in agreement with the views of Brill 


9 
` 179} 0 


8 6.7) O 


Amplitude of EPR signal (arbitrary units) 





0 01 O2 03 O4 05 06 0:7 
Optical density at 625 my 


Fig. 1. Amplitude of electron paramagnetic resonance signal (arbitrary 
ts) plotted against the optical density at 625 mz. O, No urea (the 
number next to each point is the pH of the solution); MF, 255 M urea; 
A, 5-1 M urea: @, 7-7 M urea. All urea solutions were at pH 6-8 and the 
concentration of protein In all solutions was 3 x 10 M 
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Fig. 2. Optical rotatory dispersion curves, (DpH 7 9; (TI) pH 96. The 
protein concentration was 3x 10+ M in both cases 
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et al.*. As the pH is increased, this Cotton effect becomes 
weaker. It is absent in the protein denatured by 7-7 M 
urea. Also, in the pH range 8-10, the change in the optical 
rotation in the visible region is not accompanied by any 
change in the ultra-violet (this is consistent with the idea 
that the secondary structure of the protein is maintained) ; 
however, at 7-7 M urea the optical rotation in the near 
ultra-violet changes to larger negative values (indicating 
less helical structure). 

This work „was supported by a U.S. Public Health 
Service research grant from the Division of General 
Medical Sciences to Dr. A. 8. Brill. I thank the Seessel 
and Anonymous Fellowships Fund of Yale University for 
@ travel grant, and Prof. J. Sturtevant for the use of the 
spectropolarimeter. i 
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Intracellular Distribution of the Different 
Forms of Lactic Dehydrogenase 


THERE is, at present, considerable interest in the investi- 
gation of the properties and metabolic roles of the five 
molecular forms of lactic dehydrogenase (LDH). A 
preponderance of forms I and IT was found in tissues 
(for example, heart) which function under relatively 
aerobic conditions, whereas a preponderance of forms IV 
and V was observed in relatively anaerobic tissues (muscle, 
liver)'?. In a conference on lactic acids recently held in 
New York, however, it was brought out in discussion that 
the intracellular distribution of the different forms of 
LDH had not then been investigated’. 

In this communication we report data on the electro- 
phoretic fractionation, on ‘Cellogel’ strips, stained with 
MTT tetrazolium, of the five molecular forms of LDH. 
present in the nuclear, mitochondrial, microsomal frac- 
tions and in the supernatant of rat liver. Preparations of 
subcellular structural components were obtained in isotonic 
sucrose solution, fractionated on an ‘International’ re- 
frigerated centrifuge and on a ‘Spinco’ L ultracentrifuge. 
The protein content of the single fractions was adjusted 
to a similar level. In total liver homogenate the principal 
band is the one which migrates most negatively (LDH,), 
while only a very small band is present in the adjacent 
cathodic zone (LDH,). These electrophoretic patterns are 
also present in the case of the nuclear and microsomal 
fractions and in the supernatant of the rat liver. Mito- 
chondrial preparations always show an anodic band 
(corresponding to LDH,, present in other organs). This 
band I is clearly greater than band IV (Fig. 1). The 
presence of LDH, could not be ascribed to erythrocyte 
contamination because the liver was previously carefully 
washed and because the erythrocytes should have been 
precipitated in the process of separation of the nuclei. 

The fact that in the mitochondria, that is, in subcellular 
structures with a high aerobic metabolism, the first type of 
molecular form of LDH is clearly evident supports the 
view that this form is a catalyst geared for activity in an 
aerobic environment? 4. 
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Fig. 1. Electrophoretic separation of molecular forms of LDH in rat 
liver. B, To nate; C, nuclear fraction; D, mitochondrial 
fraction: E, mi ; F, supernatant, Cathodic bands pre- 
dominate (LDH, and LDH,), but in the case of the mitochondrial 
fraction an band nding to the LDH, of a haemolysate 
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Triglyceride Accumulation in Liver 


A NUMBER of experimental conditions, including various 
types of stress* and several treatments including adminis- 
tration of adrenocorticotrophic hormone (ACTH)', 
ethanol*, carbon tetrachloride* and ethionine® induce an 
increase of the level of liver triglycerides. 

The synthesis of triglycerides in rat liver depends 
largely on the availability of plasma free fatty acids 
(FFA) derived from lipolysis of triglycerides in adipose 
tissue’. The recent findings that drugs such as nicotinic 


_ acid’, salicylic acid** and 3,5-dimethylpyrazole’® can 


block FFA mobilization from adipose tissue suggested a 
possible new method for preventing or controlling the 


development of liver triglyceride accumulation in the 


aforementioned experimental conditions. 

In a first experiment 180-g male Sprague-Dawley 
rats, fed ad libitum up to the beginning of test, were 
injected intraperitoneally with nicotinic acid (200 mg/kg), 
salicylic acid (300 mg/kg) or 3,5-dimethylpyrazole (15 
mg/kg) and at the same time subcutaneously with ACTH 
(‘Acthormone’, Richter) at a dose of 200 1.v./kg. 

4 h later the animals were killed by decapitation. 


Plasma FFA were analysed according to Trout et al.™ 


and liver triglycerides were determined according to Van 
Handel and Zilversmit*"* after extraction with chloroform- 
methanol (2 : 1). The results reported in Table 1 show that 
the tested drugs reduce plasma FFA and prevent liver 


triglyceride accumulation. 
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Table 1. EFFECT OF DRUGS LOWERING LIPID MOBILIZATION ON TRIGLYCERIDE 
LEVELS IN LIVER i ; 
ACTH Plasma Liver triglycerides 
= eS es oe Se 
su X 
— — 189 12 554 + 
=- + 805 + 26 1,912 + 90 
Nicotinic acid + 650 + 53 876 + 
Salicylic acid ; Bey 3 28 LOEn 
+ l 
mig ja + 883 ž 25 2,408 + 232 
3,5-Dimethylpyrazole + 650 + 95 600 + 10 


Drugs and ACTH were injected at the same time. 
Rate taeted during the treatment—ACTH was given 4 h before killing. 


In a second series of experiments, 3,5-dimethylpyrazole 
was given together with other treatments able to increase 
liver triglycerides. As shown in Table 2, 3,5-dimethylpyra- 
zole was an effective antagonist in all the experimental 
conditions selectec. Similar results not reported here in 
detail were also obtained with salicylic and nicotinic 
acids. 


Table 2. EFFECT OF 3,5-DIMETHYLPYRAZOLE ON VARIOUS TYPES OF TRI- 
GLYCERIDE ACCUMULATION IN LIVER 
3,5-dimethyl- Liver trigly- 
Treatment pyrazole Plasma FFA cerides 
(15 mg/kg intra- pequiv./l. mg/100 g 
peritoneally)* + S.E + SE. 
Exposure to coldt = 600 + 10 830 + 63 
Exposure to cold + 559 + 33 = 
Ethanol 2-1 ml./1 = 483 + 30 1,340 = 197 
Ethanol 2-1 ml./100 g penos 7 +1 662 + 79 
Ethionine 150 mg/kg i.p. = 916 + 115 1,420 + 160 
Ethionine 150 mg/kgi.p.= ps 653 +1 604 + 50 
Carbon tetrachloride 2-5 ml.j/kg 
per os 676 + 10 1,427 = 40 
Carbon tetrachloride 2-5 ml.j/kg 
per os} 473 + 25 970 + 80 


* 3,5-dimethylpyrazo& was given together with the treatment causing 
ceride accumulation. 


ts were exposed © cold for 5 h and fasted during the treatment. 

Rats fasted 18 h before the beginning of the treatment. Ethanol was 
piron: S A Dere Aane Ethionine and carbon te were given 
h before killing. 


In a last experiment, 3,5-dimethylpyrazole was injected 
intraperitoneally when accumulation of liver triglycerides 
was already induced either by ACTH or carbon tetra- 
chloride. Table 3 shows the results obtained. 


Table 3. EFFECT OF 3,5-DIMETHYLPYRAZOLE ON ALREADY INDUCED 
ACOUMVLATION OF LIVER TRIGLYCERIDES 
8,5-dimethyl- Liver trigly- 
—_ (15 glk intra vai PFA mg/100 g 
H - pequivy,/i. 
peritoneally)* + Oe) t S.E. 
ACTH 200 1.0./kg 8.c. = 685 + 51 1,444 + 195 
ACTH 200 1.v./kg 8.c. 191+9 702 + 106 
Carbon te oride 2-5 ml/kg 
per ost 1,056 + 114 1,831 = 70 
Carbon tetrachloride 2-5 ml./kg 
per ost 414 + 43 1,899 + 142 


* 3,5-dimethylpyrazole was given 30 min before 
ACTH coos | 5 given 


t carbon ætrachloride were 5 h before killing, Rats 
fasted during the treatmen 


t. 
t Rats were fasted the night before the experiment. 


It is evident that after 30 min from the administration 
of 3,5-dimethylpyrazole there is a considerable decrease 
of liver triglycerides in the case of accumulation induced 
by ACTH but noš in the case of carbon tetrachloride. 
This difference could be explained on the basis of observa- 
tion that carbon setrachloride’*, as opposed to ACTH, 
blocks the transfer of triglycerides from liver to plasma. 
The block of liver triglyceride synthesis due to the de- 
creased availability of plasma FFA therefore results 
in a rapid decrease of liver triglycerides only when, as 
after ACTH treatment, the transfer of triglycerides from 
liver to plasma is still occurring. 

The data here reported show that drugs preventing 
release of FFA frem adipose tissue are able to prevent 
and, in some cases, to lower liver triglyceride accu- 
mulation even if the cause of such an increase of liver 
triglycerides is not an increased lipid mobilization. 

These results may have a more general implication and 
might explain by means of a common mechanism why 
several conditions such as spinal transection and adre- 
nalectomy* and a number of drugs such as nucleotides*® 
and adrenolytic agents’* prevent accumulation of trigly- 
cerides. 
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‘Sex-associated Protein in Liver Tissue of 
the Rat 


PROTEIN component has been described’? which 
ared to be present in liver tissue of the male rat but 
nt from that of the female. The response of this 
substance to varied endocrine manipulation suggests that 
its presence or absence is dependent on the sex hormones. 
testosterone potentiating and oestradiol inhibiting the 
formation of the protein. Recently‘, this work has been 
confirmed and extended to show that progesterone also 
has an effect causing the appearance of the protein in the 
female and an increase in the amount found in the cas- 
ated male. 
vestigations on this unusual protein have continued. 
protein has been purified to the extent that a highly 
7 spocific antiserum has been prepared. The reagent pro- 
duces a single precipitin band when diffused in agar 
- against the 105,000g supernatant’ from liver homogenates. 
‘The sensitivity of the agar-diffusion techniques is such that 








it has become possible to detect the protein in livers of 


normal female rats. The concentration ratio is about 
thirty-two times less in the female than that in the male. 
Both singlet and double’ diffusion quantitative agar 
techniques give good agreement with this figure which, 
nevertheless, lacks precision because of its logarithmic 
nature. Stability problems associated with preparing the 
highly purified protein have prevented the accumulation 
of sufficient material to use more sophisticated quantita- 
tive methods and, thereby, to arrive at the absolute 
amounts present in tissue. 

It would be of considerable interest to know if the sex- 
associated protein exists as a circulating entity in the 
blood. Thus far, it has not been detected there either 
chromatographically or by the much more sensitive 
immunochemical techniques. 

It would seem that the adrenal glands are not directly 
concerned with this sex-associated phenomenon. The 
wirenalectomized female still responds to testosterone 
treatment, although rather poorly compared with the 
intact animal. Adrenalectomy seems to cause no significant 
= x ‘ange i in the amount found in the male. The adrenalecto- 













sterone ae an he same does enc and oe 
proprietary preparations used previously’. Interestingly, -~ 
the sex-associated component disappeared rapidly in the _ 
male similarly to that seen when oestradiol was given 
alone. At about 20 days after treatment, however, the 
longer lasting testosterone repository apparently caused a 
rapid reappearance of the component. A similar phenome- 
non occurred in the female, in which case the sex-associated 
protein began to be present in substantial amounts after 
about 20 days. These observations strengthen the argument 
for a direct-acting antagonism between the hormones and 
for a reciprocal dose relationship. 

The physiological significance of the sex-associated 
protein is still unknown. Intuitively, it may be assumed 
to have considerable importance as judged by the com- 
paratively large amounts found in adult male liver*-, 
Experimentally, the protein may be of considerable value 
in investigating physiological processes in the liver. With 
the elimination of a necessary adrenal involvement, the 
evidence favours that of a direct response to sex hormones 
In itself this provides a means for studying a highly ~ 
specific response to hormone action in addition to studying. 
the consequences of the action. Sensitive immunochemical . 
techniques will be most valuable in further investigations 5 
on this sex-associated phenomenon. 
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Carcinogenic Activity in situ of Further 
Steroid Compounds 


THERE is more and more evidence coming from several ~ 
research groups that a number of steroid molecules with 
no hormonal competence nevertheless possess carcino- 
genic properties. Ghiron'!, and later Cook et al.*, obtained 
sarcomas with deoxycholic acid by subcutaneous injection 
in mice; cholesterol itself has been shown by Hieger*® to 
produce a 12 per cent incidence of sarcomas, as against 
0-8 per cent in control mice injected with the solvent 
alone. More recently, we recorded the activity of apocholic 
acid, a dehydration product of cholic acid; it gave sar- 
comas in 4 out of 42 mice, as compared with 0 per cent in 
350 mice injected with the solvent alone’. Tumours have 
also been recorded by Bryson and Bischoff’ in Marsh mice 
given testicular injections of cholesterol «-oxide. We 
wish now to report on the definite sarcomagenic activity 
of two further steroid molecules, one with a biochemical 
function, 7-dehydrocholesterol [in the form of its acetate 
(1)], the precursor of vitamin D, and the other, 38- 
acetoxy-bisnor- A®-cholenic acid (II), a product of the 
artificial oxidative degradation of several sterols and bile 
acids®, Peo 

Sixty 3- to 5-month-old mice (289 and 328) of strain > 
XVIL ne/Z (Radium Institute) received subcutaneously, 
in the right flank, ten injections (with a 10-day interval. 
between each) of 0-5 mg of 7- dehydrocholesterol acetate 
dissolved in 0-2 c.c. sterile neutralized olive oil. The first. 
tumour was detected at the site of injection, 210 days after 
the first injection, in one male mouse out of the 52 surviv 
ing animals. Two other tumours developed in 392 and 
482 days, in a male and female mouse respectively. Inal -> 


























































. cel Acholenice acid, in the 
6 experimental conditions. After 526 days an in situ 
oma, developed in a female mouse; by that time, 38 
nals still survived. A second sarcoma was observed in 
ale mouse after 609 days. 
Ina third group comprising 71 mice (232 and 482), 
reated in the same conditions with 24-dehydrocholesterol 
(desmosterol) (TIT) (0-5 mg; 10 injections), no tumour was 
ybtained ; 36 of the animals survived for over 650 days. 


as for the first group, was given 10 injections 
g of 38-acetoxy-bisnor-A 
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Although the yields in tumours (5 per cent for compound 
(1) and 3-3 per cent for compound (IT)) were low, evidence 
that. 7-dehydrocholesterol acetate and 36-acetoxy-bisnor- 
A®’-cholenic acid act, in our strain of mice, as true carcino- 
ens rests on the facts: (a) that spontaneous sarcomas of 
he soft parts have never occurred in that strain; (b) that 
our laboratory, subcutaneous injections of the solvent 
e (that is, neutralized olive oil) have always failed to 
oduce any sarcomas in situ, as observed in more than 
nimals; and (c), that most of the steroid molecules 
ad by us previously, as well as 24-dehydrocholesterol 
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p 
As for 38-acetoxy-b:snor- A*-cholenic acid, its clos 
cal relation to the bile acids suggests that furti 
pounds of this type should be tested for carcir 
activity. eee 
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An Investigation of Plant Seeds for Adeno e 
Deaminase nS 


ADENOSINE deaminase (adenosine amino 
EC3.5.4.4) of ‘plans origin was first reported. 
mercial sample of malt diastase’. Later, its p 
extracts from barley rootlets was claimed’. 
study, however, failed to detect deaminase ¢ 
any of a number of plants examined”. On theo 
most animal cells‘ and many micro-organisms’ a 
to contain enzymes capable of deaminating ade 

In this investigation, the seeds of twenty pla 
tested for deaminase activity, with particular at 
being given to barley. are 

The seeds were ground in a sterilized coffee 
20 per cent aqueous extracts prepared from ti 
Enzyme activity was measured by determining 
release from an incubation mixture composed 
0-5 per cent adenosine in 0-1 M phosphate buffe 
and 1 ml. of seed extract’. Substrate and seed-ext 
controls were always included. Activity was re ; 
micro units (uU.). oe 

Barley seeds, both fresh and germinated, ha 
after 15 h incubatien, but no activity could h 


with short incubation times of 1-3 h. Germinatio 
resulted in increased activity but there were cons} 
fluctuations in the aetivity of different extracts of t 
seed sample. Adcition of 0-1 ml. saturated — 
acid caused 60 per cent reduction, while 0-1 mi. sa 
thymol completely suppressed activity. Filtration 0! 
extract through a bacterial membrane filter of average 
pore size 200 my. resulted in a 56 per cent reduction m 
activity, while a second filtration produced a further — 
reduction to 29 per cent of the original. eer 

A bacteriologica} examination kindly carried out byo 
Prof. O’Mullane, Department of Dairy Bacteriology and 
Microbiology, University College, Cork, showed that the _ 
unfiltered seed extract was heavily contaminated with 
micro-organisms. Although there was diminution in their 
number after filtration, the second ultra-filtrate was still 
appreciably contaminated. l oe 

The deaminase in an extract of calf mucosa showed no : 
reduction of activity with these treatments. It is eviden 
therefore, that plaat and animal cell extracts i 
the nature of their deaminase activity. F 

From the foregoing findings it appeared that devel 
micro-organisms might be the cause of activity in bı 
seed extracts. i 
















To test this, the activity/time rela 
in a plant and animal extract was compared. Act 
in each case was measured at 3-h intervals during à 2 
ineubation period as 37° C. | r 

Fig. 1 shows that the mammalian extract gave a stet 
release of ammonia resulting in almost identical activit 





6 B ‘followed by. ar vapid increase, terminating i na plat 
of almost constant activity after 15h. The graph (Fi ig. 1) 
shows a striking similarity to a typical bacterial growth 
cycle with a lag phase, followed by a logarithmic growth 
phase and terminating in a stationary phase. It demon- 
- Strates that enzyme is being formed during the incubation. 
As cell-free extracts were used, enzyme formation by the 
plant was ruled out, so that the appearance of activity 
must be due to micro-organisms developing during the 
incubation. The fact that there was no ammonia release 
at 3 h means that deaminase activity, if present, in the 
barley is below l uu. or less than 1/10 of that found in 
blood plasma, the animal tissue with lowest activity. 
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: vig. Er Comparison of adenosine deaminase activity in extracts of 


barley seed and of calf mucosa. ©, Barley seed; 4, calf mucosa, Assays 
i were performed in 0-33 per cent adeno in 0- 1 M phosphate buffer a 

PH 7-0 at 37° C. Resulta are expressed as specific activity. Values for 
ot the calf mucosa are multiplied by 10-5 














ò samples of dried barley rootlets (combings) were 
in the same way. One extract showed no activity 
ughout the 24-h incubation. The second extract had 
etivity at 6 h, after which low activity appeared up to 
followed by a steep increase at 21 and 24h. 
sh barley roots were grown in water culture. An 
et of the roots was prepared by homogenization. 
: stivity was evident at 3 h, but after 9 h activity 
appeared and increased steeply until the termination of 
xperiment. These results, similar to those with 
ds, provide no evidence for the presence of adenosine 
aminase in either dried or fresh barley roots. 
‘he following seeds were assayed for adenosine deamin- 
ase activity: Family (1) Gramineae: wheat, oats, barley; 
: (2) Cypraceae : sedges; (3) Junaceae: rushes; (4) Liliceae: 
onions; (5) Leguminosae: peas and beans; (6) ‘Compositae: 
lettuce; (7) Umbelliferae: celery; (8) Ranunculaceae: 
buttercups; (9) Cucurbitaceae: vegetable marrow; (10) 
Cruciferae: white turnips; (11) Papaveraceae: poppy ; 
(12): Ericaceae: heather; (13) Gerianiaceae: geranium; 
(14) Malvaceae: mallow; (15) Chenopodiaceae: beet; 
(16) Solanaceae: tobacco; (17) Polygonaceae: buck wheat. 
uxtracts were prepared as previously described, but 
incubations were conducted at a temperature of 25° C, 
A selection of the results is given in Fig. 2 which in- 
eludes, for comparison, a similarly treated extract of 
calf mucosa. With only two exceptions, the seed extracts 
gave either no ammonia release or a very slight amount 
after 12 h, 
-. In all cases, except those seeds giving negligible ammonia 
release, the graph of ammonia formation with time was 
e@urved in contrast to the animal extract, which gave a 
straight line. Mallow and celery gave some ammonia re- 
lease at 3 h, but the course of the subsequent release 
indicates that here, too, micro-organisms were responsible 
for the deaminase activity. 
Paes | se results call into question the claims that adenosine 
ase is present in barley. Its presence in malt 
ase? cannot be taken as proof of its occurrence in 
seed, because malt diastase is prepared from 
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Fig. 2, Ammonia liberation from adenosine by seed extracts. Assay 


conditions were identical to those used in Fig. 1, except that the.” 
incubation temperature was reduced to 25° C. The calf mucosa was 
diluted 1 : 350,000 l 


germinated barley and, therefore, likely to be extensively 
contaminated with micro-organisms. Doubt must also _ 
be expressed about its reported presence in barley rootlets- 
in view of the long incubation times used and the semie 
quantitative nature of the assay method used?. ee 

Unequivocal proof for the existence of adenosine _- 
deaminase in any type of higher plant is still lacking, 
and the conclusion that adenosine deaminases are of much — 
less widespread occurrence in higher plants than in other 
forms of living matter seems ineseapable. 
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Effect of Aeration on the Consumption of 
Ethanol by the Isolated Perfused Rat Liver 


In a particular series of experiments designed to determ- 
ine ethanol consumption by the isolated perfused rat liver 
it was observed that consumption patterns differed from 
that obtained in the intact animal. The following experi- 
ments were conducted to show how normal consumption 
patterns can be obtained by changing the aeration media 
of the blood from the usual 95 per cent oxygen, 5 per cent 
carbon dioxide, to a mixture containing 18 per cent 
oxygen, 5 per cent carbon dioxide, and 77 per cent 
nitrogen. 

The liver perfusion apparatus and details of the opera- 
tion have already been described'*. Young male albino —_. 
rats weighing between 200 and 300 g were used in all the — 
experiments. The perfusate consisted of freshly drawn | 
blood from rats, and to this was added 24 mg/100 ml. © 
heparin. The volume of the perfusate was maintained 
90-100 ml. throughout the 4-h experiment. The tem 
perature of the system was maintained at 38° C and 
aeration medium used was either 95 per cent oxyg 
per cent carbon dioxide or 18 per cent oxygen, 5 pet 
carbon dioxide and 77 per cent nitrogen. The rate of los 







































































anol by eva 
letermine the ethanol concentration samples were 
sd from the perfusate at 10-min intervals during the 
0 min of the experiment, and thereafter at 15- 
tervals, and immediately transferred to a chilled, 
tight vial. The ethanol vapour in the volume above 
aliquot was allowed to equilibrate at 37° C and was 
srwards analysed utilizing a Loenco gas chromatograph, 
del 70, equipped with a hydrogen flame ionization 
detector. Adequate precautions were taken to prevent 
ny loss by condensation when transferring this measured 
gas sample to the system for analysis. The operating 
nditions were as follows: a 6 ft. x 0-125 in. stainless steel 
column packed with 20 per cent ‘Carbowax 20 M’, on 
HMSD ‘Chromosorb W’ 60/80 mesh, was maintained at 
8° C, and utilized helium as the carrier gas, with a flow 
e of 30 ml./min. The retention time of ethanol was 2-25 
n. The ethanol concentrations were calculated by 
asuring peak area and comparing these areas to those 
suitable ethanol standards treated in the same manner 
the unknowns. 
ie data illustrated in Fig. 1 show the effect of different 
ting media. Eight experiments were conducted using 
r cent oxygen, 5 per cent earbon dioxide and an 
al concentration of 240 mg of ethanol per 100 ml. of 
isate. Concentrations of ethanol in the perfusate are 
ed against time. It is apparent that the concentra- 
; vary exponentially with time for these particular 
periments. This is shown more clearly in Fig. 2, in 
h the logarithm of the concentration is plotted against 
:; In this plot the data appear as two distinct straight- 
ments of differing slopes with a distinct break at an 
ol concentration of approximately 40 mg/100 ml. of 
sate. Such a dependence indicates that the con- 
ption of ethanol depends primarily on the concentra- 
f ethanol in the blood and that a distinct change in 
mechanism of consumption occurs at the break point. 
ime taken for the concentration to fall to one-half of 
ginal value (7'}) is a recognized measure of the rate 
sumption for this type of curve. The 7} for the 
segment of the curve was 45 min, and for the lower 
ont was 20 min. In these calculations a small cor- 
ion has been made for the loss of ethanol by evapora- 
during the aeration process. 
ive experiments were conducted using 18 per cent 
gen, 5 per cent carbon dioxide, 77 per cent nitrogen 
‘mixture; quite different results are obtained, as 
cated by the remaining data in Fig. 1. A straight line 
i be drawn through these points, indicating that 
thanol is now disappearing at a constant rate which is 
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© Fig. 1. A linear plot of ethanol concentration in the perfusate 
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Fig. 2. Semi-logarithmic plot of ethanol concentration in the perfusa 
independent of the ethanol concentration. When cor 
ted for evaporation losses, the ethanol consumy 
indicated by these data is 36 mg/100 ml. per 10 g of 
per hour, and is within the range published for the in 
rat®-®, In these experiments there is no doubt regarding 
the differences in magnitude and shape of the curves 
involved. The use of 95 per cent oxygen, 5 per cent 
carbon dioxide atmosphere results in a non-physiological 
mode of consumption. a ser 

At this stage of the investigation, no clear answer can 3 
be given as to the mechanism involved in the consumptiori 
of ethanol for these different aeration media. Howeve 
some inferences seem: reasonable. Bauer et al.° h 
indicated that there is a fourfold increase in the consum 
tion of oxygen by the ssolated perfused rat liver whe 
oxygen in the aerating media is changed from 18 p 
to 95 per cent. It seems reasonable to postulate tha 
rate-limiting step in the metabolism of ethanol by — 
liver may be controlled by the availability of oxyg 
Since Theorell? and his group have indicated that the ra 
of oxidation of reduced nicotinamide-adenine dinuclectids 
(NADH,) formed wher ethanol is oxidized to acetaldehy: 
is the rate-limiting step, this assumption seems reasonable.. 
It is evident that further information on the levels of = 
NADH, and NAD in shese perfused livers would greatly 
aid in the understanding of the mechanisms involved. A. 
pertinent feature of these experiments is the demonstra- 
tion that an isolated organ in an artificial system. car ~ 
utilize ethanol at rates similar to that found in the intact. 
animal. 

In this investigation, these ‘normal’ rates were only 
observed if the oxygen partial pressure of aeration media 
approached that of air. These findings suggest that 
caution must be exereised in the interpretation of data 
arising from investigations utilizing media of abnormally 
high oxygen partial pressures. 
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ciatic Nerve Ac ty evoked by Sensory- 
motor Cortex Stimulation during Para- 
doxical Sleep 


“Tik. cortico-spinal system undergoes consistent modi- 
“Boationa during the desynchronized phase of sleep. The 
integrated pyramidal activity rises to a level even higher 
than that reached in wakefulness}; the pyramidal tract 
neurones change their temporal pattern of discharge’; 
the integrated pyramidal activity increases synchronously 
with rapid eye movements and myoclonic twitches*®; and 
the sciatic nerve responses to liminar pyramidal stimula- 
tion are abolished‘. 

The aim of the present investigation was to study the 
behaviour of sciatic nerve responses to sensory-motor 
cortex stimulation during sleep and wakefulness, in order 
to obtain further information on the function of the 
eortico-spinal system during these physiological phases. 

“The experiments were performed on unrestrained, 
umanaesthetized cats with chronic implanted electrodes. 
Bipolar stimulating electrodes were applied subdurally on 

. the surface of the sensory-motor cortex of one side. 
- Bipolar electrodes left in place around the sciatic nerve of 
he opposite side could record the spontaneous and evoked 
ty of a large population of lumbo-sacral moto- 
ones. The sensory-motor cortex was stimulated with 
ts of from two to five stimuli at 300/sec, 0-05-0-5 msec, 
V. delivered every 1-2 sec. The spontaneous and 
köd. activity in the sciatic nerve was recorded on an 
pex’ tape-recorder during wakefulness, synchronized 
ep and desynchronized sleep, averaged on a CAT 400 
nemotron’ and then photographed on an oscilloscope. 
he electroencephalogram (from frontal areas), the electro- 
rogram (from nuchal muscles) and the oculogram 
cated the stages of wakefulness and sleep which 
varred during the experiments. 
During wakefulness without apparent movements of 
nimal, a spontaneous activity was present in the 
atie nerve. A train of from two to five stimuli delivered 
© sensory-motor cortex evoked a complex response on 
neurogram with a latency of 12-18 msec from the first 
mulus, Synchronous with the electrical potentials, 
h fluctuated in amplitude, a slight flexion of the 
dleg of the same side was generally observed. Fig. 14 
10Ws an average of fifty responses during wakefulness 
which three main deflexions are seen. During svn- 
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Fig, Lo Sciatic nerve activity evoked by sensory-motor cortex stimulation 
faring wakefulness, synchronized and desynchronized sleep. Chronic un- 
‘restrained, unanaesthetized animal with frontal EEG and nuchal EMG. 
Band Or fifty averaged sciatic nerve responses evoked by stimulation of 
© contralateral sensory-motor cortex with bursts of 6 impulses at 300/sec, 

7 rosec, 3 V during wakefulness (4), synchronized aleep (B) and desyn- 
oo ¢hroniged sleep (C) Sweep duration 125 msec 








not change i ‘in its jatency ‘and pattern {Fi .1B) 













be seen that the first and second pe are red 
in amplitude as compared with wakefulness. When tl 
animal went into an episode of paradoxical sleep (with 
desynchronized EEG, flattening of nuchal muscles and: 
rapid eye movements, REM) the evoked activity was 
usually tonically reduced in amplitude with phasic marked 
increase generally synchronous with the bursts of REM. 
The averaged values were often hi gher than those observed | 
during wakefulness (Fig. 1C), the increase being propor- 
tional to the amount of REM present during the para- 
doxical sleep episode. It can be seen that the latency 
of the discharges does not change, while the increase 
in amplitude affects particularly the second and thira 
deflexions of the neurogram. Both the second and the 
third deflexions also appear to be slightly shorter in 
duration than those seen in Fig. 1 A and B. The results 
indicate that the excitability of the corticospinal system 
is tonically depressed during synchronized and desyn- 
chronized sleep, whereas it increases during wakefulness 
and REM periods of desynchronized sleep. Since the 
sciatic nerve activity evoked by liminar pyramidal 
stimulation is abolished during paradoxical sleep? the. 
phasic enhancement of activity evoked by sensory-moto 
cortex stimulation during this phase may be due to. 
increase of cortical excitability. i 
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Electrocardiograms of Lambs in Selenium 
Deficiency = 


STUDIES have been made of lambs taken from the 
dams at 4 weeks of age and weaned, by stages, on. 
selenium-deficient diet of the type used by Schwarz 
the development of dietary hepatic necrosis in ra 
Lambs on this diet develop muscular dystrophy, 
lesions appearing in both the cardiac and skeletal muscu 
ture; the livers do not become necrotic as they do in’ 
rat. Control lambs fed the same diet, supplemented wit 
an oral drench of 10 mg of sodium selenite per week, do 
not develop muscular dystrophy. : 

Klectrocardiography on these lambs reveals the develop- i 
ment of a characteristic abnormality. As the disease 
progresses the T-wave increases in amplitude until it. 
finally dominates the record; at this stage the elevated 
S-T’ segment is typical of the pattern of myocardial- 
infarction in man (Figs. 1 and 2). As the abnormal | 
electrocardiograph develops progressively over a period of | 
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Fig. 1. Electrocardiogram of a lamb maintained for a few wi 


selenium-deficient diet. At this stage no abnormality has des 
the clectrocardiogram pattern 1 
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Fig. 2. Elecirocardiogram of the same lamb as is shown in Fig, 1. How- 
ever, the lamb is at this point clinically dystrophic and the electro- 
rogram pattern shows the typical elevated S~? segment of myo- 
: cardial infaretion 


Ter remains to be seen whether the same type of electro- 
'diogram change occurs in ‘white musele disease’, a 
alady of sheep that are grazed in particular areas and 
hich responds to selenium therapy?. 
have already reported’? that similar changes occur in 
nium- deficient rats. 

KENNETH O. GODWIN 
C.S.LR.O. 
ion of Biochemistry and General Nutrition, 
University of Adelaide. 


a Proc, Soe, Exp, Biol. and Med., 77, 818 (1951). 


h, O. H., Oldfield, J. E., Remmert, L. F., and Schubert, J. R., Seience, 
128, 1090 (1958). 
in, K. O., Quart. J. Exp. Physiol., 50, 282 (1965). 


Glucose Metabolism of Central Nervous 
issues in Rats with Experimental Allergic 
Encephalomyelitis 


incorporation of carbon from glucose-“C and 
-1-4C into lipids of the central nervous system has 
shown to be greater than normal in rats with experi- 
al allergic encephalomyelitis G2AE)'*. In order to 
lore further the metabolism of tissues from animals 
i this demyelinative condition, glucose uptake, carbon 
ide production and lactate aceumulation in vitro 
> measured in brain stem and spinal cord slices from 
in the acute paralytic stage of experimental allergic 
phalomyeliti is. As controls, similar slices were investi- 
ed from both normal animals and those injected only 

1 Freund’s adjuvant. 
Fourteen Wistar rats, 6 weeks old, were injected in the 
id foot pads with 0-5 ml. Freund’s adjuvant (obtained 
om Difco) containing 85 mg homogenized guinea-pig 
spinal cord. The controls were litter-mates matched in 
regard to weight and sex, fourteen of which were injected 
with 0-5 ml. Freund’s adjuvant; the remaining fourteen 
served as normal controls. When paralysis of the hind 
feet became apparent in the group receiving nervous 
tissue homogenate (12-15 days after injection), the 
animals were killed by cervical fracture, the brain stem 
_and spinal cord removed, sliced and incubated in Warburg 
flasks containing 3 ml. Krebs-Ringer phosphate with 
3 uo uniformly labelled glucose-“C in 3 mg glucose. 
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Each group represents fourteen animals 
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Potassium hydroxide was: present in the centre well for: D 
carbon dioxide abserption.. The flasks were incubat edo. 
under oxygen in a Dubnoff Metabolic Shaker at 37° for 
lh. At the end of shis time 0-2 ml. perchloric avid was — 
tipped in from the side arm and the flasks incubated — 
30 min longer. The potassium hydroxide was removed 
from the centre weil and the absorbed carbonate p an 
cipitated by the addition of barium acetate. The barinn _ 
carbonate was plated and counted in a gas-flow Geiger— 
Müller counter using an end window. The medium and. 
slices were removed from the flask, centrifuged, and the - 
medium decanted. Subsequent washings of the slices were 
added to the medium. Aliquots of the medium plus- 
washings were used for lactic acid measurements according — 
to Barker and Summerson’ and for glucose determinations 
according to the carbohydrate method described: by : 
Svennerholm!. : 
Table 1 shows glucose uptake in the EAE brain stem 
and spinal cord to be very close to the normal. A slightly 
higher uptake of glucose was shown in the Freund's 5 
adjuvant-injected controls, however, and this was. sig- 
nificantly different from the normal in the spinal i 
(P < 0-01), but not in the brain stem. The laet 
level of the incubation medium was markedly higher 
the normal in both the brain stem and spinal cord 
EAE animal {P < €-01). These higher levels are 
nificant also when compared with the Freund’s adj 
injected control. No significant difference was 
between the Freund's adjuvant control and the = ; 
control. 
























oad a the ‘brain stem was not peer iene f 
than the normal, but was significantly different (P < 0 
from the Freund’s adjuvant controls. The spinal « 
carbon dioxide specific activity was, however, si ignifical 
less (P < 0-01) than both groups of controls. P 
Two explanations for the lowered specifie activ 
the carbon dioxide are possible. A lowered produc 
arbon dioxide by tbe slices seems most plausible ~ 
the high lactic acid levels are taken into account. 
possible also that other non-labelled constituents are 
oxidized in the EAE animal, thus resulting in a decre 
specific activity of ths carbon dioxide. | os 
If the former explanation is considered, the. present TE 
results would indicate that an abnormal carbohyd: oe 
metabolism is present in nervous tissue from the E 
animal, This abnormality is not seen in glucose upte 
but seems to exist somewhere between the lactic acid 
carbon dioxide stages of carbohydrate metabolism o 
tricarboxylic acid cyele. The enzymes required in 1 
pathway are known so be loeated in the mitochondria. o o= 
Other preliminary evidence’ would indicate that the oc 
mitochondria are invelved in the increased rate of lipid .. 
synthesis previously Ccescribed in the EAE animal. In 
electron microscope pictures Roizin has shown iito es 
chondria of the censral nervous system of the EAE 
guinea-pig which are abnormal in appearance’. 
At present it is net known whether these abnormal 
metabolic relationships may be related to the demyelina: 
tive condition. It is possible that the paralysed nerves... 
may utilize glucose differently, or that paralysis may. 
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Lactic acid Baldo, | 











production (mg/100 | Percentage (pm /mg/ 100 me Percentay 

mg tissue +S.D.) | of normal | tissue +S D. } Of nory 

ht yh aai ii | wor rtretnereveneavernpeerrurvig tis iuiens avras penea Aw oraraa S saitaan aapa 
0189+0028* | 122 | 4.0284 770% | 89 
0-187 + 0-021 * 150 2, 1398 + 419 | ST 
0-166 + 0-041 | 110 | 4,853 + 6638 107 
0-123 +0015 a9 ; 2,484 y 464 191 
0151 + 0-020 
0125 40-01 
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result from deficiencies in the fundamental energy sources. 
A more detailed examination of the tricarboxylic acid 
eycle in the nerve tissue of the EAE animal is now in 


rogress. 
p Marion EDMONDS SMITH 
Department of Medicine (Neurology), 
Stanford University Schoo! of Medicine, 
Palo Alto, California. 
1 Smith, M., E., J. Neurochem., 11, 29 (1964). 
* Smith, M. E., Ann. N.Y. Acad. Sci.,122, 95 (1965). 
* Barker, J. B., and Summerson, W. H., J. Biol. Chem., 188, 535 (1941). 
t Svennerholm, L., J. Neurochem., 1, 42 (1956). 
t Smith, M. E. (unpublished results). 
* Roizin, L., J. Neuropathol. Exp. Neurol. 23, 209 (1964). 


PHARMACOLOGY 


Possible Neurotoxicity of Diisopropy! 
Phosphorofluoridate in Guinea-pigs 


Neuroroxicrry (demyelination and axon degeneration) 
caused by various organophosphorus compounds is said 
to occur only in certain species!:*. According to Davies’. 
guinea-pigs show no delayed paralytic effect after treat- 
ment with one of the neurotoxic compounds. We have 
found that guinea-pigs treated with diisopropyl phos- 
phorofluoridate (DFP) show delayed paralytic effects. 
This report outlines the gross signs of neurological damage 
observed. 

Ten male guinea-pigs each weighing about 800 g were 
treated subcutaneously with 1 mg/kg of DFP per day for 
4 days. This amount of DFP was not sufficient to cause 
convulsions. However, the animals were highly excitable 
for the 4 days and subsequent few days. 

The development of symptoms generally occurred as 
shown in Table 1. As might be expected, there are over- 
laps in the times at which the symptoms were first noticed. 

The peculiar gait of the two guinea-pigs (walking with 
raised quarters) appeared to be due to spasticity of the 
hind limbs. Otherwise, the paralysis was flaccid. The 


walking on the hocks indicated that the lower muscles of 


the hind limb were initially weakened and that afterwards 
the muscles of the entire limb became paralysed. 


Table 1, DEVELOPMENT OF SYMPTOMS IN DFP-TREATED GUINEA-PIGS 
Symptoms 


1-4 Injections of 1 mg/kg daily; excitable 
5-7 Excitable 
Walked on hocks of hind legs. Sores on hocks. Pronounced thump- 
ing sound when walking, heavy-footed 
Ataxic—-hind quarters wobbled when walking 
20-35 In two animals, ataxia became worse until hind limbs were com- 
pletely paralysed. These animals scrambled with fore limbs when 
trying to move, but the hind quarters were completely paralysed. 
These two died, one at 28 days, the other at 35 days. Both showed 
large loss in body-weight. Two animals walked with hind quarters 
higher than the front quarters 
35-50 Started to recover 
75 days All seven survivors appeared normal except one, which still had 
r weak right hind limb. One was killed for histological examina- 
tion 


This description is a composite picture and not all 
animals showed the severest signs. The least affected 
showed symptoms no worse than the sores on hocks and 
heavy-footedness (two animals). 

We believe that the neurological signs shown by the 
guinea-pigs treated with DFP indicate that neurotoxicity 
is brought on by organophosphorus anticholinesterases 
in this species. It must be emphasized that the neurologi- 
cal lesions which one would have expected to accompany 
the symptoms described were not observed. 

G. 8. FUKUYAMA 
D. W. GOLDIE 
Physiology Section, 
Defence Research Board of Canada, 


Suffield Experir ental Station, 
Ralston, Alberta. 
as! ag R., Handbuch Ev Pharmakol., 863 (Springer-Verlag, Berlin, 
1963). ‘ 


* Heath, D. F., in Physiological Sciences, 18, 332 (Pergamon Press, London 
and New York, 1961). 
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Synthesis of «,-AP (Acute Phase) Globulin of 
Rat Serum by the Liver 


THE appearance of a new protein in rat serum in a wide 
variety of pathological and physiological states has been 
reported by several investigators in recent years'*. The 
protein which we have designated «-AP (acute phase) 
globulin? has also been referred to as slow «globulin 
(SA.G) (ref. 1), abnormal serum component’, reproduction- 
associated proteint, and a,-glyeoprotein (%-GP) (ref. 2). 
The presence of the protein in serum has been detected by 
immunological procedures? and by filter paper-* and 
starch-gel-electrophoretic analyses'. The present com- 
munication reports the demonstration of the synthesis of 
%.-AP globulin by the liver during the acute phase of an 
inflammatory response. 

An anaesthetized, adult, male rat of Sprague-Dawley 
origin, weighing about 400 g, was injected with 1-0 ml. of 
a sterile solution of spirits of turpentine, N.F., in corn oil 
(v/v) as previously described’. Twenty-four hours later 
the rat was exsanguinated by cardiac puncture under 
ether anaesthesia and the liver removed aseptically. 
Tissue culture and radioimmunoelectrophoretie techniques 
were the same as those described in an earlier publication’, 
with the exceptions that the film was exposed for 3 weeks, 
and an antiserum specific for «-AP globulin was used, 
Antiserum was prepared by immunizing rabbits with 
pooled sera from ‘turpentine-stimulated’ rats. The 
antiserum specifie for «AP globulin was obtained by 
absorbing the original with normal rat serum’. 
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A, Photograph and schematic representation of immunoelectro- 
phoretie analysis of mixtures of tissue culture fluid and carrier serum 


Fig. 1. 


proteins from donor rat using monospecific antiserum. B, Photograph 
and schematic depiction of autoradiograph of same slide 


Fig. 1A shows a photograph of the immunoelectro- 
phoretic analysis of the concentrated tissue culture fluid 
with carrier proteins using the monospecific antiserum. 
Fig. 1B is the autoradiograph of the same slide. Hepatic 
synthesis of x,-AP globulin was unequivocally demon- 
strated by the radioactive labelling of the specific precipitin 
are, 

When the unabsorbed antiserum was used to develop 
the immunoelectrophoretic patterns, incorporation of the 
radioactive label into twelve other proteins was observed, 
as noted in a previous report*. 


This work was supported by a grant from the U.S. 
Public Health Service. 
D. C. BENJAMIN 
H. E. WEIMER 


Department of Medical Microbiology and Immunology, 
Center for the Health Sciences, 
University of California, 
Los Angeles. 
_ $1 Weimer, H. E., and Benjamin, D, C., Amer. J. Physiol., 209, 736 (1965). 
E A. E., Rosenkrantz, H., and Gray, J. H., Fed. Proc., 24, 230 (1965). 
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r, H. E., Benjamin, D. C., and Darcy, D. A., Nature, 208, 1221 (1965). 


k New Variant of Haemoglobin G, 
Haemoglobin Gparis 


‘Since the first haemoglobin G was described in 1954 
(ref. 1), several varieties have been observed. Structural 
analysis has shown that the electrophoretic mobility 
could be due to various amino-acid substitutions in the 
a- as well as in the 8-chain. The only similarity between 
all these haemoglobins is that the net charge differs from 
- that of normal haemoglobin and that they migrate close 
to haemoglobin S, but a little faster in alkaline buffer. 
‘This communication describes a new variety of haemo- 
_ globin G, which we propose to call haemoglobin Graris- 
ie Different techniques were used: starch-gel electro- 
{i phoresis, using the tris-borate-EDTA buffer, pH 84 
í (ref. 2), and phosphate buffer, pH 7-4 (ref. 3), starch-block 
electrophoresis with barbital buffer, pH 8-6 (ref. 4), 
hybridization both with abnormal haemoglobins and 
_ interspecific®*, and fingerprinting, according to Ingram 
as modified by Baglioni’. 
= The propositus was a 5-year-old Negro child from 
West India. He was admitted early in 1964 to this 
hospital for a corticoid-resistant thrombocytopenic pur- 
ura. He was moderately anaemic, having 3,500,000 
ed blood cells/mm*, but there were no cellular abnorm- 
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Fig. 1. Starch-gel electrophoresis. Buffer fris-borate-EDTA, pH 8'4. 
a, A.S.; b, propositus; c, A.G.C.; d, AC; e, high As; f, normal A 
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. 2. Hybridization experiment between § and (su G. a, 
Normal A; b, mixture after hybridization; paps Braveeth ut dii 
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d 
Fig. 3. Interspecific bybridization with canine hae a, A+ 
sanii mixture; b, Me avec after hybridization; pages same So 
canine and (supposed) G after hy tion; d, same mixture without 
hybridization 


Hb A = 








oo 2 
O A 
5 a ~ 
r S = 
o 
OQ 
pa 
_©Q9O0O t Ș 
HbG &> O 
"NO? 
P 7N 
Ao 
Se 4 
S 
go 9 t 





| 


« 


Fig. 4. Comparison of Gngerpriats of 2 aad G beemogiditas. ane 2 


spliced, were identified as met 
by specific stainings 


alities. Moreover, ro abnormality was found in the blood 
of the mother. The father was not available for blood 


analysis. 

We were able to observe by starch-gel electrophoresis 
two major components, one of them migrating more 
slowly than A, similar to haemoglobin G. Two minor 
components were aiso detected by o-dianisidine staining ; 
one of them was A, while the other had a lower Rr. The 
result strongly suggested that the abnormality was 
located on the ¢-chain’. This was confirmed by hybridiza- 
tion experiments, end when haemoglobin G and haemo- 
globin S were dissociated together it was possible to 
obtain haemoglobir A and a slow abnormal hybrid. 

ay Bit aspi ay pit apit a2 Rit as By 

Interspecific hybridization with canine haemoglobin 
have evidence for a fast hybrid °° 8} with a mobility 
similar to that of the hybrid obtained with normal haemo- 
globin A. Conversely, the slow hybrid «$ @" was slower 
than the hybrid of the normal haemoglobin, a$. 


Finally, fingerprinting showed displacement toward the 


cathode of two peptides, peptide 3 (« T TX) and peptide 9 
(a T IX + free lysine or « T VIII). The latter peptide 
is similar to the former, but has only one supplementary 
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‘ise 
G36, G-3b ox., G-9a, show chromatographic as well as 

electrophoretic displacement. 

In our patient, both peptides 3 and 9 were electro- 
phoretically, but not chromatographically, displaced, and 
we only found two peptides. Our results are not com- 
patible with the substitution of a neutrally charged 
amino-acid by one with a positive charge. Therefore, the 
most plausible mechanism would be the substitution of a 
negatively charged amino-acid by a neutral one; this 

substitution could well occur at the level of aspartic 
peid 64, 74 or 85. 

- This work was supported by grants from the Institut 
jonal de la Santé et de la Recherche Médicale, the 
© Nationale de Sécurité Sociale, the Délégation 
nérale & la Recherche Scientifique et Technique et ses 
3 Scientifiques (Fonds de Développement) and the 
al Institute of Arthritis and Metabolic Diseases, 
iblic Health Service (grant AM 02773). 
| D. LABIE 
G. SCHAPIRA 


atoire de Recherches de Biochimie Médicale, 
Hôpital des Enfants-Malades, 
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IMMUNOLOGY 


Failure of the Antibody Method to 
monstrate a Circulating Hormonal Factor 
| after Partial Hepatectomy 


ALTHOUGH the extremely rapid regeneration of the 
ver that occurs after partial hepatectomy has been 
. known for many years', the mechanism remains obscure. 
Many authors have suggested that the cell proliferation 
_ a8 due to a hormonal factor which appears in the blood 
following this procedure. 
< The evidence for this is based on the following claims: 
da Injections of serum taken from partially hepatecto- 
«nized rats stimulate mitoses in a normal rat, or accelerate 
regeneration in another partially hepatectomized rat?~*, 
‘These claims have, however, been denied®-*. (b) Partial 
hepatectomy in one parabiont causes signs of regeneration 
an the partner? !°, Several groups have failed to confirm 
these findings, (c) An autograft of liver with a satis- 
factory new blood supply will show growth stimulation if 
partial hepatectomy is performed on the remaining 
liver mass! 36, 
itis clear that, although the evidence is conflicting, the 
presence of a circulating hormonal growth-stimulating 
factor after partial hepatectomy cannot be excluded. 
It was considered possible that such a factor might be a 
protein or polypeptide, in which case it should be practic- 
_ abie to neutralize this by the action of a specific antibody. 
ees t male Wistar rats were subjected to a 65 per cent 
patectomy by the standard method. 24 h 





















that the hypothetical factor might be produced in th 
viscera drained by the portal vein. Rabbits were immun- ` 
ized with these sera mixed with Freund’s adjuvant, accord». _ 
ing to the schedule of Peetoom?*. 10 days after the final 
injection the rabbits were bled. The antisera were tested — 
on an Ouchterlony plate against normal rat serum and |) 
post-hepatectomy serum, and were then absorbed with 
normal rat sera to remove non-specific antibodies. = 
In order to test the biological activity of these absorbed -. 
sera, rats and mice were partially hepatectomized between 
2.0 and 4.0 p.m. Serum was injected into the peritoneal 
cavity at the finish of the operation, then at 10.0 a.m. 
and 4.0 p.m. the following day, and again at 10.0 a.m. on 
the second post-operative day. The last injection was 
accompanied by the subcutaneous injection of colchicine 
(100 ug for mice, 300 ug for rats). At 4.0 p.m. (that is. 
48 h after the partial hepatectomy) the animals were 
killed, and the liver remnants, after weighing, were fixe 
in Bouin’s fluid. The regeneration on a wet-weight basi 
and the mitosis count were estimated according to method 
described earlier?®, Ls 
After several months’ immunization, pooled antise 
from three rabbits produced marked precipitation rez 

















tions with normal rat serum when tested on the aga 
plate. Normal serum and post-hepatectomy sera gav 


the same precipitin patterns with the antiserum, Thi 
does not, of course, exclude the presence of a specific’ 
factor in the post-hepatectomy serum, as an antigen- 
antibody complex may be soluble, or if insoluble, it. 
may be present in amounts too small to form a visible.” 
precipitate. 


Table 1. EFFECT OF ANTISERA ON THE REGENERATING LIVER OF MICE AN) 
RATS 48 H AFTER PARTIAL HEPATECTOMY 

Percentage of 

No. of regeneration 


Percentage of 
Experimental mitosis count 


groups animals (wet weight) +t SLE, 
AE, 
Mice 
Control (saline) 36 6323 + 3-8 O68 + O37 
Normal human serum 36 Webs 44 209 + Odd - 
Combined aortic (4) and 17 74:3 + GD 201 + ES O o 
pores) aa igeni (0-20 > P > 0-10*) (0-20 > P > 10) 
Controls (no injections 12 63-6 + 4-7 475 + OSS 
(6) and normal serum (G) : 
Portal antiserum 10 GOS + Os 6-92 + IO. 
(0-16 > P > 005) 


* Compared with saline control. 


The biological effects of the antisera are summarizec 
in Table 1. The mice were injected with a total of 2-0 ml. 
of absorbed antiserum and the rats with 4-0 ml. of serum. 
It will be seen that no significant effect was produced: = 
Regeneration on a wet-weight basis was slightly elevated. 
in the mice and slightly depressed in the rats; neither... 
change is statistically significant. The mice showed a fall... 
in the percentage of parenchymal cells in mitosis; this also 
is not significant, and in any event injection of normal = 
serum produced a similar value. In the rats there was : 
actually a very slight rise in the mitosis rate. ane) 

Many workers have shown that antibodies can be. 
produced to a wide variety of hormones. It is true that = 
frequently the antigen used has been a relatively concen- oo 
trated hormone; however, in some instances hormone- 
rich serum has been used as the antigen; for example, for 
the production of antigonadotrophin by the injection 
crude pregnant mares’ serum”! Hence the failur 
demonstrate biologically active antibodies in the pres 
experiments must be considered as strong, but not cor 
clusive, evidence against a circulating protein or po 
peptide factor stimulating liver regeneration. The exist 
of a non-protein hormone obviously remains open 
other possibilities are that partial hepatectomy cat 
lowering of concentration of an inhibitor normally presén 
























in serum, or that hormonal factors in the cireulati 
not play a part in the mechanism of liver regeneration, 
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Complement Fixation and pH 


BE and Wardlaw have re-investigated the effect of 
H on the activity of complement?. They confirmed 
vious reports? that the haemolytic activity of comple- 
ent decreases with increasing pH and, in addition, 
resented evidence that complement fixation increases 
with increasing pH. They were able to increase the comple- 
ment fixation titre of an antigen four-fold by raising the 
pH of the reaction mixture from 7:15 to 8-56. Stein and 
-Van Ngu’, however, showed that complement fixation 
titres can be increased by reducing the amount of comple- 
ment used in the test. Thus, increased complement 
‘fixation sensitivity at relatively high pH may be due to 
‘loss of complement activity rather than to increased 
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complement fixation. Experiments were devised to test 
this hypothesis. | 
Veronal buffer of pH 7-3 was prepared using the method ae 
of Kabat and Mayer’. Similar buffer was made to pH = 
8-3 by adding less hydrochloric acid. The conductivities 
of the two buffers differed by less than 2 per cent. Two- 
chessboard (two-dimensional) complement fixation tests 
were performed with bovine serum albumin (BSA) and 
rabbit anti-BSA, one at pH 8-3 and one at pH 7-3. Both 
tests were performed with five 50 per cent units of compie- 
ment. To supply this number of units in each test, more 
guinea-pig serum hac to be used at pH 8-3 to compensate 
for the reduced activity of complement at the higher pH. 
Standard complemené titrations were performed to deter- 
mine the dilution of guinea-pig serum yielding five 50- 
per cent units of complement at each pH. Except for tke- 
differences in pH and absolute amount of guinea-pig 
serum used in each test, all other conditions were. the 
same. Under these conditions the results of the two chess- oe 
board titrations were identical. SS 
The next experiment was a direct test of the hypothesis e 
that increased sensitivity of complement fixation tests at 
relatively high pH is due to reduction of complement activ... 
ity. Four antibody titrations were performed. with the ae 
optimal concentration of antigen found in the two-di a 
sional complement fixation tests. Parallel rather than 
dilutions were used and the extent of lysis in each re 
mixture was determined spectrophotometrically. Two of 
the antibody titrations were carried out at pH 7- 3, ¢ one a | 
them with five and the other with four 50 per cent 1 
of complement. Similarly, two titrations were carried out 
at pH 8-3, one with five and the other with four 50 per 
cent units, The results in Table 1 show that the comple- 
ment fixation antibody titres vary with the number of 
units of complement in the test. The apparent increase 
in complement fixation sensitivity at pH 8-3 was precisely 
duplicated at pH 7-3 by reducing the number of 50 per 
cent units of complement in the test from five to four. The 
choice of four 50 per cent units of complement was based 
on the observation that five 50 per cent units of comple- 
ment at pH 7:3 are reduced to four at pH 8-3. Thus, the 
apparent increase in complement fixation sensitivity can. 
be accounted for entirely by the reduced activity of comple- 
ment at high pH. It must be concluded, therefore, that a 
change in pH in the range tested has no intrinsic effect: on 
the efficiency of complement fixation. Sensitivity may þe 
increased by alteratioas in procedure (for example, 
changes in pH or ionic strength), which inactivate comple- 
ment, but the same result may be achieved under Better 
control merely by using less complement. 




























Table 1 
Complement Percentage of haemolysis | wo 
o, peana a = 
pH of 50 per cent 50 per cent Guinea-pig As 1/5,760—Ag 1/13,609 *1/5-control’ 
diment complemen poi complement serum prennan enas 
fixation test at pH 7: units at pH 8-3 dilution Duplicates Average Duplicates Average | 
1 5 | 4-0 1/109 56-6 52-8 56-6 566 | 
f 49-1 56-6 | 
-a S P POO OO | nt 
8-3 | 5 | 4:0 1/109 
7-3 | 4-0 — 1/18 
| 
8:3 | — 5 | 1/86 








“No. of units of complement in each test is underlined. 





<A single lot of guinea-pig serum was used throughout. Complement titrations were performed in a reaction mixture of 7-5 ml. at pH 7-3 and at pH 8-3. 
: The titres were 219 50 per cent complement units at pH 7-3 and 173 50 per cent complement units at pH 83, a radio of 5-0: 4-0. 


- Complement fixation tests shown in Table 1 were performed with 0-4 ml. BSA 1/13,600; 0-4 mL anti-BSA 1/2,880, ce or 1/11,520; and 0-5 ml, of the 


z appropriate complement solution. The total volume of each reaction mixture, following the addition of 0-2 ml. optima 


ly sensitized sheep erythrocytes, was 


: (ref. 5). BSA 1/13,600 was the optimal antigen dilution found in the chessboard titrations which showed an antibody titre of 1/5,760. The reaction 
-Mixtures containing. anti- BSA 172,880 showed no lysis, those containing antl-BSA 1/11,520 showed complete lysis, snd those containing anti-BSA 1/5,760 are 
‘represented in Table 1 “Anti-complementary control mixtures containing only antiserum or antigen, in the presence of three 50 per cent complement units, 


‘showed € complete lysis. Stock BSA contained 2-5 mg protein/ml. 


~ ‘Pach ‘1/5-controt”. contained 1/5 the amount of complement solution used in ita corresponding test. 


These ecortrois contained neither As nor Ag. ‘2/5 


controls’, containing 2/5 the amount of complement solution, were almost completely lysed. 3/5, 4/5, 5/5 controls were completely lysed. 


f 
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New Methods of identifying Serum 
Siderophilin using Radioactive Iron 


In earlier investigations of the immunoelectrophoretic 
identification of the iron-binding protein siderophilin or 
transferrin, pure preparations of the protein have been 
used'-*, The preparation of siderophilin is, however, 
difficult in spite of the fact that methods have been 
perfected to do this; for example, precipitation with 
rivanol**, Wuhrmann and Jasinski? were able to show 
siderophilin in paper electrophoresis by labelling it with 
radioactive iron. Paper electrophoresis, however, only 
allows the classification of siderophilin into a specific 
group of serum proteins, that is, the $-globulins. 

In the present experiments, radioactive iron was used 
for detecting siderophilin in immunoelectropherograms of 
sera. The method made possible not only the classifica- 
tion of siderophilin into a specific group of proteins, but 
also the exact identification of the siderophilin arch. 

Precipitating sera were obtained from rabbits weighing 
about 3,500 g, which were immunized with fresh rat and 
horse sera. Bentonite was used as adjuvant’. Adjuvant 
was mixed with an equal volume of serum. Three days 
after the last (fifteenth) injection, the serum levels of 
precipitins were checked in the immunized animals, 
which were then bled. The sera (with merthiolate added 
in the proportion 1: 10,000) were stored at —20° C. 
Equine precipitating serum No. 512 (from the Pasteur 
Institute, Paris) was used in the study of human sera. 

The isotope iron-55 (half-life 2-94 years) as the chloride 
in weak solution of hydrochloric acid (Radiochemical 
Centre, Amersham) was used. To 1 ml. of serum, 0-2 uc. 
of iron-55 was added, and the mixture was incubated in 
the refrigerator for 1 h. 

The method of Scheidegger*, as modified by Hirschfeld’ 
using agar gel, was adopted. Mixtures of sera with iron-55 
were separated electrophoretically for 2-5 h. The precipi- 
tating sera described above were used to precipitate pro- 
teins. The preparations were washed and dried and, after 
making autoradiograms, were stained with amide black. 

Foton—Roentgen ‘Super Films’ were used for autoradio- 
graphy. The preparations obtained by immunoelectro- 
phoresis were covered by roentgen films of dimensions 
equal to those of the preparation and were exposed for 
4 weeks. 

After saturating the serum with radioactive iron, 
immunoelectrophoretic preparations and their autoradio- 
grams were obtained and compared with each other. In 
the autoradiograms, iron-binding protein gives bright 
arches. 

In Fig. 1, the immunoelectrophoretic pattern of normal 
human serum (b) and the autoradiogram of the same 
preparation (a) are illustrated. The autoradiogram contains 
a single bright arch, which is an exact reflexion of the arch 
of iron-binding protein precipitated in the immuno- 
electropherogram. The arch lies in the $,-globulin region 


_ and is situated near the ditch containing the precipitating 


serum. Its localization in our experiments is analogous to 
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Fig. 1. a, Autoradiogram of siderophilin of human serum; b, immuno- 
electropherogram of normal human serum 


Fig. 2. a, Autoradiogram of siderophilin of horse serum; b, immuno- 
electropherogram of normal horse serum 


Fig. 3. a, Autoradiogram of siderophilin of rat serum; 6, immuno- 
electropherogram of no rat serum 


Fig. 4. a, Autoradiogram of siderophilin of sheep serum: b, immuno- 
electropherogram of normal sheep serum 


that obtained by Grabar and Burtin', Polonovski et al.?, 
and Kistler et al.*, who utilized pure preparations of 
siderophilin. 

Siderophilin in the autoradiogram of horse serum is also 
situated in the 8,-globulin region (Fig. 2), and its arch is 
identical with the 6,-globulin arch in the immunoelectro- 
pherogram nearest the ditch containing the immune 
serum. 

The siderophilin in rat serum shows different electro- 
phoretic mobility, lying in the 8,-globulin region (Fig. 3). 
In the same way as in the preceding serum preparations, 
the arch of siderophilin of rat serum lies nearest the ditch 
containing precipitin. 

Preliminary experiments showed that the electro- 
phoretic mobility of sheep-serum siderophilin corre- 
sponds to that of the «,-globulins (Fig. 4). 

For technical reasons, the isotope iron-55 (half-life, 
2-94 years), which has very weak radiant energy, was used 
in our experiments, which made necessary long exposure 
of the photographic films. The exposure time can be 
shortened to several days*, using the isotope iron-59 
(half-life, 47 days), which has much higher energy of 
6-radiation than iron-55. 
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approximately 50 days old and weighing 130-150 g, were 
_ given a single oral dose of 20 mg DMBA. About 65 per 
cent developed single or multiple mammary carcinomata 
within a 6-month period. These tumours were used in the 
xperiments described here. 
‘Tumour tissue preparations from one rat were never 
cooled with those derived from another rat; however, in 
ome instances, multiple tumours from the same rat were 
ombined. Aseptic procedures were followed at all times. 
he tumour tissue was rinsed once in Hanks’s balanced 
alt solution, minced with scissors, and the mince was 
ivided into two portions. One portion was ground in a 
tar with ‘Alundum’ in 0-15 M potassium citrate solu- 
n containing 1 mg per cent hyaluronidase. This extract 
as freed from tissue debris and cells by three cycles of 
utrifugation at 1,900g, 2,400g, and 12,000g, for 20, 20, 
d 10 min each, respectively. The supernatant from the 
rd cycle of centrifugation was centrifuged at 73,000g 
‘1h. The resulting pellet was suspended in 0-05 M 
tassium citrate to give a concentration of 0-5-1-0 g 
uivalents of the original tumour tissue per ml. 
The second portion of the same tumour mince was 
ised twice with Hanks’s solution and gently agitated as 
, suspension in a 0-25 per cent solution of trypsin for 1 h 
t 37° ©. The trypsinized cells were washed twice in 
Hanks’s solution and suspended in complete medium 
o a concentration of 5-10 x 105 cells per ml., and grown 
yn glass in Brockway Flint prescription bottles at 37° C 
for 2-4 weeks. (The complete medium consisted of 55 
per cent minimum essential medium, 30 per cent beef 
amniotic fluid, 15 per cent calf serum (heated at 56° C 
~~ for 30 min), 100 y. penicillin per ml. and 100 ug streptomy- 
_. ein per ml. The pH was adjusted with a 7-5 per cent sodium 
bicarbonate solution. All ingredients were obtained from 
-. Microbiological Associates, Ine., Bethesda, Maryland.) 
<: When the cell sheets from a number of bottles became 
< eonfluent, the cells and medium were collected and 
= pooled. This suspension was frozen and thawed three 
times. The suspension thus obtained was centrifuged in 
the same manner as the first portion of the mince. The 
final pellet was resuspended in a volume of 0-05 M potas- 
sium citrate equivalent to 1/10-1/20 of the original volume 
_ of the culture fluid. 
- Inocula prepared from each tumour by both processes 
were injected into new-born female Sprague-Dawley rats. 
Groups of 10-15 new-born rats were each injected with 
‘Loml. of the inocula subcutaneously, intraperitoneally, 
, in a few instances, with 0-025 ml. intracerebrally. The 
jected animals were weaned when they were 3 weeks 
d and palpated for the presence of tumours at bi-weekly 
rvals. New-born rats of the same sex and strain, 
ing as controls, were injected either with similarly 
centrated extracts of liver-spleen—lung tissue from 
ymour-bearing rats, of rat embryo cell cultures, 0-05 M 
assium citrate or with 1-10 x 10° intact trypsinized 
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Table 1. PRODUCTION OF MAMMARY CaRCINOMAxs BY INJECTING NEW-BORN 
RATS WITH PREPARATIONS DERIVED FROM CHEMICALLY (DMBA) INDUCED | 
MAMMARY CARCINOMATA OF THE RAT ee 





DMBA-induced tumours: Tumour 
Source of Boute of injection Latent 
inoculum period 
(days) 

Cell culture intraper@oneal; subcutaneous t 100; 224 2/9 
Cell culture intraperitoneal; intracerebrally t 187 16 
Cell culture intraperitoneal; intracerebrally t 205 1/12 
Cell culture iutraperitoneal 250 1/3. 
Cell culture f intraperitoneal 264 1/10 
Cell culture intraperitoneal 283 4/13 
Tumour tissue intraperitoneal 95 1713 
Tumour tissue t intraperitoneal 141 1/12. 
Tumour tissue intraperfoneal; subcutancous f 171 Hi 
Tumour tissue intraperitoneal 178 HIL 
Tumour tissue intraperitoneal 193 A. 
Tumour tissue intraperitoneal 201 1/10: 
Tumour tissue intraperitoneal 210 H22: 


* Histologically, ali tumours were papillary carcinomata or adenocar- 
cinomata. 


¢ Same animal injected by two routes. 
t Filtered through ‘Milapore HA’ filter impermeable to bacteria (0-45). 


cells from DMBA-izduced tumours. None of the 800 rats 
given the foregoing 2ontrol materials developed mammary 
carcinomata during 9 months of observation. On the other 
hand, when inocula derived from 54 DMBA-indueed 
tumours were injected into a total of 1,180 new-born rets, 
fourteen mammary 2arcinomata (identified by histological 
examination) developed from thirteen of the DMBA 
tumours within 9 months. The results of these experiments, _ 
presented in Table 1, show that: (a) the incidence. of 
tumour response of the injected animals was very low 
even in the positive groups; (b) the average latent period 
was about 6 months; (c) tumour production was equally 
successful with tissae culture preparations and. tumour 
tissue extracts; (d) sumours also resulted from the injec- 
tion of extracts that were filtered. E A 
The small number of tumours obtained in the experi- 
mental groups wouid seem to be significant, ho 
since none developed in control animals during th 
period of time. Further investigations are being unc 
taken in an attempt to increase the tumour incidence 
This work was supported by contract PH43-6 
from the National Cancer Institute. k 
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Deoxyribonucleic Acid Synthesis of Hydati- 
diform Moles in Organ Culture : an 
Autoradiographic Investigation 


Mipciey et alẹ, using tritiated thymidine, have . 
demonstrated that placental syneytiotrophoblast in the 
monkey originates frem cytotrophoblast. Electron miero- __ 
scopic and immunochemical investigations of benign’ and _ = 
malignant trophoblast have supported this concept and — 
have also shown thas the differentiated syncytiotropho- = 
blast produces chorionic gonadotrophin*. eet oe 

A hydatidiform mole is a chorionic growth which 
morphologically and clinically represents an immature 
and pathologic trophoblast':*. In the investigation re- 
ported here, an attempt was made to label selectively and 
to follow the maturation pattern seen in trophoblast” 
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from vesicles of hydatidiform moles incubated in organ 
culture. Tritiated thymidine was chosen as the label, as 
it is incorporated into newly synthesized DNA in the 
normal cytotrophoblast?. 

Twenty vesicles of two hydatidiform moles were 
obtained in the delivery room from women with histories 
of 13 and 15 weeks of molar pregnancy, respectively. 
The vesicles were incubated in tissue culture medium 199 
with 1 pe. *H-thymidine per ml. of culture. 

Vesicles were recovered from the culture at intervals 
of 3, 6, 12 and 24 h, fixed in Bouin solution, embedded 
in paraffin, sectioned at u and coated with Kodak 
‘NTB 3’ emulsion. After sufficient exposure at 4° C in 
plastic boxes, the slides were developed and stained with 
haematoxylin and eosin. 

Irregular distribution of silver grain deposits was ob- 
served in the cytotrophoblast of vesicles lined by two rows 
of trophoblast cells, but no label was present in syncytio- 
trophoblast nuclei. Areas with hyperplasia or anaplasia 
of the trophoblast showed irregular labelling of cyto- 
trophoblast nuclei in different areas, but there was no 
evidence of labelling in the syncytiotrophoblast. Labelling 
of the trophoblast greatly increased in those vesicles that 
had been left for 24 h in organ culture. A large number 
of Hofbauer cells and other stromal cells were also labelled 
by radioactive thymidine (Fig. 1). 

When the percentage distribution and variance of the 
marked nuclei were plotted against the incubation time 
of the vesicles, an increased proportion of the labelling 
was found. The same proportion of label was also observed 
in thin areas of trophoblast as in areas of hyperplasia 
(Table 1). 

These findings suggest that the cytotrophoblast of hyda- 
tidiform moles, although it exists in an irregular form, 
contributes to the formation of syncytiotrophoblast, and 
that inactive-looking portions of trophoblast seem to be 
potential areas for developing hyperplasia, as they in- 
corporate thymidine in the same proportion as does 
hyperplastic trophoblast. Although it might be expected 
to be active, the latter does not show any greater propor- 
tion of any label than do thin areas of trophoblast. It is 
possible that this finding indicates an alternating capacity 
for cellular reproduction in these tissues. The presence of 





Fig. 1. a, Vesicle of hydatidiform mole with a thin layer of trophoblast showing label in 
Retr aangaan and some stromal cells (3 h incubation). b, Heavy labeliing in cysstronn 


t a small area of hyperplasia and thin trophoblast; absence from s 
hyperplasia (6 h incubations. 6, Labelling of cy toirophoninat and some stromal cells; 
h). d, Vesicle with hyperplasia showing 


tiotrophoblast remains unmarked (12 h). 
EN: = irregular label in cytotrophoblast (24 h) 
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Table 1, PERCENTAGE OF LOCALIZATION OF TRITIATED THYMIDINE IX 
NUCLEI OF HYDATIDIFORM MOLES 


*“Normal’* Hyperplastic 
Time Cyto- Syncytio- Cyto- Syncytio- Stroma 
(h) trophoblast trophoblast trophoblast trophoblast cells 
3 5-50 0 5-55 0 3-20 
6 10-70 0 10-80 0 10-40 
12 20-90 0 20-80 0 20-50 
20-00 0 20-90 0 10-50 


* ‘Normal’ cytotrophoblast is the inactive form in vesicles. 


labelled nuclei of stromal cells indicates an active incor- 
poration of thymidine; the proportion found was not 
expected, as mitoses are infrequent in these cells. 


HÉCTOR MÁRQUEZ-MONTER 
Unidad de Patología, 
Hospital General, 
México. 
> ley, jun., A. R., ,jun., G. B., G.A., ‚J. R.G. 
Midgley ae AE son G. B., Deneau, G, A., and Gosling, J. R, G 


s Puros, oP . B., Midgley, jun., A. R., and Beals, T. F., Lab. Invest., 13, 
* Midgley, jun., A. R., and Pierce, jun., G. B., J. Exp. Med.,115, 280 (1962). 
+ uez-Monter, H., an Gonzdlez-Angulo, A., Rev. Méd. Hosp. Gen. 


(México), 27, 851 (1 
in Armed Forces Institute of Pathology: Atlas 


* Hertig, A. T., and Mansell, H., 
of Tumor Pathology (1056). 
* Smalbraak, J., T'rophoblastic Growths, 31 (Elsevier Press, 1957). 


Nucleic Acids of Malignant and Benign 
Splenic Hyperplasias in Mice 


CERECEDO et al.'-* and Hilf et al.*, studying the effect of 
sarcoma 180, melanoma S91 and stressing agents on the 
nucleic acid content of different organs of the mouse, 
found that the RNA/DNA ratio usually dropped with the 
growth of the tumours. 

In transplanted murine leukaemias the RNA and RNA : 
DNA ratios were increased in the spleen®. Moreover, 
when the nucleic acids of splenic cells of spontaneous and 
transplanted leukaemias were investigated, only the 
RNA was found to be increased in the former, while both 
DNA and RNA as well as the nitrogen content were 
augmented in the latter*. In induced leukaemias, Rich 
et al.? observed that splenic RNA was 
higher than in the controls. 

The work reported in this communica- 
tion was devised to investigate whether 
there is any significant quantitative differ- 
ence in the nucleic acid content of malig- 
nant hyperplasias as compared with benign 
processes, and if so, how do these changes 
develop with time. 

Groups of 5-10 male BALB mice about 
3 months old were intraperitoneally in- 
jected with a cellular homogenate of either 
a leukaemia (L423) or a lymphosarcoma 
(L370). Animals were killed at 2 h, 1, 3, 
5, 7 and 10 days after the injection. 

Splenic nucleic acids were extracted 
according to the technique developed by 
Schneider’; RNA was determined by the 
orcinol reaction as modified by Ceriotti® 
and DNA by a colorimetric method based 
on the diphenvlamine reaction described 
by Dische’®, Each determination was 
repeated three times and compared with 
the corresponding standard solution; the 
results are expressed in mg per mg wet 
tissue. Three groups of controls were used: 
(1) spleens of normal mice injected intra- 
peritoneally with normal BALB splenic 
cells; (2) spleens of mice injected intra- 
peritoneally with 0-2 ml, of Freund's adju- 
vant; in this case specimens were obtained 
over a period of 90 days; (3) spleens of 
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;mice injected subcutaneously with 0-2 ml. of a 1 per 


, cont phenylhydrazine hydrochloride (PH). 


When the 
determination of nucleic acids in the spleens of those 
animals transplanted with 0423 and £370 had been 
carried out and related to the evolution of the process, 
it was observed that while RNA disclosed a gradual 
increase, significant only in the case of L423, DNA had a 
tendency to decrease although the drop was not significant. 
These modifications in the nucleic acids were more clearly 
demonstrated by the RNA: DNA ratio, which rose with 
time in L423 (F, 21-3; P < 0-01) and L370 (F, 9-73; 
P < 0-05) (Fig. 1). 

When the same determinations were carried out in 
those animals injected with normal splenic cells, no changes 
in the nucleic acids were detectable (P>0-4; > 0-3). 

When. PH was administered, although DNA and RNA 
both showed, a non-significant transitory increase, the 
RNA: DNA ratio disclosed a progressive and significant 
fall (F, 12:8; P < 0-05) (Fig. 1). 

When Freund’s adjuvant was injected, although the 
splenic RNA showed a slight tendency to increase while 
the DNA tended to decrease, neither of them varied 
significantly. However, the RNA: DNA ratio showed a 
transitory and significant increase in the first 10 days 
(F, 10-4; P < 0-05) (Fig. 1), after which it levelled off 
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2h 1 3 7 
Tıme after the injection (days) 
Fig. 1. RNA:DNA ratios in benign and malignant hyperplasias 
plotted against time Fitting the curves by lineal regressions the significance 
of the slopes are: Lymphosarcoma (L870), F, 9°78, P < 0:05 (@—e); 
leukaemia (£423). F, 218, P < 0-01 (x ~~ x); Freund’s adjuvant (FA) 


F, 104, P < 0:05 (@ + + + + @); phenylhydrazine hydrochloride (PH), 
F128, P < 005(x +++ x), Note that phenylhydrazine hydrochloride 
has, in part, a negative slope 





26 28 3-0 B+, 3-4 3:6 38 
Log spleen weight 
Fig.2. RNA: DNA ratios in benign and malignant hyperplasias plotted 


against log spleen weight. These curves proved linear and their slopes are 

significantly different (F, 6:67, P < 001). The values of Freund’s adju- 

vant and phenylhydrazine hydrochloride have been pooled because their 
slopes are not significantly different 
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(F, 7:38; P < 0-01). 
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again. In Fig. 2 the various RNA : DNA ratios are 
plotted against the log spleen weight, and since the slopes 
of both benign hyperplasias are similar their values have 
been pooled. The remaining slopes are significantly 
different (F, 5-67; P < 0-01). When the values of RNA : 
DNA ratios are adjusted to a mean log spleen weight 
common to all groups, their difference is highly significant 
This means that for the same log 
spleen weight the RNA: DNA ratio is greater in the two 
malignant groups. 

It is possible to assume, according to these experiments, 
that the increases observed in animals injected with 
£423 and £370 are related to the malignant nature of the 
processes and not only due to splenic hyperplasia or rapid 
growth, as postulated by Peterman’. In fact, mice treated 
with PH showed an increase in spleen weight comparable 
with or even greater than that seen in the malignant 
groups. It is also of interest to note that with L423 
splenic RNA showed a gradual and progressive increase; 
however, Peterman’, working with a transplantable 
leukaemia, reported that RNA, although increased, did 
not change with the evolution of the disease. In conclu- 
sion, the malignant processes studied in these experiments 
show a definite modification in the RNA: DNA ratios 
which seems to be ckaracteristic of malignancy since no 
similar degree of alteration was observed in the benign 
hyperplasias when related either to spleen weight or time 
of evolution. : 
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Normal Distribution of Cell Generation Rates 


THe distributions of generation time are markedly 
skewed, but the reciprocal of the generation time, termed 
‘generation rate’, was reported to have a normal distribu- 
tion for a bacterium, yeast, a strain of human tissue 
culture, and the protozoan Tetrahymena gelew; these 
results provided evidence for the generalized nature of this 
distribution in widely different kinds of cells in balanced 
growth. Although other measurements had not always 
given a normal distribution of generation rates, this was 
to be expected since zhe sources of expermmental bias were 
not then completely understood. There are several kinds 
of bias that must be avoided®. Furthermore, some experi- 
rents in the literaturs have given no clear test of the nature 
of the distribution, since data are insufficient, with rather 
fewer than 100 cell divisions measured. Nevertheless, it 
has been asserted thet the skewed character of the genera- 
tion-time distribution has decreased as experimental 
techniques have advanced’, and this would require that 
the generation rates depart from a normal distribution. 
This communicatior presents further evidence for the 
validity of the normal distribution for generation rates. 


1040 


In an extensive study of the individual generation times 
of another protozoan, Euglena gracilis, grown either in a 
salt medium (790 cells) or in a complex organic medium 
(548 cells), Cook and Cook observed skewed distributions 
of generation time‘. Their data (kindly sent to me) 
provide excellent evidence for normal distributions of 
generation, rate for Euglena in each of these media, and 
are replotted in Fig. 1. It may be seen from this that there 
is no significant departure from the normal distribution 
for generation rates as small as three standard deviations 
below the mean (in each case the lower three points are the 
sums of one, two, and two observations respectively) 
and for generation rates as large as two standard devia- 
tions above the mean. The remarkable agreement at 
rapid rates was unexpected, since it seemed obvious that 
some maximum rate must exist for cell reproduction. 
Clearly, these data strongly support the normal distribu- 
tion of generation rates, modified only at large generation 
rates by the requirement of a minimal time for the com- 
pletion of the cycle of cell division. 
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Fig. 1. Cumulative distributions of generation rates for Euglena 
gracilis. The data of Cook and Cook‘ are plotted as cumulative distribu- 
tions of generation rates on arithmetic probability coordinates. x, Cells 
growing in a salt medium; ©, cells growing in a complex organic medium 


It should be pointed out, however, that the cell inter- 
division times are not independent from one generation to 
the next: the data for Escherichia coli! fail to show the 
required increase in standard deviation of the sums of the 
times of sucvessive divisions®. A more complete analysis 
is In progress. 

Finally, the results of Cook and Cook partially modify 
an earlier suggestion of mine that the control of cell 
division might tend to fall into either of two classes under 
conditions of balanced growth*®. The average values of 
the coefficient of variation of generation rate (O.V.) that 
had been observed for the two classes (along with their 
standard errors) were 9-4 (+ 0-2) per cent and 18:8 (+ 0-6) 
per cent. For Euglena grown in organic medium the value 
of C.V.is 10-6 (+ 0-3) per cent, which tends to fall into the 
first group above. However, the value with the salt medium 
is 16-0 (+04) per cent, which does not fall into either 
group. Thus, it is apparent that the variability in cell 
division can be modified by environmental conditions, 
even for cultures in balanced growth. 

These results can readily be understood if the generation 
time depends on several or many reactions, any one of 
which might be transiently rate-limiting for cell replication. 
For cells growing in a complex organic medium the number 
of different kinds of reactions that the cell must carry out 
will be reduced by the exogenous supply of compounds 
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that would otherwise necessarily be synthesized. Here, 
the ready availability of these compounds would reduce 
the time necessary for cellular replication, eliminating the 
contribution of these reactions to the over-all generation 
time and thereby decreasing the value for C.F. 

The clustering of values of O.V. which remains when 


. cells are allowed to grow at nearly maximum rates suggests, 


further, that the residual variability in generation rates 
might arise essentially from the variability remaining in a 
single process; for example, the time needed to replicate 
DNA. The mechanism by which some cells achieve tight 
control of cell division (that is, C.V. = 9-5 per cent) 
while others have their cell division only poorly controlled 
(C.V. œ~ 19 per cent) is not known. However, further 
evidence that there are two discrete states of the control 
of cell division has been obtained for the yeast Saccharo- 
myces cerevisiae: either of two values of C.F. is obtained 
over a temperature range. 

This work was supported by the U.S. Atomic Energy 
Commission. 
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Prolactin and Serum Osmolality of 
Hypophysectomized Killifish, Fundulus 
heteroclitus, in Fresh-water 


THE presence of the pituitaryt, or, more specifically, 
the presence of the erythrosinophilic cells of the pro- 
adenchypophysis’, is necessary for fresh-water survival 
in the euryhaline cyprincdont, Fundulus heteroclitus. 
Failure, with symptoms of asthenia, is correlated with a fall 
in serum chloride. Hypophysectomized F. heteroclitus can 
be maintained in fresh-water by intraperitoneal injections 
of Fundulus pituitary brei. Crude pituitary preparations 
from other species may be partially effective (perch, 
rat). Replacement therapy with synthetic or partially 
purified hormones led to the discovery that mammalian 
adenohypophyseal preparations with prolactin activity 
can prevent failure®:+. Purified ovine prolactin was highly 
effective, and significant prolongation or maintenance of 
survival was observed with bovine prolactin and with 
primate growth hormone preparations containing pro- 
lactin activity. Ovine prolactin also prolongs fresh-water 
survival in hypophysectomized Poecilia latipinna, Xupho- 
phorus maculatus’, and Tilapia mossambica’. 

Preliminary data, reported in this communication, 
demonstrate that injections of ovine prolactin, at a suitable 
dose, enable hypophysectomized F. heteroclitus to main- 
tain normal serum osmolality. Serum was taken from 
selected groups of fish the failure or survival of which in 
fresh-water has been the subject of a separate communica- 
tion‘. Osmolality was estimated on 6~15 ul. samples, 
from individual fish, by comparison with standard sodium 
chloride solutions, using a ‘Mechrolab’ vapour pressure 
osmometer equipped with Hamilton microsyringes. The 
results are expressed in terms of equivalent osmolality 
(Table 1). 

Normal values for serum osmolality of hypophysec- 
tomized F'. heteroclitus, maintained in salt-water, averaged 
0-372. This is in the expected range for intact fish under 
similar conditions. Effective treatment with ovine 
prolactin (105 mv./g, alternate days) resulted in essentially 
similar values for the serum of hypophysectomized fish 
maintained for 28 days in fresh-water. In contrast, low 
levels were observed in the serum of fish taken at the 
onset of asthenia (tilting) in fresh water. This datum was 
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, obtained from fish that had received ineffective replace- 
" ment therapy: four fish had been treated with bovine 
growth hormone and had failed in 6-10 days; five fish 
treated with arginine vasotocin (0-0225 mu./g daily) 
had failed even more rapidly. Monkey growth hormone, 
containing prolactin activity equivalent to 40 mv./g on 
alternate days, prolonged survival but failure ensued in 
18-22 days. Ovime prolactin administered at a high dose 
(350 mu./g, alternate days) was less successful than the 
lower dose reported here: one fish that failed after 17 
days had a serum osmolality of 0-252; another that was 
still alive after 22 days in fresh-water had a serum osmolal- 
ity of 0-289. This may be near the lower limit for survival, 
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since one fish receiving arginine vasotocin failed with a: 


serum osmolality of 0-265, the highest recorded at onset of 
asthenia. 

These results may be compared with Burden’s' data 
for serum chloride: hypophysectomized F. heteroclitus 
in salt-water averaged 152 mM Cl/l., hypophysectomized 
F. heteroclitus at onset of asthenia in fresh-water averaged 
66 mM CIi/l. It is possible that Burden’s fish were taken 
in a more advanced state of failure, as the serum chloride 
was 43 per cent of normal, whereas, in our experiments, 
the serum osmolality was 63 per cent of normal. Further 
clarification would require the simultaneous determina- 
tion of all major solutes contributing to serum osmolality. 

The failure of teleostean neurchypophyseal peptides to 
prolong fresh-water survival in hypophysectomized F. 
heteroclitus, documented in the article already cited’, 
is associated with a concomitant inability to maintain 
serum osmolality, reported in the present investigation. 
In contrast, ovine prolactin, which was highly effective, 
contained little or no activity that would indicate the 
presence of contaminating traces of neurohypophyseal 
hormones. 

The mode of action of prolactin requires further investi- 
gation. Restoration of impaired function of the mucus- 
secreting cells may be suspected. Removal of the mucous 
coating of the skin severely disturbs salt- and/or fresh- 
water tolerance in various teleostean species’. Burden 
reported atrophic changes in the mucous cells of the 
gills m hypophysectomized F. heteroclitus. On the other 
hand, prolactin stimulates the secretion of ‘discus milk’ in 
Symphysodon discus’, and a single injection causes a 
transitory increase in the abundance of mucous cells in 
the skin of S. aequifasciata axelrodi. Another possible 
contributory action has been reported: prolactin increases 
urine flow and decreases urinary sodium concentration in 
hypophysectomized Fundulus kansae, maintained in 
hard tap water. The impaired kidney function of 
hypophysectomized fish is, in this respect, restored to 
normal. Furthermore, in agreement with our findings on 
F. heteroclitus, prolactin enables Poecilia latipinna to 
maintain serum sodium at near normal levels, 24 h after 
hypophysectomy in fresh-water,  Osmoregulatory 
processes are more primitive in myxinoids, and the 
failure of prolactin to increase the diminished serum 
sodium and potassium of intact hagfishes adapted to 60 
per cent salt-water? may have no bearing on teleostean 
problems. 

This investigation was supported by grants from the 
U.S. National Science Foundation (@B-0132, G—17660 
and AM—01940) and by a general research support grant 


Table 1. SERUM OSMOLALITY OF HYPOPHYSEKOTOMIZED MALE Fundulus 


heteroclitus* 
Serum osmolality, 


Group mOsm.j/kg water 
Mean st 
(a) Five fish maintained in salt-water t 371 £6 
(2) Thirteen fish at onset of failure In fresh-water 
see ext +19 
(3) Three fish treated with ovine prolactin, in healthy 
condition after 28 days in fresh-water +24 


* All experiments at c. 15° ©. 
Standard deviation for small numbers. 
Hypophysectomized 7 months pre reviously, used in an e 
fish pituitary fractions and allowed to recover for 8 months b 
salinity of water at tume of autopsy 34 per cent, 
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Uncertainty of Leadership-rank in Fallow Deer 


Socar animals may have group ‘leaders’ which respond 
to external stumuli more rapidly than do other individuals, 
and thereby influence the behaviour of the whole group. 
Allee eż al.t described leaders in a flock of pekin ducks, but 
noted only the frequency with which specific individuals 
led the rest of the group. Apparently no one has investi- 
gated ordering amang the ‘followers’, so that it is not 
known. whether the rest of a group tends to follow the 
leader in a definable sequence. 

As part of a behavioural study? of the fallow deer 
(Dama dama), six pregnant does were penned and marked 
for individual identification at the Duke University Field 
Station for Animal Behavior Studies. When frightened, 
as by approaching persons, the does ran from one 
part of the enclosursa to another along a length of fence. 
The sequence of individuals became stable shortly after 
their start and was noted at the midpoint of their travel 
by one of us (B. K. &.) on 101 occasions. Does were thus 
scored as rank one (ret j in line) to rank six on each occa- 
sion. 

If each rank assignment is an w and there are n assign- 
ments the mean rank (x) of each individual is: 

101 
2 w 3 
ğ = PZL (1) 
n 
The uncertainty in rank of each ındıvidual (Uz) is com- 
puted from Shannor’s? information equation in which the 
probability (p,) of oecurrence of rank ż is estimated by the 
ratio of z’s in 2 to the total number of z’s (n), and the 
solution is in bits of uncertainty: 


6 _ 
Uz = A Pi (— logs pı) (2) 
q 


Fig. 1 shows that stability in rank is very highly corre- 
lated with mean ranz. Under the conditions of the experi- 
ment one can refer to a single group leader. However, 
other does do not merely comprise a group of followers; 
they tend to follow the leader in a linear sequence which 
becomes more variable as leadership-rank decreases. We 
cannot say from the present observations whether leader- 
ship-rank 1s related to dominance-rank in these individuals. 
Nor can we say whether the positive correlation of leader- 
ship-rank and rank-certainty is maintained in differently 
sized groups. z 
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Fig. 1. The linear correlation between decreasing leadership rank (7) 
and increasing uncertainty of rank (Uz). Each of the six points represents 
& particular doe of the herd. The line is fitted by eye 


It is possible that differences in responsiveness—depen- 
dent primarily on individual physiological factors (for 
example, sensory capacities and response latencies) and 
psychological factors (for example, nervousness)—-produce 
the observed sequences. Alternatively, ‘the data may 
illustrate a parameter of social organization heretofore not 
predicted by behavioural theory. 

We thank Drs. Klopfer and R. MacArthur for their 
assistance. The study received support from National 
Institutes of Health grant M—4453, and was completed 
during tenure of National Institutes of Mental Health 
predoctoral and postdoctoral fellowships to J. P. H. 
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Metabolism of Spirogyra during the 
Conjugation Process 


METABOLIC changes corresponding with morphological 
change during the conjugation process of Spirogyra sp. 
were investigated. 

The activity of endogenous respiration in intact cells 
was found to change during this process as seen in Fig. 1. 
The activities of NADE. oxidase, NADE- and succinate- 
cytochrome c reductases, and cytochrome c oxidase were 
found to vary during the conjugation process in parallel 
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Fig. 1. Activity of endogenous respiration of Spirogyra sp. at different 
stages of the con aren process. Conditions: intact cella, 200 mg wet 
weight; phosphate buffer, 0'02 M, pH 7:2; total volume, 2:0 ml; at 80° C 


NATURE 


` 


“E 


March 5, 1966 


Table 1. AMOUNTS OF RNA AND DNA IN Spirogyra AT DIFFERENT STAGES 
OF CONJUGATION PROCESS z 
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Modified Ogur—Rosen method Schmidt-Thanhauser method 
Celis (refs. 1, (ref. 3 
pgjmg dry wt. xug/cell RNA/ we/mgdrywt. xugi/cell BNA/ 
RNA DNA RNA DNA DNA RNA DNA BNA DNA DNA 
V* 617 137 840 187 4:5 620 113 845 154 55 


T* 686 1:61 1,167 821 36 6°69 173 1,132 344 3:8 
Zt 933 261 2,303 644 3-6 728 215 1,797 531 3-4 


* F, Vegetative cells; T, conjugation-tube formed cells; Z, zygote. 


with the change of respiratory activity. The amounis 
of oxygen evolved, the oxidative activity of reduced 
indigo carmine, and the activities of oxidation and reduc- 
tion of cytochrome c in light, declined at the late conjuga- 
tion stage both in intact and cell-free states. 

The content of nucleic acids was also found to vary 
during the process (Table 1). The amount of DNA per 
mg dry weight of cells was increased by about 20 per cent 
in conjugation-tube formed cells (T-cells) and by about 
200 per cent in zygote (Z-cells) compared with that of 
vegetative cells (V-cells), but there was not such a per- 
centage increase of RNA. Calculation of the DNA content 
per cell showed that this was increased about 1-7-fold in 
T-cells and 3-4-fold in Z-cells compared with V-cells, while 
RNA was increased in T-cells and in Z-cells by about 
1-4-fold and 2-7-fold, respectively. From these results 
one can see that the DNA and RNA per cell of zygote is 
approximately twice that ofa T-cell. Asshown in Table 1, 
the ratio of RNA to DNA in T-cells was the same as in 
Z-cells and less than in V-cells. 

When the cells were growing and dividing normally, 
most of the cells observed by day were short in length 
(172-1742) and elongated cells (3842-344u) were rarely 
observed. The width of both cells was about ll5u. The 
former ‘were designated as ‘short’ cells and the latter as 
‘long’ cells. It is of interest that T-cells were originated 
only from ‘short’ cells and not from ‘long’ cells, and DNA 
content of each ‘long’ cell was equivalent to that of a 
T-cell and about twice that of a ‘short’ cell, DNA in 
T-cells, half of which might be synthesized at the earlier 
conjugation stage, seems to be closely connected with 
conjugation-tube formation, because T-cells are formed 
without cell division and differ in length from ‘long’ cells. 

Estimation of basic proteins in the larger particulate 
fractions (nuclear and chloroplast) showed a gradual 
increase during the conjugation process. From this fact. 
it may be assumed that the decline of enzyme activities, 
at the later stages of this process, is due to the action of 
some basic proteins depressing the formation of messenger- 
like RNA and of enzymes. Investigations on the proper- 


_ ties of the basic proteins are in progress, and the details of 


this study will be published elsewhere. 
We thank Prof. S. Usami for his advice during this 
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Variable Photosynthetic Responses of Pinus 
resinosa Seedlings to Herbicides 


Hersicrpns have shown variable toxicity to young 
gymnosperms; the susceptibility of these plants greatly 
varies according to the chemicals and dosage used, the 
species, and the age of the plants!-4. Among the more 
obvious deleterious responses of young Pinus plants to 
certain, herbicides are twisting and curling of cotyledons, 
distortion of old needles, chlorosis, and subsequent plant 
mortality. The incorporation of herbicides by the soil 
usually causes greater injury to plants than does the 
application of them to the soil surface?+. Comparisons 
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«Of cross-sections of needles from young control Pinus 
resinosa and herbicide-treated plants showed marked 
effects on needle anatomy as a result of treatment®. 
Needles from contro] plants were approximately semi- 
circular in outline. Their mesophyll cells were closely 
packed and infolded, and they contained large chloro- 
plasts. In contrast, needles of plants treated with atrazine, 
simazine or prometryne were distorted and chlorotic. 
Their mesophyll cells were often rounded and the in- 
folding characteristic of normal mesophyll tissue no longer 
occurred. Frequently the mesophyll cells became vacuo- 
lated or nearly empty and sometimes large gaps were 
present among them’. These experiments have now been, 
extended in order to evaluate the effects of five struc- 
turally different herbicides on photosynthesis of 3-0 
Pinus resinosa Ait. seedlings. 

Experiments were performed in north-central Wisconsin, 
beginning in early June 1964, and continuing for up to 
60 days. The length of time that a particular herbicide 
was tested depended on the plant response. If photo- 
synthesis reached a negligible value after treatment 
measurements were then discontinued. 

Herbicides tested included DCPA, EPTC, atrazine, 
2,4-D, and monuron. Test plants, 15-20 cm in height, 
were grown, out of doors in plastic pots containing sandy 
loam soil. Each treatment consisted of five replicates 
(plants) and five non-treated seedlings were used as 
controls. Each herbicide was applied at 20 lb./acre of 
active ingredient suspended in 50 ml. of water. This was 
carefully mixed into the soil of the potted seedlings. Plants 
were watered regularly. After treatment, each test plant 
was brought into the laboratory, at approximately weekly 
intervals, in order to measure the photosynthesis of the 
entire shoot; the seedling was then returned out of doors. 
Apparent photosynthesis was measured, for 10 min in a 
closed system, as the uptake of carbon dioxide, and for 
this purpose a Beckman 15A infra-red gas analyser was 
used. The seedling shoot was enclosed in a sealed metal 
photosynthesis chamber which had a glass window at the 
top. Light was provided by a single high-intensity lamp, 
and was 10,000 ft.-candles at the top of the chamber and 
6,000 ft.-candles at the bottom. Temperature in the shoot 
chamber was maintained at 29°-30° C by using two layers 
of water filters. 

The various herbicides showed marked differences in 
their effects on photosynthesis. In control plants the rate 
of photosynthesis increased gradually with each weekly 
measurement and by 5 weeks the uptake of carbon dioxide 
had increased by about half. This was apparently caused 
mainly by increased leaf area following bud opening and 
expansion of the new shoots. It is probable that the 
increase also reflected the increasing efficiency of chloro- 
phyll and the improved conditions for photosynthesis— 
especially the increasing temperatures and the somewhat 
higher light intensities out of doors. Plants treated with 
DCPA showed very similar responses to control plants, 
and no significant differences were found between the 
two groups. Plants treated with DCPA showed a healthy 
green colour throughout the experiment. 

In contrast to the treatment with DCPA, EPTC, 
atrazine, 2,4-D and monuron depressed photosynthesis to 
varying degrees. The photosynthetic rates of plants 
treated with EPTC increased very slightly for at least 2 
weeks after the herbicide had been applied. However, 
as from the third week the photosynthesis decreased 
gradually until at 45 days the rate was only about a third 
of that shown by the control plants. The appearance of 
EPTC-treated plants was markedly different from that of 
plants treated with other herbicides. Thirty days after 
treatment with EPTO the new foliage showed slght 
chlorosis, while the old needles retained a healthy green 
colour. At 40 days, necrosis of new needles was observed— 
this being characterized by a bright, reddish-brown colour. 
Unlike the effects produced by treatment with other 
herbicides, this response progressed downward in the 
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plant. Uptake of carbon dioxide was stil] detectable 
57 days after treatment, by which time almost all the 
needles had turned brcwn and wilted. 

Atrazine rapidly dsapressed photosynthesis, and no 
uptake of carbon, dioxide was detectable after 4 weeks. 
Colour changes were already discernible 3 weeks after 
treatment and the 2-year-old needles appeared flaccid 
and yellow-green. At 4 weeks all needles were flaccid and 
yellow, and mortality soon occurred rapidly. Two of the 
plants were dead within 4 weeks and all five were dead 
within 5 weeks. 

2,4-D also rapidly depressed photosynthesis, and the 
pattern of decline in photosynthesis was similar to that 
following treatment w:th atrazine. However, the colour 
changes were differens, and plants treated with 2,4-D 
showed a whitish, bleached appearance in contrast to the 
yellow-green colour of shose treated with atrazine. Photo- 
synthesis was negligible 5 weeks after 2,4-D treatment. 
Some chlorophyll degradation was evident 2-3 weeks after 
treatment. At 4 weeks colour changes were conspicuous 


‘in the new needles and some abscission of leaves had 


occurred by that tims. Leaf abscission did not ensue 
from treatment with any of the other herbicides. 

Of all the herbicides tested, monuron depressed photo- 
synthesis most rapidly. However, visible symptoms of 
damage to leaves following treatment with monuron were 
practically unnoticeatle. Absorption of carbon dioxide 
could not be detected 11 days after treatment. At that 
time no change in leaf colour or condition was apparent. 
The needles were green even after 30 days, but after 40 
days they were a weak green colour similar to those of tha 
atrazine-treated plants. 

These experiments once again emphasize the extreme 
variebility of physiolozical responses of plants to different 
herbicides. Furthermcre, they emphasize that the mechan- 
ism inhibiting photosynthesis varies from herbicide to 
herbicide, and that the depression of photosynthesis 
occurs with or withous breakdown of chlorophyll. 
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Role of the Leaf in Flowering of Late Pea 
Varieties 


LATE (Sn Sn) pea varieties respond to long days and 
vernalization by flowering at a lower nodet. Paton? 
suggested that the product of leaf area and photoperiod 
governs the first node at which flowering occurs. If this 
18 80, defoliation treatments should have an effect on the 
node of first flower (F). I have conducted several experi- 
ments to test this hypothesis. In general, the only 
conclusion to be drawn from the results (those for a typical 
experiment are shown in Table 1) is that leaves apparently 
have little effect on flowering. 

Recently, Cathey and Borthwick’ have shown that the 
ratio of red to far-red light reaching the cells may be the 
controlling factor in flowering, by governing the con- 
centration of physiologically active phytochrome. This 
ratio would not be affected by defoliation treatments 
and it thus appears likely that F is a function of photo- 
period only, not of leaf area as well, provided that a 
minimum area is present for photoreception. The stipules 
of the pea plant, which were left intact during the present 
expeliments, may well be adequate for this purpose 
since they contribute up to half the photosynthetic area. 
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Table 1. EFFEOT OF DEFOLIATION AT NODES INDICATED (COTYLEDONARY 
NODE TAKEN AS 0) ON NODE OF FIRST FLOWER (F) AND TOTAL SHOOT 
HEIGHT OF THE LATE PEA VARIETY, GREENFEAST* 


Nodes defollated F (node No) Height (em) 
None-—control 16°27 310 
3,4 E 16-15 27'8 
3,4 L 15°76 26°4 
3,4,5,6 E 15°60 2506 
3,4,5,6 L 15°60 22°8 
3,4,5,8,7,8 E 15-97 23°0 
3,4,5,6,7,8 L 16-02 22 2 
3,4,5,6,7,8,9,10 # 16°12 23 2 
3,4,5,6,7,8,9,10 L 18-08 21°90 


* Plants grown in 16 h photoperiod. Æ and L denote whether leaves were 
removed when just unfolding (E) or when expanded (Z). Nodes 1 and 2 
bear only scale leaves. 

Significantly different from control at 5 per cent level. 
Significantly different from control at 1 per cent level. 


Table 2. EFFECT OF COTYLBDON EXOISION AT DIFFERENT TIMES AFTER 
GERMINATION (DAY 0) ON NODA oF FIRST FLOWER (F) AND TOTAL SHOOT 
HEIGHT OF THE LATS PEA VARIETY, GREENFRAST 


Plants grown under natural long days (about 14 h) 
Age when cotyledons 


excised (days) F (node No.) Height (cm) 

4 17°13 + 0°20 26°38 + 2-81 

6 18°16 + 0°19 83-82 + 1:88 

8 18 68+0°21 49-54 + 1:87 

10 18-96 + 020 52-00 +118 

12 19 28 + 0:26 51°68 + 1°41 

Control, cotyledons intact 19°71 + 0°26 53°67 +112 


Observed correlations between (leaf area x photoperiod) 
and F in intact plants may be due to vegetative growth 
processes and flowering being similarly affected by 
environment. 

Severe defoliation treatments reduce vegetative growth. 
Similar results may be obtained by removing cotyledons 
during the early stages of growth. However, unlike the 
removal of foliage leaves, removal of cotyledons has a 
marked effect on flowering, reducing F (Table 2 and ref. 4). 
Comparison of Tables 1 and 2 suggests two points. First, 
that the observed differences in F cannot be explained by 
alterations in the rate of node formation, since vegetative 
growth is affected similarly, but flowering differently, 
by leaf and cotyledon removal. Secondly, that foliage 
leaves and cotyledons have distinct roles in the flowering 
- process. Cotyledons, as first proposed by Barber and 
Paton’, contain a flower inhibitor. This is quantitatively 
transported to the apex during the first 2 weeks of growth, 
as shown in Table 2. Foliage leaves are obviously involved 
> in the photoperiodic response, but in a qualitative rather 
than a quantitative fashion, possibly by supplying both 
phytochrome and a substrate for its action®. The rela- 
tionship between the effects of foliage leaves and 
cotyledons is not yet clear. 

These experiments were carried out while I was in 
receipt of the Imperial Chemical Industries of Australia 
and New Zealand research fellowship of the University 
of Tasmania. 

JANET I, SpRENT 

Department of Biology, Goldsmiths’ College, 

University of London. 
1 Barber, H. N., Heredity, 18, 88 (1959). 
* Paton, D. M., Ph.D, thesis, Univ. Tasmania (1956). 
3 Cathey, H. M., and Borthwick, H. A., Bot. Gaz.,126, 282 (1964), 
‘Moore, T. O , Plant Physiol , 39, 924 (1964). 


è? Barber, H. N., and Paton, D. M., Nature, 169, 592 (1952). 
€ Borthwick, H. A , and Downs, R. J., Bot Gaz., 39, 125 (2964). 


Chiorophyl!l Content of Deschampsia flexuosa 
Seedlings grown on a Calcareous and a 
Non-calcareous Soil 


It is well known that many plants characteristic of acid 
soils become chlorotic when grown on calcareous soils. 
This phenomenon is usually referred to as lime-induced 
chlorosis and has been associated with impeded iron 
metabolism of the plants grown on calcareous soils. This 
communication describes an unusual alteration in the 
ratio of chlorophyll a to chlorophyli b in plants showing 
chlorosis. Seedlings of Deschampsia flexuosa were grown 
on a mor soil collected from the surface, 5 em beneath a 
Deschampsia flexuosa litter layer, and on a protorendzina 
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Fig. 1. 


soil collected from carboniferous limestone ledges where 
the soil depth seldom exceeded 5 cm. Both soils were 
sieved and placed in plastic pots. Seeds were germinated 
on moistened filter paper and seedlings planted one per 
pot. The plants were grown in a glass-house with addi- 
tional illumination from Phillips “Daylight’ fluorescent 
tubes. The soils were moistened daily with glass-distilled 
water. Plants were harvested at intervals over a period of 
6 weeks. Chlorophyll was estimated in an 80 per cent 
acetone extract of the fresh leaves from the optical 
densities at wave-lengths 645 and 663 my (ref. 1). 

In the first fortnight of growth there was a suggestion 
of a lower chlorophyll a:b ratio in the plants on the 
calcareous soil (Fig. 1). This became statistically signi- 
ficant after three weeks, due mainly to a lower chlorophyll 
a content (Fig. 2). Plants on both soils showed a fall in 
the chlorophyll a:b ratio with time but it is thought 
likely that the fall in plants growing on the acid soil 
represents an ontogenetic drift. By the end of the 
experunent there was a marked discrepancy in the growth 
of the plants in the two treatments. Plants grown on the 
acid soil had tillered several times while those grown on 
the calcareous soil had not. Chlorophyll 6 contents were 
similar in both treatments and showed no appreciable fall 
with time. 

Some authors have implicated the bicarbonate ion 
as a causal agent in lime-mduced chlorosis’. It was, 
therefore, decided to see if the bicarbonate ion had a 
similar effect on the chlorophyll content as did the cal- 
careous soil. Seedlings were grown in water culture using 
the nutrient solution of Arnon and Hoagland’ at one-fifth 
strength. Twenty m.equiv./]. sodium bicarbonate was 
added to one series of nutrient solutions and a similar 
concentration of sodium sulphate to the other. The pH’s 
of the nutrient solutions were adjusted to pH 7-5. After 
14 days, during which time the solutions were changed 
every 3 days, the plants were harvested and the chlorophyll 
contents determined. Chlorophyll a:b ratios were sig- 
nificantly lower in the bicarbonate treatment due mainly 
to a lower chlorophyll a content; for 18 deg. of freedom 
t= 383097, P = <0-01 >0-001 (Table 1). 


Table 1 
Chlorophyll Chlorophyll Chlorophyll 
a* b* a:b 


0 53 
0°50 


1-97 
164 


1-04 


Arnon/5 +20 m.equiv.ji. Na,504 ae 


Arnon/5 +20 m.equiv./]. NaHCO, 
* Mean values in mg/g fresh weight. 
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Fig. 2. a, Chlorophyll a. O, Acid son; x, calcareous soil. b, Chloro- 
phyll b. @, Acid soil; 4, calcareous sou 


Thus the addition of bicarbonate ions to the nutrient 
solution caused a change in the chlorophyll a : b ratios in 
the same direction and in a similar manner to growth on a 
calcareous soil. Whether the bicarbonate ion is a direct 
cause of this change or whether it affects the availability 
and absorption of other ions from the nutrient solution 
was not determined. Plants grown on the calcareous soil 
developed a temporary purpling of the leaves symptomatic 
of phosphorus deficiency. No such purpling was recorded 
in growth on water culture. The work of Wallihan’, 
showing that bicarbonate ions mhibit the uptake of 5°F'e 
by citrus roots, suggests that the present effects could be 
the consequence of a similar process. It is not possible to 
say whether the observed chlorophyll irregularities were 
produced by similar processes in the soil and in the water 
culture. 

J. A. LEE 
H. W. WOOLHOUSE 
Department of Botany, 
University of Sheffield. 
1 Arnon, D. I., Plant Physiol., 24, 1 (1949). 
2 Ay P., and Lindner, R. C., Amer. Soc. of Horticultural Sei., 48, 85 
? Lindsay, W. L., and Thorne, D. W., Soil Scè., 77, 271 (1954). 
* Porter, L. K., and Thorne, D. W., Soil Sct , 79, 373 (1955). 
£ Arnon, D. I., and Hoagland, D. R., Soil Sci., 50, 463 (1940). 
e Wallihan, E. F., Plant Physiol., 36, 52 (1961). 


ENTOMOLOGY 


Effect of Zinc lons on Mitosis in Wing 
Anlagen of Ephestia kuhniella Z. in vitro 


Somz heavy metal ions, particularly zinc, have been 
shown to imitate the cytological effects of the insect 
molting hormone, ‘ecdyson’, in explanted dipteran 
salivary glands't. The use of such substances as 
hormone imitators would greatly facilitate research by 
providing readily available substitutes for the actual 
hormone. It is therefore worth while investigating this 
possibility further. This report describes the action of 
zine on mitosis in cells of wing anlagen of meal moth 
larvae, Ephestia kuihniella Z. 

Experimental animals were mass-reared at 25° C until 
the seventh day of the last larval instar according to 
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previously described methods?*. The larvae were then 
anaesthetized with ether, immersed in 0-9 per cent 
sodium chloride, and the hind wing buds removed fram 
the metathorax through dorsal and lateral incisions in 
the body wall. 

Fixation and dyeing were achieved simultaneously by 
immersing the anlagen for 2 h in a solution of four parts 
aqueous aceto-carmme, three parts 94 per cent ethyl 
alcohol, and one pert glacial acetic acid. The aceto- 
carmine was prepared by adding 1 g carmine to 100 ml. 
distilled water and 190 ml. glacial acetic acid, boiling the 
solution for 3 h and then filtering. The anlagen were 
mounted in a mixture of 1: 1 ‘Celodal’ (Merck A.G., 
Darmstadt) and glacial acetic acid. Mitoses were counted 
under a magnification of 500 times. 

Test solutions were made by dissolving Merck analytical 
grade zinc chloride containing 1-2 per cent zinc oxide in 
distilled water and filsering before use. All solutions were 
brought to approximately the same molarity (0-15 M) 
by adding appropriate amounts of sodium chloride. 
Experiments were coaducted either at room temperature 
(19°—22° C) or at a constant temperature of 25° C. Dupli- 
cate experiments under both conditions yielded nearly 
identical results. . 

The numbers of pro-, meta-, and ana-phases counted on 
the upper sides of right imaginal disks after immersion 
for various times ın solutions of sodium chloride and zine 
chloride are shown in Fig. 1. The left anlagen were 
fixed immediately after dissection and thus served as 
paired controls for the right disks. Preliminary tests 
showed that statistically equal numbers of mitoses 
normally occurred in left and right anlagen. Each point 
on the graphs in Fig. 1 represents the mean of five to 
twelve anlagen. 


50 
40 
OMe SAC PROPHASE 
30 
g 8 € — ge CONTROL ZnCl, 
20 oO 
*~CONTROL NaCl 
10 
0.15M NaCl 
0 
mam 
3 eee aa 
40 O O 
KORT 
© o tI re) 
re) o re) 
S 30 NI b METAPHASE 
g 0.02M Zn Cl, 
A 20 
0.15M NoCl 
0 - 
30 : i és 
© 
Ñ g , O 
20 a 8 o ‘ANAPHASE 


Ñ 0.15M NoC] 
T i 0.02M ZnCl, 
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Fig. 1. Mean numbers of pro-, meta-, and ana-phases observed on upper 

sides of anlagen submerged for various times in 0:15 M sodium chloride 

and 002 M zine chloride solutions. Control anlagen for expenments 

with sodium chloride ([]) and ane arios (O) fixed immediately after 
asection 
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Prophase nuclei disappeared rapidly in 0-15 M sodium 
chloride and were rare after 2h. Conversely, the number 
of prophases in anlagen in 0-02 M zinc chloride rose steeply 
to a peak after 3 h when twice as many were present as 
in the controls. The numbers of metaphases in anlagen 
in both 0-15 M sodium chloride and 0-02 M zine chloride 
decreased similarly during the first hour. In sodium 
chloride this decline continued until nearly all meta- 
phases had disappeared after 4-5 h. However, in 0:02 M 
zinc Chloride the reduction in number of metaphases 
ceased after 1-2 h and afterwards rose sharply to a level 
slightly above that of the controls. A t-test for difference 
between paired samples showed that the numbers of 
. metaphases in anlagen after 1 and 2 h in 0:02 M zinc 
. chloride were significantly smaller than in the controls 
- and significantly greater from 3 to 24 h. Anaphases 
decreased quickly at first in 0-02 M zine chloride and then 
remained at a relatively constant low level. In 0-15 M 
sodium chloride no anaphases occurred at all after 4 h. 
Mitosis may have been stimulated by the Zn++ at a concen- 
tration of 0-02 M zine chloride and continued to be 
initiated for 3 h. A stimulation is not definitely proved, 
however. It may be merely that Zn*+ initially supports 
continuing mitosis, somehow temporarily improving the 
poor sodium chloride medium, although other work‘ tends 
to indicate that a stimulation may be involved. Whatever 
the exact nature of the effect, it is accompanied by a 
blockage of mitosis in the metaphase due to disruptions 
of the mitotie figure by the Znt+. Characteristic signs of 
zine poisoning, such as shortening, clumping, and distor- 
tion of the mitotic figure, became increasingly obvious in 
anlagen after extended immersion in 0-02 M zine chloride. 

The increase in mitosis did not occur in anlagen in 
either 0-01 M or 0:1 M zine chloride. At the higher 
concentration both metaphases and anaphases were 
blocked and their numbers remained the same as in the 
control anlagen. At lower concentrations only the 
metaphases were blocked. 

Mitosis was favoured by Zntt only when anlagen were 
exposed to the solution almost immediately after dissec- 
tion. One hour later the cells had become incompetent 
to react to the Zn?+. This condition may be analogous 
to the irreversible ‘rejuvenation’ referred to by Kroeger’, 
an unspecific response of the cell to mechanical or chemical 
wounding causing it to revert to a more juvenile stage of 
development. 

How zinc may promote mitosis is not exactly known. 
It has been shown to stimulate RNA and protein synthesis 
in Rhizopus nigricans’. Accumulation of zine on the 
chromosomes in prophase and its subsequent release in 
anaphase has also been recorded® and may be associated 
with the acquisition by chromosomes of ribonucleo- 
protein at prophase and its ensuing release at anaphase®. 
A. structural function of zine is suggested similar to the 
role of magnesium and other divalent metals in preserving 
the structural integrity of ribonucleoprotein particles and 
thus influencing the rate of protein synthesis’. 

This work was supported by a fellowship from the 
Alexander von Humboldt-Stiftung, Bad Godesberg, 
Germany, and was completed while I was a guest at the 
Institute for Developmental Physiology, University of 
Cologne, Cologne, Germany. I thank Prof. C. Harte, 
director of the Institute, for her hospitality, and Prof. L. 
Stange and Prof. H. J. Pohley for their advice. 

C. A. BARLOW 
Entomology Laboratory, . 
Canada Department of Agriculture, Chatham, Ontario. 
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Effect of Antibiotics on Some Rumen and 
Intestinal Bacteria 


ANTIBIOTICS have been for some time added to ruminant 
feeds to increase the weight gains of the animals and they 
have also been advocated as remedies for bloat}. Some 
workers have also used antibiotics as additions to in vitro 
experiments on the basis that this would suppress the 
activities of the bacteria in mixed rumen contents and that 
residual enzyme activity would be caused by protozoa. 
(See, for example, ref. 2.) Antibiotics have also been used 
regularly to suppress bacterial growths in the in vitro 
culture of protozoa®. Little has, however, been done to 
test the susceptibility to antibiotics of defined strains of 
rumen bacteria, especially the strictly anaerobic types. 
Such anaerobic types have also been found in the intes- 
tines of ruminants and non-ruminants. 

In the course of work on the effects of antibiotics on 
rumen function, we have screened a number of antibiotics 
for their action against some representative rumen and 
mtestinal bacteria. The results are presented here. The 
strains of Selenomonas ruminantium, Lactobacillus bifidus, 
Butyribibrio sp. Bacteroides amylophilus, and an anaerobic 
lipolytic bacterium 5S‘, were isolated from the sheep 
rumen. The strain of Ruminococcus albus came from an 
air sample from acowshed. Vetlionella gazogenes was from 
the bovine rumen, while Lactobacillus fermenti and Pepto- 
streptococcus elsdenit were taken from the rumens of 
young calves and Streptococcus bovis from the rumen of a 
young calf which had had aureomycin included in its feed. 
The strain-of Escherichia coli was isolated from the intes- 
tinal tract of a four-day old guinea-pig. With the excep- 
tion of the lipolytic bacterium, the organisms were grown 
in a medium the constituents of which were: mineral 
solutions a and b4, 15 ml. each; centrifuged sheep rumen 
fluid, 30 ml.; Bacto yeast extract, 0-2 g; resazurin, 0-1 ml. 
of 0-1 per cent solution; sodium bicarbonate, 0-6 g; 
cysteine hydrochloride, 0:05 g; glucose, cellobiose and 
maltose, 0-1 g each; 70 per cent sodium lactate solution, 
0-125 ml.; water to 100 ml. The medium for the lipolytic 
bacterium had 0-1 ml. glycerol instead of the sugars and 
lactate. 

The media were prepared, dispensed and incubated 
under oxygen-free carbon dioxide in a manner similar to 
that previously described for such media‘. The addition 
of the various sugars to the basal medium, and the 
presence of rumen fluid, were necessary to ensure that all 
the organisms would grow and that they would then be 
tested under similar conditions. The various organisms 
were kept on slopes of the foregoing media solidified by the 
addition of agar (2 per cent w/v), transferred from the 
stock slopes to tubes of liquid media, as above, and 
incubated for 24 h at 38° C. Slopes of the media of 
maximum surface area were prepared.in 6 in. x 0-5 in. 
test-tubes under carbon dioxide by setting 4 ml. of medium 
in the tube at a small angle to the horizontal, and these 
slopes were inoculated at the bottom of the slope with 
two drops (0:05 ml.) of the 24 h cultures. The inoculum 
was spread over the surface of the slope with a wire 
spreader in a standard manner, all the manipulations 
being done under a stream of carbon dioxide. The slopes 
were then stored at room temperature for 15 min and then 
a sterile disk of filter paper containing antibiotic was 
placed in the centre of the slope, again under carbon 
dioxide, and the tube stoppered. The slopes were incub- 
ated upright at 38° C for 3 days and the growth noted on 
each day. Control slopes without antibiotic showed a 
uniform growth after 24 h. Antibiotic inhibition showed 
as the familiar circle of clear medium around the disk. The 
“Tylosin’ was tested in the form of factory-prepared disks 
containing 30 ug “Tylosin’ phosphate (‘Tylan’); the other 
antibiotics were prepared as filter-sterilized solutions of 
concentration 1 mg/ml. and the disks used were of 
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Table 1. THE SUSCEPTIBILITY OF SOMA RUMEN AND INTESTINAL BACTERIA TO ANTIBIOTIOS AS DETERMINED BY INHIBITION OF GROWTH ON AGAR SLOPES 
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The antibiotic was added to a lo A paver disk on the slope. 5S indicates a strain of unclassified anaerobic lipolytic bacterium; +, inhibition of growth around 


disk; —, noi ition. +-, 
zone after 1 or 2 days. 


Whatman No. 1 filter paper, 6-5 mm in diameter and con- 
taining approximately 0-01 ml. of solution. 

A positive result is shown in Table 1 whenever a clear 
zone was found, but the zones of inhibition varied in 
size with different antibiotics and organisms. The results 
support the use of chloramphenicol as an agent for 
suppressing the growth of bacteria in cultures of rumen 
protozoa and give a guide to the effects of other anti- 
biotics on rumen function. The action of penicillin on 
strain 5S could account for the marked reduction in 
lipase activity noted by Wright? in the rumen of a cow to 
which penicillin had been given orally. Wright also noted 
that streptomycin had no effect on lipase activity. In a 
number of cases, one or more colonies of the test organism 
appeared in the inhibition zone after more than one day 
of incubation, and this was especially noticeable in the 
case of penicillin G. Further work with liquid cultures 
showed that penicillin G, in concentrations up to 5 ug/ml., 
was completely destroyed in this medium after incubation 
for two days, and that higher concentrations lost a propor- 
tion of their activity. Growth of bacteria could appear at 
random in tubes of the liquid penicillin containing medium 
two days after inoculation. However, when sub-cultures 
were made from these tubes, or from apparently resistant 
colonies on agar slopes, into media containing penicillin, it 
was apparent that the organisms were not truly resistant 
to the antibiotic. The initial growth must have been due 
to chance survival of some of the inoculum until the 
penicillin concentration had been reduced below the 
inhibitory level. 

We are grateful to T. H. Blackburn and S. O. Mann for 
some of the organisms used in this survey. We would 
also like to thank the Wellcome Foundation for a main- 
tenance grant to one of us (I. E. A.), and the companies 
which provided the antibiotic samples. 


I. EL ÅKKAD 
P. N. Hosson 
The Rowett Research Institute, 
Bucksburn, 
Aberdeen. 
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Adaptation of Bacteria from One Type of 
Hydrocarbon to Another 


THE ease with which various bacteria assimilate hydro- 
carbons is known to vary with the structure of the hydro- 
carbon!, As part of an investigation of the fermentation 
of hydrocarbon material by bacteria we have investigated 
the relative rates of bacterial growth on liquid hydro- 


zone of lighter growth than rest of slope, no complete inhibition; * indicates that ‘resistant’ colonies grew in thisinhibition 


carbons of different structures. About thirty different 
kinds of bacteria, including Pseudomonas fluorescens and 
several species of Corynebacterium, have been isolated from 
soil samples taken fram industrial oil and chemical spillage 
areas and from garden soils. The most rapid growth of 
fresh isolates from soil samples occurred with the normal 
paraffins C, — Cis but growth on normal C; — C, hydro- 
carbons was much less rapid. This may be explained by 
the known toxicity ofthe lower alkanes to bacteria because 
of their lipid solvent properties. The hydrocarbons listed 
as follows are classified in decreasing order of ability to 
support bacterial growth: 


Class 1. n-Paraffins (C,-C,3). 


Class 2. Branched chain alkanes (3-methylheptane; 
2,2,4-trimethylpentane; pentamethylheptane; 2,2,4,4,6,- 
8,8,-heptamethylnonsne; propylene tetramer). 


Class 3. n-Paraffins (C,-C,). 


Class 4. Cyclic hydrocarbons (cyclohexane, methyl- 
cyclohexane, decalin, benzene, m-xylene). 


Bacteria isolated with the aforementioned hydrocarbons 
as sole carbon source were able to adapt from one hydro- 
carbon to another. -Iowever, there was a marked varia- 
tion in the ease with which the different hydrocarbons were 
utilized by the same organism. Micro-organisms isolated 
on hydrocarbons low in the foregoing classification rapidly 
adapt and then grow well on a hydrocarbon higher in the 
list, but adaptation in the reverse sense did not apply. 
A typical set of experimental results is given in Table 1. 


Table 1. BACTERIAL GROWTH AFTER ADAPTATION TO NEW CARBON SOURCES 


Hydrocarbon used for 
isolation Hydrocarbon used to test adaptability 
Bac- Class 2 
terial Class 1 2,2,4- Class 3 Class 4 
strain Class Substance Decane Trimethyl- Pentane cyclo- 
pentane hexane 
HD 1  Dodetane + + ~~ — 
CD 1 Dodecane + +b + mee — 
Q tjo 2 2,2,4-Trnmetkyl ++ +++ me _ 
pentane 
Mlijo 2 2,2,4-Trimetkyl- +++ ++ ~ - 
pentane 
SP 3 Pentane + + + ++ + >} + 
LP 3 Pentans ++ + + — 
Q ejh 4 CGyelohexane +++ + a ++ 
T clh 4 Cyclohexane ++ + + ++ 


+++, Between 5x 10° and 5x 10° cells/ml. 
++, Between 5 x 10? anc 6 x 10° cells/ml. 
+, Between 5x 10° and 5 x 107 cells/ml. 

—, Less than 5 x 10° cells/-nl. 


7 
All bacteria in Table 1 except HD are species of Coryne- 


bacterium; HD is a variety of Pseudomonas fluorescens. 


The cultures were inzubated in static conical flasks con- 
taining 100 ml. of mineral salt solution (1:6 g KH,PO,; 
0-8 g Na,HPO,; 0-5 g MgSO,.7H,O; 0-6 g NaCl; 5g 
NH,Cl in 1 1. of distilled water) and 2 ml. hydrocarbon at 
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30° C for 1 week. The growth was estimated as total cell 
count using a Thoma chamber. 
I am grateful to Dr. D. S. Davies for his interest, 


KERSTIN M. FREDRIOKS 
Imperial Chemical Industries, Ltd., 
Petrochemical and Polymer Laboratory, 
Runcorn Heath, Cheshire. 
1 Foster, J. W., Antonie van Leeuwenhoek, 28, 241 (1962). 


VIROLOGY 


Small-plaque and Large-plaque Variants of 
Papova Virus SV% 


PLAQUE size constitutes an important genetic character- 
istic of many viruses, including polyoma virusi, We 
have shown the existence of large-plaque (LP) and small- 
plaque (SP) variants for another Papova virus—S V go 

The plaque-forming ability of nine strains of SV 4) was 
investigated: A-426 (ref. 4), 128, 129, 130, 131 (all were 
isolated from M. rhesus kidney tissue cultures and kindly 
supplied by Dr. Deichman), 261 (isolated by Dr. Deich- 
man from a hamster tumour induced by SV), MR-1, 
MR-2 (isolated in this laboratory from M. rhesus kidney 
tissue culture) and JI-1 (isolated from hamster tumour 
formed by SV,,). All viruses were propagated in green 
monkey kidney tissue cultures. Plaques formed by these 
different virus strains were compared by inoculating green 
monkey kidney cell culture in 50-ml. bottles with about 
50 P.F.U. in 0-1-0-2 mi. After 2h adsorption at room tem- 
perature, the cell monolayer was overlaid with nutrient 
agar using a modification of the technique of Stinebaugh 
and Melnick’ (‘Difco’ agar, 1-5 per cent; ten-fold Earle’s 
solution, 10-0 per cent; skimmed milk, 10-0 per cent; 
calf serum, 1-0 per cent; sodium bicarbonate, 0-4 per cont; 
neutral red, 0-0017 per cent; in de-ionized water). The 
infected tissue cultures were incubated at 37° ©. The 
timing of plaque appearance was followed and their size 
measured on a given day of incubation. 

The diameters of the plaques formed by two virus 
strains on the fourteenth day after inoculation are shown 
in Table 1 (all plaques formed in the bottles were meas- 
ured). Though great variability of plaque size is charac- 
teristic of SV), strain A-426 predominatingly formed 
larger plaques, while strain 128 formed smaller ones. 
The difference could easily be seen without special meas- 
urement. Moreover, the plaques of strain A-426 appeared 
2-7 days earlier than did those of strain 128 (the exact 
interval varied for different batches of tissue culture cells). 


Table 1. COMPARISON OF THE SIZE OF PLAQUES FORMED BY TWO SV 
STRAINS ON THE FOURTBENTH DAY AFTER TISSUS CULTURE JNOOULATION 
Percentage of plaques at the given diameters 
No. of mm Mean 
Strain plaques 05- O8- 1i- 1:6~ diameter 
measured <05 0-7 1:0 1:5 20 > 20 (mum) 
A426 148 0'7 24°4 28:0 217 20-3 4°9 11 
128 164 28°6 58 0 10 4 2'4 06 0-0 0-5 


Investigation of the other seven strains of SV, showed 
that strain 130 was identical with strain 128. This was so 
with respect both to the rapidity of plaque formation and 
the size of plaques formed (these strains were therefore 
termed SP strains); the remaining six strains were identi- 
cal with strain A-426 (LP strains). Differences between 
SP and LP strains were constantly found in repeated 
assays, though they varied in degree. 

It is possible that these differences between the two 
types of strains may be associated with the contamination 
of SP strains by a high concentration of a latent inter- 
fering virus. Simultaneous inoculation of tissue culture 
with equal doses of strains 4-426 and 128 had, however, 
no effect on the time of appearance or on the size of 
plaques induced by the former (LP) strain. Differences 
in plaque formation cannot, therefore, be accounted for 
by contamination by an interfering agent. 
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All the strains examined were cloned, and the cloned 


lines were passed four times in green monkey kidney cell * 


culture. All cloned lines were identical in plaque-forming 
capacity with their parent strains. 

To establish that plaque size was a genetic characteristic 
of virus particles, we investigated clones obtained from 
small and large plaques of SP and LP strains (Table 2). 
Whatever the size of the plaque used for cloning, the 
resulting clones did not differ from their parent strains. 
Plaque size was variable within each strain, but could not 
be accounted for by the viral genome. 

Table 2, 


OBTAINED FROM LARGE AND SMALL PLAQUES OF LARGE-PLAQUE (LP) AND 
SMALI-PLAQUE (SP) STRAINS OF SV 


Original Diameter of Number Clone 
Strain character- the plaque o character- 

istic cloned (mm) clones istics* 
A-428 LP 0-3-0-5 3 LP 
2-0-3-0 8 LP 
129 LP 0-3-0-5 3 LP 
2-0-3 0 2 LP 
128 SP 0-3-0-5 3 SP 
1-0-1-5 2 SP 
130 SP 0-3-1-5 7 sP 


* Rate of appearance and the size of plaques were determined by com- 
parison with those of A-426 strain. 


According to preliminary data, SP and DP strains do 
not differ in their sensitivity to agar polysaccharide and 
do not adsorb on to cells at different rates—as has been 
Both SP and LP 
strains of SV, produced transformation in cultures of 
human and rat embryo fibroblasts’. 
Further investigations should show whether it is possible 
to isolate SP variants from LP strain population and LP 
variants from SP strain population. 
A. D. ALTSTEIN 
N. N. Doponova 
N. N. VASSILJEVA 

Tarasevich State Control Institute for 

Medical Biological Preparations, 
U.S.S.R. Ministry of Health, 
Moscow. 

1 Dulbecco, R., and Vogt, M., Proc. U.S. Nat. Acad. Sci., 46, 1617 (1960). 

* Medina, D., and Sachs, L., Virology, 10, 387 (1960). 

* Medina, D., and Sachs, L., Virology, 19, 127 (1963). 


s Baap E., Borman, G,, Grubbs, G., and Young, R., Virology, 17, 65 


z Stinebaugh, 8., and Melnick, J., Virology, 16, 348 (1962). 
a Diamond, L., and Crawford, L., Virology, 22, 285 (1964). 


? Vassiljeva, N. N., and Altstein, A. D., Proc. Memorial Tarasevich Conf., 
State Control Inst. Med. Biol. Preps., Moscow, 182 (1964). 


CYTOLOGY 


Microtubules in the Cytoplasm of Mammalian 
Platelets 


Or late, and with increasing frequency, microtubules 
have been recognized as a cytoplasmic component in 
cells examined in thin section by electron microscopy 
(see review by Slautterback'). Their presence in the 
cytoplasm of human, guinea-pig and mouse platelets is 
recorded in this communication. 

Using siliconized hypodermic needles and glassware 
and 3-8 per cent trisodium citrate (pH 7:4) as an anti- 
coagulant, blood was collected from animals of both 
sexes. It was taken from the antecubital vein of eleven 
humans and, after an ether anaesthetic, by cardiac 
puncture from six guinea-pigs and from the retro-orbital 
sinus of eighty-four mice. That from six or twelve mice 
was pooled for subsequent processing. Aliquots of platelet- 
rich plasma, which had been separated from the blood by 
centrifugation, were fixed 2 h in 5 per cent glutaraldehyde? 
made up in Sérensen’s phosphate buffer (pH 7-4), and 
were then. subjected to further centrifugation. Platelet 
pellets so obtained were washed in the phosphate buffer, 
post-fixed 2 h in osmium tetroxide containing sucrose? 
{pH 7-4), then washed in water, dehydrated in ethanol, 
and embedded in ‘Araldite’. Grey to pale gold thin sections 


CHARACTERISTICS OF PLAQUE FORMATION BY OLONED LINES ` 


March 5, 1966 


were cut with a glass knife. They were stained, first in a 
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f saturated solution of uranyl acetate in 70 per cent alcohol 


—— 


and, in either instance, were placed about 100 


and then either with lead citrate‘ or with lead hydroxide® 
and examined in a Siemens ‘Elmiskop 1’ electron micro- 


scope. 

Microtubules were observed approximately 500 A deep 
to the plasma membrane in platelets from the three species. 
They were defined by an electron-dense wall some 70 A 
thick that enclosed a less dense core and had an overall 
diameter of about 250 A. The wall had smooth inner and 
outer surfaces and did not have the features of a unit 
membrane‘. 

Their position in the cytoplasm was related to the shape 
of the sectioned platelet. Thus, in oval or elliptical sec- 
tions, microtubules were found usually at opposite ends 
of the platelet profile. They were present either as groups 
cut in cross-section, or as five or six roughly parallel 
microtubules cut in longitudinal sections of varying length 
apart 

(Fig. 1). Some were surrounded by a zone of ground sub- 
stance that was less electron dense than elsewhere, perhaps 
indicating a particular composition. 

The number of microtubules in groups cut in cross- 
section varied from one end of an individual platelet to 
the other and also from platelet to platelet. On average, 
thirteen were present in groups in human and mouse 
platelets and ten in guinea-pig platelets. However, for 
reasons discussed by Fawcett and Witebsky’ in relation 
to microtubule enumeration in nucleated erythrocytes, 
the accuracy of the counts is probably low. Groups of 
microtubules cut in cross-section were seen occasionally 
at sites other than the poles. 

Guinea-pig platelets were often remarkably elongate. In 


_ these, several parallel microtubules cut in longitudinal 
F section, or discontinuous fragments of single tubules 


passed from one pole to the other. Short segments of 
single tubules were also seen in the central zone of platelets 
that had transected tubules at either end. 

Several parallel tubules, running deep to the plasma 
membrane and describing ares of varying length, were 
present in round sections of platelets from all animals. 
Single tubules, which passed either towards or from those 

in the peripheral position, either followed a convoluted 
course in the central area of the section or crossed the 
diameter (Fig. 2). 

Uncommonly, sectioned platelets had a squarish out- 
line. In these, microtubules cut either in cross-section or 
longitudinal section could be seen in any corner. 





Fig. 1. Microtubules (£) present in cross- or longitudinal section at either 
se A of human platelets. Dense granules (g), vesicles (v), and mitochon- 
dria (m), also present In cytoplasm, (x 20,000 


NATURE ° 








T g apt 
P 


Fig. 2. Several ro 


- 


rallel microtubules describe 
course a ele le ag £06 J A deep to the plasma membrane 





pig platelet. Other single tubules A dled roc yee or gp 5,000) 

Human and mouse platelets showed occasional spikes 
or pseudopod-like structures projecting from their other- 
wise smoothly conteured outline. In some instances, 
several parallel microtubules cut in longitudinal section 
passed from either side of the platelet into the base of the 
spike, intermingled and continued towards its tip. It is 
not certain whether the two groups of tubules overlapped 
or fused. Furthermore, since it was usual for the tip of 
the spike to be out of the plane of section, it was not clear 
whether the two groups formed a loop at the apex, or came 
to a point like the walls of a tepee, or came into contact 
with the plasma membrane. Contact between microtubules 
and plasma membrane was not apparent elsewhere. 

These observations, coupled with those made on 
rabbit platelets*, suggest that microtubules may be present 
in the cytoplasm o? all mammalian platelets. It is of 
interest that similar structures have been described form- 
ing an annular, parenuclear band in thrombocytes of the 
toadfish Opsanus tax’. 

Furthermore, the findings suggest that the anatomical 
arrangement of microtubules in mammalian platelets is in 
the form of a margmal band containing several tubules, 
with other single tubules running a radial course. Support 
for this conclusion is gained by the presence of circumferen - 
tial and radial fibres in the hyaloplasm of platelets spread 
on films and examined with an electron microscope*:*®: 
the difference in the recorded dimensions of fibres and 
microtubules being explained by the different methods of 
preparation used™, Added support is gained by comparison 
with analogous observations made on marginal bands 
found in nucleated erythrocytes from non-mammalian 
vertebrates’, 

The function of microtubules has still to be determ- 
ined'}?, Perhaps their action on the plasma membrane 
causes spike formation. Alternatively, their extension into 
these cytoplasmic projections may be a secondary phe- 
nomenon. Investigation of microtubule morphology 
during the action of agents known to cause platelet 
aggregation’? may give insight into their function and 
establish their role in thrombus formation. 

I am indebted to Dr. E. DeSalis, Commonwealth Health 
Laboratory, Canberra, A.C.T., for human blood samples, 
and to Miss N. Carroll for technical assistance. 

Note added in proof. Since submitting this communica- 
tion, G. B. Haydon and D. A. Tayler (J. Cell. Biol., 26, 
673; 1965) have reported finding microtubules in hamster 
platelets, and O. Behnke (J. Ultrastruct. Res., 13, 469; 
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AGRICULTURE 


"Field Responses of Cereals to Molybdenum 


EPORTS of field occurrences of molybdenum deficiency 
-grained cereals are rare. Fricke’ in Tasmania 
hat the ‘blue chaff’ disease of oats could be cured 
ing. molybdenum. Lobb? and Fitzgerald? in 
ad, and Mulder‘ in The Netherlands, have 
esponses with field grown oats to molybdenum. 
Mulder‘ have also obtained field responses with 
y molybdenum. It has been found that large 
ustralian soils are defieient in molybdenum that 
for nitrogen fixation by Leguminosae, and for 
y Cruciferae, Compositae, Cucurbitaceae, Solan- 
id Linaceae*. The only field responses in the 
ae in Australia are those reported by Fricke? 
ts, and Noonan! with maize. It has frequently 
lemonstrated, for example by Johnson et al.’, 
embers of Gramineae are relatively tolerant of low 
sof molybdenum and that molybdenum deficiency 
als only occurs in extreme conditions of molyb- 
leficiency. 
communication reports field responses to molyb- 
by wheat and by oats in mainland Australia. 
ponses occurred in a region of the West Australian 
alt which receives 12-13 in. of rainfall annually. 
oils concerned are sandy and lateritic podsols which 
ct tremely deficient in native phosphate, deficient in 
gen and often deficient in copper and/or zinc. Plant 
responses to molybdenum in this region have not previously 
en reported. 
~ Ballidu oats were planted on June 2, 1962, east of 
| Gutha. Observed in early August, the plants on the plots 

which were not treated with molybdenum appeared a 
-slightly paler green than those on the plots treated with 

molybdenum, but no other differences were noticed. 

‘The results for grain yield are shown in Table 1 (Exp. 1). 
Highly significant increases in yields resulted from the 

application of molybdenum, and these increases were 
“magnified by the application of 1 ewt. of ammonium 

sulphate/acre. 

‘The wheat used in Exp. 2 was sown in 1960, east of 
Gatha. Molybdenum treatments caused no visible 
differences: grain yields are shown in Table 1. Application 
of molybdenum resulted in markedly increased yields only 
with ammonium sulphate (1 ewt./acre). 

A further experiment with Gabo wheat planted on 
June 2, 1962, immediately adjacent to the oat plots, 
produced grain yields as shown in Table 1 (Exp. 3). 

lybdenum markedly increased the yields, and the 
“was again enhanced by treatment with 1 cwt, 
ium sulphate/acre. As with the oats, the only 
difference was a slight chlorosis of those wheat 
m plots which were not treated with molybdenum 
ipared with plants on plote which received molyb- 

































: ja “wheat. 
‘Guth Tbe2 Gutha, 1966 Guti 

Saperphosphate (150 Ib. /acre) 152 

Superphosphate (150 Ib. Jacre) 

+ molybdenum trioxide (2 oz. jacre) 17-2 178 

Superphosphate (1.50 Ib. jacre) 





+ ammonium sulphate (112 Ib./acre) 122 18-8 ae 

Superphosphate (150 tb, acre) eee 

+ ammonium sulphate (112 Ib./acre) pia aa 

+ molybdenum trioxide (2 oz./aere) 17-8 22-4 E 
Mo signif. Mo signif. Mo signif, 

at at At es 

P< 0001. P< 0-05. P < 000k 

S/A x Mo S/A sig- SA sige” 

significant nifcantat nificant at 

at P x005. P < 0001. P e woor: 

S/A a S/A x Mo WA x Mo 


a cea interaction 
WS, 


* Yields in bushels/acre: 40 Ib. to the bushel for oats; 60 Ib, to the bushel ; 
for wheat, | 


Table 2. EFFECT OF MOLYBDENUM ON VEGETATIVE AND GRAIN Yrit» or 
WHEAT AT BODALLIN 


Exp. 4, aN wheat, Bodaliin, f 














Vegetative yield Az 
at 11 weeks Grain. yield i 
Pry matter in Cbasheleacte 
ib./acre 

Superphosphate re ib. acre) 91-4 a 
Superphosphate (180 tb./acre) ee 

+ urea (24 Ib, jaore} 122-1 pi. 
Superphosphate (180 Ib. jacre) aa 

+ urea (50 lb. /acre) 137-8 73. 
Superphosphate (180 Ib. /acre) l 

+ urea (76 Ib. /acre) 152-0 67 
Superphosphate (180 tb. /acre) l 

+ molybdenum trioxide (2 02z./acre) 119-5 a6 
Superphosphate (180 Ib./acre) 7 

+ urea (24 Ib./acre) = 

+ molybdenum trioxide (2 oz./acre) 169-3 103. 
Saporo pha te (180 Ib. /acre) 

+ urea (50 ib. /acre) 

+ molybdenum pode {2 o2.facre) 176:3 OF 
Superphorpha te (IAN ./aere) . 

+ urea (76 Ib. /acre . 

+ molybdenum trioxide (2 02./acre) 244-0 10-3 


Mo aignificant at Mo significa 
P < 9-001; urea 0-00 
linear significant 

at P < 0-001; 

Mo urea linear 

significant at 
P < 0-05 ; 
In 1964, at Bodallin, 180 miles south-east of the € 
sites, striking responses in vegetative growth and 
yield of Bencubbin wheat resulted from the appl 
of molybdenum. Within 5 weeks of seeding, differe 
growth and colour due to molybdenum treatments 
noticeable, Vegetative yields at 11 weeks after se 
are shown in Table 2. 7 
Molybdenum application advanced maturity by appro: 
mately 10 days. Whiteheads barren of grain were abun- _ 
dant and scattered throughout those plots which were not _ 
treated with molybdenum. Grain yields are shown in — 
Table 2. > 
That cereals respond so markedly to the application of ne 
molybdenum indicates that these soils contain little | 
molybdenum that can be made available to plants, 
Numerous and widespread responses with pasture legumes. __ 
in experiments carried out in 1964 have shown that | 
extensive areas of moly bdenum deficiency exist in the — 
sheep and wheat growing area of South Western Australia. 
This work was carried out with the co-operation of _ 
R. J. Doyle, R. J. Parkin, and J. A. C. Smith, advisers to | 
the Wheat and Sheep Division, West Australian Depart- a 
ment of Agriculture. 









J. W. GARTREL 
Plant Research Division, a 
West Australian Department of Agriculture, 

South Perth, Western Australia. 


1 Fricke, E. F,, J. Austral, Inet, of Agric. Sei,,18, 75 (1947). 
* Lobb, W. R., N.Z, J. Agric., 87, 3 (1958). 

* Fitzgerald, J. N., N.Z. J. Agrie., $9, 619 (1954) 

* Mulder, E. G., Plant and Soil, 5, 368 (1064), 0 

> Stephens, C. G., and Donald, C, M., Ade. Agron.,10, $ 
* Noonan, J. B., Agrie: Graz, NS. Wales; 


? Johnson, C: M., et aly Plant and. sont, +r 





K 


Ed 


No 5027 March 9, 1966 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, March 7 


UNIVERSITY OF LONDON (at the Middlesex Hospital Medical School, 
Mortimer Street, London, W.1), at 5.15 p.m.—Prof. Theodor Bücher (Uni- 
MaA Munich): “Dynamics of Liver Metabolism” (further lecture on 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, London, W.C.2), at 6.30 p-m.—Mr. P. J. N. Norris: 
“An Introduction to Silicon Controlled Rectifiers’’. 


SOCIETY OF CHEMIOAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
Taste abet at 6.30 p.m—Dr. H. M. Finniston: “Experimenting in 
xperiments”’. : 


Tuesday, March 8 


INSTITUTE OF MATHEMATIOS AND ITS APPLICATIONS (at the Royal Aero- 
nautical Society, 4 Hamilton Place, London, W 1), at 2.80 p m,—-Symposium 
on “Mathematics in Economies’, Speakers: Prof. J. R. N. Stone, C.B.E., 
Dr. F. H. Hahn and Prof. J. D. Sargan. 


ZOOLOGICAL BOCIETY oF LONDON (at the Zoological Gardens, Regent's 
Park. London, N.W.1), at 5 p.m Scientific Papers. 


INSTITUTION OF OLVIL ENGINEERS (at Great George Street, Westminster 
London, S.W.1), at 6.30 p.m.—Mr R. E. Rowe and Mr. @. D. Base: “Model 
Analysis and Testing as a Design Tool”. 


INSTITUTION OF ELEOCTRIOAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (joint meeting with the Society of Instrument Technology, at the 
Institution of Electrical Engineers, Savoy Place, London, W.C.2), at 5.30 
p.m.—Dr. I. R. Young, Mr. A. T. Keefe and Mr. G. Moss: “A New Approach 
to Measurement and Data Transmission for Process Confrol Systems”. 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Royal 
Society of Tropical Medicine and Hygiene, 26 Portland Place, London, W.1), 
at 5.30 p.m.—-Mr. W. S. Campbell: Applications of Latex tn Industry”. 
7 p.m.-—-Panel Discussion on “Natural and Synthetic Latices v. Polyurethane 
in Foam Applications”. 


‘UNIVERSITY OF LONDON (in the Anatomy Theatre, Umversity College, 
Gower Street, London, W.C,1), at 6.80 p.m.—Prof. A. Blaauw (University of 
Groningen): ‘‘Distribution and State of Motion of the Interstellar Gas in the 
Solar Neighbourhood”’.* 


UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-34 Gordon 
Square, London, W.C.1), at 6.45 pm.-—Prof. Holger Arbman: ‘Early 
German Animal Style in the 5th-7th Centuries A.D.—III. The Late Vendel 
SP alt Scandinavia and Its Relationships with the Continent and the 

es”. 


INSTITUTION OF MEOHANICAL ENGINEERS, AUTOMOBILE DIVISION (ab 1 
Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.—Mr, R. J. Allwood 
and Mr. C. C. Norville: “The Analysis by Computer of a Motor Car Under- 
body Structure", 


Wednesday, March 9 


SOOILTY OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineerin 
Department, Imperial College, London, 8.W.7), at 4 p.m.—Annual Genera 
Meeting, followed by Dr. G. H. Byford: “The Measurement of Human 
Reactions to Environmental Changes”. 


INSTITUTION OF ELECYRICAL ENGINEERS, ELECTRONICS DIVISION Ae 
Savoy Place, London, W.C.2), at 5.80 p.m —Dr. A. W. Bright and Dr. P. L. 
-~ Seeker: “Applications of Electrostatics”’. 


SOCIETY OF INSTRUMENT TECHNOLOGY (in conjunction with the British 
Computer Society, at Manson House, 26 Portland Place, London, W.1), at 
5.30 p.m.—Mr. R. G. Blake: “Use of a Digital Analogue Simulator’; Dr. 
L. J. Postle: “Analogue Computers and Chemical Plant Control System 
Design in Practice’; Dr. G. W. H. White: “The Calculation of Pole Zero 
Patterns for Process Control”, 


UNIVERSITY OF LONDON (in the Anatomy Theatre, Universtty College, 
Gower Street, London, W.C.1), at 6.30 p.m.—Prof. A. Blaauw (University of 
Groningen): ‘Properties of the Youngest Stellar Population in the Solar 
Neighbourhood with special reference to the Problem of Star Formation” * 


UNIVERSITY OF LONDON (in the Eugenics Theatre, University College, 
Gower Street, London, W.C.1), at 5.30 p.m.—Dr. W. M. Court Brown: 
“Essays in Human Cytogenetics: I. Autosomal Structural Heterozygosity”.* 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, W.C 2), at 6 pm.—Prof C. W. Oatley, 0.B.B.° “The Sean- 
ning Electron Microscope and other Electron Probe Instruments”. 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, Burlington 
House, Piccadilly, London, W 1), at 6 p.m.—Annual General Meeting 
followed by Dr. J. T. Martin: “Chemical Crop Protection in Britain”, 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at the College of 
Technology, Roe Green, Hatfield), at 7.80 p.m.~Dr. G A. Wiliams: ‘Some 
Aspects of the Chemistry of Free Radicals”. 


Thursday, March 10 


UNIVERSITY OF LONDON (in the Physiology Theatre, University College, 
Gonel Sree, London, W.0.1), at 6 p.m —Prof, S. Y. Perry: “Biochemistry 
of Muscle”. 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W.1), at 
5.30 p.m—Mr B. ©. Browne: “Gravity Surveying at Sea”. 


INSTITUTION OF CIVIL ENGINEERS, TRANSPORTATION ENGINEERING GROUP 
(at Great George Street, Westminster, London, S.W,1), at 5.30 p.m.—In- 
formal Discussion on ‘Traffic Survey for Smaller Towns” introduced by 
Mr. A. E. Fieldhouse. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.30 p m.—Discussion Mééting. 


n “The 
Multi-Carrier Performance of Communication Satellite Repeaters”, opetied_ 
by Mr. W.L Wright, Mr K U Bolwelland Mr P. N. Sargeaunt. 
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pliea- 
ution 


INSTITUTION OF ELECTRICAL ENGINEERS, | 0. 
Piace, London, W.C.2), at 5.50 p.m.—Discussion Meeting on The A 
tion of Static Reactive Power Devices to Transmission and Distri 
Networks”, opened by Dr. E- Friedlander and Mr. L. A. Harris. 


NIVERSITY OF LONDON (a5 Queen Mary College, Mile End Road, London, 
BD at 5.30 p.m.—Prof. a we van Bemmelen (University of Utrecht): “A 
New Model for the Earth's Geological Evolution”’.* 


UNIVERSITY OF LONDON ŭn the Eugenics Theatre, University College, 
Gower Street, London, W.C1), at 6.30 pm—Dr, W. M. Court Brown: 
“Essays in Human Cytogenesics: II. They Chromosome”.* 


INSTITUTION OV MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
MENT GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m — 
Discussion on “The Implications of Metric Conversion”. 


SOGIETY OF CHEMICAL INDISTRY, ROAD AND BUILDING MATERIALS GROUP 
(at the School of Pharmacy, Srunswick Square, London, W.0.1), at 6 p.m.— 
Dr. P. Kresse: ‘Inorganic Pigments in Building”. 


SOCIETY oF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (joint meeting 
with the Food Group, at 14 Belgrave Square, London, §.W.1), at 6.15 p m. 
—Mr. F. J. Ley: “The Use cf Ionizing Radiations in Food Preservation”, - 


Thursday, March 10—Friday, March 11 


ROYAL Soorery (et Burlirgton House, Piccadilly, London, W.1), at 10.30 
am. daily—Discussion Meeting on ‘Circular Dichroism—Electrome and 
Structural Principles”, organized by Prof. R. S. Nyholm, F.R.S. 


Friday, March |1 


UNIVERSITY OF LONDON tat the Postgraduate Medical School of London, 
Pu ee pone London, W12), at 4 p.m.-—Prof. P. B. Beeson: “Bacterial 
ndo B”, 


UNIVERSITY OF LONDON cat the Royal Veterinary College, Royal College 
Street, London, N.W.1), at 5 p.m.—Dr. K. L. Blaxter: “Some Effects of the 
Climatic Environment of Farm Anmals”.* 


UNIVERSITY oF LONDON (in the Eugenics Theatre, University College, 
Gower Street, London, WT.1), at 5.80 p.m.—Dr. W. M. Court Brown: 
Pls ert Human Cytogenetics: III. Population Studies: The Part and 

Ki] ole”, 


ROYAL INSTITUTION (at Zi Albemarle Street, London, W.1), at 9 p.m — 
oe eee Bragg, O.B.E., M.C., F.R.S.: “Reminiscences of Fifty Years 
earch”, 


Saturday, March !2 
NUTRITION Socrery (at the Medical School, Guy’s Hospital, St. Thomas's 


- 


Street, London, §.E.1), a> 10.15 a.m.—Symposium on “Nutrition and 


Physical Performance”. 


Monday, March !4 


INSTITUTION OF ELECTEICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, W.C.2), at 5.80 p m.—_ Mr, R. A. Waldron: 
“The Explanation of Som3 damental Phenomena of Modern Physics 
using a Ballistic Theory of Light”. 


INSTITUTION OF ELEOT2ICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C2), at 5.30 pmen G, S. O. Brown: “The Ten- 
Element Band-Pass Filter Section and Its Applications”. 


ROYAL GEOGRAPHICAL Sacrmry (at 1 Kensington Gore, London, S.W.7), at 
8 p.m.—“The Sky Above, tae Mud Below” (colour film). 


Monday, March [4—Friday, March 18 


OIL AND COLOUR CHEMIETS’ ASSOCIATION (in the Great Hall of Alexandra 
Palace, London, N.22}—EHighteenth Technical Exhibition.* 


APPOINTMENTS VACANT 


APPLICATIONS are invite for the following appointments on or before the 
dates mentioned: 

UNIVERSITY DEMONSTRATOR (with a good honours degree or the equivalent 
in an appropriate eea and preferably some research andfor teaching 
experience) IN PLANT Pa?™HOLOGY—The Secretary, School of Agriculture, 
The University, Downing Street, Cambridge (March 9). 

SOIENTIFIC OFFICER (with a good honours degree in zoology or applied 
entomology, and pices some postgraduate experience) to carry out 
laboratory and field studies on the behaviour and performance of {nsecticides 
in soll to improve efficiensy-——The Secretary, National Vegetable Research 
Station, Wellesbourne, Warwick (March 11). 

SENIOR LECTURER/LECTURER (preferably with previous computer pro- 
gramming experience, either academic or Industrial) IN THE COMPUTER UNIT, 
to be responsible for the operational side of the University’s computing 
service to consist of an Efhott 4130 system—The Registrar, University of 
Warwick, Coventry, Warwickshire (March 11). 

ASSISTANT LECTURER cr LECTURER IN ZooLoGgy—-The Registrar, Uni- 
iad College of Swanses, Singleton Park, Swansea, South Wales (March 
READER or SENIOR LECTURER IN SOLID STATE ELECTRONICS; and LEO- 
TURERS (2) (one in the field of control systems) IN ELECTRONICS—The Regis- 
trar, The University, Cantsrbury, Kent (March 14). 

LECTURER or ASSISTANT LECTURER (with a spectal interest in either plant 
physiology or genetics) IN THE DEPARTMENT OF BoTany—The Deputy 
Secretary, The University, Southampton (March 18). 

SECOND CHAIR IN PHYETIOS (applicants should have specialized in e:ther 
experimental metal physics or in microwave physics}—The Secretary, 
Baiern j ouagp of Tecknology, Battersea Park Road, London, S W.11 

r ve 

CHAIR OF PHysioal OCEANOGRAPHY—The Deputy Secretary, The Uni- 
versity, Southampton (Merch 25). 

ASSISTANT (honours graduate) IN THE DEPARTMENT OF Botany—The 
Secretary, Bedford College (University of London), Regent’s Park, London, 
N.W 1 (March 81). 
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CE OF METALLURGY —Thë Registrar, The University; Sheffield (March 
in $ 
* CHAIR OF Prysics—The Registrar, The University, Sheffield (March 31). 
+ * LECTURER/ASSISTANT LECTURER (with a degree in medicine or science 
with suftable teaching and research experience, and preferably with a special 
,_- interest in enzymology or biophysical chemistry) IN BIOCHEMISTRY at the 
~T ‘University of Malaya--The Association of Commonwealth Universities 
< z (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Malaya and 
vo London, March 31). 
“1! LECTURER/SENIOR LECTURER IN BIOLOGY at the University of Sydney, 
<y Australia—The Association of Commonwealth Universities (Branch Office, 
on es ee House, Pall Mall, London, S.W.1 (Australia and London, 
Ot te arc 1). 

“-* RESEAROH ASSISTANT (graduate, man or woman, with a special interest in 
Jaa plant physiology or plant biochemistry) In Botany—tThe Secretary, Bedford 
-» College (University of London), Regent’s Park, London, N.W.1 (Merch $1). 

‘y ‘s¢ SENIOR LECTURER or LECTURER IN PHARMAOHUTICS; & SENIOR LECTURER 
* a “or LECTURER IN PHARMACOGNOSY; a SENIOR LECTURER or LEOTURER IN 
- PHARMAOBUTICAL CHEMISTRY; and SENIOR LEoTuRERS or LECTURERS (2) 
in PHARMACOLOGY at the University of Khartoum—tThe Secretary, Inter- 
_ ‘University Council for Higher Education Overseas, 33 Bedford Place, 

- London, W.C.1 (M 81). 
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arch 
aaa a AIR OF PRYSIOS—-The Registrar, The University, Sheffield 

TC i 
UNIVERSITY ASSISTANT LECTURER IN PURE MATHEMATIOS—The Secretary 

to the GH scarred Committee of the Faculty of Mathematics, The Uni- 
versity, Silver Street, Cambridge (March 31). 

LECTURERS or ASSISTANT LECTURERS (8) IN THR DEPARTMENT OF CHEMICAL 
ENGINERRING—The Assistant Registrar (Science and Engineering), The 
University of Birmingham, Birmingham, 15, quoting Ref. CE (April 1). 

LECTURER IN BIOCHEMISTRY at Victoria University of Wellington, New 
Zealand--The Association of Commonwealth Universities (Branch Office), 
Mormone House, Pall Mall, London, 8.W.1 (New Zealand and London, 

i + 
ry, TROTURER {with a good honours degree in electrical engineering, and 
industrial and research experience in the field of telecommunications and 
- electronics) IN ELEOTRIOAL ENGINEERING at the University of Hong Kong— 

The Association of Commonwealth Universities (Branch Office}, Marlborough 

House, Pall Mall, London, 8.W.1 (Hong Kong and London, April 15). 

LECTURERS or ASSISTANT LECTURERS (2) IN THE DEPARTMENT OF PURE 
MATHEMATICS—The Registrar, University College of North Wales, Banger, 
North Wales (April 18). 

ar CHAIR OF GEOGRAPHY at the University of Malaya--The Association of 
u ` ' Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 

London, 8.W.1 (London and Kuala Lumpur, April 30). 

LECTURER or ASSISTANT LECTURER (with a good honours degree, experience 
in modern semiconductor circuit design, and preferably an interest in com- 
munications engineering) IN ELECTRICAL ENGINEERING—~The Secretary, The 
University, Edinburgh (April 30). . : 

PROFESSOR OF GEOLOGY—The Registrar, University Registry, Oxford 

April 30). 

! PEDONS CHAIR OF ELECTRICAL ENGINEERING——The Registrar, University 
- “College of Swansea, Singleton Park, Swansea, South Wales (April 30). 

ASSISTANT PROFESSOR IN ANATOMY—The Chairman of the Department of 
Anatomy, University of Saskatchewan, Saskatoon, Saskatchewan, Canada. 

CHAIR OF OPHTHALMIC OPTICS AND HEAD OF THE DEPARTMENT—The 
Academic Registrar, Northampton College of Advanced Technology, St. John 
Street, London, B.C.1, quoting Ref. GOD. 

DEVELOPMENT ENGINEER IN THE GEOPHYSICS DEPARTMENT, to accept 
responsibility for the design, construction and development of instruments 
mvolving both electronic and mechanical components, required in the 
Department’s research programme—Prof. J. M. Bruckshaw, ee 
Department, Imperial College of Science and Technology, London, 8.W.7. 

EXPERIMENTAL OFFICER or ASSISTANT EXPERIMENTAL OFFICER (plant 
physiologist or biochemist) to work on‘the nutrition of marine plankton-— 
The Director, Scottish Marine Biological’ Asscciation, Marine Station, 
Millport, Isle of Cumbrae, Scotland. 

LECTURERS or ASSISTANT LECTURERS IN SOCIOLOGY—The Registrar, 
Bradford Institute of Technology, Bradford, 7. 

‘POSTDOCTORAL FELLOW (physical chemist) IN THR DEPARTMENT OF 
CuEmistry, for work involving the measurement of the heats of chemical 
reactions taking place at elevated temperatures (300—1,000° C)--Dr. H. A. 
Skinner, Department of Chemistry, The University, Manchester, 13. 

RESEAROH ASSISTANT (with an honours degree or ake IN ANA- 
LYTICAL CHEMISTRY to work in conjunction with Dr. 0. F. Bell, on the 
synthesis of co-ordination compounds of transition metals and the evaluation 

nalytical uses—The Academic Registrar, Brunel College, Woodlands 


of their analy 
. Avenue, Acton, London, W.3. , 

RESHAROH ASSISTANT (with a chemical or biochemical background) aT THE 
RESBARCH DEPARTMENT, Caterham, to work on aspects of tumour growth 
with special reference to hormone-dependent tumours—The Secretary, The 
Marle-Curlo Memorial Foundation, 124 Sloane Street, London, 8.W.1. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


University Grants Committee--Annual Survey, Academic Year 1964-1965. 
*- Pp. 15. (Cmnd. 2846.) (London: H.M. Stationery Office, 1965.) 1, oa. 
” pet. 

Diamond Research 1965, Pp. 32. (London: Industrial Diamond Informa- 
tion Bureau, 1966.) 5s. 2212 

Memotrs of the Royal Astronomical Society. Vol. 70, Part 1: The Voigt 

Function: An Hight-Significant-Figure Table and ce Procedure. 
[2 


n ™ 


4 ` 


‘|. By D. G. Hummer. Pp. 1-32. (Oxford: Blackwell Scientific ublica ons: 
3 1865. ` 
i g Tiai Kingdom Atomie Energy Authority. Research Group Report 
~ + 4997: Radioactive Fallout in Alr and Rain—Results to the Middle of 1965. 
By R. S. Cambray, Miss E. M. R. Fisher, W. L. Brooks, A. Hughes and G. 8. 
` Spicer. Pp. 36. (Harwell, Berkshire: A.E.R.E., 1965. Available from H.M. 
Stationery Office.) 7s. net. (2212 
The Economy of Water. By Prof. Paul Fourman. (An 
., Lesture.) Pp. 1i+19. (Leeds: Leeds University Press, 1965.) 2s. 6d. err 
-- Bulletin of the British Museum (Natural History). Geology. Vol. 10, 
"No. 8:- Fossil Mammals of Africa. 19-——The Miocene Carnivora of East 
~a. Africa. By Robert J. G. Savage. Pp. 230-316+65 plates. (London: British 
~ - Miseum (Natural History), 1965.) 52e. [ 
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Tweed River Purification Board. Eleventh Annual Report for the year 
5 15th ieee Pp. 65. (Newton St. Boswells: Tweed River Purification As 
oard, 7 221 
Philosophical Transactions of the Royal Society of London. Berien A? 
Mathematical and Physical Sciences, No. 1096, Vol. 259 (16 December, 
1965): The Contraction of Satellite Orbits Under the Influence of Air Drag. 
5: With Day-to-Night Variation in Air Density. By G. E. Cook and D. G. 
King-Hele. . 38-867. 1383. 6d.; 2 dollars. No, 1097, Vol. 259 (16 December, 
1965): A Criterion for the Development of the Full Plastic Moment at One 
End of a Uniform Strut Prior to tability. By E. N. Fox. Pp. 69-106. 
15s.; 2.25 dollars. (London: The Royal Society, 1965.) [2212 
Ministry of Public Building and Works. Review of Research and Develop- 
ment for the Construction Industry. (London: Ministry of Public Building 
and Works, 1965.) {2212 
Seventh Report from the Estimates Committee, together with part of the 
Minutes of the Evidence taken before Committee C, Appendices and Index, 
Session 1964-65—Hlectrical and Electronic Haul pment for the Services. 
Pp. lifi+275. (London: H.M. Stationery Office, 1065.) 278. 6d. net. [2212 


Other Countries 


Norsk Polarinstitutt. Sknfter Nr. 185: The ‘Triassic Stratigraphy of 
Svalbard. By S, H. Buchan, A. Challoner, W. B. Harland and J. R. Perker. 
Pp. 92. (Oslo: Norsk Polarinstitutt, 1965.) 19 kr. [2212 
United States Department of the Interior: Fish and Wildlife Service. 
Statistical Digest No. 57: Fishery Statistica of the United States, 1963. 
By Charles H. Lyles. Pp. {1+522. (Washington, D.C.: Government Printing 
Office, 1965.) 2.25 dollars. [2212 
Canada: Department of the Secretary of State. National Museum of 
Canada, Natural History Paper No. 31 (October 29, 1965): Type Specimens 
of Fishes in the National Museum of Canada, with Brief Historical Notes. 
By D. E. McAllister. Pp. 13. (Ottawa: Queen’s Printer, 1965.) [2212 
ele apg hacen Sito FEA a reine Pes athe 8: 
ports on Norwegian Fishery an ne Inves ons. . 82. (Bergen: 
Fiskeridirektoratets, 1965. 2212 
Reactor Centrum Nederland, The Hague. Summary of Activities, Jul 
RIFE uly 1965. Pp. 15. (The Hague: Reactor Centrum cpa Ts i, 
; ` 1 
Bulletin of the American Museum of Natural History. Vol. 180: A 
Classification of the Bees of the Australian and South Pacific Regions. By 
Prof. Charles D. Michener. Pp. 362+15 plates. (New York: Ameriean 
Museum of Natural History, 1965.) 10 dollars. [2212 
Colony of Mauritius. Annual Report of the Meteorological Department, 
1964. Pp. 14. RBs. 2.60. Meteorological Observations and Climatological 
Summaries. July, 1964. Pp. 86. August, 1064. Pp. 36. September, 1964. 
Pp. 36. (Port Louis: Government Printer, 1965.) 2 
Conseil Permanent International pour l’Exploration de la Mer: Service 
Hydrographique, Charlottenlund-Slot, Danemark. YCES Oceanographic 
Dats Lists, 1959, No. 4. Pp. xivi224. Kr.30. ICES Oceanographic Data 
Lists, 1959, No. 6. Pp. xvili+158. Kr. 25. (Copenhague: Andr. Fred. Hest 
et Fils, 1966.) (2212 
Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Geological Map 1145A: Salmo, British Columbia. Geological 
Maps—Preliminary Series. Map 3—1965: Prince Rupert—Skeena, British 
Columbia. (Ottawa: Director, Geological Survey of Canada, 1965.) [2212 
Instituto de Investigacao Clentifica de Mocambique, Lourenco Marques. 
Novos Taxa Entomologicos. No. 40 (Abril 1965): Notes on Bezzia nicator 
De Meillon, 1959 (Diptera: Ceratopogonidae), Descriptions of Two Related 
New Species from Southern Africa. By E. elbarth. Pp. 16. No. 42 
(Julho 1965}: Uma Espécie Nova do Género Cordylomera Serville. Por 
G. Da Veiga Ferreira. . 5. No. 48 (Julho 1965}: Contribuicao para o 
Estudo dos Dinastineos canos. 2: Descricao de Uma Espécie Nova 
do Género Orsilechus Burm (Tribo Pentodontinie), Descricao do Macho de 
Syrichthomorphus termitophilus Pér. (Tribo Philleuring), Por M. O. Ferreira. 
. 10. No. 44 (Agosto 1965): Contribuicao para Conhecimento dos Ceram- 
bicideos da Provincia de Mocambique--Descricao de Uma Espécie Nova do 
Género Crinarnoldius Lepesme et Breuning (Tribo Hesperophanini). Por 
G. Da Veiga Ferreira. Pp. 5. (Lourenco Marques, Mocambique: Instituto 
de Investigacao Cientifica de Mocambique, 1965.) [2212 
Boletim da Universidade do Paraná. Conselho de Pesquisas. Botanica. 
No. 18 (Agosto 1964): Maprounea brasiliensis St. Hil. Nova Euphorbiaceae 
ara a Flora Paranaense., Por G. Hatschbach e E. O, Loureiro Fernandes, 
p. 3. No. 14 (Septembro 1964): Contribuicao ao Estudo das Diatomaceas 
da Regiao de Cabo Frio (Estado do Rio de Janeiro~-Brastl), Por Hermes 
Moreira Filho. Pp. 11. Farmacognosia, No. 2 (Outubro 1963): Pesquisa e 
Identificacao da Emetina em Algumas Espécies do Genero Borreria 
(Rubiaceae). Por Eduardo A. Moreira. Pp. 60. (Curitiba, Parand, Brasil: 
Universidade de Paraná, 1963 e orp g [2212 
Report of the King Institute of Preventive Medicine, Guindy, for the 
eriod from Ist April 1062 to 31st March 1963. By Dr. S. Govindarajan. 
tis tle (Guindy, Madras’ King Institute of Preventive saan aE 
American Geographical Society. Serial Atlas of the Marine Environment. 
Folio 10: Autumn Distribution of Groundfish Species in the Gulf of Maine 
and Adjacent Waters, 1955-1961. By Raymond L. Fritz. Plates A,B,C -+ 
1-20. 6 dollars. Folio 11: Inorganic Nutrients in the North Sea. By Robert 
Johnston and Peter G. W. Jones. Pp. 3+10 plates. 4.50 dollars. ew 
York: American Geographical Society, 1965.) 2212 
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modern teaching 
depends on 
Unicam precision 


Modern analytical techniques must be 
included in scientific education, 

Yet students and precision instruments 
are often thought incompatible. 

The Unicam SP600 is the ideal solution — 
a precision spectrophotometer of extremely 
robust design with time-tested components. 
Thousands of SP600's are in constant use 
throughout the world setting the 

standard for spectroscopic measurement 
in the range 360-1000mp. 

Send for full descriptive literature today. 
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Some of the eighteen Unicam SP600 Spectro- 
photometers in use tn a Teaching Laboratory at 
the Department of Biochemistry, University of 
Cambridge, are illustrated on the left. 
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recision Spectrophotometers 


Unicam Instruments Limited + York Street + Cambridge + Tel: Cambridge 61631 + Telegrams: Unicam Cambridge - Telex: 81215 





ASTROPHYSICS 


Resonant Rotation for Venus ?—Peter Goldreich and 
Stanton J. Peale à ‘ 


Detection of Hydrogen Emission ae 1660 in M 17.— 
Patrick Palmer and B. Zuckerman z : 


PHYSICS 
Dislocation Velocities.--Prof, Peter P., Gillis 


A New Method for determining Surface Densities by 
Evaluation of the Decrease m ia a a of Single 
Stationary Drops eee seas . Garner and Dr. 
F. J. Garfĥas . ‘ : ; f 


GEOPHYSICS 
Time Variations of Geomagnetic H and ve at eae 
Stations,—Dr. Folke Eleman i 


GEOLOGY 


The Malvern Lower Cambrian Anata: —Sir Janice Stak 
field, F.R.S. . i 


Volcanic Chronology of Lanzarote (Canary Islands). — 
K. J. Tınkler . . 


METALLURGY 
Strain Bescene in Pougues oe A. T. Price and P. J. 
Smith . . 
CHEMISTRY 


Partition Isotherms and the Mixed Second ees Coefficient. 
—Dr. G, F. Freeguard ‘ 


Joule-Thomson Effect: Non-ideaity anil Resocation: — 
Dr. P. G. Wright A A 


Effect of Interstitial Atoms on a Lattice -vacancy y Diffusional 
Process.—G. A. Davies, A. B. Ponter and Dr. I. A. Menzies 


Contact Angles ot a on cleans a —Dr. G. R. 
Lester ; ‘ 


CagSi50 ig and the Nature of *pDicalenum Silicate Hydrate”, 
. M. Bennett, Dr. J. oe K. ey oe 
Prof. H. F. W. Taylor , 


saan! Yar Spectra of Methylene Blue In a Benzene. — Prot 
. Palt and G, K. Saxen 


BIOCHEMISTRY 


Effect of Baiey’s Tropomyosin Purification on EGTA- 
sensitizing Activity.—Prof. Helmut Mueller . ; 


Ultra-violet Extinction Coefficients of some Muscle Nucleo- 
tides and Purines at pH 70 and in 2 N Eiyesor eos 
Acid.—P. W. Ratcliff and M. J. Follett : . 


Enzymatic Determination in Serum of Lathyzitic and 
Prednisone-treated Lathyritic Rats.—Prof. G. W. 
Korting, H. Holzmann and B. Morsches i ` 


High Nucleo-cytoplasmie Concentration Gradient of 
Chlonde in Rat Liver.—H. Langendorf, Prof. G. Serer 
K. Kesselring and R Hannover . : A 


Calf Thymus and Chicken Erythrocyte Nucleoproteins. — 
M. Champagne and A. Mazen. 2 


Electron Microscopic, Localization of Aae in Central 
Nervous Tissue.-—Prof. Joe G. Wood . i 


Electrophoresis of the Soluble Proteins of Wheat Leaf. — 
C. W. Wrigley, Dr. H. L. Webster and Prof. J. F. Turner 


Available Lysine Content of Dried Milk.—F. J. Macdonald 


Production of Peptide Alkaloids in Submerged Culture by 
a Strain of Claviceps purpurea (F1.) Tul.—Dr. A. Tonolo 


Further Proof of Direct Oxygen Trausfer by Carotenoids in 
Respiration and i ea —-Dr,. ie ice ad 
Horvatovit ; . 


PHYSIOLOGY 
Asthma and Testosterone.-Dr. E. R. Trethewie 


Active Transport of Chloride across the Cornea.—Prof. Jose 
A, Zadunaisky . ; P 


Vanadium and Dental Gass: Prof. D. M. Hadjimarkos 


Antagonism by Prostaglandins of the Responses of Various 
Smooth Muscle Preparations to Rar an — 
Dr. P. Catherine Clegg ` s : : 


PHARMACOLOGY 


Venom of the Megalopyge urens (Berg) Caterpillar.—Dr. 
M. I, Ardao, C. Sosa Perdomo and M. G. Pellaton . 


Page 


1117 


1118 


1119 


1120 


1120 


1121 


1122 


1123 


1124 
1125 
1125 


1126 


1127 


1127 


1128 


1129 


1130 


1130 
1131 
1131 


1133 
1134 


1134 


1135 


1136 


1136 
1137 


1137 


1139 


LETTERS “TO THE -EDITOR* 


y 


Failure of Methylcellulos2 to alter the Growth of Walker 
Tumour 256 in Rats.—Dr. Allan W. Lazar, Alan er 
and Diane E, Lazar . ; 

i 


HAEMATOLOGY 


Influence of the Erythroifi Activity of the Bone Marrow on 


the Plasma Disappearance of alate a ee aa 
in Dogs.—C. E. Bozzi 


IMMUNOLOGY 


Chemical Deletion of Histocompatibihty Antigens— 
Homograft Survival ož Rat Skin treated with ‘Urethan’ 
tn vitro.-E. Bonmassar, G. Francesconi, S. C. Manzoni 
and M, Perelli-Ercolinz ‘ 


Immuno-adsorbents of High Giseciy: = C. Metcalfe, 
H. F. Marlow and Prof. A. S. V. Burgen, F.R.S, . 


Stımulatıon of Phagocytosis in Relation to the Mechanism of 
Action of Adjuvants.—Prof. T. Nicol, Dr. D. C. 
Quantock and Dr. B. Vernon-Roberts . ; : 


HISTOCHEMISTRY 


Rapid Staining of Juztaglomerular Cell Granules and 
Renal Tubular Mitochondria for Light era — 
Dr. Errol C. Fnedberg and Dr. J. D. Reid 


A of Catechohmines in Brown Fat. ~The late] 


r. M, J, . R. Dawkins, Dr. Serge Duckett and Prof. 
A. G. E. Pearse 3 ` ‘ , g 


Fatty Acid Compositian of “Triglycerides from Adipose 
Tissue.—{The late] Dr. M. J. R. Dawkins and J. F. Stevens 


Collagen, Elastic Tissce and Resorcin Fuchsin.—A. V. 
Newton i : é : ‘ i , 


+ 


PATHOLOGY 


Erythrocyte Glucose-6-shosphate Dehydrogenase Activity 
in Haemoglobin H Dzsease.—Dr. T. K. a Dr. nies 
Todd and Dr. C. C. Wong . ; 


Tolerance of Phenylalanine after Talee Adnin: 
tion ın Phenylketonurics, Heterozygous Cammers, and 
Normal Adults.—Dr. H. J. Bremer and W. Neumann 


RADIOBIOLOGY 


Interphase Death and Related Biochemical Radiation 
Eff vag in Murine Levkaemia Cells.—Dr. H. M. Pane 
A. W. M. Appelman and M. J. de Vries ; 


BIOLOGY 


Secretion of the Thiocyanate Ion by the Nasal Gland of oe 
Adelie Penguin.— Prof. Donald S. Douglas 


Strain Differences in Mouse Mammary Tissue Sensitivity to 
Prolactin and SOROEN in Organ: ee — 
Evelyn M. Rivera 


Inters terpen Spore Inhibition in the Cellular Slime Moulds. A 


ward M, Snydec, III, and Costante Ceccarini 


Temperature-controlled Meristic Variation in the Sala- 
mander Ambystoma gractle—Prof. C. C. Lindsey . 


Sporogenesis in the Bryophyte Axnthocerosts: Features 
shown by Fluorescence Mier RERODN T a E Ridgway 
and Prof. D, A. Larson ‘ . 


MICROBIOLOGY 


Transformation by Hybrid DNA ın Bacillus SREI — 
R. Vestri, L. Felicett: and O. Lostia ; 


ENTOMOLOGY 


Resistance to a Chemosterilant, Metepa, in Aedes aegypir 
Mosquitoes.—-W... Klassen and Prof. F. Matsumura 


VIROLOGY 


Isolation of a Poxvirus from Stock Type 12 Adenovirus.—— 
David L., Huxsoll and Dr. Morris Pollard . ; i 


GENETICS 


New Method of pees: the Tetrads of ance ares 
Moore A 


AGRICULTURE a 


Carbon- and Nitroger-levels of a Medium in Relation to 
Growth and Nematophagous Activity of aes 
olsgospora ea a“ A, inet and Prof. R. H 
Estey ‘ : 4 : 


fi 


1157 


1187 


1158 


ececlx = NATURE March 12, 1966 









SUUUULETET ETAT EEE EEDEL CUTE EDEL: 
= FOR = The 
= 1 hour = 
= 24 hours = stays on the job 
= 7 days = 
= = Histokinette 
SAMHEITI eien features 
incluae :— gaat , 
Diagnostic reports to hand hours earlier than they would be NSS o 
with manual processing and ın far greater numbers—the we! A 
release of a valuable technician for other duties. . . these are : 
the outstanding advantages of the Histokinette Automatic @ Upto 24 hours delayed start 
Tissue Processing macine Pre the Poto Emate BE è Double processing capacity 
put into operation, it will without supervision go throu © 
entire cycle of fixation, dehydration, impregnation in wax, @ One or more motor members and baskets 
or alternatively can be set up for the washing or staming of @ Unbreakable tissue basket and containers 


tissues. It can handle large numbers of specimens at the 
same time and while staff is off duty—speed up almost any 





technique by ensuring quicker and more thorough penetra- The Hendrey Histokinette is in general use at home and overseas 
tion by reagents. ... to quote a few in U.K. «+. and some of our exports 
A 24-hour clock 1s fitted as standard. Chznge over Aberdeen Dundee London Argentine Eire Italy 
to 1 hour or 7 day cycles (the latter of great value Bangor Edinburgh Manchester Australia Egypt Japan 
in double embedding and bone decalcification tech- Belfast Exeter Newcastle Austria Finland Mexico 
niques) is simple and rapid. Birmingham Glasgow Oxford Belgium France New Zealand 
Bristol Gloucester Sheffield Brazil Ghana Nicaragua 
Cardiff Leeds Southampton | Canada Greece Norway 
Liverpoo! Swansea Ceylon Holland Pakistan 
Chile Hong Kong S. Africa 
H e n d re Re J Ss China Hungary Singapore 
Colombia india Sweder 
Cuba iran Switzerland 
Write for illustrated brochure Denmark Israel Thailand 


HENDREY RELAYS LTD - 390-394 BATH ROAD - SLOUGH - BUCKS, Telephone : Burnham 609/612 
MANUFACTURING ELECTRICAL ENGINEERS. CONTROL & LABORATORY APPARATUS, Telegrams : Hendrelay, Slough 
Sole Export Distributors. Measuring & Scientific Equipment Ltd., 25-28 Buckingham Gate, London, S.W.1. 





~~ 


Be Pensan Re 
HVS 
MLL. 



















Fnemersion Retractometer 





The immersion or ‘dipping’ refractometer, as it is sometimes 
known, is a versatile instrument yielding a high accuracy— 
0.00004 on the majority of liquids in common use in science and 
industry. The principal function is of a comparative nature, 
measuring small differences in index between similar samples. 
The normal range of 1.325 to 1.597 is made up using 7 inter- 
changeable prisms, each covering a span of approximately 0.04, 
The first range prism (1.325 to 1.367) is also available in a water 
jacketted prism box as illustrated. A recent addition is a flow 
cell holding about 4 ml. of sample, intended for repetitive 
measurements where the fresh sample flushes out and replaces 
the previous sample. The unit is fully water jacketted for close 
temperature control and may also be used for continuous flow 
measurements. 
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THE FUTURE OF THE BRITISH AIRCRAFT INDUSTRY 


HE great difficulties which face Defence Departments 
in attempting to assess the future needs of the Services 
for all forms of equipment were fully recognized by the 
sub-committee of the Estimates Committee which con- 
sidered electrical and electronic equipment. Although the 
complexity of the techniques involved and their compara- 
tive novelty present special difficulties with electronic 
equipment, perhaps especially in the speed of advance, 
the Estimates Committee did not suggest that the position 
here is unique. It did suggest, however, that the present 
departmental arrangements contributed to the difficul- 
ties and, although the Committee did not venture into this 
aspect in detail, the seventh report of the Estimates 
Committee for the Session 1964-65 (see Nature, 209, 645; 
71966) did not conceal its misgivings on this score, especi- 
ally as regards the Ministry of Technology. It was not 
satisfied with the functioning in this field of either the 
Ministry of Aviation or the Ministry of Defence. 

The key problem is the same in its essentials as that 
which confronted the Committee of Inquiry into the 
Aircraft Industry, appointed by the Ministry of Aviation, 
under the chairmanship of Lord Plowden, in December 
1964, whose report has since been published*. That 
Committee was to consider the future place and organiza- 
tion of the aircraft industry in relation to the general 
economy of Britain—taking into account the demands 
of national defence, export prospects, the comparable 
industries of other countries and the relation of the indus- 
try with Government activities in the field of aviation. 
It was to make recommendations on any necessary steps 
and measures. The electronics industry was outside its 
terms of reference, although the interest of electronics 
firms in the fate of the aircraft industry is acknowledged 
in the Report and evidence was taken from them. Never- 

stheless, the terms of reference were widely drawn and the 
«Committee recommended that some detailed aspects 
needed further investigation. 

On the other hand, while on appointment the Com- 
mittee was told that early decisions would be made on 
sertain projects in the military aircraft programme, 
and the cancellation of the P1154 and of the HS681 
‘was announced in January 1965, the fate of the TSR2 

«vas not decided until April 1965. For some months, in 
sonsequence, witnesses in industry and in Government 
lepartments found it difficult to state their plans. Doubts 
about the military programme persisted even after April 
md remained unresolved until the results of the present 

“efence review were known. In addition, several Minister- 
al statements about collaboration with other countries on 
uture aircraft developments, such as the two Anglo- 
‘rench projects announced in April 1965, and the aero- 
ngine project recently negotiated with the United 
‘tates, have accentuated the difficulties of the Com- 
titteg, 

The Report emphasizes at the outset the distinguished 
«ecord of the British aircraft industry both in peace and 
zar. For more than half a century it has made a major 


* Report of the Committee of Inquiry into the Alrcraft Industry appointed 
wy the Minister of Aviation under the Chairmanship of Lord Plowden, 19864- 
i Pp. iv+139. (Cmnd. 2853.) (London: H.M.S.0., 1965.) 10s. net. 


contribution to the defence, the economy and the tech- 
nology of Britain. In recent years, setbacks and frustra- 
tions, including the cancellation of the major projects 
already mentioned, have diminished its prestige. In 
addition, British civil advanced jet aircraft have failed in 
general, despite their technical qualities, to realize the 
commercial expectations with which they were launched. 
Over the past 5 years, the main projects in the civil 
programme have together absorbed substantial private 
capital, as well as an increasing contribution from Govern- 
ment funds, and they Co not, as a whole, promise a return 
commensurate with the mvestment. 


quent doubts about the future of the industry and its 
value to the community. Apart from the obscurity of the 
present outlook in the field of defence, it is difficult to 
predict with confidence the pattern of developments in 
civil aviation in the years ahead. The environment in 
which the industry operates is constantly changing and, 
accordingly, the Committee did not attempt to make 
recommendations on individual projects or on the detailed 
organization of the industry. It makes recommendations, 
however, regarding the relations between Government 
and the industry; but in spite of some discussion of the 
future of the Ministry of Aviation, it does not examine in 
any detail the relations between that Ministry and the 
Ministries of Defence or of Technology. The Committee 
does recommend an early review of this subject by the 
Government, since the afficiency of the aircraft industry is 
closely bound up with better arrangements for conducting 
aircraft business within Government departments. The 
Committee sought to dafine the basie principles which the 
Government and the industry should bear in mind when 
planning the future of the industry and when making 
decisions on individual projects in the coming years. 
Looking first at the changing technology of the industry 
during the past 20 years, the Committee notes the increased 


performance of aircraft resulting from the gas turbine’ 


engine, the development of new materials to overcome the 
problems of supersonic flight, as well as the devising of 
new shapes with novel dispositions of wings, tail and 
engines. Striking advances have been made in aero- 
nautical equipment: developments in electronics, radar 
and computers have revolutionized navigation and air- 
craft control systems, and there have also been advances 
in mechanical equipment and hydraulics. 

All this has markedly increased the complexity of 
aircraft, which are now an intricate mass of electrical, 
electronic, hydraulic and mechanical equipment. As a 
result, a modern aircraft takes longer to develop and the 


costs of development and production are both much - 


higher. Whereas the production cost of a Spitfire was 
about £10,000, a Lightning Mark I cost more than £500,000 
and the T'SR2 would have cost nearly £300 million to 
develop and nearly £3 million for each production aircraft. 
This is about twenty times more for development and ten 


-À 


The Plowden Committee was concerned with the conse- `~ 


times more for produczion than the Canberra, which the ~ 


TSR2 was to replace. A modern sub-sonic civil air liner, 
including a new engins, could cost from £50 million to 
develop and anything from £1°5-£3 million for each 
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aeroplane, or two or three times as much as the airliner 
of a decade ago. 

The problems of selection for customers and suppliers 
alike which these changes raise are rather in the speed 
with which technological changes succeed each other 
than in the character of the changes themselves. The 
penalties for faulty choices are heavy and, in general, 
fewer aircraft of each type are required than previously. 
The supplier of aircraft finds his resources tied up in fewer 
and increasingly expensive types; he is highly vulnerable 
if a project is suddenly cancelled. On civil projects the 
manufacturer himself normally finds at least half the 
costs of development, and if sales do not mature because 
some unexpected technical advance gives an advantage 
to a competitor, he may bear heavy losses. Timing and 
speed are thus increasingly important and there is a 
constant search for a new technological breakthrough to 
produce the next major advance. 

This question of technology is considered more fully in 
a later section of the Report, in which the case for an 
aircraft industry is discussed. The activities of the British 
aircraft industry occupy some 8,600 qualified scientists, 
of whom 7,000 are employed in the industry itself, or 
27 for 1,000 workers; this compares well with the average 
of 12 per 1,000 in British industry as a whole. The re- 
maining 1,600 are engaged in aeronautical research and 
development or their administration in the Ministry of 
Aviation and its research establishments. The Plowden 
Committee was convinced that the new products and 
techniques developed by the industry found uses outside 
the industry and stimulated technological innovation 
generally. As examples of such indirect benefits or tech- 
nological ‘fall-out’ it instanced the development of new 
materials, with high strength/weight properties, often 
coupled with resistance to high temperature, the develop- 
ment of digital computers, gas turbines, and high-pressure, 
light-weight hydraulic systems, as well as important 
advances in electronics, radar and radio. 

While the importance of these indirect benefits was not 
to be doubted, it was more difficult to judge whether larger 
or even comparable benefits could be achieved by deploy- 
ing these 8,600 scientists and technologists in other ways. 
For various reasons the Plowden Committee thought it 
improbable that any other single industry would have so 
pervasive an effect on the technological progress of the 
nation. Moreover, even if part of that effort could fruit- 
fully be redistributed, 1t would not be easy to determine 
the objectives with assurance. Wholesale transfer of 
skilled research workers could not be achieved in the short 
or even medium term without serious loss, and the Com- 
mittee had reservations as to how quickly and effectively 
the rest of British industry could absorb and use scientists 
and technicians from the aircraft industry. The caution 
of the Plowden Committee on this point is fully supported 
by the experience of the industrial research associations; 
ib is their belief that the wider spread of technological 
progress in industry is limited not so much by the volume 
or nature of the new discoveries or advances being made 
by Britain’s scientists and engimeers, or even the areas 
in which they are being made, as by industry being 
unaware of them and unwilling to apply them. 

While, therefore, the Plowden Committee concludes 
that disappearance of the aircraft industry, or its large 
and speedy contraction, would involve in the short term a 
significant loss to Bmtain’s technology, ıt does not suggest 
that, in the long term, the technological ‘fall-out’ from the 
industry is a major justification for support to ensure its 
survival or maintenance at a particular level. The strength 
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of this argument, moreover, depends on the general 
Government policy for technology; the greater the effort 
the Government is prepared to put into systematically 
encouraging the use of advanced technology throughout 
British industry, the less it need rely on the stimulus of the 
aircraft industry. Conversely, the nation cannot afford, 
in either the short term or long term, to tolerate weakness, 
whether in organization or in people, at the Ministry of 
Technology or at whatever Ministry may be charged with 
such responsibilities. 

In this respect the Plowden Committee makes one 
constructive suggestion. It believes that arrangements 
to ensure that potentially valuable research reaches 
those British firms which could utilize it would increase the 
benefits from fall-out. It suggests, therefore, that the 
establishment of some kind of scientific clearing house 
merits consideration; however, it admits that the most 
spectacular transfers of technology will continue to result 
from one man’s enthusiasm for a new discovery and from 
the determination and vision with which he applies it 
in apparently unrelated fields. These views, moreover, 
are substantially confirmed by the conclusions of a study 
by A. D. Little, Ltd., commissioned by the Committee, 
into the transfer of aerospace technology in the United 
States. 

Some of these conclusions are worth noting. The 
experience in the United States provides valid examples 
of major transfers of technology from aerospace pro- 
grammes to civilian sectors of the economy, and the 
existence and rapid growth of a large body of advanced 
technology in the aerospace sector have stimulated other 
sectors of the economy to consider the utility of technology 
in commercial life. Significant transfer of technology, 
however, has occurred only where a clearly recognizable 
correspondence was first demonstrated between technical 
opportunity, on one hand, and an economic or social need 
which could be satisfied with profit to industry, on the 
other. 

The review also points out that a more formal and 
apparently comprehensive system of written communica- 
tion is coming into existence in the United States to 
describe the developments in aerospace research, and this 
system is disseminated to industry at large. Much, 
however, remains to be done to develop the environment 
which can increase the efficiency of this process, and the 
review suggests that incentives for innovation within 
industry require re-examination. The transfer of tech- 
nology will increase when the environment of the receiving 
side in industry and commerce is as open to innovation 
as the generating side. This is not so at present and the 
existing environment tends to discourage the movement 
of scientists and engineers with advanced knowledge of 
aerospace technology into other less venturesome sectors 
of the economy. 

While such mobility is the most important factor im 
the transfer of technology, the A. D. Little review does 
not advocate the support of aerospace programmes on 
the ground of such stimulus to technology generally 
Such stimulation is achieved more effectively by othe: 
forms of supporting civilian research and industria 
innovation. The transfer of technology is no valid reasor 
for maintaining an aircraft industry or a burdensome 
programme of space research. Little attention was paic 
to this aspect when the Report was discussed in the House 
of Commons on February 1. There was no suggestior 
that such technological transfer was a valid reason fo. 
maintaining an aircraft industry of a particular size but 
on the other hand, it was disappointing to find so little 
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attention being paid to the question of research or even 
to the structure of Government in so far as it affects the 
efficiency of the industry. 

It was left for Mr. Keith Stainton to note the Commit- 
tee’s reference to the future of the Ministry of Aviation, 
but he merely pointed out that this had not been con- 
sidered at all deeply by the Committee. Mr. Stainton also 
emphasized the importance of supporting the search for 
knowledge on which technical progress depends. The 
vital question was how this was done and he called for 
more analysis than was given in the Report of the areas 
of past research activity and general adequacy and 
competence to form a clear view of the future level 
of requirements. Even on present finance, research and 
development should be re-aligned but not curtailed. He 
urged that European co-operation should be developed 
on a thorough-going basis. 

Mr. J. Stonehouse, Parliamentary Secretary to the 
Ministry of Aviation, replying on the debate, clearly 
recognized the importance of research. This was one 
reason why it was essential to widen the market for 
British aircraft, for example, by collaborative projects 
with our allies. At present the industry could not sustain 
its research and development costs and, as the Plowden 
Committee pointed out, was looking to the Government 
for a larger contribution than in the past towards the 
launching costs of any new project. Over the years 
between 1960 and 1963, research and development 
expenditure by the Government in the British aircraft 
industry on aircraft, excluding guided weapons, averaged 
about £100 million and total aircraft sales about £320 
million. In the United States over the same period, 
expenditure on research and development of military 
aircraft averaged 635 million dollars and on procurement 
5,500 million dollars a year. The Committee’s rough 
calculations suggest that ın recent years the degree of 
Government support given to the aircraft industry has 
been substantially higher than that given to British 
industry in general. Moreover, the higher the cost of 
research and development for an aircraft type, the more 
the price of the British version is likely to exceed that of 
the American. 

The Plowden Committee’s conclusion that the effort to 
establish a self-supporting British civil aircraft industry 
had not yet succeeded was not challenged in the debate 
in the House of Commons. The debate was in fact more 
especially concerned with the presentation in Section IV 
of the Report of the case for an aircraft industry. As 
already noted, the Plowden Committee did not base 
this on the transfer of technology, and while it thought 
that the defence benefit offered by the industry in affording 
an extra measure of national independence was of value at 
the present time, it also thought that the evidence sug- 
gested that the value of the benefit was likely to decrease 
and its cost increase. Nor did it consider that a case 
could be made out for the industry in terms of employ- 
ment. It believes that new jobs would fairly quickly be 
mound for workers from the aircraft industry if released, 
and, while a successful industry can make a genuine 
sontribution to the nation’s welfare, it does not regard 
his argument as validating the case for any particular 
evel of support unless the very survival of the industry 
were in question. 

From the point of view of stability the Plowden Com- 
nittee concedes that there might be a case for some 
support to maintain the aircraft industry at a particular, 

ower level so that past failures would not debar it from 
ichieving future success. Basic to this case, however, is a 
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realistic prospect in the long run of successes outweighing 
failures so that such support could then be withdrawn. 
The Committee does not believe that in the long run the 
country would suffer from a major contraction in the 
industry, provided it was accompanied by adequate 
Government policies for technology. Nevertheless, Britain 
would suffer a serious loss if policies were followed which 
resulted in the speedy withering away of the industry, 
and the Committee does not believe that, in the long term, 
the benefits conferred by the aircraft industry will be so 
large or unique as to make it worth maintaining in exist- 
ence regardless of cost; still less doing so at its present 
or at any particular level. Accordingly a coherent set 
of policies is required which offers the prospect of reducing 
support, the basic prcblem being to improve the relation 
between sales of the industry’s products, their develop- 
ment and their initial production costs. 

Four main policies are regarded as contributing to this. 
First, Britain should collaborate on a comprehensive range 
of military and civil projects with overseas partners. 
Secondly, these projects should be those for which develop- 
ment costs are reascnable in relation to the expected 
market. Thirdly, where development costs are dispropor- 
tionate, as with the largest and most complex military 
aircraft and guided weapons, essential needs should be 
met by purchases fror the United States. Fourthly, the 
industry’s exports must be increased. In the view of the 
Committee a shift from total dependence on home produc- 
tion for Britain’s defence needs is indispensable to these 
policies, and ıt appears that the Ministry of Defence is 
now ready to make such a shift. 

Discussing next the possibilities of widening the market, 
the Committee observes that, while air traffic has grown 
year by year, the annual rate of growth has been declining 
since the Second World War and in the past few years has 
fallen to 12 per cent. Available evidence points to some 
further slow decline in the future. The increasing world 
demand offers little prospect for substantially increased 
sales for the British industry on its own, and the home 
military demand is unlikely to increase and may well fall. 
On collaboration with the United States the report emphas- 
izes the free and intensive exchange of military scientific 
information encouraged by the close alliance between 
the two countries. Although on civil aircraft the ex- 
changes are more restricted in view of the keen commercial 
competition, yet the British aircraft industry would be the 
poorer if the general flow of information were impeded. 

Britain has also benefited from aviation research and 
development which successive American Governments 
have encouraged among their allies in Western Europe 
since the Second World War, often with generous financial 
assistance. The United States has shown a high regard 
for the inventiveness of Britain’s scientists and several 
joint research and development projects have been 
launched between the two countries. There is little 
doubt that in those arzas where Britain has a lead, or the 
promise of a lead, over the rest of the world, the United 
States Government will continue to encourage industry 
to co-operate with us in research and development. 

While some, though not many, further joint projects 
may be expected, the United States has no over-riding 
need for a partnership in aircraft development and pro- 
duction. The technical resources of the American industry 
can meet all that country’s main needs, and the domestic 
demand alone is normally sufficient to make production 
economic. Accordingly, the Plowden Committee believes 
that there is no likelihood of any agreement being reached 
on a comprehensive joint aircraft research and develop“ 
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ment programme between British and American manu- 
facturers. However, it considers that there should be scope 
for occasional worthwhile schemes for joint research and 
development as well as for the wider use of British 
engines and equipment in United States aircraft. 

Association with Europe is another matter, and partner- 
ship between Britain and France offers many attractions. 
While the British and French industries are the largest 
in the free world, with the exception of the United States, 
and are reasonably complementary in capacity and evenly 
matched in competence, yet like all the national aircraft 
industries in Europe their home market is too small. 
None is strong enough alone to secure a reasonable share 
of world markets in the face of competition from the 
United States; even the combined market which Britain 
and France command might be insufficient to make a 
solely Anglo-French project economie. The Plowden 
Committee suggests that the best solution will be found 
in an association between the British and other European 
industries jointly to develop and produce as wide a range 
as possible of aircraft to meet the needs of Europe and sell 
competitively elsewhere in the world. It recommends that 
Britain should take the initiative in arranging a conference 
of European ministers of aviation with the view of form- 
ulating a common long-term policy for the manufacture 
and procurement of aircraft in Europe. 

Beyond this the Committee considers that, if Britain 
is to retain a significant role in the manufacture of civil 
aircraft, the Government must take a larger share than 
in the past in financing new projects. Although the British 
industry cannot expect to win readily from the expanding 
world market a share large enough to make a major con- 
tribution to its own prosperity, it would be a mistake for 
British manufacturers to opt out of this field of activity. 
A more stable military programme than in the past 
will, however, be essential as the basis for the industry’s 
contribution to a future civil aircraft programme. The 
Committee suggests that the Government should take a 
greater share of the responsibility for market studies and 
for formulating new requirements. While it advocates 
stringent tests before any project is undertaken, it does 
emphasize the importance of prompt decisions when 
the facts are known. It also comments that bolder deci. 
sions by the Government and manufacturers in the past 
might have paid dividends for the country. It concludes, 
however, that it would be undesirable for the Government 
to instruct the nationalized airlines to buy British or 
European aircraft exclusively. 

The Committee did not examine the efficiency of the air- 
craft industry in any detail and its chapter on this subject 
merely suggests some aspects, such as management, which 
require closer examination. It formed a clear impression 
that productivity in Britain was not so good as it could 
be, or as it needs to be if the industry is to be successful. 
It therefore recommends that the Government should 
arrange with the industry for a joint full inquiry into its 
efficiency to determine the weaknesses and to recommend 
improvements. On the organization of the industry, the 
Committee was not convinced that existing competition 
between the new air-frame groups and between the main 
air-engine groups in the industry was either particularly 
real or particularly useful. It thought that the future of 
the defence programme and of international collaboration 
was at present too uncertain for it to make a firm recom. 
mendation on this fundamental point of organization, 
although all the evidence points to a reduction in the 
present size of the industry. It considered also that 
existing relations between Government and the industry 
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had been a great source of frustration in the industry 
and had hampered the making of decisions and the effici- 
ency of management. 

The Committee suggests that what is required in this 
controversial field is a form of organization which will free 
the companies from the detailed contro], both technical 
and financial, now exercised by the Ministry of Aviation 
and which it believes prevents efficient and dynamic 
management. The new organization would still allow the 
Government to contribute in varying proportions to civil 
aircraft projects but would leave the Boards of the air- 
frame groups to execute these projects without day-to-day 
control. It should also retain the greatest flexibuity 
possible while the future pattern of the industry is evolv- 
ing; retaining, for example, the advantage of private 
enterprise so far as possible, while still recognizing the 
dominating position of the Government both as provider 
of finance and as customer. The Government would 
thus be engaged in the working of the groups and be made 
directly aware of the consequences to the industry of any 
Governmental policies on research and development. 
While it sees no case for public ownership of the aero- 
engine and equipment companies, it thought that some 
degree of public ownership of the two main air-frame 
groups was essential to achieve a framework withm which 
confidence in the future of the industry could be restored. 

The Committee considered for this purpose both full 
ownership, such as nationalization, and a public share- 
holding. It did not, however, commit itself on this political 
issue, although it did draw attention to the possibilities 
of a combination of public and private enterprise. Equally, 
it did not express any view on the future of the Ministry 
of Aviation beyond recommending an early survey of the 
question by the Government. It regarded the question as 
outside its terms of reference; yet implied criticism of the 
existing arrangements is easily discernible, and had it 
been satisfied with the structure or competence of the 
Ministry of Technology it is difficult to believe that it 
would not have recommended transfer to that Ministry of 
whatever functions of the Ministry of Aviation could not 
widely and appropriately be transferred to the Ministry 
of Defence. This is fully in line with the comments of the 
Estimates Committee in its seventh report for the session 
1964-65, dealing with electrical and electronic equipment. 

The Plowden Committee does, however, add in conclu- 
sion a number of comments on the role of Government 
research establishments which for many years have played 
an important part in supporting the aircraft industry- 
These establishments are already engaging in work other 
than aeronautical, and since the three military projects 
were cancelled, a limit has been imposed on recruitment 
with the view of keeping employment at the present level. 
The Committee does not consider that the basic responsi- 
bility of the establishments for research and experimental 
work in support of the industry needs changing but recom- 
mends a shift of emphasis in the kinds of research in their 
programmes. In future, more emphasis should be placed 
on research that contributes to the more modest aircraft 
(especially civil) and weapons which the industry is likely 
to embark on. It instances the improvement of the 
aerodynamics of sub-sonic aircraft; the reduction of 
structural weight by new techniques of construction and 
new materials; the saving of weight on equipment and 
systems; improvements in reliability; and the develop- 
ment of more economical methods of construction. 

The Committee urges that the specialized knowledge 
and expertise which establishments derive from their 
research work should be available to support the industry 
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in civil projects as needed, but that the establishments 
should not encroach on or duplicate the project work for 
which the industry is properly responsible. It also 
believes it is important that programmes should be kept 
consistent with the future role of the aircraft industry and 
recommends strengthening the industrial membership 
on the Aeronautical Research Council, and overhauling 
the Council’s terms of reference and structure so as to 
secure a joint Government, industrial and scientific 
body capable of a more authoritative contribution to 
formulating the programme of the establishments. It 
suggests that a reduction over 5 years of 20 per cent in 
the present annual budget for intramural aerospace 
research and development would be realistic without 
detriment to the value and balance of the intramural 
programme. 

In opening the debate on February 1 the Minister of 
Aviation, Mr. F. Mulley, while welcoming the Report, 
was distinctly non-committal on controversial issues 
and merely indicated the Government’s views in general 
terms. When the Government took office the aircraft 
industry was absorbing a disproportionate share of 
Britain’s resources; the Government accepted the Plowden 
Committee’s general analysis of the situation and intended 
to help the industry by creating an environment in which 
the industry could save itself by its own resources. 
Priority would continue to be given to the policy of 
collaboration with Europe, but he accepted with 
reservation the recommendation that for the largest and 
costliest projects Britain should of necessity buy Ameri- 
can. On civil aircraft he agreed that the general financial 
policy should be one of a 50:50 contribution from the 
Government, and on the size of the industry Mr. Mulley 
envisaged a specific contraction from the present 250,000 
employees to about 200,000 in 1970, largely in the air- 
frame side of the industry. 

Mr. Robert Carr questioned the wisdom of being too 
specific about the reduction but, with few exceptions, 
criticism of the report and of the Minister’s statement was 
balanced and constructive. Mr. Carr also emphasized the 
importance of greater continuity of control at every stage 
of a project, deprecating frequent changes of personnel. 
He also urged that the Ministries concerned should incor- 
porate into the administrative hierarchy more staff with 
industrial and technological experience, and closer and 
more effective association of technical and financial 
assessments of a project from its conception. Closer 
formal association of the industry with the Government 
departments was essential in order to achieve cost effec- 
tiveness and there should be greater direct responsibility 
for execution of a project. More effective incentive con- 
tracts must be devised, and, together with some relaxation 
of security, Mr. Carr suggested stronger Parliamentary 
control by development of the Select Committee procedure. 

Mr. Carr, whose suggestions were welcomed by Mr. 
Mulley, also strongly supported Anglo-European co- 
operation, as did later speakers in the debate. Some were 
critical of the Plowden Committee for its failure to examine 
more fully questions of efficiency and management, while 
recognizing the limitations which time placed on the 
<enquiry. Mr. J. Cronin and Mr. N. Atkinson in particular 
pressed the issue of public ownership, but otherwise 
the debate was comparatively non-controversial. <A 
welcome feature was the general recognition of the impor- 
«tance of effective association of technical experts in the 
«control of the industry. Sir Ian Orr-Ewing put this partic- 
«larly well in relation to the Ministry of Aviation, which he 
mthought did not employ on a highly technical job in a 
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scientific sphere encugh people of a sufficiently high 
calibre. z 

Nevertheless, neither the Plowden Report nor the 
debate itself throws much fresh light on one of the most 
critical problems of ths aircraft industry and of some other 
industries—that of accurate estimation of production costs 
in the face of rapid technological innovation. This is 
predominantly a problem of management, to which a 
higher standard of management may in due course be able 
to contribute to a decisive degree. It is also partly a 
problem of organization in which the structure of Govern- 
ment is an important factor, and this is one reason for 
undertaking a new and urgent examination of the place 
and function, not mersly of the Ministry of Aviation, but 
of other departments concerned with civil research and 
development. It is also a matter of the effective use of 
the scientific and technical expert, and of the mechanics 
of scientific advice, and the Plowden report, like that of the 
Estimates Committee, could well stimulate the critical 
and constructive thought on those questions that is now so 
imperative. 


PATENTS AND THEIR PROCEDURE 


Patent Protection 

The Inventor and his Patent. By Clifford Lees. Pp. x+ 
334+3 plates. (London: Busmess Publications, Ltd., 
1965.) 50s. net. 


pa T Protection has been written by a patent 
agent who has been m practice for some years, with 
the object of explaining the patent system and its oper- 
ation to business executives, free-lance inventors and 
others. With this object in view, the book has been well 
prepared. It is lucidly written and, indeed, in relation to 
its rather abstruse subject-matter 1t is most entertainingly 
presented, though it is sometimes difficult to be certain 
what precise aud’ence or reader the author has in mind 
for some of the chapters. 

The extent to which scientists and engineers find them- 
selves involved in patent matters to-day is growing apace. 
They generally know little about the subject and are 
content not to know until the necessity arises. They then 
want to be told what is the right thing to do and to do it. 

This book can accordingly be recommended to anyone 
who finds himself involved in, or concerned with, the 
subject of patents and wishes to acquire fairly rapidly 
the requisite background, though in some chapters, for 
example “Infringement. Opposition and Abuse of 
Monopoly”, the deta:l is too great for the relatively casual 
enquirer, and those more knowledgeable would normally 
consult a more standard reference work. 

In order to make the subject-matter more interesting 
to read and easier to absorb, much of Patent Protection 
has been contrived arcund a notional private inventor of 
a new design of potato peeler. In consequence, the 
practical implication in relation to the applied areas of 
chemistry and physics, not to mention electronics or 
electrical engineermg, which are most likely to be of 
concern to the research scientist or engineer to-day, must 
to some extent be deduced by analogy. 

Nevertheless, within the book’s compass will be found 
both the theory and general practice of patent handling 
with adequate details of the system and procedure in 
Britain, as well as appropriate references to other such 
important patent countries as the United States, Germany 
and France. 

The practical side of inventions is not neglected. There 
are some excellent ckapters on practical development, 
selling and patent licensing. As the author rightly says, 
“success in this field is relative’. It may vary from a 
modest income for the patentee to the establishment of a 
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new and flourishing business. It ıs debatable, however, 
whether there can be ‘success’ such as the completion, of 
& prototype which does a job, or the solution of a technical 
problem, without subsequent manufacture and sale. 

There are a few minor comments one might make on 
the accuracy of some details; for example, the author 
18 inclined to underestimate the total cost of obtaining 
a United States or overseas patent, but perhaps these are 
not important in relation to the nature and purpose of 
this book, which, as the author emphasizes, can in no 
way stand as a substitute for the advice of the expert. 

The book has a good index and some useful appendixes 
containing lists of hbraries where patent specifications 
are available and of some research organizations who 
might be able to help or advise inventors. 

B. J. A. BARD 


A STUDENT’S APPROACH TO 
METAL JOINING 


The Metallurgy of Welding, Brazing and Soldering 
By J. F. Lancaster. (Institution of Metallurgists: Modern 
Metallurgical Texts, No. 3.) Pp. 291. (London: George 
Allen and Unwin, Ltd., 1965.) 368. net. 


ELDING, brazing and soldermg are of fundamental 

importance in modern industry. Not only are they 
indispensable as constructional techniques, but also the 
mechanical behaviour of components ranging in scale from 
transistors to vast engineering structures often depend 
critically on the quality and design of the joints incor- 
porated ın them. 

In spite of this, the study of welding metallurgy forms a 
disproportionately small part of many metallurgy and 
engineering curricula and there are scarcely any text- 
books written primarily for metallurgical and engineering 
students. In the light of this situation, The Metallurgy of 
Welding, Brazing and Soldering fulfils a very real need and 
Mr. Lancaster has proved a singularly fortunate choice as 
author. He not only has a broad grasp of the fundamen- 
tals of the processes themselves and the welding metal- 
lurgy of the different materials he considers, but he also 
has considerable experience of the different’ practical 
problems which may arise. He has made full use of this 
background to show, wherever possible, the relationship of 
basic principles and practical implications in a manner 
which might be copied to advantage by many other 
authors of engineering and metallurgical texts. 

The book starts with a brief introduction to illustrate 
the historical development of the theory and practice of 
metal joining techniques. This is followed by a chapter 
outlining the general characteristics of fusion welding 
techniques in which the author considers the welding arc, 
process characteristics, drop detachment, heat flow, 
reactions in the weld metal, weld pool solidification and 
the development of residual stress. In the three following 
chapters fusion welding processes, solid phase welding and 
brazing, soldering and adhesive joining are considered. 

Following chapters deal with the welding of carbon 
steel, ferritic alloy steels, austenitic and low-alloy steels, 
and non-ferrous materials, respectively. The treatment 
is necessarily brief in the space available and the author 
concentrates on defining the potential metallurgical 
problems which may arise during welding and showing 
how they may be avoided through a knowledge of the 
welding metallurgy. 

The two final chapters are concerned with the basic 
principles involved in welding castings, clad steel and 
joining dissimilar metals and with a review of the means of 
controlling quality in welding respectively. 

The book is very readable and plentifwly illustrated 
by clear drawings, graphs and diagrams. The quality of 
the photographs and micrographs, however, leaves 
something to be desired. No doubt the choice of reproduc- 
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tion process depended largely on the need to keep the 
price as low as possible but in my opinion a higher quality 
would have been preferable even at the expense of an 
extra shilling or two. 

Very few of the points made in the book will be seriously 
disputed but there is one which warrants some comment. 
Having started Chapter 6 by a refreshingly realistic 
definition of mild steel (up to 0:3 per cent carbon) the 
author goes on to say that this “. . . may normally be 
welded without any preheat or post welding heat treat- 
ment”. This statement is certainly true for thin plates 
and sections but is not generally true of thicker plates, 
especially where the manganese content can approach 
or exceed l per cent. 

In conclusion, this book can be thoroughly recommended 
for use by students embarking on the study of joining 
processes. However, its usefulness is by no means confined 
to technical colleges and universities. Practising engineers 
and metallurgists, even when directly concerned with 
welding, will find it valuable to have on their bookshelves, 
as I certainly shall myself. R. G. BAKER 
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DISLOCATIONS 
Dislocations 


By Prof. J. Friedel. (International Series of Monographs 
on Solid State Physics, Vol. 3.) Pp. xxi+491. (London 
and New York: Pergamon Press, Ltd., 1964.) 120s. net. 


RIEDEL has produced an outstanding treatise on 
Dislocations aimed at the research student in physics, 
in metallurgy and in engineermg. That both theory and 
experiment on dislocations now dominate the study of the 
physical and mechanical properties of crystals is evident, 
as this very scholarly treatise ends with a bibliography 
of twenty-seven close-packed pages, more than, a thousand 
references, most of which have appeared within the past 
twenty years. There 1s so much in this book that it is 
hard to summarize, the only deceptive feature being 
the relatively slight index. The line diagrams and the 
photographic illustrations are superb and will be the envy 
of every text-book writer. The clarity and lucidity of 
exposition owe much to these. 

Elastic theory of dislocations, motions of dislocations, 
glide, vacancies, interstitials and dislocation climb are 
all treated in an adequate way, with a minimum of 
mathematics, but with authoritative thoroughness. The 
difficult field of umperfect dislocations is clarified by 
outstandingly lucid line illustrations, beautifully executed 
and notably clear. In this section twinning and epitaxy 
are neatly fitted in. The now well-known spiral growth 
theory, to which Frank has contributed so much, is then 
briefly summarized, and this completes Part 1. 

Part 2, devoted to dislocation networks, deals sympa- 
thetically with a formidable subject. In a section on the 
Frank network, the intriguing subject of crystal whiskers 
is briefly surveyed, then comes the discussion the metal- 
lurgists will have been waiting for, namely, cold working, 
the relation between dislocations and hardening, anneal- 
ing, recrystallization, grain boundaries and creep. The 
scholarship exhibited in these sections arouses admiration. 
Cleavage and crack propagation are next briefly discussed 
and here is the one section where I. wished that more 
might have been included, yet this is a purely personal 
wish and not meant as a criticism. 

A. shorter third part (96 pp.) deals with interaction of 
dislocations and other defects such as impurities, precipi- 
tates and other crystal lattice perturbations. This section 
includes a survey of semi-conductors. 

In this outstandingly scholarly contribution one aspect 
which I felt could have justly received more detailed treat- 
ment was that dealing with etch pits. But since selection 
there must be, inevitably some branches must be more 
lightly treated than they deserve, otherwise bulk becomes 
impossibly great. 
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I very much welcome this fine new text on dislocations, 
despite the fact that there are already perhaps half a 
dozen or so books on this subject. It is probably the most 
comprehensive of all and certainly outstandingly lucid 
in presentation. It will remain a main authority m the 
field for a long time. S. TOLANSEY 
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RUSSIAN RADIOPATHOLOGY 


Studies ın the Pathology of Radiation Disease 

By N. A. Krayevsku. Translated by A. Lieberman. 
English translation edited by Hermann Lisco and Malcolm 
Walker. Pp. xv +219. (London and New York: Pergamon 
Press, 1965.) 100s. net. 


T first sight ıt seems pointless to translate a book on 
A the pathology of radiation injury written in 1957 and 
unamended since. The justification might be that basic 
descriptions of morbid histology have a permanent value 
regardless of time, or that there are important Russian 
data hitherto unknown to the West. 

Unhappily in this case neither clam can be upheld. 
The main bulk of Studies in the Pathology of Radiation 
Disease is an account, tissue by tissue, of the gross and 
mucroscopic changes induced by radiation (mostly to the 
whole body) in dogs, cats and rats. Both acute and chronic 
radiation effects have been studied using either external 
radiation or internally admmustered isotopes. Many of 
the descriptions are careful and detailed but the terms 
used are sometimes vague or undefined. For example, 
what precisely is meant by “disturbed haemopoiesis . . . ın 
the form of progressive pernicious anaemia’? and, referring 
to recovery from radiation, “a mobilisation of internal 
resources occurs which is mediated particularly through 
the nervous system. Followmg J. P. Pavlov, we may 
look on this process as a physiological counter-measure 
to the disease” ? 

An extraordinary omission 1s of any reference to blood 
platelets. In page after page there are descriptions of 
haemorrhages in various organs and all are attributed 
entirely to blood-vessel damage. In fact, the words 
‘platelet’ and ‘thrombocytopaenia’ do not occur through- 
out the whole text. In compensation, perhaps, one of the 
longer chapters (by Prof. Portugalov) concerns the nervous 
system. His final comment, however, 1s on the ‘shghtness’ 
of the radiation effects, and one wonders whether this 
accords with the general Russian view. 

The illustrations are of mixed quality and suffer from 
a complete absence in the captions of any reference to 
staining technique or magnification. 

Tt 1s in the final chapter, “Conclusions”, that the lack of 
modernity is most evident. What is the use of quoting 
old speculations on radiosensitivity ın different phases 
of cell cycle when the subject has since been studied 
expermentally ? And the references to human radio- 
pathology are inevitably meagre if all that has happened 
since 1957 is left out. Perhaps a better book could have 
been written in 1965; certainly this edition cannot be 
recommended. H. E. M. Kay 


THE GRASSHOPPERS AND LOCUSTS 
OF AFRICA 


The African Genera of Acridoidea 

By V. M. Dirsh. Pp. xiii+579. (London: Cambridge 
University Press, 1965. Published for the Anti-Locust 
Research Centre.) 200s. net; 37.50 dollars. 


\ NX THAT is the difference between a grasshopper and a 

locust ? The answer will not be found in The African 
Genera of Acridoidea; the reader is expected to know. 
Indeed, the answer has nothing to do with taxonomy, 
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which is the subject of this book; the distinction is one 
of ecology and beheviour. In passing, it may be noted 
that in America they are all called ‘grasshoppers’: 
the name ‘locust’ is reserved for the cicadas. Within the 
British Commonwealth the grasshoppers follow a more or 
less ‘solitary’ existence ; they tend to remain through- 
out their lives in one locality. But certain species of 
Acridoidea change their habits from time to time: for 
long periods they may live solitary lives hke the other 
grasshoppers; but when their numbers increase they 
reveal a capacity to gather together in great companies 
or swarms. In this ‘gregarious’ state they will undertake 
migrations, the larval stages or ‘hoppers’ on foot, the 
winged adults in the air. It is those species with the ten- 
dency to enter on such migrations that are called locusts. 
In certain of these species the gregarious or migratory 
‘phase’ is strikingly different from the solitary non- 
migrating phase, not only in behaviour but also in color- 
ation, morphology and physiology. 

In elementary entomology those Orthoptera with 
enlarged hind-legs adapted for leaping (the ‘Saltatoria’ 
of Latreille) fall into three groups: the long-horned 
grasshoppers (Tettigoniidae), the short-horned grass- 
hoppers (Acrididae), and the crickets (Gryllidae). Here 
we are concerned, only with the short-horned grasshoppers 
which are now classified as a superfamily, the Acridoidea, 
of which the family écrididae is by far the largest and 1s 
indeed subdivided into a great number of subfamilies 
of which no less than sixteen are represented in Dr. 
Dirsh’s book on the African genera. The vast majority 
of the species included in these genera would be called 
‘grasshoppers’. There are only some half-dozen species 
belonging to the gensra Locusta and Locustana (of the 
subfamily Acridinae}), and Anacridium, Nomadacris, 
Schistocerca (of the subfamily Cyrtacanthacridinae), which 
are recognized as gregarious and migratory locusts. 

At the present time. most of the major species of plague 
locusts in Africa and Asia are in a temporary-state of 
recession. But mearwhile the cultivator is becoming 
increasingly concerned about the grasshoppers, which 
in the past had been considered of small importance. 
When, large-scale mechanized crop production was 
developed in the Anglo-Egyptian Sudan in the 1940’s, 
about a score of local species of grasshoppers became 
quite serious endemic pests. Species which had normally 
subsisted on wild gresses found cultivated sorghum an 
attractive diet, and the cultivation of the soil facilitated 
their breeding. As mechanized cultivation spreads 
throughout Africa, the same problems are certain to 
arise elsewhere. Hence the interest in building up a 
systematic background to help the entomologist to 
recognize his potential pests. It may well be that on closer 
acquaintance some of these grasshopper species will be 
found to possess latent powers of swarming and migration 
which will entitle them some day to be called locusts. 

The African genera of locusts and grasshoppers as 
described in this book number about six hundred and 
fifty and embrace nearly two thousand species. Many of 
them have been inadequately described in earlier pub- 
lications. Dr. Dirsh has been faced with a most formidable 
task in revising, checking and collating all the information 
(up to 1958) available about these insects and presenting 
it in a compact but comprehensive form. He has accom- 
plished this task with complete success. Some four hun- 
dred and fifty carefully drawn illustrations supplement 
the descriptions of the genera. There are keys and brief 
statements of diagnostiz characters for families, subfamilies 
and genera, and a list of the African species in each 
genus. Geographical distribution is given in general terms. 
This book, like its companion volume already well known 
to workers in this field, H. B. Johnston’s Annotated Cata- 
logue of African Grasshoppers, is published on behalf of 
the Anti-Locust Research Centre, London. It will be a 
standard work for many years to come. 

V. B. WIGGLESWORTH 
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MARGARINE—SCIENCE AND 
TECHNOLOGY 
Margarine 


Second revised edition. By A. J. C. Andersen and P. N. 
Williams. Pp. xi+420. (Oxford, London and New York: 
Pergamon Press, 1965.) I10s. 


ERY little has been written about the margarine 

industry despite the fact that it is world-wide and 
that margarine is a major item in the human diet in many 
countries. With the first edition of Margarine in 1954, 
Andersen rendered a major service in setting out clearly, 
and in readable form, the basic principles on which the 
industry is built. 

The present edition, as the preface suggests, retains 
virtually all the material of the first edition to which has 
been added the advances of the past decade. Most of the 
chapters are of a high standard and convey an intimate 
knowledge of the margarine industry. 

The sections on milk and non-fatty ingredients are very 
comprehensive and indicate clearly the influence which 
these materials have on shelf-life and market acceptability. 
This is supplemented by a very useful chapter on storage 
and preservation which also underlines the importance of 
good plant hygiene and the correct choice of materials 
for plant construction. 

The chapter on processing is probably the best in the 
book. The published. and particularly the patent, litera- 
ture has been dealt with in considerable detail, with the 
result that both chemist and engineer will find much 
valuable information. The flexibility in equipment and 
in product properties which is available to the manu- 
facturer is clearly brought out. 

A short but valuable section on physical methods of 
quality control has been added to this edition, signifying 
that the industry is moving away from the purely sub- 
jective assessment of its products. 

The chapter on legislation should prove useful to those 
contemplating exporting or manufacturing outside their 
own country, although chapters such as this can quickly 
become out of date. 

There is no doubt that this edition will rank as highly 
as the first. In the past ten to fifteen years the industry 
has undergone something of a minor revolution. Greater 
use than ever before is made of a wide variety of raw 
materials. Advances in refining and processing have 
improved quality in terms of texture, flavour and keep- 
ability to an unprecedented degree. A streamlined flow 
of crude oils and fats in at one end of the larger factories 
is coupled with the flow of a range of sophisticated products 
out at the other end. Although many of the advances are 
cited separately throughout the book, the total impact, 
to demonstrate the dynamic state of the industry, would 
have been greater if they had been reviewed in the introduc- 
tion. The quality of the photographs also reduces this 
impact of the book. They are poorly defined and often 
create an impression of the nineteen-thirties, even though 
many of them depict quite modern equipment. 

There are also a number of points which I feel 
would have added to the value of the book if they had 
been treated more fully. Thus, in considering the chemistry 
of raw materials, organic chemistry is concentrated on 
at the expense of physical chemistry, yet it is mainly in 
physical terms that the important qualities of margarine, 
such as melting and spreading, can be explained. 

Any major work on margarine must be incomplete 
without a considerable discussion on hydrogenation, yet 
the authors in this case deal with the subject mainly by a 
limited number of references to other works and a general 
description of the properties of several hardened fats. 
Without increasing the size of the book, a little more 
detail could have been included by reducing the space 
devoted to some of the historical aspects of margarine 
manufacture. 
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Despite the criticisms, I regard this edition as a com- 
prehensive standard text-book on margarine manufacture, 
which those with either fringe or particular interests 
could usefully add to their libraries. It is well presented 
and easily read, and for those seeking greater detail, there 
is a comprehensive bibliography of papers and patents. 

H. LAVERY 
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INSIDE THE BOARDROOM 


Investment Proposals and Decisions 
By Bruce R. Williams and W. P. Scott. Pp. 100. (London: 
George Allen and Unwin, Ltd., 1965.) 21s. net. 


N 1961 a Centre for Business Research was formed at 

the University of Manchester as a co-operative venture 
between the University and a group of business firms 
who agreed to provide facilities for research into some of 
the major problems of business. Investment Proposals and 
Decisions is based on studies of the origin and outcome 
of investment decisions in fourteen of the member firms. 
The studies were carefully chosen to show in each one 
capital project where, if possible, investment decisions 
had been concerned with innovation or expansion and 
not simply with replacement, involved fairly large 
expenditure, had been taken some time ago so that the 
outcome of decisions could be investigated and, finally, 
were of a kind which involved several departments. 

It is not surprising to learn that few of the projects 
examined conformed to all the requirements. Some could 
not be studied in isolation while, with others, investiga- 
tions were circumscribed by the lack of essential docu- 
ments, key people or sometimes by internal politics. 
Nevertheless, the studies proceeded, and it is a tribute to 
the Centre, not only that the investigations have been 
made, but also that they have been so frankly reported. 

The cases described include investment for a new plant 
embodying a new process for making an existing product; 
the establishment of a branch factory abroad to remain 
in front of competitors; the building of a new factory at 
home to extend a relatively new product range; the 
introduction of new processes to improve product quality ; 
the wider use of management services and techniques to 
reduce costs; the introduction of a new product: take- 
over of another company to acquire a successful product; 
and, in a number of cases, the introduct’on of computers 
for improving data process‘ng. So far as possible, each 
case is cons dered against four aspects of an investment 
decis‘on process—recognition of potential, collection of 
information, evaluation of the information, and the final 
decision. From these detailed examinations, Prof. 
B. R. Williams and W. P. Scott have gleaned some useful 
findings about the theory and practice of mvestment 
decisions and ind‘cate that, although the practice may 
be based more on ‘hunch’ than on substantiated principle, 
the ‘hunch’ is not necessarily a whim plucked out of thin 
air. “It may be the result of a subconsc‘ous s‘fting of 
ideas, information and experience.” Some common 
pattern for investment does emerge, and few aware of 
boardroom practice will be surprised to learn how, in 
judging proposals, the status of the sponsor carries great 
weight. This findng would have emerged in sharper 
relief if the Centre had found it possible to extend its 
enquiry to less sophisticated firms where management 
decis‘ons are arrived at even more intuitively. What 
matters, however, is that a start has been made and, as 
æ guide for investment decis'on-mak‘ng in the future, the 
book is significant not only for the case stud’es but even 
more for its valuable check list for investment proposals. 
The well-planned structure and succinct writing make for 
easy reading, and the only detriment in a book which 
would both enliven and enlighten many board meetings 
is that the authors seem out of love with indexes. 

: T. H. Hawkins 
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The Nuclear Reactor 

By Dr. Alan Salmon. (Methuen’s Monographs on Physical 
Subjects.) Pp. 144. (London: Methuen and Co., Ltd.; 
New York: John Wiley and Sons, Inc., 1964.) 16s. net. 


E Nuclear Reactor has been produced for honours 

physics students, postgraduate students of nuclear 

power and for the non-physicist whose work is associated 
with nuclear power. 

The introductory chapter is followed by chapters cover- 
ing nuclear fission, the basic theory of neutron behaviour, 
and the optimum use of fuel and neutron flux flattening. 
There is a useful chapter on heat transfer, which includes 
a brief account of the desirable features of reactor coolants. 
Reactor control and shielding are then considered, followed 
by a chapter on the reactor as a source of radiation. 
This includes a description of the basic kinds of research 
reactors and their characteristics. The final chapter is 
concerned with future developments, and discusses in 
some detail the future of nuclear power reactors. 

Throughout the book, emphasis is placed on understand- 
ing the processes and methods involved. Each chapter 
has its own set of references and a useful list of suggested 
further reading. The graphs and drawings are distinct 
and adequately annotated, and fit well into the text. 

For such a compact book the subject of nuclear reactors 
is soundly treated, though because of its size the book does 
suffer through its inability to spend enough time on detail. 
However, the aim of the book—a short succinct account 
of nuclear reactors—is quite well achieved, and though 
there are other similar books it should find a welcome 
place on many bookshelves. V. 8. Crocker 
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Progress in Medicinal Chemistry 

Vol. 4. Edited by G. P. Ellis and G. B. West. Pp. ix+ 
221. (London: Butterworth and Co. (Publishers), Lid., 
1965.) 67s. 6d. 


OLUME 4 of Progress in Medicinal Chemistry, like 

its predecessors, is a series of review articles. Barnes 
and Paget, writing on drug toxicity, highlight our remark- 
able lack of knowledge of the nature of the majority of 
toxic responses. When so much effort is expended m the 
production of new drugs, present knowledge of the bio- 
chemistry of the toxic response seems disproportionately 
small. This article merits classification as compulsory 
reading for all those interested either in the production 
or in the application of new drugs. The difficult subject 
of drug receptor interactions is surveyed by Guill with 
particular emphasis on the shapes of small molecules and 
on their interaction with proteins. In this rapidly 
developing field, recent investigations on allosteric 
enzymes are likely to have a considerable impact. The 
comprehensive review by Law of recent work on bio- 
logically active peptides emphasizes the remarkable 
progress made during the past ten years. The volume is 
completed by an article on analgesics (Beckett and Casy) 
and by one on experimental hypersensitivity (Spencer and 
West). As might be expected in such a composite volume, 
the standard achieved varies considerably, but neverthe- 
less there is sufficient thought in some parts of this 
volume to make it desirable reading. T. S. Work 


Experiments in Plant Hybridization 
By Q. Mendel. Pp. ix+95. (Edinburgh and London: 
Oliver and Boyd, Ltd., 1965.) 21s. 


rTHIS is a pleasing little volume appropriate both for 
the Mendel centenary and as a contribution to the 
memory of Fisher. It contains more than. its title sug- 
gests, for within its covers we find Fisher’s notable essay 
on the history of science, Fisher’s notes on Mendel’s paper 
and Bateson’s biography of Mendel, in addition to Bate- 
son’s translation of Mendel’s paper. 
There is little for me to say except to congratulate both 
editor and publisher. However, a reading of the book 
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prompts a question of some historical interest. Most out- 
standing science involves not only imaginative ability and 
painstaking work, but also an element of luck. One 
remark in Mendel’s paper, taken together with Bateson’s 
footnote, suggests an element of luck that has not, so far 
as I am aware, been roted before. This is that Pisum 
was in fact self-pollinating. Mendel states dogmatically 
that “It is only in the Laguminosae, like Pisum, Phaseolus 
and Lens, whose organs of fertilisation are protected by 
the keel’’, that numerous varieties maintain “a stability 
as great as that of species growing in the wild”. Bateson 
comments that ‘““Phaseclus is nevertheless insect fertilised”. 

Now Vumorin! carried out experiments from 1856—60 
with Lupinus hirsutus which were not dissimilar to some of 
Mendel’s and based his interpretations on the same dogma 
that ‘comme dans beaucoup de légumineuses papilion- 
acées, la fécondation s’y opère généralement & huis-clos 
et sans l’intervention d’aucun insecte”. But one only 
has to glance at his data with hind-sight to see that he 
was getting dominant orogeny from recessives as well as 
vice versa, hence that zonsiderable outcrossing was going 
on. 
There may therefore have been an element of luck in 
Mendel’s choice of Pisum rather than Phaseolus for the 
bulk of his work. However, though Mendel nowhere 
throws doubt on the accepted dogma as applied to 
Phaseolus, he designed his experiments with Pisum so 
that he would know -f occasional uncontrolled crossing 
did occur. In other words, though he may have been 
somewhat lucky in choosing Pisum, he would not have 
been misled had he chosen Phaseolus, for though he does 
not doubt the accepted he made sure it really did apply 
to his material. 

These comments of mine merely illustrate the way in 
which this book can provoke thought about the factors 
involved in good experimentation. It should be widely 
read by biologists and historians of science, and should be 
in all school libraries. It is not only a document on the 
foundation of genetics, but a valuable education in the 
anatomy of experimertal science. J. M. THODAY 


1 See the paper on his father’s experiments by Vilmorin, H, (Société National 
d'Agriculture de France, Paris, 1879). 


Administering Research and Development 

The Bebaviour of Scientists and Engineers in Organiza- 
tions. By Charlies D. Orth, Prof. Joseph C. Bailey and 
Francis W. Wolek. 2p. x+585. (London: Tavistock 
Publications, Ltd., 1935.) 508. net. 


HE organizational and human problems involved in 

the management and control of large-scale research 
and development have received considerable attention 
during recent years. The most thorough exposition of 
them in Britain, in relation to Government departments 
and other bodies financed wholly by the Exchequer, was 
afforded by the Gibb-Zuckerman report published by 
H.M.S.O. in 1961. This American book describes the 
results of a six-year Investigation into the behaviour of 
scientists and engineers employed within industrial 
research and development establishments. It records case 
studies conducted in fourteen such establishments covering 
@ wide spectrum of industrial activity, and contains a 
number of research reports dealing generally with the 
issues raised by these studies. It includes also a series 
of so-called conceptional readings which seek to ilum- 
inate, from different pomts of view, the factors affecting 
behaviour in the environment of research and develop- 
ment work. Perhaps inevitably, a book so composed and 
on a subject of such complexity is not easily digestible, 
and the reading and understanding of it would have been 
assisted had it contamed an extraction of a number of 
common occurrences of general relevance to the situations 
examined, which could serve as guide-lines for those 
carrying senior resporsibility in the research and develop- 
ment field. Witnis JACKSON 
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PREDICTION OF FUTURE LEVELS OF LONG-LIVED FISSION PRODUCTS 
IN MILK 


By B. O. BARTLETT and Dr. R. SCOTT RUSSELL 
Agricultural Research Council Radiobiological Laboratory, Wantage, Berkshire 


™ 


INCE 1958, when the United Nations Scientific 
Committee on the Effects of Atomic Radiation! made 
its first comprehensive review of the consequences of 
world-wide fall-out, many attempts have been made to 
derive formulae for calculating the level of radioactivity 
in foodstuffs which is likely to be caused by different 
patterns of environmental contamination. Information 
has been obtained mainly by analysing relationships 
between measurements of fall-out and of dietary contamin- 
ation made in environmental surveys. Controlled experi- 
ments on food-chain mechanisms and information on 
agricultural practices are, however, important supple- 
mentary sources of guidance; besides indicating whether 
relationships suggested by survey results are causal or 
fortuitous they can reveal factors which, though unimpor- 
tant under conditions so far experienced, may require 
greater consideration in the future. Improved information 
can be expected as the period during which observations 
have been made becomes longer because both climatic 
factors and variations in the seasonal distribution of 
fall-out influence the transfer of radioactivity to diet. 
Conclusions previously reached in the United Kingdom?~* 
have, therefore, been reviewed in the hight of the more 
extensive data which are now available. 

Consideration has been limited to two nuclides, 
strontium-90 and caesium-137, in a single foodstuff, 
milk. These two nuclides are mainly responsible for the 
internal radiation doses to which long-lived fission 
products give rise and it is well established that the 
contamination in milk has provided a good guide not 
only to the exposure of children but also to that of adults 
who consume a mixed diet of the type normal in Western 
countries’, Moreover, the data on the contamination of 
milk are considerably fuller and more reliable than those 
for other foodstuffs. 

The annual average levels of contamination in milk 
throughout the Umted Kingdom have alone been con- 
sidered; predictions for smaller areas or shorter periods 
would be subject to much greater uncertainty. The 
country-wide average deposition of strontium-90 used 
in the present calculations has been derived, from the 
results of surveys conducted by the United Kingdom 
Atomic Energy Authority®-", by multiplying the mean 
concentration in rain from all sites for which quarterly 
determinations were made by the mean rainfall throughout 
the United Kingdom. The average ratio of caesium-137 : 
strontium-90 in fall-out is relatively constant, and the 
deposition of caesium-137 has therefore been calculated 
from that of strontium-90 taking the ratio of caesrum-137 : 
strontium-90 as 1-7 up to 1961 and 1-5 since then’. The 
country-wide mean levels of radioactivity in milk were 
taken from the reports of the Agricultural Research 
Council Radiobiological Laboratory+4-2°. 


Strontium~90 


It has been recognized for many years that strontium-90 
may enter milk as a result of both the ‘direct’ contamina- 
tion of pastures and other forage crops with airborne 
debris and the absorption of strontium-90 through plant 
roots from the soil. The magnitude of these two com- 
ponents is related, respectively, to the recent rate of 
fall-out and the cumulative deposit in the soil. Equations 


of the following type have, therefore, been widely used to 
relate the ratio of strontium-90 to calcium in milk to 
the rate of fall-out and cumulative deposit of strontium-90: 

C = pr, + pafa (1) 
where C is the 12-month mean ratio of strontium-90 to 
calcium in milk (pe./g), F, is the annual deposit of stron- 
tium-90 (mc./km?/year), Fa is the cumulatıve deposit of 
strontium-90 at the middle of the year (mc./km?), and 
Pr, Pa are described as the ‘rate’ and ‘soil’ proportionality 
factors. Such equations have been shown to provide a 
useful basis for predicting both the average levels of con- 
tamination in milk in a number of countries and also the 
world-wide situastion® 5:21, None the less, the relationship 
between the pattern of fall-out and the contamination 
of milk ıs considerably more complex than the equation 
suggests. The assumption that the soil factor is constant 
ignores the progressive penetration of strontium-90 
deeper into the soil which will reduce its availability to 
pasture plants’. A further defect is that the equation 
takes no account of the fact that an appreciable, though 
variable, fraction of the diet of cattle consists of stored 
food grown in the previous year; thus the rate of fall-out 
at that time will influence the extent to which the current 
diet of cattle has been directly contaminated by air- 
borne debris. In some areas this ‘lag’ effect of the rate of 
fall-out may be enhanced due to the absorption by plants 
of strontium-90 which has lodged in the basal tissues and 
been retained for several months without being ıncorpor- 
ated in the soil. 

The inadequacy of equation (1) from this point of view 
is apparent when the mean annual ratios of strontium-90 
to calcium observed in milk throughout the United 
Kingdom between 1958 and 1964 are compared with 
those which would have been expected from the measured 
deposit of fall-out on the basis of the proportionality 
factors for equation (1), shown in Table 1, which were 
derived by a least squares analysis of the results of surveys 
between 1958 and 1961. The average agreement between 
calculated and observed values was good (Table 2) but 
for individual years there were appreciable divergences. 
The calculated values were too low for years when the lag 
effect was expected to be greatest because of high fall-out 
in the previous year (that is, 1960, 1963 and 1964); 
conversely, the calculated values were too high when the 
rate of deposition had previously been relatively low. 
An approximately linear relationship was found between 
the magnitude of these discrepancies and the extent of 
fall-out in the second half of the previous year. Only a 
smal] improvement was obtained when the rate factor in 
equation (1) was related to the deposition of fall-out in 
the twelve months ending in June or September instead 
of to that in the current year. The following equation 
was, however, found to give a significantly better fit to 


Table 1. ESTIMATES OF PROPORTIONALITY FACTORS FOR THE TRANSFER OF 
STRONTIUM-90 TO MILK IN THE UNITED KINGDOM 


Equation 1 Equation 2 
Rate factor (pr) 
(pe. °Sr/g Ca per me {/km*/year) 0 76* 070 
Lag-rate factor (p1) 
(pe. **Sr/g Ca per me./km* in — 113 
second half of previous year) 
Soll factor (pa) 
(po. °Srj/g Ca per me./km*) 0-19* O11 


* Calculated from survey data for the period 1958 to 1961 (ref. 28). 
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Table 2, COMPARISON OF CALCULATED AND OBSERVED LEVELS OF STRONTIUM-90 IN MILK IN THE UNITED KINGDOM 





Deposition of strontium-90 
(me./km?) 


Observed 
July to 
December 


Total 


oa 
en 


31 
53 
8-1 
19 
21 
0-7 
91 
49 


TEOK 
Cr Com 
SNE NADI 
CAIDA GL 


pmi pmd pt 


ko to m 


the data (P < 0-01), the residual standard error being 
reduced from 16 to 6 per cent: 


O = pref, + pili + paFa (2) 


where F: is the deposit of strontium-90 in the second half 
of the previous year (mc./km?) and p: is the ‘lag-rate’ 
factor, the other symbols being defined as in equation (1). 
When the lag-rate factor was related to the deposit in the 
whole of the previous year, or in the summer months only, 
a poorer fit was obtained. Proportionality factors for 
equation (2), derived by least squares analysis, are 
shown in Table 1. The levels of strontium-90 in milk 
calculated on this basis agree closely with those observed 
in each year (Table, 2) and it is evident that equation (2) 
describes the situation in past years more satisfactorily 
than equation (1). 

The introduction of the lag-rate factor leads to a lower 
value for the soil factor, and a smaller fraction of strontium- 
90 in milk 1s thus attributed to absorption from cumula- 
tive deposit; ıt appears from equation (2) that strontrum- 
90 from this source was responsible for from 20 to 50 
per cent of the contamination of milk in past years (Table 
2). The use of the lower soil factor derived by equation (2) 
receives some independent support from the fact that a 
value of 0-14 has been derived from the results of tracer 
experiments? in the United Kingdom in which strontium-89 
was distributed in the soil in a manner which is broadly 
comparable with that observed in surveys of fall-out in 
permanent pasture in the recent past1?-?°, 

The adoption of equation (2) causes lower levels of 
strontium-90 in milk to be predicted when the cumulative 
deposit is an important source of contamination, the 
reverse being true when the contribution of the recent 
deposit, especially that in the second half of the previous 
year, is large. To illustrate the extent of the difference 
between predictions based on the two equations, caleula- 
tions have been made for two hypothetical models of 
future fall-out, namely: Model A, the rate of fall-out will 
decrease by a factor of 2 annually. Model B, the rat: of 
fall-out will remain constant. In both models it has been 
assumed that the annual deposit in the first year is 45 
per cent of the cumulative deposit measured at mid-year 
(that was, the approximate situation in 1963, the year in 
which the highest levels of fall-out were observed) and 
that the rate of fall-out was sumilar in the second half of the 
previous year. The decrease in the rate of fall-out in 
Model A is greater than that anticipated in the absence of 
further weapon trials!’ while the amount of fall-out 
assumed in Model B would over a few years much exceed 
that caused by all weapon trials hitherto. Future situ- 
ations resulting from weapons testing may thus be 
expected to lie between the two models. 

Predictions made by the two equations are compared 
in Table 3. In considering the situation over long periods 
it is necessary to take account of loss of strontium-90 
from the soil which arises mainly from leaching or from 
absorption by plants; following the United Nations 
Scientific Committee on the Effects of Atomic Radiation® 
an average loss of 2 per cent per annum has been assumed. 

For the first year the level of contamination in milk 
predicted by equation (1) is about 20 per cent lower. 


(po.”Sr/g Ca) 





Strontium-90 in mik t 
- Percentage of strontium-90 
in milk attributable to 
cumulative deposit in soil 


Calculated values 2s 
percentage of observed 


Equation 1 Bquetion 2 Equation 1 Equation 2 


However, under conditions of decreasing fall-out (Model A) 
the relative magnitude of predictions based on the two 
equations changes progressively, the integrated values 
over 10 and 50 years being about 10 and 40 per cent higher 
respectively when derived by equation (1). For Model B 
the two bases of prediction differ to a smaller extent 
and the difference wculd be still smaller if an increasing 
rate of fall-out were essumed. 


Caesium-|137 


Unhke strontium-9, caesium-1 37 is usually subject to a 
considerable degree of ‘fixation’ in the soil on account of 
its entrapment in the lattice structure of clay minerals 
and it usually enters plant roots much less readily. It has 
been suggested that current fall-out is the only significant 
source of caesium-137 m foodstuffs, but this was disproved 
in 1960 and 1961. In many countries the decreasing rate 
of fall-out then caused smaller reductions in the levels of 
caesium-137 in milk than would have been expected if 
they were determinec solely by the current fall-out**. 
An explanation of the situation seemed to be provided 
by the fact that caesinm-137 can enter plants relatively 
freely from soils which contain large quantities of organic 
matter. The surface soil underlying permanent pastures 
usually shows this haracteristic, and experimental 
investigations have indicated that caesium-137 continues 
to enter the edible tissues of pastures relatively freely 
during the 2 years after its deposition®*. This led to the 
suggestion that an equation similar to (1) might be applic- 
able except that the sol factor related only to the deposit 
in the previous two years’, namely: 

G = pF, + pafa (3) 
where C is the 12-month mean concentration of caesium- 
137 in milk (me./km*/year), Fr is the annual deposit of 
caesium-137 (me./km?/year), and Fe is the deposit of 
caesium-137 accumulated over the preceding two years 
(me./km?). The values of the proportionality factors 
(Table 4) were considerably higher than those for stron- 
tium-90 because caesium-137 is transferred from the diet 
of cattle to milk ten or more times as readily as strontium- 
90 (ref. 24). Levels of caesium-137 in milk between 1960 
and 1963 calculated by equation (3) agreed reasonably 
with those which were observed (Table 5) and it was found 
that the body-burden of caesium-137 in man could be 
related to the pattern of fall-out in a similar manner! ?3, 


Table 3. COMPARISON OF PRECICTED LEVELS OF CONTAMINATION OF MILE, 
BASED ON DIFFERENT BQUATIONS, FOR TWO HYPOTHETICAL MODELS OF 


FALL-OUT 
First year Years 1-10 Years 1-50 
Integrated value Integrated value 
Model Both models A B A B 
Ratio of strontium-90 to calcium in milk 
{relative to year 1 calculated by equation 2) 
Based on equation 1 08 4-6 12 10 110 
1:0 41 12 7 90 
Caesium-137 per l. of milk 
(relative to year 1 calculated by equation 4) 
Based on equation 3 08 19 8 19 40 
4 10 26 10 30 54 


Modi: A, fall-out rate halved each year. Model B, fall-out rate remains 
constant. 

The rate and cumulative total of fall-out in year 1 are taken to bs the same 
in both models, the annual deposit being 45 per cent of the cumulative deposit 
at mid-year (that is, the relationship in 1963); it is further assumed that the 
rate was similar in the previous year. 
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Table 4. ESTIMATES OF PROPORTIONALITY FACTORS FOR THE TRANSFER OF 
CARSIUM-1387 TO MILK IN THY UNITED KINGDOM 


Equation 3 Equation 4 
Rate factor (P r) 
(pe. +37Ca/l. per me,/km*/year) 3°57 3 00 
Lag-rate factor (p1) 
(pe. 170s/}, per mo jkm* in — 6 00 


second half of previous year) 
Soil factor (va) 
(pe. 78/1. per me. /km*) 


5 08* 
(relative to deposit (relative to cumula- 
In Saar years tive deposit) 
only 


* Unlike the other factors, which are based on the analysis of survey data, 
the soil factor in equation (4) has been deduced from experimental results. 


When, however, the proportionality factors were applied 
to fall-out data for 1964 the calculated level in milk 
differed appreciably from that which was observed 
(Table 5). As the manner m which caesium-137 is 
initially retained on edible herbage and removed from it 
by rain differs little from that of strontium-90 (ref. 25), 
it appeared possible that a lag-rate factor similar to that 
used for strontium-90 in equation (2) might be applicable. 
The following equation, which differs from equation (2) 
only in units used, was therefore applied to the survey 
data for caesium-137 from 1960 until 1964: 

O = pry + pili + pala (4) 
where C 1s the 12-month mean concentration of caesium- 
137 in milk (pe./l.), Fr is the annual deposit of caesium- 
137 (me./km?/year), F: is the deposit of caesium-137 
(me./km?) in the last half of the previous year, and 
Fa is the cumulative deposit of caesium-137 in the soil 
(me.fkm*). Values for the rate and lag-rate factors 
derived from survey data by least squares analysis are 
shown in Table 4; the soil factor appeared to be zero. 
Calculated values for the mean level of caesium-137 in 
milk for each year based on these rate and lag-rate factors 
agreed more closely with those observed than when equa- 
tion (3) was used (Table 5). 


Table 5. COMPARISON OF CALOULATED AND OBSERVED LEVELS OF CAESIUM-137 
IN MILK IN THE UNITED KINGDOM 


Deposition of a aad Caesium-187 in milk 
me 


Year ; Observed Calculated values as 
January July to Total {pe./1.) percentage of observed 
to June December Equation 3 Equation 4 
1959 10-7 31 13-8 — — — 
1960 17 15 32 26 98 106 
1961 12 2-4 3-6 21 116 96 
1962 80 80 16-0 62 100 101 
1963 143 144 28°7 135 86 100 
1964 143 80 22 3 153 71 100 


Although the analysis of the survey data provides no 
evidence that the cumulative deposit of caesium-137 has 
contributed hitherto to the contamination of milk, 
experiments with tracer levels of caesium-137 indicate 
that this nuclide continues to enter the roots of plants, 
though to a smal] extent, for many years after its entry 
into the soil. Thus if equation (4) is to be used for pre- 
dicting levels of caesium-137 in milk in future situations 
when the cumulative deposit may exceed the annual rate 
by much larger factors than has occurred hitherto, it is 
necessary to consider the possible magnitude of the soil 
factor. Some basis for so doing is provided by the results 
of experiments on several British soils; 3-5 years after 
they had been contaminated the ratio in which caesium- 
137 and strontium-90 were absorbed by plants was on 
average only one-fortieth of that in the soil’*. Using 
this figure and assuming (a) that caesium-137 is trans- 
ferred from the diet of cattle to milk about ten times as 
readily as strontium-90 (ref. 24), and (b) that the average 
calcium content in milk ıs about 1-1 g/l., a soil factor for 
caesium-137 of about 0-03 can be derived from the value 


for strontium-90 calculated by equation (2) (Table 1). . 


On this basis, the cumulative deposit of caesium-137 
would on average have been expected to account for less 
than 1 per cent of the caesium-137 which has hitherto 
entered milk from world-wide fall-out. The analysis of 
survey results for past years could not be expected to 
reveal this component and at the present time the soil 
factor can thus be estimated only from laboratory experi- 
ments. 
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The concentrations of caesium-137 in milk which would 
be predicted on the basis of equations (3) and (4) are 
compared in Table 3 for the two models of fall-out which 
have already been outlined; no allowance has been made 
for losses of caesium-137 from the soil by processes other 
than the decay of radioactivity because its movement in 
soul and absorption by crops are much smaller than those of 
strontium-90. Integrated over the first 10 years, equa- 
tion (4) leads to predicted values 20-30 per cent higher 
than those given by equation (3) for both models; over 
50 years under conditions of decreasing fall-out the inte- 
grated value given by equation (4) is 50 per cent higher. 
Over this period the soil would contribute about 20 per 
cent of the total. 
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Conclusions 


Evidence reviewed in this article indicates that the 
annual average level of strontium-90 in milk in the 
United Kingdom is influenced to an appreciable extent 
by the rate of fall-out in the last half of the previous 
year as well as by the current rate of fall-out and cumula- 
tive deposit. An improved basis for predicting future 
levels of strontium-90 in milk is therefore provided by an 
equation which includes a proportionality factor for this 
‘lag-rate’ effect in addition to the rate and soil factors 
used in former assessments, equation (2). The same type 
of equation is applicable to caesium-137 (equation 4) 
though with that nuclide the contribution from the 
cumulative deposit has been so small that it can be ignored 
under conditions of fall-out experienced hitherto. 

The levels of both nuclides in milk which would be 
predicted under conditions of fall-out which may be 
expected during the next decade as a result of weapon 
testing are not greatly altered when allowance is made for 
the lag-rate effect. In any year the greatest difference is 
unlikely to exceed about 20 per cent and averaged over 
10 years predictions for strontium-90 would be altered 
by a smaller amount. This degree of agreement between 
different methods for prediction encourages confidence 
in their use to forecast situations over relatively short 
periods of years; much greater uncertainty besets many 
other phases of the assessment of the effects of environ- 
mental contamination. 

If, however, the integrated levels of dietary contamina- 
tion are considered over long periods, especially when the 
rate of fall-out is declining steadily, predictions on the 
new basis diverge substantially from those which were 
made formerly. Thus, if the rate of fall-out were to de- 
crease by a factor of two annually, the integrated levels 
of strontium-90 and caesium-137 in milk over 50 years 
would be expected on the new basis to be respectively 
30 per cent lower and rather more than 50 per cent higher 
than those formerly predicted; this reflects the reduced 
soil factor for strontium-90 and the small soil factor now 
deduced for caesium-137. In consequence the ratio of the 
integrated level of caesium-137 in milk to that of stron- 
tium-90 over this period would be twice that previously 
calculated. $ 

Long-term predictions of this type are subject to particu- 
lar uncertainties owing to the lack of direct information 
on the behaviour of nuclides in soil over long periods. 
None the less, they deserve consideration as they form the 
basis for estimating the integrated radiation dose, or dose 
commitment, which will be received by the population; 
this is regarded as the best available guide to the total 
impact of radiation from weapon testing’ 1%. The revised 
proportionality factors suggest that an appreciably larger 
fraction of the total dose commitment is due to caesium- 
137 and a smaller fraction to strontium-90 than has 
hitherto been assumed. 

In conclusion it is to be emphasized, first, that although 
the method of prediction here outlined appears to give a 
reasonable description of the average situation, appreci- 
able divergences in individual years must be expected 
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because of climatic variation, and secondly, that the 
proportionality factors here proposed have been derived 
for the United Kingdom only. Moreover, variations 
are to be expected between countries which contrast in 
climate, soil type and agricultural practices. Thus a 
recent analysis of relationships for caesium-137 in milk 
in Sweden?’ gives a rate factor more than three times that 
calculated for the United Kingdom and a lag-rate factor 
(which was related to the deposit in the entire previous 
year) similar to the factor which relates to the deposit 
during 6 months only in the United Kingdom. Differ- 
ences, though of lesser magnitude, are apparent between 
proportionality factors calculated for milk in other 
countries. 
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ATMOSPHERIC CARBON-!I4 CONTENT DURING THE PAST THREE 
MILLENNIA IN RELATION TO TEMPERATURE AND SOLAR ACTIVITY 


By Dr. J. 


R. BRAY 


Grasslands Division, Department of Scientific and Industrial Research, Palmerszon North, New Zealand 


ECENT summaries of temperature, glacial activity 
and solar activity’ provide more exact climato- 
logical patterns than previously available against which 
to test changes in carbon-14 activity over the past three 
millennia. These patterns will be used in an attempt to 
reconcile contradictions in interpretations**-“ of carbon-14 
climate relationships. 

Source of data. Data for carbon-14 activity were 
obtained from numerous investigations in which a radio- 
earbon date and a historic date were available and in 
which corrections for deviation in #C/#C ratio had been 
calculated. Historic dates based on archaeological 
estimates were not included, but all other dates were 
accepted. A total of 193 measurements were obtained 
by these criteria, all but four of which were samples 
from tree boles dated by ring analysis. Data included 
thirty-six values from Willis ef al.1*; twenty-two values 
from Suess’; nine values from Broecker et al.18; ; thirteen 
values from Damon et al.1%20 ; fourteen values "from De 
Vries!® with A.D. 1840 considered as a base-line with a 
value of 0-0; eleven values from Miinnich*™; fifty-eight 
values from Ralph et al.?*; and thirty values from Jansen?’, 
er on Sequoia gigantea accounted for 139 

ates. 

The Jansen? data included a series on the Sequoia 
gigantea of Willis et al.1® and a series from a previous 
investigation** of Agathis australis, which were recalcu- 
lated by Jansen®* on the assumption that 150 more annual 
rings had been burnt off the specimen than had been 
estimated by dendrologists when the original study was 
made. Jansen considered this recalculation reasonable 
since it brought the Agathis data in line with trends in the 
northern hemisphere and since it was unlikely that there 
were major systematic differences in carbon-14 concentra- 
tion between the two hemispheres. 

The table resulting from the compiled 193 measurements 
showed a decreasing trend in radiocarbon activity from 


the earliest included date, about 1200 s.c., to an uneven 
trough of lower activity from the first to tenth centuries 
A.D. This was followed by a rise which was especially 
rapid after A.D. 1300 and which culminated in the fifteenth 
to seventeenth centuries. A subsequent decline occurred 
to the mid-nineteenth century, when burning of fossil fuel 
vitiated results of further measurement. A summation of 
these results by 200-year intervals (Table 1) showed a 
decrease from a mean radiocarbon activity of + 3-5 per 
cent in 1203-951 B.0. to a minimum mean value of —0-7 
per cent in A.D. 850-1049. This was followed by a rise 
to a secondary maximum of +1-5 per cent in A.D. 1450- 
1649, with a subsequent decrease to a mean of +05 per 
cent in 1650-1860. 


Carbon-14 and Climate A.D. [200-1860 


Willis et al.1® suggested the most promising line of 
enquiry into climate—carbon-14 relationships might be to 
look for evidence of climatic change around the period 
of rapid increase in carbon-14 activity which their study 
indicated had occurred during the thirteenth century 
A.D. (mean carbon-l+ activity from Willis ef al.** plus 


Jansen**; 1209 = —0°6, 1259 = +02, 1309 = + 0-4). 
Table 1. CARBON-14 ACTIVITY 1208 B.O. TO A.D. 1860 
r: Obser- n Labora- Carbon-14 
Period vations tories Mean Min. 

B.O. 1203-951 B.C. 10 3 +31 +19 +48 
950-751 5 3 +26 +23 +30 
750-551 6 3 +19 +14 +22 
550-351 4 2 +13 +09 +18 
850-151 4 2 +08 +l +17 
150-49 A.D 9 4 + 0-1 —0°7 +11 

A.D. 50-249 7 E; —0°0 —1°0 +10 

50-44 9 8 +00 ~1-0 +20 
450-649 10 8 -f4 — 2g +074 
650-849 16 8 ~ §-2 —3-0 +13 
850-1049 18 7 -07 — 23 +18 

1050-1249 14 8 — 0'2 —1-4 +0°9 
1250-1449 17 9 + 0-7 — 04 +21 
1450-1649 26 11 +15 — 0'4 +84 
1850-1880 11 +05 -1% +35 
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Mean carbon-14 activity for all data summarized in Table 1 
was —0:4 in the thirteenth century and +0-5 in the 
fourteenth century. This period of rapid increase in 
carbon-14 activity was contemporaneous with a world- 
wide trend of declining temperature as indicated by 
extensive evidence summarized from Greenland?,Iceland?', 
Hurope?~4:25.26 and New Zealand®’?, which included infor- 
mation on glacial activity and sea-ice, plant growth and 
distribution, agriculture, mining, and human exploration 
and settlement. 

The appearance of lower temperatures during the 
thirteenth and fourteenth centuries marked the beginning 
of a generally cooler period which extended to around 
the end of the nineteenth century***, During this 
period, temperatures in England, especially during the 
summer months, were from 1° to 2° C lower than in the 
warmer centuries preceding A.D. 1200 (ref. 2), withthe 
interval A.D. 1600-1900 generally cooler than a.n. 1200— 
1600 (ref. 6). Several intervals of noteworthy low temper- 
atures occurred during the 1300-1900 period. The first 
was around early to mid-fifteenth century as shown by 
records of cooler summers in Germany during 1428~ 
1460 (ref. 2), severe winters in France and Germany 
in the 1430-1440 decade‘ and a recession towards a damper 
climate near Stockholm in the region of 1450 (ref. 2). 
The next period of lower temperature occurred towards 
the end of the sixteenth century as indicated by: (1) 
resumption of glacial advance in north-west North 
America at the beginning of the seventeenth century 
which was dependent on several decades of colder tempera- 
ture at the close of the sixteenth century®; (2) rapid 
increase of glaciation in west Greenland’; (3) complete 
abandonment of cereal and grain cultivation in Iceland’; 
(4) rapid increase in sea-ice off the coast of Iceland 
between 1550 and 1570 (refs. 2 and 5); (5) cold winters 
and wet summers throughout Europe from historic descrip- 
tions?; (6) abandonment of high alpine mine workings 
about 1570 (ref. 2). The greatest temperature minimum 
may have occurred in the late seventeenth century during 
the latter part of the sunspot dearth period from around 
1656-1723 (ref. 8) with especially cold years in the 1690’s 
(refs. 1 and 4) as documented by: (1) historic temperature 
measurements?" and climatic descriptions’ in Europe; 
(2) glacial advance in Europe from 1690-1720 (ref. 11); 
(3) major glacial expansion in north-west North America 
from 1700 until 1732 (ref. 9). The early nineteenth 
century also had cooler temperatures as shown by temper- 
ature records* 1-28 and by glacial advance in north-west 
North America from about 181] until 1853 (ref. 9). 

The period a.p. 1300-1900 can be summarized as one 
of generally cooler temperatures and expanding glaciers 
. with parts of the fifteenth, sixteenth, seventeenth and 
nineteenth centuries especially severe. During this period, 
carbon-14 activity increased from the minimum levels 
which characterized A.D. 0-1300 to reach maxima from 
the fifteenth to the end of the seventeenth centuries. No 
similar level of maximum carbon-14 activity occurred 
in the cooler intervals of the nineteenth century, probably 
because of the increasing release of fossil carbon dioxide. 


Carbon-!4 and Climate—!200 8.c.-A.D. 1200 


Prior to A.D. 1200, there was a milder climate period 
which extended back to the latter part of the first millen- 
nium B.C.*, In this period there was little glacial activity 
and many glaciers which expanded during the a.p. 1500- 
1900 interval were non-existent or reduced in volume 
and cover?®, Towards the end of this milder period 
there was a climatic optimum which occurred around 
A.D. 950-1200 (refs. 2 and 3) in which there was freedom 
from sea-ice in the Iceland—Greenland region? , grain 
cultivation in Iceland’ and a rise in the altitudinal limits 
of vineyards in Baden*. The long period of lower carbon- 
14 activity from around the first century B.C. to the 
thirteenth century A.D. may reflect the milder tempera- 


NATURE 


March 12, 1966 


tures which apparently predominated in the middle north 
latitudes at that time. 

The decrease in relative carbon-14 content from around 
1200 8.0. to the period of low relative carbon-14 during 
100 B.C. to A.D. 1200 may be the result of climatic ameliora- 
tion following a period of renewed glacial activity. A 
period of deterioration to a colder climate occurred in 
Europe in the period 1000-500 3.0.5, perhaps reaching a 
climax around 850 s.0.2*. During this interval there was 
(1) bog regeneration and (2) increased glaciation in the 
Alps termed the Larstig and dated by lichenometry as 
being about 800-500 B.c.?. This period was apparently 
contemporaneous with an episode of glacial advance in 
Alaska?. 
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Carbon-l4 and Temperature 


The two periods of high carbon-14 activity, 1200-500 
B.C. and a.p. 1300-1860, were coincident with thetwomajor 
periods of lower temperatures and glacial advance since 
the Hypsithermal. The long period of lower carbon-14 
activity from about A.n. 0 to 1200 was coincident with a 
well-documented period of glacial retreat or stagnation 
which culminated in the “Little Climatic Optimum”. 
From these long-term trends it seems probable that a 
lower carbon-14 activity occurred in periods of higher 
temperature and higher carbon-14 activity in cooler 
periods. These conclusions support those of Suess** and 
Lamb}, 

An estimate of temperature was made for each century 
from A.D. 800-1860 based on summaries of tempera- 
ture-*-26,28 and glacial activity’-° in Europe and North 
America. The interval 1600-1860 was divided into solar 
activity periods as outlined by Bray’. The resulting elign- 
ment (Table 2) showed a decrease in carbon-14 activity 
from the estimated minimum temperature intervals m 
A.D. 1656-1723, 1600-1655 and 1500-1599 to the maxi- 
mum. temperature intervals from a.D. 800-1299. Exclu- 
sion of data from the indefinitely dated Agathis australis 
(column 7, Table 2) did not alter the predominant trend. 

A comparison was made of radiocarbon activity with 
mean yearly temperatures conjectured for central England 
(Table II of Lamb‘) for the period a.p. 800-1850. Because 
of the variable amounts of data on radiocarbon activity 
for the different temporal intervals in Table H, a non- 
parametric test®° was applied to these data. This test 
gave a y? of 4:7 and a probability of < 0-03, which indi- 
cates a significant negative relationship between radiocar- 
bon activity and yearly temperatures in Central England. 
Analysis of imperfect temperature readings in the London 
region in the late seventeenth and early eighteenth 
centuries! indicate there was a cool period from around 
1688-1702 and a warm period from 1723-1739. Radio- 
carbon activity was markedly high at the close of tho 
seventeenth century (mean activity = + 1-1, 1688-1702), 
but there are only two values (+09, +04) from 1723- 
1739, which are insufficient to determine if a lower activity 
occurred during this warmer period. The last third of 
the eighteenth century was notably warm with glacial 


Table 2, VARIATION IN CARBON-14 AOTIVITY, TEMPERATURE AND SOLAR 
ACTIVITY, 800-1860 A.D. 
n Years with 


Mega 
Estimated length Mean sunspots or 
Period A D, tem- sunspot yearly aurorae 
perature cycle sunspot (from Carbon-14 activity 
(yr. number ref. 33) n Mean Meant 
1658-1723 —-—--—~—* il 22 F 1 14 41:3 +13 
1600-1655 —-—— ILO oa 4 8 +15 +13 
1500-1599 —-—-— — oo 4 15 $14 +13 
1400-1499 -- — woe 3 9 +23 +15 
1799-1833 — 11.9 26 0 6 +06 +06 
1300-1309 + — “ee 7 7 +05 +06 
1834-1860 + 111 56 0 11 -02 ~02 
1724-1798 ++ 10-7 54 4 7 -01 ~O1 
800-899 ++ 100 mee 9 8 —07 -04 
900-999 ++ — memenne 5 9 -O4 ~O1 
1200-1299 ++ 10°8 “a 9 8 -O4 ~03 
1000-1099 +++ — oe 6 9 -02 -0-0 
1100-1199 +++ 10 2 — 16 5 —-O4 —O4 


* Ordered from lowest (— — —) to highest (+ + +) estimated values 
Data for 1699-1723 only. 
Agaihis australis data excluded. 


March 12, 1966 


recession and higher temperatures during 1770-1796 
comparable with those from 1925-1950, a period of 
sımilar glacial recession®*. Treo growth over the period 
1656-1964 reached a ‘maximum of 98 cm/yr. for 
Picea engelmannii boles in forests in British Columbia, 
Canada, during the interval 1756—1798 (ref. 9). The next 
highest growth interval was 1914-1964 with a value of 
9-3 cm?/yr. The probable correlation of this growth with 
temperature® gives additional evidence for a warm period 
in mid- to late-eighteenth century. A maximum tree 
growth interval in the eighteenth century was also shown 
for the polar Ural Mountains?! with a secondary maximum. 
from the 1920’s. If the foregoing evidence is considered 
together with the annual temperature trends for central 
England’, a generally cooler period from about 1688-1722 
and a generally warmer period from around 1723-1800 
can be summarized. The mean carbon-14 activity for 
the period 1688-1722 was + 1:4 compared with — 0-1 for 
the warmer one 1723-1800. This again suggests an 
inverse relationship between carbon-14 activity and 
temperature. 

The first two decades of the nineteenth century were 
very coolt?! and there was widespread glacial advance 
in the first half of the century®:* 8, Forest tree growth in 
British Columbia, Canada, for 1799-1833 was 8-7 cm?/yr., 
a minimum value for the period 1656-1964 (ref. 9). Mean 
carbon-14 activity for the period 1800-1860 was + 0-0, 
which was slightly higher than the value of — 0-6 for the 
preceding warmer period 1723-1800. - Fossil fuel con- 
tamination may have appreciably reduced this value, 
otherwise carbon-14 activity-levels comparable with 
those in the late seventeenth century might have occurred 
in the early nineteenth century. 
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Carbon-14 and Solar Activity 


Variation in cosmic-ray flux due to changes in solar 
activity was suggested as a mechanism for changes in the 
uG ratio by Suess!?. Stuiver*? noted that measure- 
ments over the past two sunspot cycles showed a decrease 
in cosmic-ray flux during sunspot maxima, and he found a 
similarity between the inverse curve for carbon-14 
activity over the past 1300 years of Willis et al.4* and the 
sunspot activity curve of Schove?®. 

Variation in carbon-14 activity in relation to strength 
of the sunspot maxima per cycle from Schove”® is shown 
in Table 3. There is an increase in carbon-14 activity with 
decreasing strength of sunspot maxima especially at the 
weaker sunspot maxima levels. Differences in carbon-14 
activity between levels were tested with the median test 
for two samples**. The results of these tests showed a 
significant decrease in carbon-14 activity with increasing 
solar activity, but the two highest sunspot-levels (106— 
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Table 3, VARIATION IN CARBON-14 ACTIVITY AND STRENGTH OF SUNSPOT 
MAXIMA 200 B.C. TO A.D. 1860 


Solar activity Carbon-14 activity 
Sunspot No. for 

year of maximum* n Mean 
> 136 26 —0 0 
106-185 30 —Qt 
98-105 15 +01 
76-95 20 —0'2 
66-75 35 +04 
66-65 17 +10 
46-56 17 +10 
<45 5 +14 


* Data from ref. 10. 


>136) did not have a significantly lower carbon-14 
activity than the two higher intermediate levels (76-105). 

Additional demonstration of the tendency for carbon-14 
activity to decrease with increasing solar activity is shown 
in Table 2. The lack of any further decrease in carbon- 
14 activity at the higher solar activity levels is again 
apparent. A possible positive correlation of solar activity 
and terrestrial temperature’ is given indirect support 
by the interrelationshiv of these factors with carbon-14 
activity. 

I thank Dr. E. K. Ralph and Mr. H. 8. Jansen for 
supplying me with copies of their results in advance of 
publication. 
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HISTORICAL STUDY OF THE SEASON OF BIRTH IN THE CITY OF YORK, 
ENGLAND 


By URSULA M, COWGILL 


Osborn Memorial Laboratory, Yale University, New Haven 


N examination of the contemporary season of birth 

in man in various parts of the world! suggested that 

a historical study of the matter might reveal some interest- 
ing facts. A study of the ten existing parish records of the 
City of York? were considered and one rural parish, 
namely Gilling’, which has an excellent record, has also 
been included. The births recorded in the Dictionary of 
National Biography* (DNB) covering the period from 
1200 to 1900 were also tabulated by hand. This collection 
was thought to provide good comparative material; 
though it gives a highly selected body of data, it does not 


limit its biographical sketches only to those who had 
attained financial, intellectual and/or religious success. 
Births were tabulated from Debreti’s Peerage for the 
eighteenth and nineteenth centuries and Who’s Who® was 
used for added material including the latter half of the 
past century. 

All dates before September 2, 1752, were converted to 
the new-style calendar in order that they should bear a 
constant relationship to the solar year, since there is 
evidence! from the clear contemporary inversion, seen 
when Britain is compared with New Zealand, that a basic 
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cycle determined by the physical progress of the seasons 
exists. Since, however, the social calendar as well as the 
meteorological is also probably involved, the position of 
Christmas as celebrated on the old calendar is indicated by 
an arrow on the time scales. 

The parish records from the City of York largely confine 
their tabulation to baptism rather than birth. For every 
half-century a number of births were recorded together 
with the baptismal date. In the limited number of cases 
in which data for both events were given, prior to 1750, 
the average waiting time between birth and baptism is 
about 3 days. After 1750, with the exception of adults 
who are being admitted to the Established Church, the 
waiting time is about 5 days. In most cases the difference 
is so small that, for the purposes of this study, the 
baptismal and the birth date can be considered to be essen- 
tially the same. Whule the York data are based entirely 
on baptismal time the material gathered from the DNB, 
Debreit’s Peerage and Who’s Who refers to date of birth. 

The tabulated data were normalized for the varying 
number of days of the month. A monthly mean for the 
whole year was then obtained and the ratio of the total 
number of births or baptisms per normalized month to 
this mean was calculated. 

Huntington’? used the DNB data, but with a different 
end in view, as he hoped to show a difference in the birth 
seasons of the most eminent, with the longest biographical 
essays, when compared with those more shortly noticed. 
This procedure has its dangers, and he perhaps under- 
estimated the Dictionary as a compilation of the lives of 
the extraordinary, rather than necessarily those of political, 
religious and intellectual leaders. He made no attempt to 
consider any secular changes in birth season in the data, 
and his treatment, though worth mentioning, is of no 
further direct concern to the present study. The same is 
true of his treatment of Ellis’s* compilation of one 
thousand of the most eminent British personalities. It is 
perhaps desirable to point out that it is not clear how far 
Huntington normalized his data for varying lengths of 
the calendar months or corrected for the change from the 
old style to the new style calendar. 

In considering parish records, which are coming to be 
regarded as major sources of demographic data, Drake’ 
has pointed out that the records prior to the eighteenth 
century are admirable when compared with the eighteenth- 
century ones, since the latter suffered the effects of a 
somewhat lackadaisical clergy coupled with the spread 
of non-conformity. This becomes more apparent when it 
is observed how long it took some parishes to adjust to 
the new-style calendar. A problem arises particularly in 
the seventeenth century, namely that many children died 
without benefit of baptism, and as such were never 
included in the record or only under burial headings. 

Although it would appear safe to assume that the 
population of the City of York was not markedly migra- 
tory, Moving mainly from one parish to another within 
the city limits, Laslett and Harrison!® have suggested 
some caution about such assumptions as a result of their 
study of Clayworth and Cogenhoe, where an unexpected 
turnover of population occurred in the seventeenth 
century. None of these possible sources of error in the 
records is likely to have an effect on the present demo- 
graphic study, since they do not seem to introduce 
seasonal bias. Temporary migrations of labour, regarded 
by Huntington’ as of prime importance in determining 
birth seasons in some communities, are probably of much 
less importance in an urban population of the kind in- 
habiting York. 

The most striking observation that can be made by 
examining the season of birth in York (Fig. 1) over the 
three centuries for which there are data is the initial 
bimodality, from which it appears that chances for success- 
ful conception were equally good in July and January. The 
pattern then gradually evolved into that now observed 
where the peak in conceptions occurs early in the summer. 
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After 1752 ıt appears that an essentially modern pattern 
has developed. 

Jt is interesting to note that the June minimum m 
births persists for about the first century for which there 
are data, gradually shifts to August and finally attains 
the characteristic November mimimum which occurs 
throughout Europet. 

The births of people recorded from the DNB show, 
prior to 1700, the same bimodality as that of the York 
population, with equal chances of conception in the 
summer and the winter. Prior to 1800, the bimodality is 
still exhibited by the DNB group and the June minimum 
is still in effect, though the York population shifted to an 
August one by 1652. The DNB people are approaching a 
modern distribution by 1900 while the York population 
attained this periodicity by 1752. Somewhat in opposition 
to a hypothesis proposed by Frazer Roberts!!, where he 
suggests that winter conceptions are more likely in intel- 
ligent families, the people of the DNB before 1700 show 
a slightly higher incidence of babies conceived in the 
summer than those conceived in the winter. The effect is 
no doubt somewhat diluted by the recording of the 
extraordinary that are not intellectually gifted, nor from 
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intellectual families. It is possible, however, that this 
effect is a modern one. There appears to be an indication 
in the data from Who’s Who in which the peak in 
conceptions is in November. 

The peerage for the eighteenth century shows a marked 
incidence of winter conceptions, though a bimodality is 
present and the modern November minimum in births is 
much in evidence. By 1800 the bimodal effect has 
decreased showing the major peak in conceptions in Nov- 
ember with the contemporary November minimum in 
births. The data, however, are very irregular and no valid 
conclusions can yet be drawn. 

Parenthetically, it may be noted that the sex ratio prior 
to 1701 in the York population is 104-6 (N = 21,051) 
while that after this period is 106-9 (N = 12,616) which 
is about the present English value. 

Pasamanick et al. have recently shown" in a study of a 
segment of the population of Baltimore that the sea- 
sonality, or the amplitude between maximum and 
minimum, is greater among the poorer classes. The 
amplitude shown by the population of York is a little 
over twice as high in the sixteenth century as is now shown 
for all of England (Table 1). It gradually increases to a 
peak in the first half of the eighteenth century and then 
declines somewhat below what it was in the sixteenth 
century. The DNB group shows an extremely high sea- 
sonality for all people prior to 1801, at which point it is 
essentially the same as the York group was for the 
previous half-century. The peerage shows an increase in 
seasonality in the nineteenth century which emulates 
that of the York group during the first half of the 
eighteenth century. The modern data, both from Who's 
Who and the present material from the British Census, 
indicate essentially the same amplitude in the season of 
birth. The data are scarcely consistent with the type of 
effect noted by Pasamanick et al. having operated in 
England throughout the past four centuries. If the 
dependence of seasonality on economic conditions is due 
to the more affluent being more protected from the 
environmental variables by adequate artificial heat and 
light, the existence of the correlation before the nineteenth 
century perhaps would not be expected. 


Table 1. SRASONALITY SHOWN BY VARIOUS POPULATIONS OVER THE PERIOD 
OF TIME STUDIED 


Time York DNB Debrett Who's Who Modern 
1688-1601 259 
1802-18651 26°1 
1652-1701 27-2 
1702-1751 84:3 
1752-1812 242 
Prior to 1700 40°8 
1701-1800 40°4 28 0 
1801—1900 24°6 34:0 
1851-1900 110 
1939-1961 119 


In 1600 the number of baptisms exceeded the number 
of burials, but from this time onward" the number of 
deaths exceeded the number of births until 1760. After 
this period the reverse remained true with the exception 
of data presented for 1780. Many influences were in effect 
to prevent the natural growth of the population, such as the 
plague epidemics of 1604 and 1631, the continuous infec- 
tion of small-pox, measles, influenza and other diseases 
which brought about one epidemic after another during 
the early portion of the eighteenth century. Severe 
weather conditions throughout this time also helped to 
increase mortality. All such influences may have had a 
bearing on the well-being of the population and so perhaps 
on the seasonality. Until further work is done on the 
matter nothing more can be stated. 

The main result of the present investigation is to show 
that both in the population represented by the York 
registers and in that from which the DNB is drawn there 
has been a change in the annual incidence of births. 
Initially there were two major maxima corresponding to 
maxima in conceptions in July and December or January 
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(N.S.) and minima in September and March. This con- 
dition is clearly apparent in York up to 1652 and in the 
grouped data for the DNB before 1700. After this there is 
a transition, which in York appears to have been completed 
by the middle of the eighteenth century, to the con- 
temporary pattern with a maximum of conceptions in 
June, a minimum m November and an extremely small 
secondary maximun around Christmas. The two original 
peaks in births, intially of about the same amplitude, 
thus have become extremely uneven, while the one which 
has persisted has moved a little earlier into the year. 
There can be little doubt that the modern patiern is 
largely meteorologically controlled, as it is well known? 
that it is displaced by six months in the contemporary 
populations of the southern hemisphere. The most reason- 
able explanation of the observed historical facts is that 
superimposed on the climatically determined variation is 
a cycle of initially great amplitude determined by 
calendary festivities, notably the celebrations around and 
after Christmas. This is shown by the seasonal (Fig. 2) 
distribution of marriages, which in the first period investi- 
gated exhibits a dramatic minimum in Lent and dramatic 
maximum in November, presumably mainly just before 
Advent. Evidently there was a tradition for being married 
shortly before Christmas which persists feebly in later 
half-centuries. The Gecline in the cycle is, in a general way, 
historically reasonable. In the medieval period long work- 
ing days were relieved primarily by religious festivals, 
which must have set the rhythm of the year almost as 
much as the physical seasons, to which of course the 
religious calendar was in effect geared. After the Reforma- 
tion, and particularly during the times of Puritan ascend- 
ancy, the religious calendar became less significant. 
Celebration of Christmas was in particular anathema to 
the Puritans, who believed it should be a fast. 

Even though it is perhaps straining the evidence to 
insist that the maximum in Christmas conceptions is 
lower in the period 1652-1701 than in the subsequent 
half-century, it is reesonable to suppose the data indicate 
a gradual break-up cf a medieval pattern as the religious 
practice and secular need for calendary celebrations 
became less pressing. The physiological and psychological 
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mechanisms by which the meteorological and social cycles 
are incorporated into reproductive behaviour remain open 
questions. It may, however, be pointed out that in the 
sixteenth century, if the excess of marriages in November 
resulted in conception within two months of marriage in 
about 58 per cent of the cases, and live birth, the maximum 
in births around September would be explained. A good 
deal of the bimodality, therefore, may be due to customs 
relating to marriage time combined with a dispropor- 
tionate significance of primiparous births in a society 
with a fairly high-adult death rate. 

The historical aspect of this study was initiated by a 
grant-in-aid by the Society of the Sigma Xi. Further 
study was made possible by the generosity of the Wenner- 
Gren Foundation for Anthropological Research. I thank 
Prof. G. E. Hutchinson of the Biology Department of 
Yale University for his continuous support and encourage- 
ment. 
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NEWS and VIEWS 


Nuclear Physics Division, Science Research Council : 
Mr. John Clemow 


Mr. Joun Cremow has been appointed head of the 
Nuclear Physics Division of the Science Research Council 
in succession to Dr. A. C. W. Clarke. Mr. Clemow has 
been a director of G.E.C. (Electronics) since 1961. Pre- 
viously he was chief engineer (weapons) and a special 
director of the Vickers-Armstrong (Aircraft) Co., Ltd., 
Weybridge. Educated at St. John’s College, Cambridge, 
where he read mathematics, Mr. Clemow served with the 
Royal Artillery and was on the staff of the Military 
College of Science during the Second World War. He is 
a Fellow of the Institute of Mathematics and its Applica- 
tions and a Member of the British Nuclear Energy Society. 
In 1948 he was seconded to the Royal Aircraft Establish- 
ment, Farnborough, and later joined the former Ministry 
of Supply as director of Guided Weapons Projects. 


Applied Mathematics in Monash University : 
Prof. B. R. Morton 


Dr. Morton, senior lecturer in mathematics in the 
University of Manchester, has been appointed to a chair 
of applied mathematics in Monash University, Melbourne. 
Dr. Morton graduated in physics and mathematics in 
1948 in the then Auckland University College. He took 
the mathematical tripos at the University of Cambridge 
in 1952, and went on to carry out research in fluid mech- 
anics under Dr. G. K. Batchelor and Sir Geoffrey Taylor, 
qualifying for the Ph.D. degree in 1956. During 1949-50 
he was junior lecturer in physics at Auckland University 
College, and during 1955-56 assistant lecturer in mathe- 
matics, University College, London. He joined the 
University of Manchester as a lecturer in 1956 and became 
senior lecturer in 1965. In the past few years he has been 
especially concerned with the organization of postgraduate 
courses in fluid mechanics at Manchester. Dr. Morton’s 
present research interests are centred mainly on geo- 
physical fluid dynamics and low-speed fluid mechanics. 
Research projects in which he is at present engaged 
include: dynamics of rotating fluids, including buoyant 
jets in a rotating environment and applications to vor- 
ticity amplification in the atmosphere, and termination 
of concentrated vortex cores at boundaries with applica- 
tions to tornadoes and waterspouts; dynamics of stratified 
fluids, including motion of vortex parts in a stratified en- 
vironment and double convection of hot salt systems; 
flame and fire problems, including turbulent diffusion 
flames, pool fires, and the ascent of very hot masses of 
gas; cumulus dynamics, including the development of 


time-dependent models for growth of cumulus clouds; 
and a class of pipe flows in which buoyant and centrifugal 
forces produce important flow rearrangement with interior 
stagnation and flow reversal. He is a member of a sub- 
committee of the Meteorological Research Committee of 
the United Kingdom Ministry of Defence. 


Research in Education 


In a written answer in the House of Commons on 
February 15, the Secretary of State for Education and 
Science, Mr. A. Crosland, stated that the support of the 
Department for educational research in 1965-66 included 
about £250,000 for projects related to the schools and 
schoolchildren, about £55,000 of which would be included 
in payments to the National Foundation for Educational 
Research. None of the Department research funds were 
allocated through the local education authorities, but 
those authorities, charitable foundations and universities 
also supported such research. 


Directorate of Research and Information 


In a written answer in the House of Commons on 
February 14, the Parliamentary Secretary to the Ministry 
of Public Building and Works, Mr. J. Boyden, stated that 
the work of the Directorate of Research and Information 
included advising on research policy and specific projects, 
commissioning research work, activities concerned with 
the dissemination of technica] information, and investi- 
gation of problems connected with the maintenance of 
buildings and with the use of computers in the con- 
struction industry. The Directorate also dealt with 
training and education for that industry. The Directorate 
was headed by a Director, who was a deputy chief scientific 
officer, and an assistant secretary, supported by twenty- 
one professional and scientific officers, ten technical, nine 
executive and twelve clerical officers. The direct cost of 
the Directorate for 1965-66 was about £165,000, and 
overheads were estimated at £42,000. 


University Building Programme 


In a written answer in the House of Commons on 
February 14, the Secretary of State for Education and 
Science, Mr. A. Crosland, stated that some 25 per cent 
of the building programme for universities, including the 
colleges of advanced technology, for 1965-66 would now 
be started in 1966-67. The building programme of £120 
million for the four years 1966-67 to 1969-70 was not 
affected by the revised arrangements for dealing with 
deferment announced by the Chancellor of the Exchequer 
on February 8. 
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Man-power in Aviation Research 


In a written answer in the House of Commons on 
February 16, the Minister of Aviation, Mr. F. Mulley, 
stated that on December 1, 1963, the employees in the 
scientific officer class in the research establishments con- 
trolled by the Ministry numbered 997. For 1964 and 
1965 the corresponding figures were 1,022 and 1,037, 
respectively. The 1965-66 estimates provided £11-76 
million for the European Launcher Development Organ- 
ization. 
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Morecambe Bay Reservoir Scheme 


AN alternative proposal to the Morecambe Bay Project 
is outlined by Prof. J. R. D. Francis and Mr. 8. H. Wearne 
in @ memorandum from the Faculty of Technology, 
University of Manchester. The scheme proposes a marsh- 
land reservoir, created by and completely surrounded by 
embankments on a higher part of the present estuary, the 
top water-level bemg about 30 ft. above marsh-level. 
The reservoir would have a system of aqueducts from 
rivers and streams and a road link allowing tidal move- 
ments into the upper estuary and would thus be perme- 
able. It offers advantages over the barrage scheme in 
greater depth, outward pressure gradient, lower capital 
costs and marginally smaller running costs, easier avoid- 
ance of waterlogging of nearby land and freedom from 
obstruction to migrating fish. There are, however, no 
subsidiary benefits in amenity, cooling water provision or 
transport links. 


Aid to Developing Countries 


In a short paper, ““Developing Countries in Debt”, in 
the Westminster Bank Review for February 1966, Mr. S. E. 
Mynott points out that besides their continuing need for 
development finance, the developing countries need 
measures to enable them to reduce their burden of debt. 
Taking as developing countries those of Latin America, 
Africa (except South Africa), non-Communist Asia (ex- 
cluding Japan) and Oceania (except Australia and New 
Zealand) and the Mediterranean States of Turkey, Cyprus, 
Greece, Yugoslavia, Malta and Spain, the total aid given 
in 1964 is estimated at £2,360 million, net of capital 
repayments arising from previous aid, more than 80 per 
cent of which came from the United States (53-5 per cent), 
France (12:7 per cent), the United Kingdom (7-4 per cent) 
and West Germany (7 per cent). The total, however, is 
scarcely increasing even in monetary terms, partly due 
to difficulties experienced by several donors, such as the 
United Kingdom, with their balances of payment. <Debt 
servicing is now the main problem for all recipients of 
aid, and Mr. Mynott discusses the various methods of 
assistance which could be used. One way is to provide 
aid on soft terms. Another of more immediate importance 18 
to agree on how debt now maturing can be repaid without 
excessive strain and without resorting to ad hoc arrange- 
ments like The Hague and Paris re-finance clubs. Mr. 
Mynoitt suggests adoption of the United Nations Con- 
ference on Trade and Development experts’ liquidity plan. 


Employment of Graduates in Biological Subjects 


Dr. S. J. Prrt, head of the Department of Micro- 
biology, Queen Elizabeth College, London, writes: ‘The 
abstract of information from the University Grants Com- 
mittee on the numbers of graduates in biological subjects 
in 1962-63 and their employment (Nature, 209, 356; 
1966) is a sad reflexion of the paucity of data about the 
demand and supply of different types of biologist. It 
does not show the rapid changes which have been occurring 
in the pattern of demand for biologists. There is no 
mention of microbiologists, whom it appears are now as 
much sought after as any other type of biologist. In the 
U.G.C. data on numbers of graduates for 1962 (J. Inst. 
Biol., October 1963) we see that there were twenty-eight 
graduates in microbiology (including bacteriology). Since 
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that time, any increase in the total number would appear 
to be slight, yet information accumulated in this Depart- 
ment shows that in 1965 more than 140 posts for micro- 
biologists in Britain were advertised. . Compare, for 
example, the zoologists, of whom 170 were available for 
employment and 138 gained employment. Increasingly 
one hears complaints from universities and research 
laboratories that they are forced to work permanently 
below their establisnment for microbiologists. Many of 
the vacancies in microbiology have to be filled by 
graduates in some other discipline and who, for many 
years, at great cost to the progress of their work, learn 
‘on the job’. This points to another feature veiled by 
the U.G.C. data, namely, that many biological graduates 
at the end of their training have to be re-trained in 
another biological discipline which they could have 
learned in the first place. Postgraduate training of micro- 
biologists is in an equally parlous state, and this seriously 
restricts the possibility for growth of university teaching 
in microbiology. The average number of graduates per 
year in each school oz microbiology is minute (about five). 
To use staff efficiently, this number should at least be 
quadrupled. From such a base a steady expansion in the 
number of graduates could be aimed at which in 10 years 
might catch up with the demand. Finally, it is interesting 
to ask, by what means does the U.G.C. propose to avoid 
a similar dearth of graduates from arising in other rapidly 
developing sciences ?” 


National Museum of Wales 


From April 1, 19€5, the National Museum of Wales 
came under the Welsh Office instead of being sponsored 
by the Treasury. The fifty-eighth annual report of the 
National Museum of Wales for 1964-65 also records that 
the great majority of the local authorities in Wales have 
agreed to contribute to the Council of Museums in Wales 
(Pp. 91+4 plates. Cardiff: National Museum of Wales, 
1965). In the Department of Geology, the compilation of 
adequate biographies and source-books of Welsh geology 
(1897—1958) has been 2ompleted, while in the Department 
of Botany the construction of exhibits for the new crypto- 
gamic gallery has cortinued throughout the year. Two 
exhibits showing photomicrographs of the anatomy and 
development of varioas invertebrates and wild-life con- 
servation were shown in zoology, and in archaeology 
work was concentrated on the preparation of exhibits 
for the new Prehistori2 Gallery. The new Department of 
Industry was engaged in the occupation of the galleries 
and offices allocated, and the Department of Art showed. 
several new exhibitions. In the Welsh Folk Museum 
work has continued on the re-erection of the tannery 
removed from Rhayacer, Radnorshire. The report also. 
records the usual extensive list of publications by members 
of the staff. 


City Museums and Art Gallery, Leicester 


For the year 1964-65, the Museums and Art Gallery 
of Leicester report a period of consolidation rather than 
spectacular achievement (Fifty-ninth Report, April 1, 
1964—March 31, 1965, Pp. 48+4 plates. Leicester: City 
of Leicester Museums end Art Gallery,-1965). During the 
year, the archaeological collections have been removed 
from the Museum at New Walk to the new Jewry Wall 
Museum. This has involved transferring many thousands 
of specimens; some, the tesselated pavements and the 
Roman milestone, weighing several tons, and almost all, 
especially the fragile Eoman glass, needing great care in 
handling. Excavations were undertaken north and south 
of Thornton Lane and a considerable area near the pre- 
sumed forum was cleared. Labels have been found for 
the order beds at Belgrave Hall Gardens which promise 
to be permanent, legible and relatively vandal- and 
weather-proof. They gonsist of engraved plastic strips 
set in metal holders. A list of several hundred accessions 
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indicates that registration is maintained and is up to 
date. 


Smithsonian Institution 


THe annual report of the Smithsonian Institution for 
the year ended June 30, 1964, is, as usual, a large volume 
and includes several original papers as well as the formal 
routine reports of the various departments (Pp. xiii+ 
553+ 71 plates. Washington, D.C.: Government Printing 
Office, 1965. 4 dollars). During the period under review, 
the Institution made a determined effort to carry its 
international activities beyond traditional overseas field 
expeditions and research, which primarily benefit the 
Smithsonian, to co-operation with other Government 
agencies and private institutions in the development of 
exchange and international exhibits programmes, to the 
benefit of others. Among the original papers is one in 
which the computer is brought to bear on Stonehenge 
from the astronomical angle, and another on recent 
theories regarding the origin of mountains. 


Gems in the Smithsonian Institution 


Booxs and papers on gemstones are numerous, and the 
Smithsonian Institution has recently issued an excellent 
handbook to the principal stones in their collections (Gems 
in the Smithsonian Institution. By Paul E. Desautels. 
Pp. 74. Publication No. 4608. Washington, D.C.: Smith- 
sonian Institution, 1965). An introductory chapter on 
the characteristics of gems is followed by notes on their 
shaping, substitutes, lore and a description of the chief 
gem species illustrated by accurate colour plates. The 
booklet concludes with a list of the notable gems in the 
collection at the Institution. 


Digital Searching Service for Spectra 


THE Scientific Documentation Centre, Ltd., has 
announced a new digital searching service for the identi- 
fication of unknown substances. The Centre has a library 
of approximately 64,000 infra-red spectra and about 
18,000 ultra-violet spectra. These are coded on eighty- 
column punched cards. The library can be searched by 
spectrum (with an accuracy of 0-lp), by chemical struc- 
ture, by empirical formula (for carbon, oxygen, nitrogen 
and sulphur) or, for the less common elements, by 
elements. Any combination of these methods of search 
can also be used. The data available consist of spectra 
from sources in the literature and from eight published 
spectra collections. These are: American Petroleum 
Institute Research Project 44, Sadtler Catalogue of 
Spectra, Sadtler Catalogue of Commercial Spectra, 
National Research Council—National Bureau of Standards 


File, Documentation of Molecular Spectroscopy, Coblentz 


Society Spectra, Manufacturing Chemists Association 
Spectra and the Infra-red Data Committee of Japan. 
Computer tapes for infra-red spectra are available for 
IBM 7090, 7094 and 1401, Honeywell 400 and Bur- 
roughs 5,000 computers. It is hoped that tapes for IBM 
7070 and 1460 will be available soon. Further details can 
be obtained from the Scientific Documentation Centre, 
Ltd., Halbeath House, Dunfermline, Scotland. 


Gallenkamp and Company Ltd. 


THE name Gallenkamp has for many years past been a 
household word in the commercial field of scientific 
Jaboratory furnishing, equipment, and apparatus; from 
relatively small beginnings, this firm has grown into an 
organization of world-wide repute, with headquarters in 
London, sales and distribution centres at Widnes, Lan- 
cashire, and Stockton, Co. Durham, and similar facilities 
throughout forty-three countries overseas available via 
appointed agents. Apart from the well-known compre- 
hensive catalogue, occasional leaflets and brochures 
describing newly designed, specialized instruments and 
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apparatus, Gallenkamp also publish a bi-annual magazine 
News and Review (A. Gallenkamp and Co., Ltd., Technico 
House, Christopher Street, London, H.C.2. Pp. 24. No. 
12, Autumn Issue; October 1965). News and Review 
first appeared as a spring number in February 1960, the 
motive being then, as simply stated, “.. . we aspired to 
produce a readable reference to our current affairs”, the 
raison d'être of most industrial house-journals to-day. 
In that first number, the aims of the enterprise were 
succinctly defined: “. . . the desire to draw attention to 
apparatus and equipment recently introduced, and to 
invite enquiries and orders concerning them. . . to further 
the personal contact between instrument maker and 
instrument user... to pay tribute to those universities, 
research and industrial laboratories proffering information 
on the changing methods and new techniques which are 
constantly being developed ... news to be offered con- 
cerning policy changes, future planning and expansion, 
price variations . . . news of our Agents (who) look after 
the interests of overseas customers .. . and other efforts for 
improving service both at Home and Abroad.” ‘These 
ambitions have been fully realized, so far as the reader 1s 
concerned, in the later issues of this publication, and the 
present number is no exception; it is equally no mere 
catalogue; much background information on the design, 
construction, and advantages of modern (often new) 
apparatus, well illustrated, is included. The introductory 
article on Magna Carta (1965 was the seven hundred and 
fiftieth anniversary of its signing) quotes two relevant 
excerpts; one is of interest to overseas customers: “‘All 
merchants are to be safe and secure in leaving and entering 
England, and in staying and travelling in England, both 
by land and by water, to buy and sell free all maletotes 
by the ancient and rightful customs.” The other: ‘Let 
there be one measure of wine throughout our kingdom, 
and one measure of ale, and one measure of corn, namely 
the London quarter, and one width of cloth whether 
dyed, russet or halberjet, namely two ells within the 
selvedges. Let it be the same with weights as with 
measures.” This editorial note concludes with the com- 
ment: ‘Was this the first attempt to lay down a British 
Standard?” For the rest, News and Review announces, 
among many other items, a new orbital incubator, 
designed in consultation with Dr. S. J. Pirt, Queen 
Elizabeth College, London; a Mark 2 autoflash Pensky- 
Martens closed cup flash point apparatus; a new Gallen- 
kamp colorimeter Mark 3, with transistorized stabilizer 
circuit; a remarkably compact flame analyser, primarily 
for sodium and potassium determinations (with accessory 
interference filter for calcium); the Lloyd gas analyser 
(Gallenkamp hold exclusive licence to manufacture and sell 
this apparatus); a tube furnace with Crusilite (silicon car- 
bide) elements (manual or auto-control) for temperatures 
up to 1,400° C; a new international model B-20 high-speed, 
refrigerated centrifuge; and a well-designed Abbé refrac- 
tometer with extended range up to R.I.1-740. Available 
also is the latest development in diamond polishing 
techniques, ‘Microsol’, an aerosol application of “Microfin’ 
diamond polishing compound for metallurgical work. 
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Fluorocarbon Resins 


‘TEFLON’ is the registered trademark of E. I. du Pont 
de Nemours and Co. for a series of fluorocarbon resins, 
fibres and films manufactured by them, including poly- 
tetrafluoroethylene (PTFE) and fluorinated ethylene 
propylene (FEB) resins. ‘Teflon’ was discovered by Du 
Pont more than twenty-five years ago, and has been 
available in European markets since the early 1950s. 
Its unique combination of properties has in recent years 
benefited an increasing number of industries, particularly 
in connexion with designing plants demanding material 
for high-temperature service possessing excellent mechani- 
cal, electrical, and chemical properties. An outstanding 
feature of these “Teflon’ resins is their very high heat 
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resistance; the PTFE fluorocarbons are capable of con- 
tinuous service at 260° C (500° F); they can withstand 
much higher temperatures for limited periods. So 
important are these ‘Teflon’ products that they modestly 
fill a periodical magazine, The Journal of Teflon, in their 
own right, among other Du Pont publications, and a 
recent issue contains much technical information concerned 
with their performance in many different circumstances, 
but notably under high temperature conditions (Du Pont 
de Nemours International S.A., Case postale, CH-1211 
Geneva 24, Switzerland (Du Pont Co. (U.K.), Ltd., Fetter 
Lane, London, E.C.4). 6, No. 5; October-December 
1965). 

Among the many successful applications of these resins 
are: wire insulation rated for continuous service at 260° C; 
fuel hose in aircraft and missiles at temperatures to 260° 
C; pump diaphragms rated for service up to 149° Q; 
valve packings handling corrosive chemicals at tempera- 
tures as high as 260° C; and ball seals in aircraft valves, 
to give a leakproof seal at temperatures up to 204° C. 
It is stated that few, if any, other resins or elastomers 
can show such an impressive record. In the article 
describing these properties, information is also given on 
the behaviour of PTFE resins at temperatures ranging 
from 149° to 427° C; these should be valuable to the 
designer in predicting performance and life expectancy 
of components of these resins at such temperatures. 
Many of their applications impose severe combinations 
of mechanical, thermal, environmental, and electrical 
stresses simultaneously; relevant data for these conditions 
are given under sub-headings: strength at high tempera- 
tures, stiffness and deformation, expansion and friction, 
electrical properties, special design considerations, and 
safety in design. 
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Building in Warm Climates 


THE ultimate success of a building should not be gauged 
solely in terms of its appearance or investment potential ; 
too little consideration is given generally to its functional 
design. So argues J. F. van Straaten in a paper entitled 
“Warm Climates and Building” (National Building Re- 
search Institute, South African Council for Scientific and 
Industrial Research, Pretoria. Reprinted from CIB Bul- 
letin No. 4, 1964. CSIR ref. R/BOU 149. Pp. 5.). The 
author is chief research officer to the Research Institute, 
and although his remarks are directed critically to building 
in warm climates, much of what he says regarding func- 
tional design is of much wider significance. Buildings 
should satisfy minimum requirements in respect of thermal 
performance, ventilation, lighting, acoustics, structural 
stability, durability of materials, overall resistance to 
rain penetration, and all other factors consistent with the 
functioning of good community and family life. Ad- 
mittedly some of these requirements are not controlled 
by climate, but this certainly does play a major part in 
any concept of functional design. It is claimed that in 
warm climates, particularly, more research is necessary 
into effects of asymmetric radiation conditions on sensa- 
tions of warmth, selection of rational design weather data 
in terms of probability of concurrence of relevant weather 
elements, and degree of control of indoor environment by 
building procedure. Special attention is given in this 
paper to the thermal performance of heavy-weight and 
light-weight buildings; it is shown that heavy-weight 
structures are thermally superior to light-weight struc- 
tures in warm-—arid areas, the opposite applying in 
warm—humid areas. In considering the thermal environ- 
ment of buildings, the important factors to teke into 
account are heat-storing capacity of the structure 
as & whole, insulation properties of the various elements, 
control of direct and indirect solar heat gains, and 
rate of ventilation of the building. Some preliminary 
results of tests now in progress on test structures have so 
far proved that uninsulated single-skin light-weight con- 
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struction, even with a concrete floor, is not acceptable for 
permanent housing; partial insulation of structures serves 
very little useful purpose; addition of insulation to walls 
and roof considerably improves indoor living conditions; 
and if exposed surfaces are painted white, the thermal 
performance of light-weight structures improved sig- 
nificantly; their ventilation, however, is of prime im- 
portance. 


Protochordata 


THE protochordate section of The Zoological Record 
affords some measure of the sheer enormity of the task 
of compiling and presenting information of this kind, and 
particularly so when it is realized that this section is but 
one of twenty in the present volume of the Record (100, 
section 14; 1963. Protochordata, together with Pogono- 
phora, Enteropneusta, Graptolithina, Pterobranchia and 
Phoronidea. Compiled by Dr. D. B. Carlisle. Pp. 50. 
London: The Zoological Society of London, 1965. 12s. 6d.; 
1.80 dollars). Section 14 deals with published literature 
on the Tunicata and Cephalochordata, together with the 
Hemichordata, Phoronidea and Pogonophora. The ın- 
formation 18 treated under three headings: a list of titles 
arranged according to authors; a subject index in which 
each of the five taxa is dealt with separately; and a 
systematic index. It ıs beyond the scope of this review to 
attempt an evaluation of the entries, but three seem 
worthy of special mention. The year 1963 saw the pubs 
lication of Dr. Carlisie’s translation of the monograph 
by Ivanov on the Fogonophora, and in that same year 
Poulsen recorded pogonophores from the Cambrian of 
Sweden, thereby giving the phylum a history at least as 
long as the Phanerozoic Era; in 1963 also, A. H. Miuller’s 
text on the Stomochorda appeared. The number of 
entries concerned with the extinct hemichordate class, 
the Graptolithina, is impressive, and if the services of a 
palaeontologist had been enlisted during compilation it 1s 
likely that a number of errors would have been avoided. 
Thus, for example, Llandeilian would not have appeared 
as “Liandillian’, nor would a reference to Mesograpius 
have been included in the Monograptidae instead of the 
Diplograptidae. These are minor defects, however, and 
detract little from ths immense value of the publication. 


Boarding Schools for Maladjusted Children 


THE Department of Education and Science Building 
Bulletin No. 27 is not concerned with the theories of the 
treatment and cure of maladjustment, and only discusses 
the personal relationships which play such a large part 
in therapy where they appear to affect the design of 
boarding-school buildings (Boarding Schools for Mal- 
adjusted Children. Pp. v-+16. London: H.M.S.O., 1965. 
4s. net). Its purpose is to analyse the requirements of 
maladjusted children and to advise the architect on how 
to produce the sympathetic physical environment which 
they need. The ideas set out in the Bulletin have been 
assembled in the hope that they may assist local authorities 
and others concerned with planning new boarding schools 
for maladjusted children to help the child so that he can 
return to his normal place in family life as soon as possible. 
Although the Bulletin, develops in some detail one par- 
ticular approach in design, it leaves room for a variety of 
solutions. 


University News: Aberdeen 


Tue following appointments have been made: Lecture- 
ships, Dr. P. 5. Ashtan and Mr. K. Jong (botany); Dr. 
I. Parsons (geology); Research Fellowships, Dr. I. M. 
Brattsten and Mr. H. Kramer (chemistry). 


Belfast 


Dr. P. W. Kent has been appointed to the chair of 
biochemistry in the Queen’s University of Belfast. The 
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following lecturers have also been appointed: Dr. M. A. 
McKervey (organic chemistry); -Mr. D. B. McAlister 
(pure mathematics). 


Bristol 


Tux following lecturers have been appointed: Dr. P. 
Lloyd (physics); Dr. H. E. Rose (mathematics). 


Leeds 


Dr. J. P. ROBERTS has been appointed professor of 
ceramics in the Houldsworth School of Applied Science. 
Mr. L. T. Hildyard has been appointed lecturer in the 
Department of Mathematics. 


Liverpool 


Dr. J. R. Hotr has been appointed to the newly 
established chair of experimental physics. The following 
lecturers have also been appointed: Mr. T. R. Wiliams 
(zoology); Dr. P. A. Chatterton and Mr. B. W. Hogg 
{electrical engineering and electronics). 


Reading 


Dr. I. M. Mitts has been appointed professor of 
chemical spectroscopy. The following lecturers have also 
been appointed: Mr. A. E. Canham (soil science); Dr. 
C. E. Linderholm (mathematics); Dr. J. R. Milford 
(meteorology); Mr. H. A. Moisley (geography); Dr. A. P. 
Musgrave and Mr. G. Rice (applied physical sciences) ; 
Miss B. Pickersgill (agricultural botany). 


Announcements 


Pror. W. Q. KENNEDY, professor of geology in the 
University of Leeds, has been awarded the Clough Medal 
of the Edinburgh Geological Society for the period 
1965-66. Prof. Kennedy has made many important 
contributions to the understanding of the geology of 
Scotland in the fields of igneous petrology, tectonics, 
metamorphism, and Pre-Cambrian stratigraphy. 


Dr. H. R. AMBLER, who has been scientific adviser to 
the British High Commissioner in India since 1959, is 
retiring from his post and leaving India in March 1966. 
He was chief inspector of military explosives under the 
Government of India during 1940-47 and director of the 
Ministry of Supply Tropical Testing Establishment in 
Nigeria during 1947-54, after which he was assistant 
director of chemical inspection, Woolwich, before taking 
up his present post. 


Dr. N. MOLER, at present James Rowland Angell 
professor of psychology in Yale University, has been 
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appointed professor of psychology in the Rockefeller 
University as from July 1. 


Mr. H. E. Collins, Mr. L. R. Milligan and Prof. P. R. 
Owen have been reappointed members of the Safety in 
Mines Research Advisory Board. 


Tas British and Irish Group for Co-ordinating Human 
Tumour Investigations, inaugurated in 1963 for the pur- 
pose of encouraging the widest experimental investigation 
of human material, proposes to issue a second bulletin 
listing and classifying research at present being carried 
out. Anyone interested in this field of study who wishes 
to contribute to the Bulletin is invited to contact the 
secretary, Dr. R. W. Baldwin, Cancer Research Depart- 
ment, The University, Nottingham. 


LHe Institute of Biology is arranging a dinner on 
March 21, 1966, to celebrate the eightieth birthday of Dr. 
Edward Hindle, founder president of the Institute. 
Information about the arrangements can be obtained 
a. the Institute of Biology, 41 Queen’s Gate, London. 

W.T. 


A ONE-DAY symposium on “Colour Vision” and ‘“‘Colour 
Measurement”, arranged by the Colour Group (Great 
Britain), will be held in the University of Edinburgh on 
April 1. Further information can be obtained from Mr. 
R. S. Sinclair, Paisley College of Technology, High Street, 
Paisley. 

A MEETING of the Scottish Branch of the Institute of 
Mathematics and its Applications will be held in Edin- 
burgh on March 18. Prof. E. C. Zeeman will lecture on 
“A Mathematical Model of the Brain”. Further informa- 
tion can be obtained from the Institute of Mathematics 
and its Applications, c/o the Mathematical Association, 
Gordon House, 29 Gordon Square, London, W.C.1. 


A MEETING of the Yorkshire Branch of the Institute of 
Mathematics and its Applications will be held in the 
University of Sheffield on March 24. Prof. K. Stewartson 
will lecture on “‘The Boundary Layer”. Further informa- 
tion can be obtained from the Institute of Mathematics 
and its Application, c/o the Mathematical Association, 
Gordon House, 29 Gordon Square, London, W.C.1. 


A MEETING of the Bristol Branch of the Institute of 
Mathematics and its Applications will be held in Bristol 
on March 22. Mr. J. S. Sawyer will lecture on ““Mathe- 
maties Applied to the Large-scale Dynamics of the 
Atmosphere”. Further information can be obtained from 
the Institute of Mathematics and its Applications, c/o 
the Mathematical Association, Gordon House, 22 Gordon 
Square, London, W.C.1. 
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THE NIGHT SKY IN APRIL 


All times are in Universal Time 


MOON 
New Moon 20d 2th 
Full Moon 5d 11h 
PLANETS f 
Times of Rising (R) and Setting (S) during the month 
Name RIS Beginning Middle 
Mercury — Unfavourable for observation 
Venus R áh 10m 8h 45m 
T8 — Unfavourable for observation 
Jupiter S m. 
Saturn R Unfavourable for observation 


CONJUNOTIONS WITH THE MOON 
Venus 16d 13h, 6° N. 


Jupiter 25d 08h, 3° S. 
Saturn 17d 20h, 3° N. 


End Mag. Dg (10° miles) Zodiacal position 
+07 75 Pisces 
3h 20m -39 70 Aquarius 
— 226 Pisces 
23h 40m — 16 517' Taurus 
3h 30m 41-4 973 Aquarius 


Dg 18 the distance of planet from the Earth on the 15th of the month 


OGOULTATIONS OF STARS BRIGHTER THAN MAGNITUDE +6 AT GREENWICH 


Star RID Time Mag. 
y Vir m D 5å Oth 46-7m +2°9 

y Vir m R 5d 02h 51-0m +29 

x Tau D 23d 19h 23-5m + 4-4 
67 Tau D 23d 19h 26-6m + 5-4 
118 Tau f. D 24d 22h 159m + 5:9 


(D, disappearance; R, reappearance) 
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MEDICAL EDUCATION IN BRITAIN 


HE terms of the Rock Carling Fellowship, which was 

founded by the Governing Trustees of the Nuffield 
Provincial Hospitals Trust, provide that the holder shall 
make a review, by way of a monograph, of one of the 
fields in which Sir Ernest Rock Carling had been inter- 
ested. Medical education was one of these, and in the 
preface to his monograph*, Prof. R. Milnes Walker, 
emeritus professor of surgery in the University of Bristol, 
mentioned some of Sir Ernest’s activities in this field. 

The establishment of a university degree as the only 
legal qualification to practise medicine was introduced in 
England as long ago as 1421. During the subsequent 
centuries, other means of obtaining the right to practise 
were permitted. For a time, only a minority of doctors 
held university degrees, and even up to 1938 less than 
half the medical students obtained degrees; to-day all 
doctors obtain admission to the Medical Register by a 
university degree. 

The major steps in the evolution of medical education 
in, Britain were the Apothecaries Act of 1815 and the 
Medical Act of 1858. In the interval between these dates 
the customary way into medical practice in England was 
by taking the Membership of the Royal College of Sur- 
geons as a qualification in surgery, and the Licence of the 
Society of Apothecaries as a qualification in medicine. 
For those who aspired to Membership of the Royal 
College of Physicians, for which a university degree was 
necessary, it was customary to go to Scotland or to the 
Continent, where a doctorate in medicine was easier to 
obtain than at Oxford or Cambridge. 

The impact of Abraham Flexner’s survey of medical 
education in Europe in 1912 and his further investigation 
of medical education in general, published in 1925, cannot 
be exaggerated. It is to be regretted that Britain was so 
long in heeding his advice. 

Many of the recommendations of the Goodenough 
Committee have now been implemented, however, and 
they were, in the main, adopted in establishing the 
relationships between the medical schools and the teaching 
hospitals when the National Health Service was brought 
into effect in 1948. Its report made no recommendations 
about medical man-power but, in an appendix, the 
Government Actuary estimated that if the number of 
practising British doctors were to be increased from 
the then figure of 45,400 to 55,000 in 15 years’ time, the 
medical school entry would have to be raised from the pre- 
war figure of 1,800 to 2,630. This allowed for a net 
emigration of only one in every nine doctors. The Com- 
mittee considered that the increase should be brought 
about by raising the existing schools to their full capacity 
before embarking on the establishment of new schools, 
but it criticized the concentration of medical schools in 
London and the relatively excessive number of students 
in the Scottish schools. 

Owing to the slow rate of hospital building since the 
introduction of the National Health Service, the facilities 
for clinical teaching which the Committee recommended 
have fallen short of the mark. Their recommendations 
regarding staffing of pre-clinical and clinical departments 
have, however, been implemented to a considerable 
extent. Almost every school] now has full-time professors 
in general medicine and i in general surgery, and obstetrics 
is moving fairly fast in the same direction. Some depart- 
ments are still deplorably housed and, where this affects 


* Medical Education in Britain, Pp.101, (London: The Nuffield Provincial 
Hospitals Trust, 1965.) 5s. 


pathology and the clinical departments, this has in part 
been held up by the scarcity of new hospital building. 
No unit in an undergraduate school in Britain has the 
control of 100 beds, which was sueeeeted in the Haldane 
Report as long ago as 1913. 

Much progress hes been made in implementing the 
proposal of the Goodenough Committee for the teaching 
of social medicine, cnild health and psychiatry, but the 
maternity training is often unsatisfactory in that students 
may have to make use of facilities far removed from 
their teaching hospitals. 

The compulsory pre-registration hospital appointments 
for twelve months were introduced m 1954 and have 
become an accepted part of the British educational and 
hospital structure, but the suggested reduction of the 
undergraduate courses to 4-5 years has not come about. 
That Britain is still short of its needs in medical education 
has been emphasized in many places, but particularly in 
the Review of the Medical Services in Great Britain, which 
was published in 1963. 

Prof. Milnes Walker referred to some of the changing 
aspects of medical practice which must influence medical 
education. In Britain, the increasing average age of the 
population raises problems as the elderly require an extra 
share of medical attention. It is wrong to assume that 
the Welfare State, wich its better standards of living, will 
reduce the demand for medical care. When people have 
greater means they demand a better standard of medical 
attention, but they tend to be less inclined to look after 
their sick relatives at home, and, in fact, conditions 
often make this quite impossible. So the demand, and 
the cost, of a National Health Service continue to rise, 
and as it is unable to meet the demand an increasing 
number of people take out insurance to cover the cost of 
private medical attention outside the State Service. 

The other important factor is the increased body of 
medical knowledge, which inevitably leads to increasing 
specialization. This widens the gap between general 
practitioners and specialists, and even among specialists 
themselves. The provision of group practices working 
from adequately staffed premises would lead to greater 
efficiency, and provide some means of improving the 
association between general practitioners and specialists. 

Britain is going to be extremely short of doctors. 
Until recently, there has been one for every 930 of the 
population, but presert figures indicate that there will be 
& proportion of one tc 1,100 in a few years. This figure 
can. be compared with one in about 600 in some European 
countries, and puts the ratio below that of Australia, 
Canada and the Unised States. Doctors are leaving 
Britain permanently at the rate of 400 a year, and this 
figure may well rise unless conditions in the Health 
Service are radically alsered. It is important that enough 
doctors be trained for home needs and for emigration. 
An annual intake into medical education of about 3,500. 
which is almost a 50 per cent increase on the present 
number, should be the ideal. 

In discussing courts and syllabuses, Prof. Milnes 
Walker advises the abolition of the First M.B. exam- 
inations; the medical schools would cease to teach the 
pre-medical subjects in their present form to medical 
students. 

The pre-clinical course should be increased to 2-5 years, 
or 3 years if a science degree is taken, but provided there 
was a second year of pre-registration appointments, the 
clinical period could be reduced to 2 years. 
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Of the 2 years of compulsory pre-registration appoint- 
ments, the second year need not be one of residence in 
hospital, and, for many students, part of ıt should be 
spent in general practice, approved for the purpose and 
working from a health centre. 

The aim should be to increase the intake of medical 
students ‘to 3,500 a year as quickly as possible. Pre- 
clinical schools could be expanded to an intake of up to 
200, but clinical schools should not normally have an 
intake of more than 100. Thus, more clinical schools 
would be required, and at present there are suitable 
hospitals in some of our provincial cities with medical 
Schools which could be adapted as second clinical schools 
without great expense, and would share the university 
departments. The number of pre-clinical schools in 
London could thus be reduced. 
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In teaching hospitals the distinction between general 
medical and surgical wards should be abolished, but the 
teams in charge would comprise both physicians and 
surgeons, and the leaders of the teams might belong to 
either discipline. 

In postgraduate training the increase in the organized 
teaching ın district hospitals is welcome, and will need 
further expansion if a second pre-registration year is 
introduced. In London another look should be taken at 
the grouping of the special hospitals and institutes and 
some of them might be associated with or even incor- 
porated in general hospitals. 

For the better organization of postgraduate training of 
overseas doctors, an increase in the contacts with these 
countries and their medical schools is desirable, and 
regional boards might play a part in this. 


SYMMETRY PRINCIPLES AT HIGH ENERGY 


N so rapidly developing a subject as elementary particle 
physics frequent conferences play an important part 
in the exchange of knowledge. The doyen of such meet- 
ings is the ‘Rochester’ Conference, affectionately called 
after its place of origin even though to-day its meetings 
are as likely to be held in Geneva or Dubna. Itis a gather- 
ing of several hundred theorists and experimenters, and 
when it comes together every two years its sessions are 
concerned with all aspects of the subject. A necessary 
complement to so large and infrequent an assembly is the 
holding of regular small conferences on specific topics. 
The Coral Gables Conferences on Symmetry Principles, 
organized by the Center for Theoretital Studies of the 
University of Miami, have come to occupy an honourable 
place among such meetings. 

The first two Conferences were held during a hectic and 
euphoric time for the practitioners of symmetry principles: 
the rapid discovery by experimentalists of more and more 
particles was matched’ by the invention by theorists of 
higher and higher symmetries with more extensive multi- 
plets in which to locate them. Such boom conditions 
could not last for ever and if the atmosphere at the third 
Conference in January 1966 was less feverish this simply 
reflected a return to normal after'the heady days of the 
immediate past. There were, nevertheless, many con- 
tributions of sdber interest. 

One of the most powerful techniques in symmetry 
physics has been the use of the current algebras invented 
several years ago by Gell-Mann and exploited by him to 
give many results in agreement with experiment. The 
method takes as its basic assumption the equal-time 
commutation relations of the integrated components of 
certain currents associated with weak, electromagnetic, 
and (by means of another assumption called the partially 
conserved axial current) strong interactions. During the 
past year Fubini and Furlan devised an important way of 
using dispersion theory in these calculations and this was 
employed by Adler and Weisberger to calculate the ratio 
of the Fermi coupling to Gamow~Teller coupling in 
B-decay, in excellent agreement with experiment. How- 
ever, a useful assumption in many calculations, namely, 
that the commutation relations are saturated by a small 
number of neighbouring states, encountered certain 
theoretical difficulties which were pointed out by Coleman. 
In his address to the Conference, Gell-Mann explained 
how these difficulties could be avoided by working with 
matrix elements of states corresponding to infinite 
momentum and using only that sub-algebra_of currents 
which has finite matrix elements to states of finite mass in 
this limit. It is known that the octet and decimet baryons 
of SU(3) do not saturate these relations. Gell-Mann and 
Dashen are engaged on a calculation using various low- 


energy experimentally determined parameters as the 
input by which they hope to determine what further 
states are needed for saturation and so to arrive at a 
prediction of the nature of the higher-lying baryon 
resonances. 

The current algebra technique does not commit its users 
to the belief that the algebra involved is a symmetry of 
the Hamiltonian applying to the whole of physics. It is 
only necessarily relevant for the matrix elements of the 
particular currents involved. Current algebras are thus- 
essentially statements about the dynamical workings of 
the theory rather than about general invariance require- 
ments. The relation between broken symmetries and 
dynamics is one that is little understood. Many people 
believe that the answer lies in a bootstrap theory which 
pictures elementary particles as all being bound states 
of each other, held together by forces due to the exchange 
of the particles themselves. In this way no particle is 
more elementary than any other and they can all be 
regarded as being composite. Simple models suggest that 
such theories might lead to symmetries, and Capps pre- 
sented a contribution at the Conference on this question. 
However, realistic dynamical calculations are extremely 
difficult, not least because of a lack of understanding of 
the effect of multiparticle states on the structure of the 
theory. i 

The second Coral Qables Conference had heralded the 
entry of non-compact groups into elementary particle 
physics by the construction of relativistic versions of 
SU(6). The unitary representations of these groups, 
which are needed in quantum mechanics, are infinite- 
dimensional and considerable ingenuity was expended in 
breaking the symmetry in elegant ways so that finite 
multiplets corresponding to sets of elementary particles 
could be obtained. However, ever since hole theory, 
elementary particle physicists have enjoyed making a 
virtue of vice, so that increasing numbers of people have 
thought that the presumably infinite sets of all elementary 
bosons and fermions, discovered and yet to come, might 
correspond to two or more infinite-dimensional repre- 
sentations of a non-compact group. This idea of killing 
infinitely many birds with one stone gained some encour- 
agement from the fact which had long been known that 
the bound states of the hydrogen atom correspond to a 
single representation of O(4,1). Fronsdal and Ruhl gave 
details of some investigations they had made along these 
lines. Some initial difficulties in the satisfactory coupling 
of representations have been overcome and an unexpected 
feature is that the Born approximation already gives non- 
trivial momentum-dependent form factors. Another 
worker in this field is Salam, and his absence from the 
Conference owing to illness was much regretted both for 
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this reason and for the fact that his enthusiasm for sym- 
metry physics is one of the expected pleasures of such 
occasions. 

Non-compact groups are the mathematically opulent 
approach to elementary particles. A more mathematically 
economical, if physically rather opaque, line of attack is 
afforded by the use of quark models. Indeed, so economical 
is this latter approach that it has been noticeably success- 
ful in getting many of the SU(6) results without actually 
assuming SU(6). An investigation of this was reported 
by Lipkin. Characteristically he finds an interesting new 
sub-group as the cause. 

An elusive particle (if it exists at all) is the magnetic 
monopole suggested by Dirac in 1931. As he pointed out, 
it is theoretically desirable since it leads to the otherwise 
unexplained quantization of electric charge. Schwinger 
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gave a new account of the theory which leads to a differ- - 
ent, more restrictive, quantization condition. 

The final arbiters of all symmetry schemes are the 
experimentalists, whose findings can sometimes confirm 
and often destroy a theoretically elegant possibility. 
Excellent surveys of tne present situation were given by 
Samios and Frisch. However, occasionally the theorists 
can get their revenge. Another experimentalist gave a 
talk on an experimert which he was planning, but a 
very quick-witted theorist pointed out in a spontaneous 
comment that the effect sought was identical with, and 
thus not capable of being disentangled from, another 
interaction also presert. As someone else pointed out, 
the saving as a result of this observation more than. 
paid for the whole Corference. 

J. C. POLKINGHORNE 


EARTHING OF ELECTRICAL SYSTEMS 


HE safety and integrity of electrical power supply 

systems are almost universally dependent on some 
form of earthing which aims at limiting, under fault 
conditions, the potential difference between’ the general 
body of earth and certain parts of the system. The 
British Standards Institution has recently published a 
Code of Practice (CP 1013: 1965—Harthing) dealing 
with the subject*. 

System edrthing, as distinct from the earthing of 
electrical apparatus, began in the 1890’s when the supply 
was utilized almost wholly for lighting and the need for 
equipment earthing on consumers’ premises was relatively 
slight. Practice in the matter of earthing consumers’ 
installations developed relatively slowly. While there is 
no mention of earthing in the first edition of the Institution 
of Electrical Engineers Wiring Regulations issued in 


1885, the third edition of 1897 recommends the earthing - 


of the frames of dynamos and motors and of transformers. 
The eighth edition published in 1924 contains a substantial 
section dealing with consumers’ installations and mention- 
ing the provision of earth terminals. - 

Although the safety of electrical installations is a subject 
which has received much attention in recent years, it is 
probably not generally sufficiently realized that satis- 
factory protection by means of simple earthing, together 
with fuses or circuit breakers, becomes progressively 


* The Council for Codes of Practice, British Standards Institution British 
Standard Code of Practise, CP 1013: Se ee Pp. 129. (London: 
British Standards Institution ) 30s, net. 


more difficult of achievement as the load taken by the 
consumer increases. 

While, in general, the question of how an electrical 
system shall be earthed is governed by legislation, the 
regulations are so worded as to permit any type of earthing 
provided that it is as safe as is practicable and that it is 
unlikely to interfere with telecommunication. 

The new code of practice deals comprehensively with 
general considerations and with specific practices relating 
to the earthing of supply systems and of consumers’ 
installations. There are six main sections, two of which, 
entitled “General” and “Design Considerations”, deal with 
principles and practice concerning power stations, trans- 
mission and distributicn systems, consumers’ premises, 
traction and lightning protection. Sections 3, 4 and 5 
deal respectively with the temporary safety earthing of 
high-voltage apparatus or mains, inspection and testing 
and maintenance. Section 6, which completes the work 
and is entitled “Miscellaneous”, is concerned mainly with 
a number of specific legislative provisions. 

Opening with a statement of scope, followed by alist 
of definitions, the subject is developed clearly and con- 
cisely and with an adequate amount of explanatory 
material. The Code ccnstitutes an admirably compre- 
hensive guide to earthing practice which will be a work 
of day-to-day reference for supply engineers, electrical 
contractors, maintenance engineers and, indeed, for all 
who have responsibility for’ electrical installations. 

JAMES GREIG 


VOLCANOLOGY RESEARCH IN NEW ZEALAND 


N 1963, the Royal Society of New Zealand and the New 
Zealand Geological Survey (Department of Scientific 
and Industrial Research) invited the International 
Association of Voleanology to hold its 1965 symposium 
in New Zealand, to mark the centenary of the New 
Zealand Geological Survey. This symposium, held during 
November 22~December 3 at Auckland, Rotorua, Taupo 
and Wellington, was attended by more than one hundred 
delegates from twenty-three countries. The two main 
subjects were acid volcanism (including ignimbrites) and 
geothermal resources. 

The problem of the genesis of acid volcanic rocks is 
particularly acute in an area such as the central volcanic 
zone of the North Island of New Zealand, where the volume 
of these highly silicic rocks greatly exceeds that of basic 
«and intermediate types, and where individual eruptive 


- 


units of acid rock are cf such enormous volume. The 
problem hinges on whether this acid magma was produced 
by the large-scale fusion cf crustal material or is a fraction- 
ation product of basic magma, itself generated originally 
within the upper mantle. A further possibility is that the 
acid magma may even come directly from the mantle. 
In New Zealand, the basement which is believed to 
underlie the voleanic rocks includes a great thickness of 
Mesozoic to Tertiary greywackes. The chemical composi- 
tion of these greywackes is such that their partial fusion 
could produce a melt similar in composition to the observed. 
acid volcanic rocks. This origin is at present favoured by 
New Zealand geologists; basic and intermediate volcanic 
material is not sufficiently abundant to be quantitatively 
acceptable as a parental magma. Geochemical studies 
which have a bearing on this problem were discussed 
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during the symposium from other circum-Pacific areas, 
and it was shown how the *Sr/®Sr and 1%0/'*O ratios 
supported the concept of crustal fusion for the origin of 
certain extensive acid volcanic accumulations in Guste- 
mala. 

It is now known that in volcanic fields such as the 
central zone of New Zealand, where acid voleanic rocks are 
present in enormous bulk, a high proportion of the acid 
material was ejected in fragmental condition by great 
explosive eruptions. The resulting pyroclastic sheets 
have a total volume in the Taupo-—Rotorua district of 
New Zealand of the order of 20,000 km’. Particularly 
noteworthy are the deposits called ignimbrite (‘shower-of- 
fire rock’) by the New Zealand geologist, Marshall, in 
1935. These deposits are the products of glowing cloud- 
type eruptions several orders of magnitude greater than 
has ever been observed in historic eruptions. Often the 
disrupted particles of magma were still so hot when they 
came to rest, even at a distance of several tens of kalo- 
metres from the vent, as to weld together. Similar deposits 
have since been found to be widespread in many parts 
of the world, and the term ‘ignimbrite’ is now inter- 
nationally used (although its usage has been varyingly 
interpreted). 

Outstanding contributions to the understanding of the 
nature and origin of ignimbrites have in recent years come 
from Japan, New Zealand and the United States, and the 
recent findings were discussed at the symposium. The 
relationship of many of these ignimbrites to large collapse 
calderas, about which they are distributed, is particularly 
striking; the formation of these calderas seems to be con- 
sequent on the rapid emission of huge quantities of frag- 
mented rhyolitic magma. 
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The central volcanic zone of New Zealand, wherein 
virtually all the active voleanoes lie, includes, at either 
end, large andesitic volcanoes—Ruapehu, Ngauruhoe, 
Tongariro and White Island—-which are quite frequently 
in eruption, although they seldom produce large volumes 
of new rock. In contrast, the central part of the zone, 
which includes Lakes Taupo and Rotorua, is characterized 
by occasional rhyohtic eruptions of extreme magnitude, 
and the geological record indicates that such eruptions 
recur at intervals of the order of several thousand years. 
In this connexion, the problem of the definition of ‘active 
volcano’ is particularly pertinent; although the last great 
eruption was nearly 2,000 years ago, the Taupo—Rotorua 
area must be regarded as one of high volcanic potential. 

To offset the voleanic risk, New Zealand is fortunate in 
having geothermal fields of great economic value in 
the central voleanic zone. Since 1952 a power station has 
been producing more than 100 MW of electrical power 
from natural steam tapped by boreholes at Wairakei. 
Drilling programmes in other parts of the zone are at 
present investigating the further exploitation of this 
natural asset. Scientific papers presented during the 
symposium discussed such problems as the economic 
extraction of the geothermal energy, and theoretical 
aspects, such as the manner of transfer of heat within a 
geothermal system. Data were presented from geothermal 
fields in Iceland, Italy, Japan and the United States as 
well as from New Zealand. 

New Zealand, a leader in the field of geothermal power, 
was among the first to take steps in the harnessing of the 
great energy output of voleanoes. Many nations are now 
following this lead. I. G. Gass 
G. P. L. WALEER 


RESONANT SPIN STATES IN THE SOLAR SYSTEM 
By PETER GOLDREICH and STANTON J. PEALE 


Department of Astronomy and Institute of Geophysics and Planetary Physics, University of California, Los Angeles 


Taa explanations have recently been proposed to 
account for non-synchronous rotation of Mercury?. 
In the first, Peale and Gold? showed that the vanishing 
of the time-averaged tidal torque on Mercury would 
imply a rotation rate which is intermediate between the 
planet’s instantaneous orbital angular velocity at peri- 
helion and its mean orbital angular velocity. The asymp- 
totic spin angular velocity is determined by the amplitude 
and frequency dependence of the planet’s ‘Q? (1/Q is 
the specific dissipation function’). For some reasonable 
Q’s the final spin rate is near the observed 59 days. More 
recently, Colombo“ has proposed that the rotation period 
of Mercury may be precisely 2/3 of its orbital period of 
58-65 days. He suggested that this commensurate rotation 
rate might be stable if the figure of Mercury pos- 
sessed a sufficiently large permanent deformation from 
axial symmetry with the long axis oriented toward the 
Sun at perihelion. Our investigation of such commen- 
surate spin rates indicates that Mercury may indeed have a 
stable spin velocity which is 3/2 the orbital angular velocity 
but in one sense almost despite its permanent deformation 
rather than because of it. 

We consider a planet the spin axis of which is normal 
to its orbital plane. The principal moments of inertia 
of the planet are denoted by A, B, and C; C being the 
moment about the spin axis, and B and A being the larger 
and smaller of the moments in the equatorial plane. 
The planet moves in an orbit with semi-major axis a, 
eccentricity e and instantaneous radius r. In Fig. 1 we 
illustrate the angles we shall use. Line IF is fixed in 
inertial space. whereas line PS is the planet—Sun centre 
line. The angle between the long axis of the planet and 


the centre line is Y, f is the true anomaly and § gives the 
angular position of the long axis relative to the inertial 
line IF. In the absence of tidal torques the equation of 
motion for 9 is (ref. 5): 


GM 


g% 


sin 2 F =0 (1) 





C6 + S (B-A) 


where Œ is the gravitational constant and M is the mass 
ofthe Sun. From Fig. 1 we find 0 =f +F. Suppose we wish 
to determine the stability of a planetary spin angular 
velocity near pn/2, where n is the mean motion of the 
planet and p is any integer. Defining a new angle y=9 





Fig, 1 
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—pni/2 (where +=0 at f=0), we may average equation 
(1) over an orbit period keeping y fixed since it only 
varies slightly during this period. Including terms up to 
second order in e, we have: 
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OY +5 (B-A)n? sin 2y -$ Spit (1—8 et)ðps + 5 © Špa 


+3 e? òpe | =0 (2) 


where 8p¢ is the Kronecker delta. From equation (2), 
which is the ordinary pendulum equation, we observe that 
in the absence of tidal torques a planet will exhibit stable 


librations at values of b= n/2, n, 3n/2, 2n. (Higher order 
commensurabilities are also stable, but they involve 


higher powers of e.) For the first case (0=7/2) stability 
occurs for oscillations about y= 7/2, or in other words, 
at perihelion the short axis of the planet points approxi- 
mately towards the Sun. In the other cases oscillations 
occur about y=0, and the long axis is approximately 
pointing toward the Sun at perihelion. The synchronous 


rotation corresponds to 0=n, whereas 0=3n/2 is the 
rotation state which Colombo has proposed for Mercury. 
It is natural to question the stability of these commen- 
surate spin states when tidal torques are present. Now 
the averaged, tidal torque (—T) must be added to the 
right-hand side of equation (2). For a given p we have: 


(3) 


when f(p,e) is the coefficient of the appropriate Kronecker 
delta in equation (2). (f(p.e) 18 either 0 or of the order 
elv-2].) In cases where Q is frequency independent and 


6 is greater than the instantaneous orbital angular velocity 
at perihelion, T is constant (that is, T is independent of 


y, y and t). Equation (3) is now the pendulum equation 
with an additional applied constant torque. For stability 
the applied torque must not exceed the maximum possible 
restoring torque which occurs at y displaced by 7/4 from 
its equilibrium value. Thus the stability criterion is: 


C+ +8 (B-A) flpe) n? sin 2y=—T 


T <3 (B-A) f(p,e)n* (4) 
Wo can apply this condition to examples provided by the 
solar system. 

For the Moon in its present orbit with the known value 
of (B-A)/C =2 x 10-4, all the commensurabilities we have 
discussed as well as some depending on terms of higher 
order in e are stable. The commensurabilities occur for 
both faster and slower rotations than the present syn- 
chronous rotation of the Moon. Even if the Moon were 
much closer to the Earth, with a smaller orbital eccen- 
tricity, some of the higher order commensurabilities would 
still be stable. For Mercury the value of (B-—A)/C is 
unknown. However, for values as small as 10-8 and 


probably even 10-* the 0=n/2 and 6=2n commensur- 
«abilities would be stable. With such an exceedingly small 
«deviation from axial symmetry which is necessary for 
stability in the n/2 and 2n modes, the question arises 
18 to how Mercury and the Moon could have passed through 
ather of these states to reach their present ones. It seems 
sxceedingly likely that Mercury and the Moon must have 
xassed through one or the other of the adjacent stable 
sommensurate spin states to attain their present spins. 
jimilar strong indications that satellites may pass through 
heso resonances are provided by the observed synchronous 
‘tations of several satellites of the major planets. Of 
«pecial interest is Iapetus because of its weak tidal torque, 
‘elatively high orbital eccentricity, and well-confirmed 
ynchronous rotation’. Equation (3) provides a probable 
xplanation of this behaviour. 
If we multiply equation (3) by y, the left-hand side is 
lH#/dt, where H is the energy integral of the pendulum 
quation. Since: 
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dE 
af (5) 


we seo that a constant tidal torque will not damp the 
amplitude of a libration about the minimum energy value 
of y. Thus, while the commensurate spin rates are stable 
for sufficiently weak tidal torques, any initial libration 
about the stable value of y will persist indefinitely. On 


the other hand, if any term in T is proportional to y we 
see that these librations will be damped. 

Now consider the rotation of a non-axisymmetric 
planet as tidal friction slows its spin from a rate which is 
several times n. As the spin of the planet slows it must 
approach one of these stable commensurabilities. We 
cannot determine definitely from our approximate analysis 
whether libration about the stable value of y will ensue 
or whether the planet will pass through this commen- 
surability and continue to ‘de-spin’. However, as the 
amplitude of any libration about a stable commensurate 
spin is not damped from its initial value of x/2 by a 
constant tidal torque, this marginally stable condition 
cannot persist, and the planet must eventually escape 
from this commensurability and continue to ‘de-spin’. 


However, & term in T proportional to y would tend to 
damp the libration and trap the planet in a high-order 
commensurability. Even in this case it may be possible 
for the planet to escape from the commensurability before 
the damping has been sufficient to trap it. This has actually 
occurred in some numerizal calculations performed by one 
of us’. 

From the examples provided by the Solar System it 
seems that Mercury, the Moon and several other satellites 
known to be synchrorous have successfully avoided 
being trapped in higher order commensurabilities in 
spite of the small permanent asymmetry required to 
stabilize these states. This conclusion holds even for 
initially retrograde spins, since stable commensurabilties 
exist for retrograde rotations as well. Mercury may be in 
the 3n/2resonance. Because ofits large orbital eccentricity, 
the spin angular velocity corresponding to the 59-day 
period is actually slower than the instantaneous orbital 
angular velocity at perikelion. Thus the tidal torque on 
Mercury reverses twice Curing each orbit which leads to 


a term equal to a positive constant times y in the average 
tidal torque (even if the torque is constant between 
reversals). As explained previously this term produces a 
damping of the librations in y and hence may stabilize 
the rotation of Mercury in the 3/2 commensurability. 
Thus the reversal of the tidal torque discussed by Peale 
and Gold? seems to be a necessary condition for the 
trapping of Mercury’s spin into the 3/2 commensurability. 
In other words Mercury can be in the 3/2 commensurability 
but only because the tidal friction tends to bring it there. 
Otherwise it would have passed through this commen- 
surability as it has apparsntly escaped others. It should 
be emphasized that no strong limit on the permanent 
deformation or rigidity o? Mercury is required by either 
the final state of 0=-8n/2 or the final state determined 
by the gravitational tidal Friction alone. Barring trapping 
in any of the higher order commensurabilities (which 
seems possible only for Mercury), we find that the planet 
will end up spinning either synchronously or at the slightly 
faster rate discussed by Peele and Gold (see ref. 8). Because 
of the aforementioned reversal of tidal torque, librations 
about synchronous rotatzon are damped regardless of 
eccentricity. 


1 Pettengill, G. H., and Dyce, R. B., Nature, 208, 1240 (1965). 
2 Peale, S. J., and Gold, T., Nature. 206, 1241 (1965). 

3 MacDonald, G. J. F., Rev, Geophys., 2, 467 (1964). 

4 Colambo, G., Nature, 208, 575 (1935). 


š Danby, J. M. A., Fundamentals o Celestial Mechanics (The Macmillan Co., 
New York, 1862). 


3 Widorn, T. Sitz., Oster. Akad. Wiss., Wien, Sor. Ila, 159 (1950). 
? Goldreich, P. (to be published). 
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IONIZATION RELAXATION IN SLIGHTLY IMPURE ARGON 
By Dr. N. R. JONES* and Dr. M. McCHESNEY 


Department of Mechanical Engineering, University of Liverpool! 


N recent years there have been several experimental 
investigations of the growth of ionization behind strong 
shock waves in the noble gases: all these have suggested 
that impurities in the gas can significantly influence the 
time taken to reach equilibrium ionization. At the time 
of writing, however, there was no satisfactory quantitative 
theory existing assessing the role of these impurities. 

The most widely quoted investigation of this problem 
is that of Petschek and Byron}. They suggested that the 
change of the degree of ionization œ with time żin the initial 
ionization stage where the first free electrons are produced 
was entirely due to the presence of impurities and given 
by: 





da T 
ap = (1 — #)*ANz exp (e T (1) 
where A and T4cr are constants to be found from experi- 
ment, while Nr is the umpurity species number density 
and T is the relaxing translational temperature. When 
equation (1) is combined with their proposed final iomza- 
tion stage rate then they obtain an ionization time + given 
by: 
at 


da 
7 lan a)24 Ny exp (- Taen 4.N4Botln (=a) (2) 
T a 
Here N 4 is the neutral atom number density, B is given in 
graphical form in the reference cited while azg is the 
equilibrium degree of ionization. It should be noted that 
+ is not an ionization relaxation time since we cannot 
in general define a true exponential approach to equili- 
brium throughout the entire relaxation zone (see Clarke 
and McChesney, ref. 2). Petschek and Byron found 
A = 8 x 10-°cm'/sec and Tacr = 11-5 eV for argon. 
Several criticisms of this investigation can be made: 
(i) Their (modified) frequency factor A is too high; 
this follows, since simple kinetic theory permits us to 


write: 
Hie (Yor € į Taer) (3) 


Te 





where p 1s the reduced mass of the argon atom—impurity 
species collision complex while Q7, is the cross-section for 
the collision process the activation ‘temperature’ of which 
is Tacr. The Petschek—~Byron value for T'acr when 
combined with a cross-section as large as 10-7 cm? (see 
below) still yields an A value three orders of magnitude 
smaller than the Petschek—Byron value; no sensible 
juggling with the variables of equation (3) can be made 
to yield an A value anywhere near 10-8 em3/sec. (ii) A 
value of Taer = 11-5 eV is that corresponding to excita- 
tion of an argon atom whereas it should be the activation 
energy of an easily excited impurity. It should be noted 
that Petschek and Byron do not actually state that the 
impurities react through a cumulative mechanism as is 
commonly implied. (iii) They neglect the possibility of 
concurrent argon atom—argon atom excitation collisions. 
(iv) They claim that impurities are important over all 
shock Mach numbers and obtain an ionization time 
always significantly dependent on the impurity level; 
however, their experimental results at a shock fore- 
pressure of 10 torr using argon containing an impurity of 
l part in 10? are identical with their results for an impurity- 
level of 5 parts in 105. 

The experimental investigations of Johnston and 
Kornegay® and Harwell and Jahn‘ show that initial ioniza- 

* Present address: Imperial Chemical Industries, Lid., Runcorn. 


tion in & pure gas will proceed cumulatively and not in a 
single step as proposed by Bond’. This has been supported 
by Weymann®, who proposed a two-step mechanism for 
ionization, namely, impact excitation and then impact 
ionization. It is likely that this proposed two-step 
mechanism is correct, but the simple kinetic considerations 
used by Weymann. are incorrect. Neither Harwell and 
Jahn nor Johnston and Kornegay quantitatively discuss 
impurities while Weymann incorrectly assesses their 
role in the same way as did Petschek and Byron. We 
shall use the two-step ionization mechanism for the follow- 
ing concurrent reactions ın the initial stage of ionization: 


Ar+Ar *4, Ar*+ Ar — Art +e-+ Ar (4) 
I Ar 1, I* +4 Ar t+ e-+ Ar (5) 
I++ Are I+Art (6) 


We shall utilize the final stage ionization mechanism 
used by Petschek and Byron. Their corresponding 
ionization rate expression is inaccurate and more detailed 
calculations are in hand by one of us (M. Mc.) on the 
electron energy balance in this regime. These coupled 
processes yield an ionization time: 


a* dg 
A | (1-a) Nakit REET ) + NgBotln(“£¢) (7) 


which should be compared with equation (2). The signifi- 
cant difference between our equation (7) and the Petschek— 
Byron equation (2) is that the former considers concurrent 
excitation processes: as we shall note, this results in the 
ionization time being considerably less sensitive to the 
impurity level at high Mach numbers than suggested by 
Petschek and Byron. 

The intermediate excited level of the noble gas is taken 
as the first metastable level: any further cumulative excita- 
tion will not be rate controling; photo-excitation is inad- 
missible to this level—as is spontaneous de-excitation. 
Due to the high inter-particle collision frequency and very 
low radiation density in the near-visible radiation field, 
photo-ionization of the metastable state is negligible as 
will be induced emission processes. Furthermore, calcula- 
tions not discussed here show that due to the relatively 
low concentration of excited levels, collisions between 
two excited atoms are negligible. We are obliged to ignore 
cascade transitions due to paucity of oscillator strength 
data for ArI. Following Petschek and Byron we ignore 
all recombination processes since the analysis is only 
applied up to a degree of ionization «* where recombina- 
tion is still secondary. 

In equation (7) the &* factors are reaction rate constants 
given by: 


Lsa 
1 (2nkT\~3 ug? ) 3 
3 ( F ) | oxp ( apm) @ 949" 9 
Go 
where apart from standard symbols, g is the relative 
velocity of the colliding species, Q(g) is the velocity de- 
pendent inelastic cross-section and yg," = ¿kT scr 
which for a step-function form of cross-section yields the 
right-hand side of equation (3): this is a better form for 
heavy particle inelastic collisions near threshold than the 
ramp function suggested by Harwell and Jahn (see 
following). We can ignore the ionizing collisions given by 
the second part of the reactions described in equations 
(4) and (5); this steady-state approximation is justifiable 
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from the experimental investigations to be reported here 
as well as on theoretical grounds since it is known that the 
cross-sections for the ionizing collisions are large and 
of order of the momentum transfer cross-sections (see 
Hirschfelder and Eliason, ref. 7). 

The experimental values of the ionization time were 
measured in a combustion-driven shock tube using a 
Mach-Zehnder interferometer. The difficulties attached 
to time-resolved optical interferometry due to the small 
overall fringe shifts occurring and the speed at which 
they change together with the complications due to the 
self-luminosity of the shock-heated gas were largely 
overcome by utilizing the photo-electric monochromator 
technique for recording the fringes described by Jones 
and McChesney*. Fig. 1 shows values of p,7* (where p, 
is the shock fore-pressure and +* is the total time taken 
to reach equilibrium) plotted versus T 4o, the reciprocal 
of the post-shock unrelaxed translational temperature 
together with the values predicted by Petschek—Byron 
theory. A complete description of the diagnostic tech- 
niques used together with the method of analysis of the 
results is given by Jones’, It will be seen that Petschek— 
Byron theory overestimates the role of impurities at all 
Mach numbers M, and also that the total time to reach 
equilibrium ionization is insensitive to the impurity 
level (within sensible limits) above Mach 12. Analysis 
yielded the following results: the excitation cross-section 
for the first part of the reaction given by equation (4) 
is 2-5 x 10-8 em? for a known activation energy of 
11-6 eV. Noble gas excitation cross-sections of this size 
have been reported by Harwell and Jahn and also John- 
ston and Kornegay without comment: however, their 
large size merits comment. 

Bates and Massey’® have made Born approximation 
calculations of heavy ‘particle impact excitation and 
ionization collisions and found them to be of order 
10-*? cm-? or less at threshold: of course, the Born approxi- 
mation is likely invalid at very low energies since it 
makes all inelastic collisions near adiabatic. The low- 
energy beam experimental investigations of Amme and 
Hayden (private communication) yield an ionization 
cross-section for direct impact ionization of argon by 
another argon atom that rises like a step function from 
a value of 5 x 10-*° cm? at a relative kinetic energy of 
28 eV to a (approximately) constant value of about 10-16 
at 105 eV. There are no corresponding excitation cross- 
sections (either emission or absolute) in this energy range 
reported in the literature: the only neutral particle 
excitation data of any relevance are those of van Eck 
et al., whose results suggest that the large excitation 
cross-sections are possible if intermediate molecule 
formation occurs in the collision complex with its corre- 
sponding multiplicity of potential energy surfaces allowing 
an excitation jump. 
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A. full discussion of the excitation and charge exchange 
cross-sections together with the nature of the impurity 
atoms and the possible role of chemi-ionization reactions 
in the ionization process will appear elsewhere. 

We thank N. G. Utiterback for suggestions and advice, 
and the National Physical Laboratory for a grant. One 
of us was the recipient of a D.S.I.R. research studentship 
during this work. 
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MANGANESE-54: FRACTIONAL DISTRIBUTION IN WHEAT AND OCCURRENCE 
IN OTHER FOODS 


By DORIS C. SUTTON and JOHN J. KELLY 
Health and Safety Laboratory, U.S. Atomic Energy Commission, Naw York 


ANGANESE-54 (54Mn), a neutron activation product, 

was detected in fall-out samples from Eniwetok 
testing grounds in 1956 (ref. 1). The distribution pattern 
of manganese-54 during that period and of other radio- 
active non-fission products such as iron-55, iron-59, 
cobalt-57, cobalt-58 and cobalt-60, and zinc-65, was 
estimated from measurements on whole plants and animals 
by means of y-ray spectrometry. Generally, these radio- 
nuclides were found in sea water and some marine animals, 
but were undetected in marine plants. Few or none were 


detected on the ground, in plants growing in the soil, or 
in herbivorous field animals*. In 1961 and 1962, large 
amounts of manganese-54 were found in debris from a 
series of atmospheric nuclear weapons tests. From these 
tests, measurements of manganese-54 by y-ray spectro- 
metry have been reported in samples of grain and food’. 
Stable manganese was detected in many parts of plants 
and in several organs of animals and humans more than 
50 years ago, and was found, with few exceptions‘, in all 
substances analysed. The concentrations of stable man- 
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ganese reported in animals and humans were appreciably 
less than those observed in plants. In experiments with 
wheat seedlings, Burstrom> found manganese salts to be 
unique when compared with salts of the alkali, alkaline 
earth, and heavy metals, in that assimilation or conversion 
of nitrate to plant protein was effected only in the presence 
of this element. This observation and later findings con- 
firmed that stable manganese was an essential minor 
element for the normal growth of plants. In studies of 
other natural elements that are minor but essential and 
important in crop production, namely, iron, zinc, copper, 
and cobalt, Robinson’ found that there was little variation 
in the accumulation in plants of any of these except man- 
ganese. Besides investigations of plant nutrition and crop 
production in relation to stable manganese, a considerable 
amount of work has been done towards establishing the 
chemical forms and reactions of manganese in soil. It 
is generally agreed that stable manganese exists in the 
soil in several chemical forms. Briefly these forms are: 
(1) manganous manganese (Mn**), which usually exists in 
an exchangeable form between soil and plants; (2) man- 
ganic manganese (Mn+), whichis easilyreduced by bacterial 
action within the soil; (3) the manganese oxides, which 
include various structural types and oxidation states. 
The availability of these various forms of manganese to 
plants is dependent on several environmental factors, such 
as soil type, hydrogen ion and anion concentration, organic 
constituents, bacterial action and seasonal variation’?~-4. 

The specific chemical form of radio-manganese in fall- 
out is unknown but is generally assumed to occur mainly 
as inert manganese dioxide. No evidence is available as to 
whether atmospheric weathering or existing soil conditions 
provide an environment favourable to reducing this 
oxide to forms available for plant uptake. Thus, during 
the work on two fission products, cerium-144 and caesium- 
137, in 10 g of ash from samples of the 1963 United States 
wheat crop??, we separated manganese for detailed investi- 
gation using radiochemical and instrumental methods. 

The radiochemical procedure and the instrumental 
techniques used for the measurement of manganese-54 
and stable manganese were as follows. Equilibration of 
stable manganese and radiomanganese was accomplished 
by extracting the sample ash with a mixture of hydro- 
chlorie acid and hydrogen peroxide. Manganese dioxide 
was separated from the sample matrix with strong nitric 
acid and sodium chlorate. The precipitate was dissolved, 
transferred to a small vial, and manganese-54 measured 
by y-ray counting with a single-channel analyser™. 
Under standard conditions, the counting efficiency for 
manganese-54 was 20 per cent. The error due to counting 
for the tabulated values was within 10 per cent. The 
disintegration rate of manganese-54 was determined from 
the counting rate and corrections were made for back- 
ground, efficiency, and decay. Purity was established by 
counting the samples in groups, using a 256-channel 
y-ray analyser with an 8 x 4 in. sodium iodide (Tl) 
crystal over a range from zero to 3 MeV. Only the 
characteristic 0-84-MeV peak of manganese-54 was 
observed from the spectrum of each group, with a small 
contribution from the 1:40-MeV peak of potassium-40, 
which was inherent to the crystal. As a further means 
of establishing the purity of the samples, the group y-ray 
spectra, were resolved graphically, using a method based 
on the use of an integral spectrum. The latter technique, 
using the integral spectrum rather than the differential 
spectrum, offered the advantage that the resolved spectra 
are linear with unit slope when plotted on logarithmic 
paperi. Graphs of each of the group spectra indicated a 
single-component system. 

Stable manganese was determined spectrophotometric- 
ally in the original sample as permanganate after periodate 
oxidation®. Measurements were made using a model 
‘DK-2? Beckman spectrophotometer with maximum 
absorption at 525 my. The actual amount of stable man- 
ganese present in each sample was determined separately 
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by taking a l-g portion of the sample ash through the 
radiochemical procedure after adding a known amount 
of manganese-54. The tracer was used to determine the 
overall chemical recovery, and a sample portion was then 
analysed spectrophotometrically. The latter value was 
used to correct the yield of the 10 g of ash from the original 
sample. Average chemical recoveries were 95 and 80 per 
cent, respectively, for the 1-g and 10-g portions of ash. 

The amounts of manganese-54 and stable manganese 
found in samples of the 1963 United States wheat crop 
from eleven states are shown in Table 1. These states 
produced about 75 per cent of all the wheat grown in the 
United States during 1962 with Kansas producing 20 
per cent of this. The value for each State is reported at a 
time considered to be the mid-point of the harvest. 

The concentrations of manganese-54 and stable man- 
ganese, and consequently the ratio of picocuries of man- 
ganese-54 to milligrams of stable manganese, were fairly 
constant with three exceptions. The samples from 
Missouri and South Dakota accumulated a relatively 
larger amount of stable manganese than was found for 
other samples and the Ohio sample showed the smallest 
uptake of stable manganese. Neither of these apparent 
extremes is unusual for stable manganese accumulation in 
healthy plants, and this variation may be the result of 
prevailing soil conditions. 

For an investigation of the balance of distribution of 
the radionuclide, a Kansas wheat sample was separated 
into its milling fractions. As shown in Table 2, the dis- 
tributions of the measured manganese-54 and stable 
manganese are remarkably similar for all fractions. The 
concentration of this stable element and its radionuclide 
was larger in the inner layer shorts fraction (55 and 52 
per cent respectively) than in the bran fraction which forms 
the outermost layers of the wheat kernel (35 and 39 per 
cent respectively). The patent flour fraction which is 
used for human consumption contained 4 per cent man- 
ganese-54 and stable manganese. From this distribution 
pattern it seems that rapid exchange occurred between 
radio-manganese and natural manganese and that uptake 
has been through the root of the plant rather than as a 
result of physical adherence of inert radio-manganese. 

In order to estimate the occurrence of manganese-54 in 
the 1964 diet, ten food samples were selected from the 
open market in May 1964 in New York City and measured 
for manganese-54 and stable manganese. The values are 
reported as of the middle of the sampling month in Table 
3. Manganese-54 was detected in small amounts in fresh 
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Table 1. RESULTS OF ANALYSIS OF MANGANESE-54 AND STABLE MANGANESE 
IN SAMPLES OF WHEAT GROWN IN THE UNITED STATES DURING 1963 





Location Harvest Content of original material pe. "Man 

mid-point pce. ™“Mn/kg mg Mn/kg mg Mn 
Indiana July 18 800 40-5 19-8 
Kansas I June 15 678 88-1 1753 
Kansas IT* June 15 696 40-7 V1 
Missouri June 30 557 60-3 9-2 
Montana July 81 793 34-7 229 
Nebraska June 30 974 306 24-6 
North Dakota July 14 551 24°6 22-4 
Ohio uly 15 981 20-0 46°6 
Oklahoma May 25 634 268 23°7 
South Dakota July 31 209 56 8 8-7 
Texas May 15 855 36:8 23°2 
Washington July 31 462 28:8 16-0 


* Duplicate sample of Kansas (I), which is a composite of eight varieties 
of wheat. 


Table 2. MATERIAL BALANCE OF MANGANESE-54 AND STABLY MANGANBSE 
IN KANSAS WHEAT AND MILLING PRODUCTS 


Fractional 
Content of contribvtion to 

Fraction Per- original material kg of total Percentage 
centage wei mz pe. mg in fraction 

Wheat oftotal “Mn/kg Mn/kg Sin Mn “Mn 

(Kansas IY)* 100 696 41 6986 41 

Patent flour 52 53 3:3 28 1-7 4 4 
First clear flour 17 111 7-7 19 1-3 3 3 
Second clear flour 6 278 20 17 i2 2 3 
Shorts 14 2,718 182 880 25 52 55 
Bran 11 2,542 147 280 16 89 35 


Total 100 


* pupliceye sample of Kansas (I), which is a composite of eight varieties 
of wheat. 
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Table 38. RESULTS OF MANGANESE-54 AND STABLE MANGANESE IN Toop 
SAMPLES OBTAINED IN NEW YORK City IN MAY 1964 


Sample type Contents of original material (per kg) 
pe. “Mn mg Mn 
Fresh fruit 54 8-2 
Fresh vegetables 10°2 838 
Root vegetables S0-81* 3°5 
Potatoes =0°83* a4 
Rice =0 79* 12-9 
Rice (water washed) S0-69* 9-2 
Dry beans 58 16-3 
Flour 62 5:7 
Whuite bread 12°8 31 
Whole wheatbread. 182 28°5 


* Less than or equal to single Poisson counting error, 


fruit and fresh vegetables. It was not detected in a sample 
of root vegetables that contained carrots, onions, and 
turnips, or in a separate sample of potatoes. Neither was 
it detected in rice. It was found in almost equal amounts, 
60 pe./kg, in dry beans and white flour. The amounts of 
manganese-54 and stable manganese measured in whole 
wheat bread were approximately ten times higher than the 
amounts found in white bread. The ratio of picocuries of 
manganese-54 to milligrams of stable manganese for whole 
wheat bread and white bread was 4'6 and 4-1, respectively. 
Since the specific activity of manganese in the 1964 bread 
samples was much lower than can be accounted for by 
radioactive decay, assuming a 310-day half-life, in the 
representative 1963 wheat sample, it can only be assumed 
that the 1963 crop was not the sole origin of wheat for the 
1964 diet. Tho fact that the specific activity showed good 
agreement for whole wheat and white bread further sub- 
stantiates exchange between manganese-54 and stable 
manganese.: 
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The ten food samples shown in Table 3 represent 
approximately 35 per cent of the total yearly diet’. 
Assuming a corresponding amount of manganese-54 for 
the entire diet, though it is believed that this estimate is 
high, an intake of about 160 pc. manganese-54 per week 
may be postulated for the general population in 1964. 
Since the maximum permissible intake for chronic ex- 
posure to manganese-54 is approximately 4,000 pe. per 
week for the general Dopulation’, the amounts found in 
the 1964 foods are nat considered to constitute a health 
hazard. 
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TOPOTACTIC DEHYDRATION OF BRUCITE 
By R. R. BALMBRA, Dr. J. S. CLUNIE and Dr. J. F. GOODMAN 


Basic Research Department, Procter and Gamble, Ltd., Newcastle upon Tyne 


INGLE crystals of brucite, naturally occurring 
Mg(OH),, may be dehydrated topotaxially! to peri- 
clase, MgO. Mg(OH), has a layered structure of the 
CdI, type and may be described as consisting of hexagon- 
ally close-packed hydroxide ions with the small Mgtt 
ions occupying octahedral interstices between alternate 
sheets,... AmB AmB .... Since no hydrogen bonds 
exist in the structure? we may consider the lattice arrange- 
ment in terms of close-packed oxygen atoms. The pseudo- 
morphic dehydration product, MgO, is based ideally on 
a cubic close-packed oxygen framework with the small 
gations occupying all the octahedral interstices, 
...AmBmCm.... From a knowledge of the initial and 
final structures it has been possible to discuss plausible 
mechanisms for the dehydration process’. 
In a recent kinetic investigation of this transformation’ 
it was suggested that certain differences may exist between 


thermal decomposition and the decomposition observed 
by one of us, using the beam of an electron microscope’. 
Accordingly, we have examined the purely thermal de- 
composition of brucite R (ref. 4) (kindly supplied by Dr. 
P. J. Anderson) using alectron microscopy and selected- 
area electron diffraction. Specimens were prepared from 
crystallites, scraped from a cleavage face, which were 
deposited on a carbon support film. The dehydration was 
performed, at 320° C in an electric furnace at a pressure 
less than 10-4 mm of mercury. At various stages during 
the 3—4 h required for complete reaction, specimens were 
slowly cooled to room temperature and examined in a 
Siemens ‘Elmiskop I’. Electron diffraction patterns taken 
with the electron beam parallel to the [001] direction of 
brucite revealed that under normal operating conditions 
the original Mg(OH), showed no decomposition in the 
electron beam (Fig. Ia). The crystallographic and 





Fig. 1. Electron diffraction patterns from (a) original Mg(OH),; (b) intermediate phase; (c) final dehydration product, MgO 
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morphological changes occurrmg durmg the thermal 
decomposition were the same as those observed previously 
by decomposition in the electron beam’. It seems reason- 
able to conclude that the decomposition in the electron 
beam is caused primarily by the rise in temperature of 
the specimen, irradiation effects apparently being of only 
minor importance, 

After heating for 15 min, a well-defined spot pattern 
due to the previously reported intermediate phase was 
obtained (Fig. 1b). Thus, by controlled heating the inter- 
mediate structure can be recognized as a separate phase, 
which under normal conditions does not revert to brucite. 
The nature of this intermediate structure provides an 
important clue to the decomposition mechanism. Since 
decomposition temperatures greater than 800° C may 
ultimately produce traces of a spinel-type by-product ıt 
has been tentatively proposed? that heating causes a 
migration of cations within the close-packed oxygen 
lattice. This idea of cation migration can readily explain 
the present electron diffraction data. As the filling of 
tetrahedral interstices 18 regarded as highly~unlkely at 
moderate temperatures because of the unfavourable 
radius ratio parameter, the migrating Mgtt ions must 
enter the unfilled octahedral holes which exist between 
alternate sheets in the ideal Mg(OH), structure. Local 
electrical neutrality within the new structure will then be 
preserved by protons diffusing into those regions from 
which there has been a loss of Mgtt ions. Whether dis- 
crete water molecules are formed within the structure at 
this stage is uncertain but seems probable. What is certain 
is that, at this primary stage, kinetic experiments reveal 
no loss of water’. The previously observed lattice shrink- 
age® of about 5 per cent relative to brucite was observed 
in the (2k.0) plane of the hexagonally symmetric inter- 
mediate phase. Like the isostructural Ca(OH), (ref. 7) it 
seems probable that in Mg(OH), the octahedra of oxygen 


atoms surrounding each cation are compressed along the. 


hexagonal axis, the compressional force presumably 
arising from the asymmetry of the electrostatic environ- 
ment in the layered lattice rather than from any steric 
factor. The migration of Mgt+ ions into the previously 
unfilled interlayer interstices in the hexagonally close- 
packed oxygen lattice will relieve the original electro- 
static compression. and result in the observed compensating 
lateral contraction within the (hk.0) plane. In descriptive 
terms, the intermediate phase may be considered to possess 
a highly defective NiAs type structure with only half the 
total available octahedral sites occupied by Mg** tons, 
that is, a cation-deficient structure somewhat analogous 
to that possessed by the CoTe,z system (1 < x < 2) (ref. 2). 
The discrete but diffuse nature of the spots in the (hk.0) 
single crystal diffraction pattern of the intermediate 
phase (Fig. 1b) ıs characteristic of a structure possessing 
interstitial disorder and possibly also stacking faults. 
Direct evidence for the existence of stacking faults in the 
intermediate structure is provided by the occurrence in 
some of the diffraction patterns ofa weak hexagonalnetwork 
of diffuse streaks joining the reciprocal lattice nodes. 
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In the second, slow stage of the decomposition, which 
occurs on further heating, the hexagonal pattern of the 
intermediate phase gradually fades, leaving only those 
strong but diffuse spots due to the cubic MgO structure, 
(Fig. ic). During this stage there is (i) the transition 
from a predominantly hexagonal to cubic close-packing 
of oxygen atoms via dislocations and their resulting stack- 
ing faults, and (11) the loss of half the total number of 
oxygens as water vapour. The diffusion-controlled loss 
of water from the structure along dislocations? is envisaged 
as occurring from. those regions of the intermediate phase 
which are deficient in Mgt+ ions. The final structure 
will be highly porous, which explains the unusually high 
specific surface areas found for dehydrated Mg(OH): 
crystals by gas adsorption studies‘. The discrete but 
diffuse spots in the diffraction pattern for MgO (Fig. Ic) 
indicates that the overall final structure may be considered 
a highly imperfect single crystal. 

To determine the c-crystallographic dimension of the 
hexagonal intermediate structure, X-ray powder photo- 
graphs were obtained from partially decomposed Mg(OH)». 
The resulting diffraction patterns were complex, contain- 
ing sharp rings due to the unchanged Mg(OH), (a = 3-15 Å, 
c = 4-74 A), diffuse rings due to the porous decomposition 
product MgO (a = 4:19 A), and weak, arced lines which 
can be ascribed to small equilibrium amounts of the 
intermediate phase (a = 298 A, c = 4:83 A). <A few 
additional, very weak, arced lines were observed in the 
2-5 A region which do not correspond to reflexions from 
the ideal hexagonal lattice of the intermediate phase. 
All but one of these subsidiary reflexions can be ascribed 
indices (00.1) having half integral } values indicating that 
the length of the unit cell in the c-direction is double that 
of the fundamental spacing. This observation is compatible 
with the presence of stacking sequences in the close-packed 
oxygen layers of the type... ABAC .... The remaining 
‘extra’ line corresponds to a (00.1) reflexion with 1 one- 
third integral, indicating the presence of domain regions 
with a layer stacking of the typos... ABCACB... (ref. 9). 
The existence of such stacking faults is consistent with 
our proposed decomposition mechanism. Thus, as in the 
analogous yFeO(OH) system!*, the proposed decomposition. 
mechanism clearly demonstrates that the transformation 
does not involve any de novo crystallization of the reaction 
product but is controlled solely by the close-packed anion 
arrangement of the initial structure. 
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TETRAMISOLE (R 8299), A NEW, POTENT BROAD SPECTRUM ANTHELMINTIC 


By D. THIENPONT, O. F. J. VANPARIJS, A. H. M. RAEYMAEKERS, J. VANDENBERK, 
P. J. A. DEMOEN, F. T. N. ALLEWIN, R. P. H. MARSBOOM, C. J. E. NIEMEGEERS, 
© K. H. L. SCHELLEKENS and PAUL A. J. JANSSEN 


Janssen Pharmaceutica, n.v., Research Laboratoria, Beerse, Belgium 


HIS article reports the discovery of tetramisole 

(R 8299 (I)), a new, potent broad spectrum anthel- 

mintic, which is at present undergoing large-scale clinical 
trials in several countries. 

In the course of our routine screening programme for 

anthelmintic activity the aminothiazol derivative (II) 


{thiazothienol or R 6438) was found to be active against 
Heterakis, Ascaridia and Capillaria in the chicken. 

The major metabolite of (II) was isolated from the 
faeces, and tentatively identified as the imidazothiazole- 
derivative (III) (R 8025). Its structure (III) was con- 
firmed by chemical synthesis and found to be fully active 
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in removing Heterakis, Ascaridia and Capillaria in the 
chicken as well as a variety of gastrointestinal and 
pulmonary nematodes in sheep—and at significantly 
lower dose-levels than, its parent compound (IT). 

An extensive series of chemically related compounds 
was later synthesized and screened for anthelmintic, 
pharmacological and toxicological activity. 

As @ result of these investigations tetramisole (1) 
(R 8299), the white, stable and water-soluble (21 per cent 
at 20° C) crystalline hydrochloride of 2,3,5,6-tetrahydro- 
6-phenyl-imidazo[2,l-b]thiazole, emerged as the most 
promising substance for detailed investigation as a 
potential anthelmintic. 

These investigations showed tetramisole (1) to be active 
at low, atoxic dose-levels against adult and immature 
gastrointestinal and pulmonary nematodes tested in 
this laboratory (Table 1), both by the oral route (drench, 
capsule, in drinking-water or in feed) and by subcutaneous, 
intramuscular or intraperitoneal injection. 
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(I) E8299, tetramisole, ©,,H,,N,S.HCl, m.p. 264° C. 
2,3,5,6-tetrahydro-6-phenyl-imidazo[2,1-b]thiazole hydrochlor- 
ide. 

(II) E 6438, thiazothienol, C,,H,,N,0,8,, m.p. 133° OC, 
2-(acetylimino)-3-[2-hydroxy-2-(2-thienyl)-ethy]]-thiazoline. 

(III) #8025, CHNS, m.p. 62° C, 5,6-dihydro-6-(2- 


«at hienyl)-imidazo[2, 1-b]thiazole. 


(IV) R 9280, C,H, NOS, m.p. 88° ©, 2-oxo-3-(2-mercapto- 
sthyl)-5-phenyl-imidazolidine. 


Depending on the worm species and on the type of 
10st, the optimal therapeutic dose of tetramisole varies 
rom 2 to 40 mg per kg body-weight, orally or parenterally, 
nost nematodes being removed with one single dose. (In 
his article all doses of tetramisole are expressed In mg 
x the base per kg body-weight. One mg of the base 
s the equivalent of 1-18 mg of the hydrochloride salt.) 

Low concentrations of tetramisole exert a rapid 
aralysing action in vitro on a variety of nematodes 
uch as Heterakis,, Ascaridia, trichostrongylids, T'richuris, 


—Whaberiia and Bunostomum. 


. Critical tests and large-scale field experiments in chickens 
ave shown, that a single oral dose of 40 mg tetramisole 
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Table 1. GASTROINTESTINAL AND PULMONARY NEMATODES AGAINST WHICH 
? TETRAMSOLE (R 8299) 1§ “ACTIVE 


Authority+ 

(1) Chicken‘ 
Ascaridia galli (Schrank, 1788) 
Heterakis gallinarum (Schrank, 1788) 2, 
Capularia obsignata (Madsen, 1945) 


(2) Sheep: 
Trichostrongylus spy: 
Ostertagia spp 
Haemoncus contortus (Rud, 1809) 
Cooperia app 
Nematodirus spp 
Strongyloides paprllaaus (Wedl, 1856) 
Oesophagostomum 
Chabertra ovina (Fakricius, 1794) 
Bunostomum sp 
Gaweria pecan een oo ee et Henry, 1910) 
Trichuris ovis (Abildg, 1 A 
Dretyocaulus filaria aud t 09) 
Protostrongylus rufesrens ekart, 1865) 


(3) Cattle: 
Trichostrongylus spp `` 
Osteriagia spp 
Haemoncus contortus (Rud, 1809) 
Cooperia spp 
Nematodirus spp 
Boasicola (Oesophagoscomum) radiatum (Rud, 1809) 
Bunostomum phlebotemum C(Railiiet, 1900) 
Prichuris sp 
Dictyocaulus vivipares (Bloch, 1782) 


(4) Dog: 
Toxocara canis (Werner, 1782) 
Poxascarts leonina (Tinstow, 1902) 
Ancylostoma caninum (Ercolani, 1859) 
Unewnaria stenocephaia (Railliet, 1884) 
Trichuris vulpis (Froel, 1789) 


(5) Pig: ~ 
Aari guum (Goeze, 1782} 
Qesophagostomnum dertatum (Rud, 1803) 
Hyostrongylus rubidus (Hassall et Stiles, 1892) 
Trichurts ap 
Metastrongylus spp 


(6) Horse: 
Parascaris equorum (Goeze, 1782) 
Ozyuris equi (Schra 
Toes aria (Raulliet, 1923) 


Dictyocaulus. hrnfieldi (Cobbold, 1884) 


(7) Cat, tiger: 
Tozocara muystan (Zedar, 1800) 


(8) Pigeon: 
Ascaridia columbae (Gmell, 1790) 
Capillaria obsignata (Madsen, 1945) 


(9) Duck: 
Syngamus bronchialis (Mühl, 1884) + 


(10) T oook pheasant: 
Heterakis sp 


Picudacepdodavd ap * 
Capillaria sp * 


(11) ma 4 
yphacia obvelata (Rul, 1802) * 

Falen mier muric (Travassos, 1914) 4 
Strongyloides ratti (Sandground, 1925) 4 
Trchosomoides crassvcanda (Bellingham, 1840)  * 


(12) Mouse: 
Syphacia obvelata (Rui, 1802) 4 
Nuppostrongylus muris (Travassos, 1914) 1 
Aspwuluris tetraptera Nitzsch, 1821) 4 
Nematosptroides dubius (Baylis, 1926) 1 
Trichinella spiralis (Owen, 1835) 4 


(13) Man: 
Ascaris lumbricoides Sarre Aa 
Enterobius vermicularis (Lin, 1758) 
* Data from this laboratory. 


+ Information communicated by: 1, Benazet, F., Graber, M. p Bruynooghe, 
D. 3, Davey, D. G., Forsyth, B. A. ` Froyd, G., and Walley, J. K. 4, Goennert, 
aah j Federmann, M., and eister, G. 6, Martins Campos J, FV., “and itera. 
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per kg body-weight (in capsule, drinking-water or feed) 
expels 97—100 per cent o= all immature and adult forms of 
Ascaridia galli, Heterakis gallinarum and Capillaria 
obsignata within 24h. No-undesirable effects were observed 
after oral administratior of up to 640 mg/kg. There is 
no depression of egg production at therapeutic dose-levels. 
Full activity against the three common nematodes in the 
chicken has not yet beer described with any other drug. 

Critical tests in naturally infected lambs and sheep 
showed tetramisole (5-2) mg/kg orally, subcutaneously 
or intramuscularly) to be fully effective in a large majority 
of the animals against adult and immature forms of 
Trichostrongylus, Osteriagza, Cooperia, Haemoncus, Nema- 
todirus, Strongyloides, Cesophagostomum, Bunosiomum, 
Chabertia, Trichuris and Dictyocaulus. The bulk of the 
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gastrointestinal worm burden is expelled within the first 
24 h and most of the lungworms within the first 12 h 
after administration. 

Within the first 6 h after treatment, the most rapidly 
expelled worms, for example Dictyocaulus, Chabertia 
and Bunostomum, are often detected alive, whereas 
nematodes expelled later are dead and partially decom- 
posed. No side-effects or evidence of local irritation were 
observed after administration of therapeutic doses of up 
to 40 mg/kg orally or up to 10 mg/kg parenterally. With 
higher doses (40 mg/kg subcutaneously or 80 mg/kg 
orally) transient side-effects, including hyperpnoea, 
salivation and lacrimation, occurred in a few animals and 
subsided within 1 or 2 h. Clonic seizures and mortality 
were observed with much higher doses. Therapeutic 
doses were well tolerated in pregnancy. There were no 
abortions or malformations. 

Very similar results were obtained in cattle, tetramisole 
showing high activity against all gastrointestinal and 
pulmonary nematodes tested, that is, Trichostrongylus, 
Ostertagia, Cooperia, Nematodirus, Trichuris and Dictyo- 
caulus viviparus. There were no undesirable effects with 
a single dose of 5 or 10 mg/kg orally or parenterally. 

In mongrel dogs and in beagles,a single oral dose 
(capsule) of 20 mg/kg of tetramisole was fully effective 
against Toxascarts and Toxocara, highly active against 
Uncinaria and marginally active against Trichuris. A 
3 per cent incidence of vomiting was noted at this dose- 
level. With 40 mg/kg orally or 20 mg/kg Poe ony 
emesis occurred in about half of the ammmals. A 
tration of 20 mg/kg daily during 8 weeks failed to produce 
evidence of toxicity in beagles. 

The anthelmintic spectrum of tetramisole seems to be 
hmited to the various species of nematodes. No activity 
was detected against cestodes (for example Moniezia 
in sheep) or trematodes (for example Fasciola hepatica 
in sheep). 

Tetramisole was also inactive against a series of fungi 
in vitro (Mucor sp, Sporotrichum schenckii, Phialophora 
verrucosum, Saprolegnia sp, Aspergillus fumigatus, 


NATURE 


March 12, 1966 


Candida albicans, Candida tropicalis, Cryptococcus neo- 
formans, Microsporum canis, Trichophyton mentagrophites 
and Trichophyton rubrum). The compound was equally 
inactive in vivo against Microsporum canis and Tricho- 
phyton mentagrophites (guinea-pig). Tetramisole is devoid 
of antibacterial activity in vivo (Streptococcus pyogenes, 
Hrysipelothria rhusiopathiae, Salmonella pullorum gal- 
linarum), In vio no activity was observed against 
Trichomonas vaginalis (mice), Trichomonas columbae 
(pigeons) and Himeria infections (sheep, chicken). 

Tetramisole is furthermore devoid of antihistaminic, 
anticholinergic, adrenolytic or any other classical phar- 
macological property. 

In laboratory animals, clonic seizures are observed at 
sub-lethal and lethal dose-levels. The following acute 
L.D.;s (in mg/kg; P< 0:05 eonfidence limits) were 
obtained by probit analysis : 
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Route Albino mouse Wistar rat 
Intravenous 22 (18- 29) 24 (19-29) 
Subcutaneous 84 (58-123) 186 OL B38 
Oral 210 (156-284) 480 (361-638 


The daily administration in feed of an average of 9 and 
35 mg/kg of tetramisole for 120 consecutive days in 
Wistar rats of both sexes had no significant effect on food 
consumption, growth rate, a number of parameters of 
blood and urine biochemistry, haemograms, organ weights 
or tissue histology. Depression of food consumption and of 
growth rate was seen at a daily dose-level of 140 mg/kg. 

In alkaline conditions, tetramisole slowly hydrolyses 
to form 2-oxo-3-(2-mercaptoethy!)-5-phenyl-imidazolidine 
(IV), a water-insoluble neutral crystalline solid. (TV) also 
appears to be one of the major metabolites of tetramisole 
in several species. It is devoid of anthelmintic activity 
and almost atoxic. 

The work described in this article is part of a pro- 
gramme on heterocyclic compounds, a programme sup- 
ported by a grant from the Instituut tot Aanmoediging 
van het Wetenschappelijk Onderzoek in Nijverheid en 
Landbouw (IWONTL). 


AUTORADIOGRAPHIC EVIDENCE SUGGESTING in vivo TRANSFORMATION 
OF SOME BLOOD: MONONUCLEARS IN REPAIR AND FIBROSIS 


By Dr. T. GILLMAN and L. J. WRIGHT 


Department of Experimental Pathology, Agricultura! Research Council Institute of Animal Physiology, Babraham, Cambridge 


Meo well-known views on the pluripoten- 
tiality of lymphocytes scarcely require documen- 
tation here’. Until 3 or 4 years ago this opinion of 
Maximow’s was held by few pathologists? and dis- 
credited by many®’?, However, in recent years, many 
investigators have established, beyond reasonable doubt, 
that, at least in vitro, some lymphocytes can be stimulated 
either by phytohaemagglutinin (PHA) or by suitable 
antigens, to transform into large and possibly pluri- 
potential-looking ‘blast’ cells which may later mitose?. 
Moreover, Hall and Morris? have described apparently 
similar cells in efferent ducts from lymph nodes stimu- 
lated antigenically in vivo, and even in afferent lymph 
draining peripheral tissues into which antigens had been 
injected. This latter finding, and the increase in lymph- 
borne antibody associated with the appearance of such 
‘blast-like’ and later also ‘plasma-like’ cells in lymph! 
leave little doubt that activation, transformation and 
mitosis of small lymphocytes (and possibly of other cells, 
too) is a regular response of these cells in vivo as well, at 
least after antigenic stimulation. 

However, the finding of these notable changes in 
lymphocytes by immunologists seems to have led to the 


impression that such activation and transformation of 
lymphocytes is essentially and solely to be found in 
immune responses. Maximow’s broader claims for the 
potentialities of lymphocytes have still to be substan- 
tiated by modern objective methods—~as opposed to the 
more usual subjective cytodiagnostic evidence pressedill 
forward to Maximow’s support by many investigators— 
including one of us*. 

However, almost a decade ago, a careful re-examination 
of the histogenesis of healing wounds in man and animals!" 
led one of us to conclude that: “*. . . All the available 
evidence ... indicates that the new fibroblasts, whicl 
develop during the healing of connective tissues ir 
cutaneous wounds, are derived primarily from cells whick 
have migrated from the circulation, or which have beer 
derived from the peripheral tissue surrounding blooc 
vessels and the residual portions of the stratum papillari 
of the dermis about hair follicles ...’’. This view was, iz 
general, later confirmed by Grillo! using tracer tech 
niques. 

As part of a series of investigations into the factor. 
determining and regulating wound healing and fibrogeni 
processes in general, it was thought desirable to examin: 
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once more, and with modern techniques, the timing of the 
cellular changes preceding the onset of fibrogenesis in 
wounds and around implanted foreign bodies. 

Several authors™:1* have, in recent years, reported that 
when cells were labelled with tritiated thymidine, injected 
just prior to killing their previously wounded animals, the 
isotope was taken up first in cells cuffing small vessels in 
sites of injuries. It is around these vessels, too, that, in 
healing wounds, mitotic figures have often been reported 
to appear first”, Such mitoses have been stated to occur 
in perithelial cells or local fibrocytes but not in ‘round 
cells’!'."?, No significance and certainly nosubsequent fibro- 
blastic role were attributed by these investigators to the 
numerous ‘round cells’ (lymphocytes and monocytes) gen- 
erally recognized to appear regularly during one phase of 
the inflammatory reaction which consistently precedes 
fibrogenesis in healing wounds or around foreign bodies. 

Recently, Volkman and Gowans!*+" reported that mono- 
eytic cells, named macrophages by them (whether or not 
they contained ingested material—see Gillman and 
Gillman? for criteria for naming ‘macrophages’ and other 
connective tissue cells), were present in large numbers 24 h 
after making Rebuck-type skin windows. These authors 
clearly demonstrated that a far greater percentage of 
mononuclears were labelled if the isotope was injected 18 
to 24 h before making the ‘windows’ and that very few 
cells were labelled 24 h post-operatively if rats were 
injected only post-operatively. They concluded that these 
labelled ‘macrophages’ were derived from circulating 
monocytes which, they claimed, originated from cells 
previously labelled in bone marrow and which were then 
transported by the blood to the skin windows, 

We have recently confirmed Volkman and Gowans’s 
findings that a far greater number of round cells (lympho- 
cytes and monocytes), which accumulate in sites of injury, 
carry label if isotope is injected 18 h prior to inflicting the 
injury than if the isotope is given only post-operatively 
(see Fig. 1 and legends to Figs. 2 and 3). 

However, Volkman and Gowans did not follow, beyond 
24 h post-operatively, the fate of the many labelled blood- 
derived mononuclears which appear perivascularly in 
injured tissues within a day or two of trauma. Their 
observations were confined to the first 24 h after preparing 
skin windows in rats that had received tritiated thymidine 
at various times pre- and post-operatively. 

Our experiments were designed to determine what 
relationship, if any, exists between injury, the invariable 
post-traumatic inflammation, and the subsequent genesis 
of new fibrous tissue—a subject which, in our view, has 
hitherto received too little attention. This aspect of 
pathology seems to be of fundamental importance for our 
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Autoradiograph of dilated vessels at base of a full thickness 


Zp e 
cised wound in a pre-o tively labelled rat 24 h after wounding, 
showing distribution of labelled extravascular round cells, presumably 
lood-borne mononuclears that have emigrated from dilated venules. 
these labelled round cells, well away from the perithelium, is In 
Very few equivalent round cells in post-operatively labelled 
rats contain label at this time. Haematoxylin and eosin counterstain 


on autoradiograph. Exposed for 61 days (xe. 550) 
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Fig. 2. Autoradiograph əf granulations in 3-day-old wound from a 
pre-operatively labelled rat. Note here numbers of labelled mono- 
nuclears and, near top centre, two clearly labelled fibroblastic-like 
cells, one spindle-shaped and one stellate, Stained with haematoxylin 


and eosin, and exposed for 61 days (xe. 550) 


«a 


ia 





Fig. 3. Autoradio 


ace ae la 
abelled cellsa—some clearly mononuclears and others ( 


h of base of granulations in 3-day-old wound from 
rat. Note location and morp re of hea 


oe labelled cells 


spindle-shaped. Com distribution and morphology o 
* ia Perithelial 


here with those in Figs. 1 and 2. cells are not notably labelled. 
Stained with haematoxylin and eosin and exposed for 61 days (xe. 550) 


understanding, in any tissue or organ, of both inflamma- 
tion in general and of fibrogenesis in particular. For, 
while acute inflammatory processes often resolve, those 
following trauma may, and frequently do, herald the 
onset of repair and thus often precede fibrogenesis (see 
Gillman, 1963, for distinction between repair and regener- 
ation)'*, ‘Thus, post-traumatic inflammation is very 
commonly followed by the early supervention of features 
generally deseribed as ‘sub-acute’ or ‘chronic’ inflamma- 
tion and characterized by fibroplasia. 

As part of our efforts to elucidate what determines the 
invariable transition of inflammation to fibrogenesis, in 
healing wounds and around foreign bodies, we conducted 
two sets of experimenss. In both types of experiments 
tritiated thymidine wes used as the tracer because: (a) 
it is incorporated into nuclear DNA just before mitosis; 
(b) it has, therefore, been taken generally (and we think in 
some situations incorrectly) to be an excellent indicator 
of cells about to enter mitosis; (c) being intranuclear, it is a 
‘tight’ label; re-utilization of the isotopic thymidine for 
DNA synthesis being, at most, very slight and always very 
slow. In both types of experiments 1 em diameter excised, 
full thickness wounds were made in the back skin (through 
panniculus carnosus to deep fascia) and, in each of the 
same rats, small polyv-nyl sponges and ‘Millipore’ filters 
were implanted in a dsstant site, subcutaneously and/or 
intraperitoneally. 

The experiments differed in one important detail. In 
one series of rats the tritiated thymidine was injected 
pre-operatively, intravenously, either once, 18 h, or twice, 
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namely 18 and 5 h pre-operatively. The rats received no 
further isotope post-operatively and were killed at 
intervals from 1 to 25 days after the operations. It was 
hoped that such pre-operative labelling would provide 
some indications of the types of cells appearing at different 
times after injury, the movements, and also the ultimate 
fate of those cells which must have been labelled them- 
selves, or were descendants of cells labelled before inflam- 
matory and fibrogenic changes had been initiated. 

The second group of previously unlabelled rats were 
operated on and then only one intravenous injection of 
the same dose of isotope (1 uc./g body-weight) was given 
post-operatively just 2 h before killing the rats. Thus, 
in this second group of rats, labelling was post-operative, 
being confined to the 2 h before death, because it is widely 
accepted that such ‘flash’ or ‘pulse’ labelling with thymi- 
dine would mark only those cells which had just syn- 
thesized new DNA immediately before dividing. How- 
ever, a3 will emerge later, it is reasonable to expect some 
label also in the daughter cells derived from progenitors 
that had utilized the tritiated thymidine before mitosis 
and which, by subsequent mitosis, had given rise, just 
before death, to two very new, albeit less heavily labelled 
descendants. 

Imprint or touch preparations were made of portions 
of the granulation tissue which formed in the excised 
wounds, and of the sponges, filters, spleen, lymph nodes, 
and bone marrow of all experimental animals. These 
imprints were made, on specially cleaned slides, according 
to the method previously described’. The slides were 
fixed in C.P. methanol for at least 24 h (to eliminate the 
possibility of autochemograms) covered with ‘NTB 2’ 
emulsion by dipping and, after exposure for periods vary- 
ing from 14 to 114 days, were developed and stained by 
the Giemsa method fully described by Speirs’? with 
minor modifications. Autoradiographs were similarly 
prepared of serial paraffin sections of all the aforemen- 
tioned tissues, the sections being stained through the 
emulsion with haematoxylin and eosin after developing 
the autoradiographs. 

In rats injected with isotope only post-operatively, 
that is, 2 h before killing, notable labelling of cells in the 
lesions studied was first seen only between 24 and 48 h 
after operation. By the third day label was most obvious 
in lymphocytes and monocytes cuffing small venules in 
sites of injury and in some of the endothelial cells of these 
same vessels. However, at this time, too, labelled mono- 
nuclears were occasionally seen even within the lumina of 
arterioles or venules in the injured areas (Fig. 3). This is 
not totally unexpected since Volkman and Gowans, and 
we too, have found that 0-5 to, at the most, 1 per cent of 
blood mononuclears are labelled even within 1-2 h after 
such- isotope injections. This finding is important, 
however, since it strongly suggests that the labelled 
perivascular cells, shown in Fig. 3, may well be a mixed 
population comprising local cells entering mitosis but also 
of already labelled emigrated blood-borne cells—recent 
arrivals on the scene. However, the number of labelled 
round cells in injured areas, in post-operatively labelled 
rats, became very much greater between the third and 
fourth post-operative days, but comprised maximally 
only about 15 per cent—20 per cent of all cells in imprints 
or sections. Thws, in animals killed 3-7 days post- 
operatively, but injected only 2 h before death, large 
numbers of cells were labelled—including, in addition to 
those already mentioned, spindle-shaped fibroblast- and 
fibrocyte-like cells (Figs. 3, 5 and 7). These results would 
seem to confirm, in general, those of MacDonald" and of 
Grillo™, who, however, considered the majority of their 
labelled fibroblasts to be locally derived. 

In contrast, rats injected with isotope once, or better 
twice, pre-operatively only, when examined even at 24 h 
post-operatively, manifested label in 40-80 per cent of 
perivascular round cells within and/or around the wounds, 
sponges or filters (Fig. 1). It was easily possible, on Giemsa- 
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stained imprints, to compare these cells with those in the 
smears of blood and ietic organs from the 
same animals, and hence, in the initial stages of the inflam- 
matory reaction, to classify them, on haematological 
criteria, as lymphocytes or monocytes. Very occasionally 
on the first day (Fig. 1), but more consistently and fre- 
quently by the second and third days post-operatively 
(and, incidentally, therefore, more than 2-3 days after 
the last dose of isotope) these labelled mononuclears, well 
removed from perithelium, could be seen to be in mitos’s 
(Fig. 1) and to acquire morphological features seemingly 
indistinguishable from those described as typical of small 
lymphocytes activated in vitro (see foregoing). 

It might be added, in passing, that a small but regular 
percentage of cells, generally acceptable on morpho- 
logical grounds to be fibroblasts and fibrocytes, with label 
in their nuclei, were consistently identified in these rats 
killed 3, 7 or even up to 14 days after the last dose of pre- 
operatively injected label (Figs. 2, 4 and 6). The same 
applied also to the multinucleated giant cells**. 

Since the round cells, in the one group of rats, had 
obviously been labelled well before the inflammatory and 
fibrogenic processes were initiated, they were clearly 
brought to the injured tissues by the blood. Emigration 
of blood mononuclears and granulocytes is, of course, an 
accepted aspect of inflammation. Such pre-operatively 
labelled mononuclears, or their descendants, appeared to 
arrive in cohorts, each at increasing times after isotope 
injections and subsequent wounding, and, therefore, with 
the expected progressively decreasing amounts of nuclear 
label resulting from repeated ‘dilution’ in their daughter 
cells after mitosis (compare Figs. 1, 2 and 4). Thus, we 
have found the bone marrow to be virtually depleted of 





than at earlier times aE pieprasa” due to ‘dilution’ of label by re 
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mitosis of cells labelled pre-operatively, that is, 7 days and 5h previously. 
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Fig. 5. Labelled spindle-shaped cells, taken to be fibroblasts, at surface 
of gran ons immediately below new epithelium (seen, in part, at top). 
At this stage, 7-day-old wounds, fibroblasts are predominantly 
near surface in post-opera and near base after 
pre-operative labelling. § lin and eosin, and 
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labelled nuclei by the sixth or eighth day after the last 
_ dose of isotope—a finding in conformity with Volkman and 
Gowans’s results. It could, therefore, not be expected 
that the ultimate labelling of 7-day fibroblasts in pre- 
_ operatively labelled rats would be as intense as in rats 
_ injected with isotope only 2 h before death. 
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_ Many of these pre-operatively labelled round cells, after 
emigrating into sites of injury, became phagocytic; many 
a tly moved away from the inflammatory sites— 
both acceptable findings confirming recent observations”. 
But y also remained in the injured sites for days and 
even weeks (Fig. 5), and some of these clearly became 
transformed first into blast-like or mitosing cells (Fig. 1) 
and afterwards even into cells indistiuguishable from fibro- 
| blasts and fibrocytes (Figs. 2, 4 and 6). 
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The connective tissues, in sites other than those specifi- 
sally injured, were always sampled by us at the time of the 
eration and were found to be virtually unlabelled, 
*xcept for a relatively small number of cells around hair 
allicios and occasionally in the panniculus carnosus. 
wever, we are not concerned here with either of the 
tter since, in our excisions, both the entire dermis and 
-he panniculus were resected, while implants were always 


oep to the panniculus carnosus. ` 
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It is clear, therefore, that some of the blood mono- 
nuclears, which are consistently borne by the blood te 
injured sites, 24-48 h after operation, remain in the zones 
of fibrogenesis and epparently later undergo notable 
morphological changes. That these cells also prepare to 
mitose soon after they arrive is indicated, at 48-72 h post- 
operatively, by the frequent and notable uptake of label 
when tritiated thymidine is first given only shortly before 
death (compare Figs. I and 3). — 

This seems to be strong evidence to show that, after their 
emigration, activation of circulating blood mononuclears 
and their transformation into blast-like and mitosing cells 
are common in the acute inflammation which regularly 
precedes fibrogenesis in wounds and around foreign 
bodies. Of course, it is quite possible that such trans- 
formation, in tissues, of emigrated blood monocytes 
(apparently primarily) and perhaps also of blood lymp 10- 
cytes, may be in response to antigen inadvertently intro- 
duced with the foreign bodies at the time of operation, or 
derived from damaged tissues. This possibility cannot be 
overlooked in view of Hall and Morris’s* findings already 
noted. However, the persistence, in fibrosing areas, of 
pre-operatively labelled blood mononuclears, and the 
subsequent frequency ef labelled fibrocyte-like cells, to be 
described in detail in future investigations, leaves little 
doubt that activation and transformation, extravascu- 
larly, of emigrated blood mononuclears, that is, Monocytes 
and/or lymphocytes, is an integral aspect of fibrogenesis 
and not solely the prerogative of uncomplicated immuno- 


logical responses. Ls 
suggest that blood- 





These findings, therefore, lead us to 
borne mononuclear cells can become activated in vivo and 
undergo morphological changes, similar to lymphocytes in 
vitro, at least in sites of fibrogenesis. It is clearly shown 
that a population of cells can be labelled 
somewhere in the body (according to 


Gowans in bone marrow), which afterwards becomes borne 
by the blood to sites of injury. Once they have emigrated 


into the injured tissues these cells may: (1) become phago- 


cytes and later leave the reaction sites; (2) remain in the _ 


area, become activated and mitose; (3) be found in the 
injury up to 14 days following the trauma (and 15 days 


after the last isotope injection) when some of them become 


morphologically indistmguishable from classical stellate 
fibroblasts or spindle-shaped mature fibrocytes; (4) 
fuse to form multi-nacleated foreign-body-type giant 
cells!*, | ; ie 

It should be added here that no unequivocal evidence 
emerged from our investigations of preferential labelling 
or mitotic activity im perithelial cells. Our evidence 
indicates that emigrating labelled blood mononuclears, 
which may mitose when still near the perithelium (Fig. 1) 
or which, while motile and hence elongated, resemble 
perithelium and become arranged concentrically around 
vessels (Fig. 3), have perhaps been mistaken by other 
workers to be mitosing perithelium. | 

The evidence here presented thus seems’ to provide 
objective support for Maximow’s. contention that at least. 
one plur‘potential cell does indeed exist in circulating 
blood. Whether this pluripotential blood-borne cell is 
the monocyte or lymphocyte (or both) is not established 
by our experiments; the findings of Volkman and Gowans 
at least seem to indicate that their monocytic cells come 
from bone marrow rasher than from spleen or 1 h 
nodes. Our results certainly do not indicate that fibro- 
blasts are derived only from circulating mononuclears; the 
latter, however, do seem to give rise to a proportion of 
fibrocytes in sites of repair. =a 

These findings suggest that blood-borne mononuclears 
may, in appropriate circumstances, ‘switch on’ either 
antibody or collagen synthesis. If so, these observations 
may have considerable implications for further investi- 
gations of repair and sclerosis of many organs and tissues 
and perhaps of the relationships between © immune 
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In summary then it can be stated that: 

(1) Using autoradiographs of serial sections and imprints 
of tissues, a comparison has been made of the localization, 
numbers, morphology and intensity of nuclear labelling 
of cells in healing excised wounds and implanted sponges 
or ‘Millipore’ filters in rats injected, intravenously, with 
tritiated thymidine either only pre-operatively or only 
er ad before killing on various days post-opera- 
tively. 

(2) It has been shown that, during the first 2 days, a 
far greater number of labelled blood leucocytes appear in 
sites of injury and fibrosis in rats receiving isotope pre- 
operatively only. Pre-operatively labelled mononuclears 
(that is, lymphocytes and monocytes) or their descendants 
emigrate from the local vessels, migrate into the local fluid 
exudates, mitose and undergo transformations into macro- 
phages and other cell forms. 

(3) No evidence emerged tc support the widely held 
views that perithelial cells play any significant part in 
fibrosis. 

(4) Blood mononuclears, labelled pre-operatively only, 
or their descendants (less heavily labelled by virtue of 
isotope ‘dilution’ following mitosis) have been shown to be 
present in fibrosing sites even up to 14 days post-opera- 


tively. The frequent existence of cells, morphologically 
-. indistinguishable from fibroblasts and fibrocytes, with 
- dabelled nuclei, many days after the last isotope injection, 
taken with the localization, cytology, movements and 


apparent transformation of mononuclears labelled pre- 
operatively, is considered to indicate that at least some 
fibroblasts, in healing wounds and chronic inflammatory 
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processes, may be derived from some blood-borne pluri- 


potential cell(s). on ts ; 
(5) Activation, transformation and mitosis of blood | 
mononuclears has, in recent years, been described and 
generally taken to be a primarily immunological reaction. — 
The data reported here indicate that similar changes in 
blood mononuclears occur in vivo in those inflammatory 
responses which precede fibrosis. The implications of these 
findings for understanding the pathogenesis of ‘subacute’ 
and ‘chronic’ inflammation and the fibrogenesis related 
thereto, in many organs and tissues, are briefly discussed. 
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ERYTHROCYTE GHOSTS 
By GUNNAR RONQUIST and Pror. GUNNAR AGREN 


institute of Medical Chemistry, University of Uppsala, Sweden 


T was previously reported from this laboratory}? that 
small amounts of phosphorus-32 labelled adenosine 
triphosphate (AT**P) were formed by human erythrocyte 
ghosts on incubation for a short time with radioactive 
orthophosphate (#7P;). It has been suggested?* that 
a glyceraldehydephosphate dehydrogenase—phospho- 
glycerate kinase enzyme complex may be the mediator 
of active phosphate transport into the human erythrocyte. 
This implies that the AT®*P formation would be enhanced 
if ADP and other co-factors were added to the medium. 
In the present article, some experiments are described 
which indicate that the ATP is formed in ghosts in the 
phosphoglyceraldehyde dehydrogenase and phospho- 
glycerate kinase reactions. 

A soluble fraction was obtained from red cell ghosts, 
which had been washed six times with water saturated 
with carbon dioxide, by extracting them six times with 
à 0-016 M tris-glycylglycine buffer, pH 8-2. The pooled 
extracts were purified by ‘Sephadex’ filtration! ? and used 
for the following experiments. The ghost residues remain- 
ing after extraction were also tested for their ability to 
form AT#P. The soluble membrane fraction or ghost 
residues (ghosts) from 100 ml. to 150 ml. whole blood were 
incubated in 0-05 M tris-acetic acid buffer, pH 7-5, for 
different times with 2 umoles of P; having a radioactivity 
of 2 me. The final volume was 20 ml. Unless otherwise 
stated, the following substances were added in addition 
to HP: 25 umoles magnesium chloride, 10 umoles nicotine 
amide, 10 moles cysteine, 5-9 umoles glyceraldehyde 


_ 8 phosphoric acid (3-GAP), 3-5 umoles nicotinamide- 
«adenine dinucleotide (NAD), 35 umoles of ADP and 200 
-> umoles of tris-acetic acid buffer, pH 7-5. All incubations 


were carried out at 37° C. The reaction was stopped by- 
addition of 50 per cent cold trichloroacetic acid (w/v) to & 
final concentration of 5 per cent. The trichloroacetic acid. 
was immediately removed by extracting five times wit 
an equal volume of ethyl ether. The solution was concen 
trated by evaporation in vacuo, and chromatographed on av 
‘Dowex 1 x 2’ column according to Hurlbert et al.5y 
with slight modifications? to enable the ATP to be. 
isolated. , 

The ATP fraction was further identified after purifica«_ 
tion on paper electrophoresis in 0-1 M pyridine-acetic | 
acid, pH 5, by analysing for phosphorus’, ribose", and baset 
constituents. Fig. 1 shows a typical ‘Dowex I’ chromato. | 
gram of the trichloroacetic acid extract from a Pi 
incubated membrane fraction (only the phosphorus com: 
pounds eluted after **P; are shown). The ATP formed ir | 
the experiments was estimated radio-chemically by measur’ 
ing the incorporation of P; into ATP and by analysing 
the total amount of phosphorus in the ATP fraction and. 
finally, by measuring the ultra-violet absorbaney a | 
260 mu. The molar absorbancy'® was assumed to be 
14-9 x 10°. The nitrogen content of the membrane 
fraction, ghosts and haemolysate was determined. by. : 
micro-Kjeldah] method. coe 

Evidence for the presence of the enzymes glyceralde 
hydephosphate dehydrogenase and phosphoglycers 
kinase in erythrocyte ghosts was obtained in the followi 
experiments. Ghosts were incubated with and wi 
3-GAP, in addition to the other substances in thi 
mentioned medium. In a control experiment, 
were incubated with only Pi. 31-9 x 10-5 ume 
phosphate/mg nitrogen was meorporated into the A’ 
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when 3-GAP was also present. When a similar incubation 
was performed without 3-GAP ın the medium, 1-2 x 10-5 
moles of phosphate/mg nitrogen was incorporated into 
the ATP. The corresponding figure for the control 
incubated with only **P; was 0-95 x 10 umoles/mg 
nitrogen. The addition of 3-GAP thus mereased the 
synthesis of ATP twenty-six times. 

For comparison, another series of experiments was 
performed with ghosts which had been washed six times 
with carbon dioxide-water and those which, ın addition, 
had been extracted six times with the alkaline trzs-glycyl- 
glycine buffer. Haemolysate. filtered through ‘Sephadex 
G 25’ to remove low molecular weight compounds, was 
also included. The haemolysate was concentrated by 
ultrafiltration to about a tenth of its original volume by 
the same technique as that used for concentrating the 
membrane fraction’. The ATP synthesized, expressed as 
the phosphate incorporation into ATP in umoles of 5*P;/ 
mg nitrogen, was lowest for the haemolysate (Table 1). 
The highest incorporating activity, however, was re- 
corded in the haemolysate fraction. 
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Table 1. INCUBATION OF GHOSTS (SEB TEXT) AND HAEMOLYSATE 


ATP synthesis expressed as the phosphate incorporation into ATP in moles 
aP: x 104/mg nitrogen. 


A B C 
118 85 17 
Total incorporation of phosphate into ATP in fies aP, x 10°. 
2,124 1,235 ` 4,930 


Each of the three fractions corresponds to 15 ml, of packed red cells. 
Yncubation time, 6 min. A, Ghosts only washed six tumes with carbon dioxide- 
water. B. Ghosts washed six times with carbon dioxide-water, as well as 
six times with the tris glycyiglycme buffer. C, Haemolysate (after haemolysis 
1: 10) eluted through ‘Sephadex G 25’ with 0 05 M ¢tris-acetic acid buffer, pH 
7 5, and concentrated about ten times. 


Table 2 shows the formation of ATP expressed as the 
incorporation of P; into ATP in umoles of 34P;/mg 
nitrogen. It is seen that the membrane fraction content 
of ATP increased progressively with time during the 
first 4 h, whereas in the ghosts there was a rise up to 6 min, 
followed by a decline. It is possible that this difference 
was due to the presence of ATPase in the ghosts! and its 
absence in membrane fraction?-?, 

de Verdier? has shown that there may be a rapid 
exchange of phosphate groups between inorganic phosphate 
and the terminal phosphate group of ATP in haemolysates 
of human red blood cells. The following experiments were 
performed to provide additional evidence of a de novo 
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Fig. 1. ‘Dowex 1’ chromatogram of the trichloroacetic acid extract of the 
incubated membrane fraction. 20 ml. membrane fraction incubated for 
4 min with 2 umoles of **Pi, 25 wmoles of magnesium chloride, 10 moles 
of nicotinamide, 10 moles of cysteine, 5 9 moles of 3-GAP, 3-5 umoles 
of NAD, 35 moles of ADP and 200 moles of tris-acetic acid buffer, 
pH 7-5. The phosphorus compounds were eluted stepwise as follows: 
4 N formic acid, 0:2 M ammonium formate + 4 N forme acid, 04 M 
ammonium formate + 4 N formic acid, 1 M ammomum formate + 4 N 
formic acid. --++-:-+-., Radioactivity; , ultra-violet absorbancy 
af 260 mz. Nurnbers on the left of the y axis are ¢ p m./ml. x 107 and 
those on the night the ultra-violet absorbancy at 260 mz. The æ axis 
represents the tube number 
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Table 2. COMPARISON BETWEEN MEMBRANE FRACTION AND GHOSTS 
Membrane fraction Ghosts 


10 sec 20 187 

30 geg 1:0 10 6 
1 min 1:15 31-9 
3 min, 11:8 35-4 
6 min 25:0 85-0 
8 min 526 

30 min 23-8 
th 33:3 
4h 82-3 

16h 91:9 


Membrane fraction and ghasts incubated for various thmes with orthophos- 
hate and co-factors (see text). ATP synthesized, expressed as the phosphate 
ncorporation into ATP in moles *Pi x 10° mg nitrogen 


synthesis of ATP in red cell ghosts. 80 ml. of the membrane 
fraction was incubated with 8 moles of ?#P;, 100 pmoles 
of magnesium chloride, 40 umoles of nicotinamide, 40 
moles of cysteine, 25-6 umoles of 3-GAP, 14 umoles of 
NAD, 158 pmoles of ADP and 1,000 pmoles of tris-acetic 
acid buffer, pH 7:5. After 4 min, 20 ml. of the fraction 
was removed and precipitated at once with trichloro- 
acetic acid. At the same time, 2 umoles of P, was added 
to the remaining solution (60 ml.). The operation was 
repeated twice at 4-min intervals with the addition of 
1-3 umoles of P; and 0-6 pmoles of P; to the remaining 
membrane fraction in the first and second repetitions, 
respectively. The final 20-ml. portion was precipitated 
with trichloroacetic acid after a 4-min incubation period. 
The trichloroacetic acid extract from each of the four 
fractions was chromatographed on a ‘Dowex 1’ column 
as already described, and the tubes corresponding to the 
maximal values of the ATP fraction were selected for 
measurements from the recorded curves for ultra-violet 
and phosphate content. The incorporation of 2P; into 
the total ATP fractions was also measured, as well as the 
phosphate content. The figures in Table 3 demonstrate 
a de novo synthesis of ATP. 


Table 3 
4 min 8min 12mm 16min 

pmoles ATP/mi. 06082 «860-0043 80-0057 00067 
Total phosphorus, emoles/ml. 0-010 0:016 0:018 0:022 
Total phosphate incorporation into 

ATP fraction in ymoles "Pe 0:023 0:033 0-0482 00612 
Total phosphate content of ATP 

fraction in amoles Pi 0 078 0:122 0 162 0-199 


80 ml, of the membrane fraction was incubated with 8 moles of **Pi, 
100 smoles of magnesium chloride, 40 smoles of nicotinamide, 40 wmoles of 
cysteine, 23-6 moles of 3-GAP, 14 moles of NAD, 158 wmoles of ADP and 
1,000 pmoles of tris-acetic acid, pH 75. Every 4 min, 20 ml. was removed 
and immediately pa itated in trichloroacetic acid, At the same intervals, 
unlabelled orthophosphate was added to the rest in an amount of 20, 1:3 
and 0-6 moles, respectively. 

The ultra-violet absorbancy and phosphate content were determined in 
the tube of the ATP fraction with maximum values. 


These results agree with our view that human erythro- 
cyte ghosts synthesize ATP. The mechanism by which 
ATP is formed in human erythrocyte ghosts is likely to 
be through oxidative phosphorylation on a substrate- 
level by way of the enzymes glyceraldehydephosphate 
dehydrogenase and phosphoglycerate kinase. 

This work was supported by grants from the Swedish 
Medical Research Council and the Medical Faculty, 
University of Uppsala. We thank S. Eklund, Mrs. M. 
Eriksson and T. Fransson for their assistance. 
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PURIFICATION AND LABILITY OF HUMAN FOLLICLE-STIMULATING HORMONE 
By Dr, S. M. AMIR and Dr, S. A. BARKER 


Department of Chemistry, University of Birmingham 
AND 
Dr. W. R. BUTT and Dr, A. C, CROOKE 


Department of Clinical Endocrinology, The United Birmingham Hospitals 


HE starting materials for the present investigations 

were obtained from acetone-dried human pituitary 
powder by the method of Butt, Crooke and Cunningham!. 
Most of the luteinizing hormone (LH) was removed from 
the follicle-stimulating hormone (FSH) by absorption on 
a column of CM-cellulose. The first fraction (CM 1) eluted 
from this column with 0-01 M ammonium acetate at pH 6-1 
contained the FSH. Two fractions, OP 1 and OP 2, were 
next obtained from CM 1 by elution from calcium phos- 
phate with 1 mM disodium hydrogen phosphate and 
0-02 M disodium hydrogen phosphate, respectively, 
without the previous recommended intermediate step of 
chromatography on DHAE-cellilose since it was found 
that this is better effected later using the DEAE-‘Sephadex’ 
equivalent. The calcium phosphate fractionation removed 
much inactive protein and some of the remaining LH. 

The amounts of FSH in CP 1 and CP 2 were in the ratio 
of 100: 13 and only 1 per cent of the total activity was 
lost in another fraction, CP 3, obtained by elution with 
0-02 M trisodium phosphate. Much of the activity of 
CP 2 was recovered by passage down a column of ‘Sephadex 
@-100°-(36 x 35 cm) eluted with water. The fractions 
(5 ml.) were scanned for extinction at 280 mu and showed 
two peaks with maxima at fractions 10 and 28. The 
FSH was mainly located in the pooled fractions 8-12 and 
13-18, which were of equal potency. The total Essoma 
of these two fractions, 1-43 and 0-62, respectively, did not 
reflect the biological activities. Fractions 19-25 contained 
37 per cent and fractions 26-32 only 17 per cent of the 
FSH activity of each of the first two fractions. 

Passage of CM 1 down the same column confirmed that 
FSH was eluted just after the exclusion volume (fractions 
11-17) and that the second ultra-violet peak contained 
little FSH. 

Further purification of FSH was effected on a column 
of DEAE-‘Sephadex’ (34 x 3-5 em) eluted in 5-ml. 
fractions with 0-005 M phosphate buffer, pH 7:0, with a 
salt gradient to 0-8 M sodium chloride. There was one major 
ultra-violet peak at 0-41 M sodium chloride (fraction 85) 
and several smaller ones. The LH activity was mainly 
confined to fractions 77-79 and FSH activity mainly to 
fractions 83-87. The FSH activity was not uniformly 
distributed about the ultra-violet peak but was eluted 
more in the earlier fractions. 

Up to this point the fractions had been dialysed and the 
protein recovered by freeze-drying; however, the enrich- 
ment of FSH activity per mg was not progressing at the 
rate predicted from the yields of activity and the weights 
of the fractions, and furthermore the overall yields from 
@ given fractionation were low. This was particularly so 
when the FSH fraction from DEAE-‘Sephadex’ was 
passed down a second column of DEAE-‘Sephadex’ and 
only 40 per cent of the FSH activity was recovered. 
Investigations showed that this could be directly attributed 
to a major loss of activity occurring during freeze-drying. 

Fraction CP 1 passed down a column of DEAE- 
‘Sephadex’ retained complete activity when stored as 
eluted at —40° C for 20 h. Subsequent freeze-drying 
caused an overall-loss of 42 per cent of the activity. The 
lability to freeze-drying became more pronounced on 
further purification. Thus, after passage of the FSH 


fraction from DEAE-‘Sephadex’ through ‘Sephadex 
G-100’ the FSH fraction remained completely active 
after dialysis at 4° C for 20 h, but subsequent freeze- 
drying caused an overall loss of 68 per cent. Freeze-drying 
without dialysis caused a 45 per cent loss of activity while 
after storage in solution at 4° C for 14 days about 78 per 
cent of the original activity was retained. Quantitative 
recovery of FSH activity in CP 1 and other fractions could 
be obtained by concentration at 4° C of the solutions in 
dialysis tubing under reduced pressure. 

This lability of FSH has previously been noted?“*. The 
extreme lability of purified FSH suggested to us that 
protective proteins were being removed during fractiona- 
tion and prompted us to look for the presence of albumin 
which is known to protect many enzymes from loss of 
activity during freeze-drying. Investigation showed that 
on a DEAE-‘Sephadex’ column, albumin, detected 
immunologically by the haemaggiutination method, was 
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Fig. 1. Scheme for the peen an of human FSH. Fraction CP 1 is 
passed down g column of ‘Biogel P-150’ (1) and FSH, LE and albumin 
are eluted mainly in fraction 5-9. This fractionis now applied to DEA E- 
‘Sephadex’ (2) and the eluate collected from fractions 57~61 18 finally 
refractionated on a second column of DEAE-‘Sephadex’ (3), The FSH 
activity 18 eluted slowly over about twenty fractions, fractions 74~78 
being virtually free of LH and albumin. z 
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indeed being removed since it was eluted after the major 
FSH fraction. 

Our recommended procedure for preparing FSH free 
from LH and albumin is, therefore, an initial fractionation 
of CP 1 on ‘Sephadex G-100’ to remove inactive protein 
and subsequent fractionation and refractionation on 
DEAE-‘Sephadex’. Recent work suggests that “Biogel-150’ 
may replace ‘Sephadex G-100’. Two passages down DEAE- 
‘Sephadex’ are generally required to obtain the desired 
product. The latter columns particularly require to be 
closely scanned since the precise location of LH, FSH and 
albumin and the major ultra-violet absorption peak are 
somewhat variable, presumably due to formation of 
complexes between the various components. Recovery of 
activity on the columns as described here was 70-83 per 
cent. 

A. typical fractionation ıs shown in Fig. l. Specific 
biological assays for FSH and LH demonstrated that the 
final product contained the equivalent of 1,000 (with 95 
per cent fiducial limits of 730~1,430) mg first I.R.P- 
human menopausal gonadotrophin (HMG) per ml. as 
FSH and less than 20 mg first IL.R.P.-HMG per ml. as LH. 
(These results in I.u. are 143 Sree) 1.0. as FSH and 
<10 1.0. as LH.) 

Purified FSH showed no loss of activity when compared 
with a control after incubation at 4° C for 2 weeks in 
0-05 M cysteine, 0-05 M mercaptoethanol and 0-5 per cent 
serum albumin. Treatment with 0-05 M sodium nitrite 
in acetate buffer pH 5-0 for 43 h at 4° C caused 85 per cent 
loss of FSH activity, 64 per cent of which was recover- 
able after dialysis against 0-1 M mercaptoethanol (35 vol.) 
for 20 h, indicative of oxidation of -SH to -S—S— by sodium 
nitrite and reduction back to the original -SH groups by 
mercaptoethanol. Equal portions of FSH which had been 
dialysed for 24 h at 4° C against 8 M urea in acetate buffer 
pE 5-0 retained 50 per cent of the original activity, but 
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this was completely lost by alkylation of the free SH 
groups with iodoacetamide (3-3 per cent; pH 7-0) for 4h 
at 4° C. Treatment of FSH in formic acid (80 per cent; 
l ml.) at —10° C for 2-5 h with performic acid (0-5 ml.) 
prepared from a mixture of formic acid (90 per ceni; 
9-5 ml.) and hydrogen peroxide (30 per cent w/v; 0-5 ml.) 
caused complete loss of activity, but some 50 per cent of 
the activity was lost on treatment with formic acid (90 
per cent) alone at — 10° C for 5h. FSH activity was found 
to be labile to acid and treatment with 0:2 M citrate 
buffer (pH 2-2) at 37° C for 25 h or with 0-05 M ascorbic 
acid (pH 2-0) at 4° C for 2 weeks caused complete loss of 
activity. This is probably associated with the cleavage of 
N-acetyineuraminic ecid residues since treatment of FSH 
with Vibrio cholerae neuraminidase at pH 5:6 at 37° C 
for 2 h also caused complete loss of activity. No loss of 
activity was encountered on treatment of FSH with 
chymotrypsin at 37° C for 13 or 24 h in 0-2 M phosphate 
buffer (pH. 7-0) and attack by trypsin was relatively slow. 
No loss of activity was encountered at 3—4 h incubation 
but after 16 h only 15 per cent activity remained. Usirg 
five times the concentration of trypsin some 50-60 per 
cent activity still remained after 8 h, but there was com- 
plete Joss after 25 h. Pronase caused complete loss of 
activity after only 2 h incubation at pH 7:0 and 34° C 
and was by far the most destructive of the proteolytic 
enzymes tested. 

We thank Dr. A. Stockell Hartree of the Department of 
Biochemistry, Cambridge University, for the supply of 
CM 1 fraction from the Medical Research Council collec- 
tion of human pituitary glands. This work was supported 
by a block grant from the Medical Research Council. 
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REGIONAL LOCALIZATION OF LYSERGIC ACID DIETHYLAMIDE 
IN MONKEY BRAIN 


By Cr, SOLOMON H. SNYDER* and MARTIN R=IVICH 


Laboratory of Clinical Science, National Institute of Mental Health, National Institutes of Health, Bethesda, Maryland 


“HE hallucinogenic agent, d-lysergic acid diethylamide 
(LSD), profoundly alters integrative aspects of per- 
ception. Emotional functioning is also markedly affected 
and there is considerable evidence of central sympathetic 
discharge. On the other hand, the discrimination of 
primary modalities of sensation including touch, posture 
and kinaesthesia is not disturbed nor is voluntary move- 
ment impaired?. 

Neurophysiological investigations have revealed an 
impaired function in local regions of the brain after LSD 
administration. Thus, there is a highly specific depression 
of synaptic transmission in the lateral geniculate body of 
the cat?. In human subjects with subcortically implanted 
electrodes, LSD causes increased activation in the limbic 
system which is not present in simultaneously recorded 
neocortical leads®. 

The characteristic effects of LSD in man are produced 
after minute doses (less than 1 ug/kg) and persist for 8— 
12h. Recently, it has been shown that after the admini- 
stration of 2 ug/kg LSD intravenously to human'‘subjects, 
the drug disappears slowly from plasma with a half-life’ 
of 3 h, and measurable quantities persist for 8 h (ref. 4). 
Moreover, there is an excellent correlation between the 
rate of disappearance of LSD from the plasma and the 
recovery of a normal performance on 'a simple arithmetic 


resent address: Henry Phipps Psychiatric Clinic, Johns Hopkins 
Tosia. Baltimore, Maryland, 


test. It would thus appear that impairment of mental 
functioning may be related to a continued presence of tke 
unchanged drug. 

In the present investigation we have examined the 
hypothesis that the effects of LSD on specific areas of 
mental functioning might be related to a capacity of the 
drug to selectively concentrate in specific regions of the 
brain. The regional localization of LSD in the brain of 
the squirrel monkey has been studied using a sensitive 
and specific fluorometric method for the measurement cf 
unchanged LSD. The subcellular localization of LSD 
in several areas of the brain has also been examined. 

Four adult squirrel monkeys (Saimiri sciureus) were 
used in these investigations. In one animal, whica 
received 2 mg/kg LED, the sub-cellular distribution cf- 
LSD in various regions of the brain was determinec, 
while in the other shree, which respectively received 
2, 1 and 0-5 mg/kg af LSD, the regional distribution cf 
LSD in the brain was investigated. LSD (Sandoz) was 
administered to the conscious animal by aslow intravenous 
injection over a 10-min period. The dose for each monkey 
was dissolved in 0-6 ml. saline. Twenty minutes after 
the end of the infusion the animal was killed by an 
intracardiac injection. of air. The brain was perfused 
in situ with 250 ml. saline by way of the ascending aorta 
in order to remove a3 much blood as possible from ths 
brain tissue. The brain was then removed end frozen 


1094 


at —25° C in an acetone—dry ice mixture after which it 
was cut coronally into 3-mm sections using a brain macro- 
tome. Using the atlas of Gergen and MacLean’, each 
section was dissected into discrete regions which were 
kept in ice until analysed. 

The LSD content of the dissected areas of brain was 
determined by the spectrophotofluorometric technique of 
Axelrod et al.*, which is specific for LSD. As little as 
0-001 ug per ml. of LSD can be measured by this method. 
The mean difference of duplicate determinations was 7-8 + 
2-4 per cent of the values. 

The subcellular localization of LSD in various areas of 
the brain was examined by a method which will be 
described in detail elsewhere’. Tissues were gently homo- 
genized in 10 ml. 0:25 M sucrose with a ‘Teflon’ pestle. 
The homogenate was centrifuged at 53,000g for 1 hin a 
discontinuous sucrose gradient prepared by successively 
placing into a SW 25 lusteroid tube 10 ml. 1-17 M sucrose, 
10 ml. 0:73 M sucrose, and 10 ml. of the brain homogenate. 
In this technique the pinched-off nerve endings (synapto- 
somes) and mitochondria are located at the interface of 
the 1:17 M and 0-73 M sucrose layers, and the micro- 
somal-myelin layer appears at the interface of the 0-25 M 
and 0-73 M sucrose layers. These layers, as well as the 
supernatant fluid, were removed with a Pasteur pipette 
and assayed for LSD content. 

LSD was unequally distributed in the different areas of 
the brain (Table 1). The highest concentrations of the 
drug were found in the pituitary and pineal glands. 
These concentrations were 7-8 times the amount found 
in the cortex. The anterior pituitary had approximately 
twice the concentration found in the posterior pituitary 
gland. Structures of the limbic system, that is, the 
hippocampus, amygdala, fornix, and septal region, con- 
tained 2—3 times the cortical concentration of LSD. 
Among the deep cerebral structures LSD was 2-5 times 
more concentrated in the visual and auditory areas and 
hypothalamus than in the cortex. The extrapyramidal 


Table 1. LOOALIZATION OF LSD IN DIFFERENT AREAS OF MONKEY BRAIN 


Exp.1 Exp.2 Exp.3 Mean+S.Z, 
Superficial cerebral structures 
Frontal grey 1-00 1-00 1-00 1-0040 
Frontal white 1-60 1:78 1°24 1-54 +0-16 
Frontal grey and white 1:30 1:39 — 1°35 + 0 05 
Temporal grey 1°33 _ 0-84 109+ 0°25 
Parietal grey 0-80 1-22 3-12 1-05 + 0-13 
Partetal white 0-65 0:83 1:18 0-89 + 0:16 
Corpus callosum 1-20 0°56 1:18 0°98 + 0°21 
Visual cortex 0 68 1-28 1:42 1:11 +024 
Extrapyramidal system 
Caudate 1-22 1:39 1:98 1:53 + 0-23 
Putamen 1:47 1:39 1:40 1:42 -0:03 
Globus pallidus 2°27 161 1-84 1-91 +019 
Substantia nigra 1-78 1-44 — 1:59 +015 
Visual and auditory reflex areas 
Optie chiasma 4-72 6°66 5'00 5-46 + 0°61 
Lateral geniculate 818 2°39 38-80 3124+041 
Superior colliculus 3 17 2°86 3°42 3 08 + 0-22 
Perlaqueductal grey 213 2°66 — 2-39 + 0-26 
Media] geniculate — 2-61 4-30 3°45 + 0°84 
Inferior colliculus 1 86 2-39 2°80 2°35 + 0:26 
Hypothalamus 
Anterior 2°19 3-08 2°44 2°56 + 0:26 
Posterior 3°61 2°83 3 70 3°34 + 0°26 
Limbie system 
Amygdala 1:79 2-28 3-40 2°49 + 0-48 
Hippocampus 2°22 1°89 2°80 2°30 + 0°26 
Fornix 8-00 2°86 3:56 3°07 + 0 26 
Anterior commissure 3°95 3 44 — 8-70 + 0°26 
Septum 241 — 2°44 2:27 + 0°16 
Cerebellum 
Cortex 0°66 0 83 0:04 0-81 40-09 
Dentate nucleus 077 — — 0:77 
Pituitary gland 
Anterior 6°00 11°10 14-45 10°51 + 2-45 
Postertor 3°40 6-66 6°70 5-58 +1 09 
Pineal gland 7 00 5:55 8-00 6-85 + 0-71 
Brain stem 
Midbrain 0°58 1-44 1-50 1:17 + 0-29 
Pons 0-78 1:44 1-00 1 05 + 0-21 
Medulla 0-91 1:28 0 94 1044012 
Thalamus 
Antenor 1:59 2°78 220 2°19 + 0°34 
Posterior 1°30 0:50 138 1:06 + 0°28 
Blood — — 1:06 
Tris — — 18-3 


The amounts of LSD administered were 2 mg/kg in exp. No. 1, 1 mg/kg 
in exp No. 2, and 0-5 mg/kg in exp. No 8 LSD concentrations are expressed 
as ratio to frontal grey concentration which was 0-94 ug/g in exp. No, 1, 0 80 
ugigimexp. No. 2and 0-14 ug/ginexp No. 3. 
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Table 2. Comparison oF LSD oa OF VARIOUS REGIONS OF THE 
RAIN 
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Ratio to frontal 


grey* concentration P value 
Superficial cerebral structures 1:12 +003 — 
Extrapyramidal system 1:69 + 0:09 <0 001 
Visual and auditory reflex areas 3°37 + 0°26 <0 001 
Hypothalamus 2°S6 + 0°06 <0-001 
Thalamus 1-46 + 0-10 <0 05 
Limbic system 274+0°15 < 0-001 
Pituitary gland 8-05 + 1°75 <0 02 
Pineal gland 6-85 + 0-71 < 0-006 
Cerebellum 0-51 + 0-09 < 0-02 
Brain stem 1:09 + 0-19 >08 


* Mean S.E.M. 


eal mela different from superficial cerebral structures (Student’s 
est). 


Table 3. SUBOELLULAR DISTRIBUTION OF LSD IN MONKEY BRAIN 
Percentage of total LSD ın subcellular fractions 


Microsomes- Synaptosomes- 
Supernatant myelin mitochondria 
Hippocampus 75 20 5 
Frontal grey 73 19 8 
Frontal white 77 20 8 
LSD added to homogenate 79 15 B 


system and thalamus contained approximately 1-5 
times the cortical concentration. Among the superficial 
cerebral structures LSD was about equally distributed 
between white and grey matter. LSD was not 
notably concentrated in the visual cortex. The brain 
stem contained concentrations of LSD similar to that 
found in the cortex. In one experiment the blood con- 
centration of LSD was determined just prior to killing the 
animal and was found to be the same as the cortical con- 
centration. The cerebellum contained significantly less 
LSD than the cerebral cortex. In one animal the con- 
centration of LSD in the iris was measured and found to 
be 18 times as high as that of the cortex. 

Sub-cellular fractions of the hippocampus, frontal grey 
matter, and frontal white matter were prepared as already 
described. In a separate experiment, LSD was added at 
4° C to an intact brain, which was then homogenized and 
carried through the previously described isolation proce- 
dure. In the areas of the brain examined, LSD was 
largely confined to the soluble supernatant fluid (Table 3). 
The sub-cellular localization was the same when LSD 
was added to the homogenate. These results would 
indicate that LSD does not localize in a specifie sub- 
cellular brain particle. 


After intravenous administration of LSD, the drug is 
unequally distributed in the different areas of the brain of 
the monkey, with about a ten-fold variation between 
structures with the highest and lowest concentrations. 
These differences in concentration are probably not due 
to differences in regional blood flow to these areas since 
these investigations were performed 30 min after the 
start of the infusion. Although the initial distribution of 
LSD in the brain would be determined by the regional 
cerebral blood flow, after 30 min it might be expected that 
the various tissues would be approaching equilibrium 
with the blood levels of LSD and regional blood flow 
would no longer be the determining factor. This is sup- 
ported by the fact that a comparison of regional blood 
flow values? and LSD concentration shows no significant 
correlation (r = — 0-03; P > 0-9). 

It is also unlikely that the unequal distribution of 
LSD is simply the result of its lipid solubility and conse- 
quent predilection for white matter. There was no 
apparent difference in the LSD content of cerebral cortex 
and white matter. Furthermore, LSD was highly con- 
centrated in structures which are not especially rich in 
white matter such as the pituitary and hypothalamus. 

Another factor which should be considered is the vascu- 
larity of different regions of the brain. However, since 
the maximum vascularity in the brain® is of the order of 
3 per cent and since the blood concentration of LSD was 
the sarne as that in the cortex, the different blood content 
of various regions of the brain could not account for the 
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magnitude of the differences ın regional LSD concentra- 
tion found. Furthermore, attempts were made to wash the 
blood from the brain before the determinations were made. 

In an investigation of the regional distribution of 
mescaline-*4C in the cat brain, Neff ef al. found that 
mescaline, like LSD, was present in high concentration 
in the pituitary and lateral and medial geniculate bodies. 
In contrast to the present results with LSD, high concen- 
trations of mescaline were found after 30 min in the cere- 
brocortical grey matter while white matter contained only 

.25 per cent as much mescaline. 

Arnold eé al.1 investigated the distribution of 4C-LSD 
in the mouse bram by an autoradiographic technique. 
They also divided the brain into cerebrum, brain stem, 
medulla, and cerebellum, and determined the total 
radioactivity in these regions. It was found that cellular 
areas had higher activity than white matter and that these 
areas could be arranged in order of decreasing activity as 
follows: limbic lobe, hippocampus, basal ganglia, grey 
matter around the third ventricle, cerebral cortex and 
cerebellum. As the authors point out, these studies do not 
distinguish between LSD and its metabolites. However, 
in the regions they analysed, the order of decreasing 
activity is essentially the same as found in the pene 
investigation. 

LSD produces marked perceptual distortions. These 
effects appear to be the result of affectively determined 
perceptual alterations and hallucinations. There is, 
however, no marked impairment of discrimination of the 
primary modalities of sensation!. In the present investiga- 
tion, there was no particular localization of LSD in the 
primary sensory areas of the cerebral cortex. The drug, 
however, was highly concentrated in subcortical visual 
centres, which have been implicated in the production of 
visual hallucinations. LSD was also found in high 
concentrations in the limbic system and in the hypothala- 
mus, areas which are thought to be involved in the media- 
tion of affective behaviour’. Monroe et al.? found that 
the most significant response to LSD was the appearance 
of subcortical paroxysmal activity, which was most often 
limited to the septal; anterior hypothalamic, or amygda- 
loid-hippocampal regions. Dramatic behavioural changes 
were usually associated with the electroencephalographic 
changes in these areas. Certain mental effects -of LSD 
have previously been shown to be related to persistent 
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plasma, levels of unchanged LSD‘. It is possible that some 
of the effects of LSD on ‘emotionality’ and affectively 
determined perceptual alterations might be related to 
the selective concentration of this drug in areas thought 
to be involved in these functions. 

LSD produces central sympathetic stimulation with 
effects which include hyperglycemia, mydriasis, pilo- 
erection, tachycardie, leucocytosis, and a rise in body 
temperature. These affects are related to the stimulation 
of mesencephalic and diencephalic structures", areas 
which selectively corcentrate LSD. 

The above evidenca is merely suggestive and obviously 
no conclusions can be drawn from this investigation as to 
the mode of action o LSD in producing its characteristic 
effects. Furthermore, in order to obtain adequate tissue 
levels for fluorometric assay relatively high doses of LSD 
were administered in the present study. It is possible 
that with smaller doses the relative concentration of LSD 
in those areas whick we found had high concentrations 
might be more pronounced. 

In the investigations of subcellular distribution, the 
localization of LSD in the cell sap would suggest that 
LSD is not bound to subcellular particles. Arnold 
et al.*4, on the basis of their autoradiographic investiga- 
tions, concluded thet the activity was present in the 
cytoplasm and not ir the nucleus, 
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INCREASED RED CELL BREAKDOWN IN ADOPTIVELY IMMUNIZED 
YOUNG NZB MICE 


By Dr. R. D. S. BARNES and MAUREEN TUFFREY 


Department of Haematology, Institute of Child Health, Hospital for Sick Children, Great Ormond Street, London 


ICE of the NZB strain spontaneously develop 
haemolytic anaemia with autoantibodies against 

red celisi. Holmes, Gorrie and Burnet have described a 
positive direct Coombs’s test (D.C.T.) in such mice. and 
have been able to detect this antibody in young mice 
adoptively immunized with spleen cells from older D.C.T. 
positive animals?. We recently described an antihuman 
red cell cross-reacting antibody (A.H.R.) in these mice’, 
and now, using the spleen cell adoptive immunization 
technique, have been able to induce this antibody in 
young animals. Using red cells labelled with chromium-651, 
we have tried to relate the presence of these two anti- 
bodies to increased red cell breakdown which, in man, 
is an essential feature of autoimmune haemolytic anaemia. 
Animals. The NZB mice were part of the colony kept 
in conventional animal housing at Taplow. Donors were 
selected on the basis of sex and their antibody status. 
Recipients, 4-6 weeks of age, were separated into three 


groups prior to the injection of spleen cells (Table 1): 
those receiving spleen cells from donors which were (A) 
A.HLR. + D.C.T. +. (B) A.H.R. — D.C.T. +, (C) A-HLR. 
— D.C.T.—. Hack group contained both males and 
females, individual mice receiving cells from a donor of 
the same sex. 

Spleen cell suspensions. In each group different numbers 
of donor animals were killed and their spleens taken after 
perfusion with saline. Spleen cell suspensions were pre- 
pared by gentle homogenization of individual spleens in a 


Table 1. GROUPS oF YOUNG NZB MICE REORIVING SPLEEN CELLS FROM 


NZB Donors 
Donor antibody No. of recipients 
Group status Male Female 
A D.C.2.+A H.R. + 14 8 
B D.C.T.+ A.H.R. — 6 15 
C Ð.C.T.- á.H.R. — 12 1i 


., direct Coombs's test (+ or —). 


). 


th, R- G., Mickle, W. A., and Llowellyn, R. O., Elec. 


D.C.T. 
a H.R., antibody against human red cell antigen present in serum (+` 


#f 


~ ‘cell suspension was counted in trypan blue. 
pensions were adjusted to contain 33-37 x 10* viable ` 
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_Potter mill and the number of viable cells in each spleen 
The sus- 


cells per 0-1 mi. and inoculations of this amount were 
given, intraperitoneally to the recipients. Female recipients 
of Group B all received cells from one considerably en- 
larged donor spleen. Group C recipients received cells 
pooled from more than one donor spleen. 

Radiochromium red cell investigation. Red cellis from 
normal young NZB were labelled with chromium-51 
according to the method of Dacie and Lewis‘ using 5 ue. 
of Na,*?OrO, per ml. of whole blood. 

0-2 ml. of a labelled 50 per cent red cell suspension was 
injected intravenously into each recipient 8 days after 
the introduction of spleen cells. This interval was allowed 
since preliminary tests suggested that the likelihood of 
detecting autoantibodies in recipients was greater after 
7 days. Pairs of recipients were killed at successive 
intervals (usually 2-3 days) between 10 and 36 days after 
injection. of spleen cells. 

Whole-body total radiation counts -were performed 
after injection of the labelled cell suspension using a large 
well counter similar to that described by Warner and 
Oliver’, but using a plastic scintillator giving a capacity 
of 13 x 14 cm with a 7-in. photomultiplier. 
was used in conjunction with an ‘Echo’ pulse height 
discriminator and scaler. 0:2 ml. of the original labelled 
cell suspension haemolysed with distilled water was 
counted and considered as a standard dose. 

Blood radiochromium counts in recipient mice were 
estimated on 0-2 ml. blood which was haemolysed after 
withdrawal by cardiac puncture on the day of killing. 
Counts were performed in a standard “Panax LC4’ small 
well in conjunction with an ‘Echo’ scaler. 

It was assumed that the whole-body radiation count 
immediately after the injection of labelled red cells was 
representative of the dose given. In order to compare the 
blood counts of individual animals, we thought it neces- 
sary to correct the counts to a unit dose, by using the 


formula: d 
7 standard dose count 
Corrected blood count = “whole body count 


Counts were also corrected to unit packed cell volume. ° 
Haematological and antibody evaluation. Haematological 
values were determined according to the methods of Dacie 
and Lewis‘ and were limited to the estimation of haemo- 
globin, packed cell volume and reticulocyte count. 
Antibody tests were performed on all the donors before 
and after they were killed, and on all the recipients on 
the day they were killed. Direct Coombs’s tests were 
performed on the red cells, and the sera were examined 
for A.H.R. activity by the immunofiuorescent method 
previously described’, in which red cells present in the 
capillaries of human neonatal thyroid provide the substrate. 


x blood count 


Occurrence of antibodies. The antibody status of the 
donors was confirmed in each case before killing. The 
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presence of antibodies in the sera of the individual 
recipients at the time of killing them is recorded in 
Table 2. The uniformly negative results obtained in 
group C show that autoantibodies did not develop spon- 
taneously in the recipients during the period of the 
experiment. 

In group B the occurrence of a positive D.C.T. was 
observed in both sexes and in a total of fifteen out of 
twenty-one recipients. One out of six males and fourteen 
out of fifteen females were positive. In no animal of either 
sex in this group was A.H.R. antibody detected. 

In group A the occurrence of A.H.R. antibody and of 
& positive D.C.T. test was observed in both males and 
females. A.H.R. antibody was found in three of eleven 
males tested, and in three of eight females. The D.C.T. 
test was positive in most of the mice in this group, but one 
animal (a male killed on day 22) had a negative D.C.T. 
although A.H.R. antibody was detected in its serum: 

_It must be pointed out that these antibody results 
represent findings on the day on which the individual 
mice were killed and do not necessarily represent ‘the 
antibody status for the preceding period. 

Blood radioactivity counts. Individual blood radio- 
activity results obtained are presented in Fig. 1 after 
correction to unit dose and packed cell volume. 

Group 0 -males and females gave results suggesting a 
steady decrease in blood radioactivity over the period of 
the experiment. It might be anticipated from the mndi- 
vidual results in this group that at. least some of the 
injected chromium-labelled red cells normally survive in 
the blood for as long as 40-50 days. 

In group B the females show lower ‘levels of blood 
radioactivity than the controls in group C. In one female, 
red cell survival was less than 20 days. The males show 
little or no difference from group C animals; it must be 
remembered that in only one male was a positive D.C.T. 
recorded. 

In group A animals, both male and female blood ado 
activity counts were markedly less than group- O.. With 
few. exceptions, lower levels were found in mice of this 
group than in either of the other groups. In two micé in 
group A red cell survival appeared to be less than 15 days. 

Haematological values. The reticulocyte counts, packed 
cell volumes and haemoglobin values are shown in Fig. 2. 

Within each sex, and for haemoglobin and reticulocyte 
counts separately, a comparison, of groups A, B and C 
was made, ignoring time, in a one-way analysis of variance 
design. Since comparison of pairs of groups was also of 
interest, for example group A with group B, these com- 
parisons were made in such a way as to ensure that the 
chance of accepting a difference between two identical 
means for the three comparisons was not greater than the 
nominal significance level (5 per cent or ] per cent)’. The 
results are set out in Table 3, which shows that, ignoring 
time, there are statistically significant group differences 
in haemoglobin and reticulocyte values between groups 
A and C, and A and B. 
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Table 2, RESULTS OF DIREOT Coomss’s TESTS, AND TESTS FOR ANTI-HONAN RED BLOOD CELL ANTIBODY IN Youna NZB MICH RECEIVING S E 
TATUS 


CELLS FROM NZB DONORS OF DIFFERING AUTO-IMMUNE ST 










Donor’s 
antibody status Results 
DCT. 


Group T.+ 
A.H.R. 


A iAHR.+ 


Group p C.T.+ D.C.T 
AHR.— | AHR 

Group { DCT.- D.C.T 
C AH.R.— | AHR 


@, Not tested. 


Recipients’ antibody status (days following injection of spleen ce cells) 
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¥Fig.1. Blood radiation counts in reeipient NZB mice LUPO N chromium-labelled red cells 8 davs after injection of spleen cells, and killed 
0-36 days thereafter 


In man, autoimmune haemolytic anaemia is character- 
ized by an increased in vivo red cell destruction associated 
with the presence of an autoantibody against the red 
cell. In the NZB mice the spontancous occurrence of 
anaemia and various red cell autoantibodies have been 
described!*. We present evidence here to suggest that 
the anaemia in these mice, liké the disease in man, is 
associated with increased red cell destruction. We have 
also related the red cell destruction pattern to induction 
of the two autoantibodies already defined. 

Adoptive immunization of NZB mice was first per- 
formed by Holmes et al.?. Injecting spleen cell suspensions 
from old D.C.T. positive NZB donors, they were able to 
transmit the ability to produce a positive D.C.T. to 
younger animals of the same strain. We have also suc- 
ceeded in transferring the ability to develop a positive 
D.C.T. by means of spleen cell suspensions. In addition, 
we have been able to detect A.H.R. antibody in a group 
of recipients injected with spleen cells from A.H.R. +, 
D.C.T. + donors. In this type of transfer experiment it 
is necessary to establish that any antibody production in 
recipients is not due to activation of their own immune 
systems. In control group OC, neither a positive D.C.T. 
nor A.H.R. antibody was detected. This shows the 
absence, in young animals of the age of recipients, of 
either spontaneous autoantibody production or induction 
of antibody by injecting spleen-cells from negative donors. 


Table 3 

Overall com- 

Comparison of groups parison of A 

A and B Band Q CandA and BandC 
Reticulocyte ð §.* P<001 N.S. + 8.P<001 8. P<0-01 
counts g NS. N.S. S.P<0-01 8. P<0-61 
Haemoglobin å S. P<0-01 N.S. S, P<001 S. P<O001 
values 9 §. P=0-04 NS, S, P<00i 8. P<6-01 


* S, significant. 
+ N.S., not significant. 


D.C.T. + D.0.T.+ D.C.T. ~ 
A {poe B {Peet c í A H.R, ~ 


In group B, ıt is epparent that the majority of female 
recipients, receiving spleen cells derived from one female 
donor, had succeeded in acquiring & positive D.C.T. This 
contrasted with the males in this group, in which a 
positive D.C.T. was recorded in only one instance. It is 
possible that this was due to technical failure in trans- 
mission of spleen ceils, but as three separate spleen cell 
suspensions from three different donors were used this 
seems unlikely. 

In group A, unlike groups B and C, we were successful 
in inducing formation of A.H.R. antibody in both males 
and females. As can be seen from Table 2, the positive 
A.H.R. results were obtained only between day 13 and 
day 24 after cell transfer, whereas the positive D.C.T. 
results ranged over the whole experimental period. We | 
were particularly interested to note the relatively short 
duration of these antibody responses; in experiments 
not described here we have noted also the eventual dis- 
appearance of the adoptively transferred positive D.C.T. 
response, as described by Holmes et al.?. The transient 
character of the adoptive immunity investigated here 
might be due to lack of appropriate antigen, or other 
stimulus, in the young NZB hosts, or might indicate 
rejection of the spleen cell graft occurring despite the 
inbred character of the NZB strain. Experiments are at 
present being performed to investigate these adoptive 
immune responses in irradiated recipients. 

The blood chromium levels were determined on only a 
few mice at each time interval after injection of labelled 
red cells. However, tne results showed definite differences 
between, the groups. In the control group it could be seen 
that the labelled red cell survival was likely to exceed 
40-50 days. The group B females showed levels indicating 
@ moderate decrease in labelled red cell survival, although 
the males in this group showed no difference from the 
controls, as might be expected from their mainly negative 
D.C.T. results. The group A animals gave individual 
blood radioactivity counts markedly lower than those 
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recorded in the control group. In several instances, results 
showed that mice in group A had greatly decreased red 
cell survival, even when compared with group B. 

The haematological evaluation is also consistent with 
this view that the process induced in most of the group 4 
mice is an acute haemolytic episode, and confirms the 
acuteness and severity indicated by the radiochromium 
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results. The spectacular fallin blood chromium levels and 
rise in, the numbers of reticulocytes in the peripheral blood 
would suggest a considerable rate of red cell breakdown 
in group A. Surprisingly, the fall in haemoglobin is not 
so marked and is presumably influenced by the extent of 
red cell compensation. Looking at results in individual 
animals, it is apparent that certain females in group B 
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Fig. 2. Haematological values in adoptively immunized NZB mice 
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are anaemic and have a reticulocytosis when compared 
with group C. However, in the group analysis independent 
of time, group A was the only group to show statistically 
significant degrees of anaemia and reticulocytosis. These 
results suggest that if the NZB donors of spleen cells 
used to immunize young NZB mice adoptively are both 
D.C.T.-positive and already producing A.H.R. antibody, 
red cell destruction in the recipients is significantly greater 
than when donors are positive only by D.C.T. It seems 
likely, therefore, that the A.H.R. antibody itself enhances 
red cell destruction. It is also possible, however, the 
A.H.R. antibody is produced as a result of red cell 
destruction—which might, for example, reveal hidden 
antigenic determinants on the red cell surface—but this 
~ is perhaps less likely in view of the absence of A.H.R. 
antibody in group B recipients. 

Helyer and Howie*, in describing the spontaneous 
anaemia associated with the NZB mice, noticed the 
tendency of the males to develop anaemia earlier than 
the females. The spontaneously occurring A.H.R. anti- 
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body appears earlier and also more frequently in males, 
and we suggest that the earlier and more severe anaemia 
seen in the spontaneeus disease in males* is related to this. 

Further investigation of red cells, labelled with 
chromium-51, to estamate the actual half-life of the red 
cells in the spontaneous disease process are being per- 
formed. 

We thank Mr. HE. Goldstein, lecturer in statistics, 
Institute of Child Health, for his advice, and Miss Jean 
Holliday for technical assistance. We thank Mr. G. Lythe 
for the illustrations. 
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WO allelic adult haemoglobins A and B are found in 
sheep as well as foetal haemoglobin F'*. When sheep 
with haemoglobin A are made anaemic by bleeding, the 
proportion of haemoglobin A falls and another haemo- 
globin appears (Fig. 1)*. Blunt and Evans‘ suggested that 
this might be a new haemoglobin and van Vliet and Huis- 
man called it haemoglobin C (ref. 5). When bleeding is 
stopped haemoglobin C gradually disappears and haemo- 
globin A returns to its former proportion. When sheep 
with both haemoglobin A and B are bled, only the pro- 
rtion of haemoglobin A falls on the appearance of 
moglobin C. Sheep with haemoglobin B only, produce 
no haemoglobin C on bleeding*:*. Replacement of one 
haemoglobin by another under environmental stress is a 
unique phenomenon, and we have been investigating the 
relationship between haemoglobin C and the other sheep 
(or ovine) haemoglobins. 

As a first step each of the four haemoglobins was isolated 
by repeated paper electrophoresis and dissociated into 
its sub-units at pH 4-6 in the presence of human and canine 
haemoglobin respectively’:*. After reassociation, the sub- 
units formed no hybrid haemoglobins with the sub-units 
of human haemoglobin. Hybridization with canine haemo- 
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Fig. 1. A of haomogiobin © in increasing proportion after 
Sinaing & Esu with haemogio in A, The course of bleeding eonsiated 
of removing about 2 |. of blood over 4 days. The electrophore 
represent t 
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from left to right the er, ala composition on day 1, 7, 8 
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Fig. 2. Hybridization of sheep haemoglobins A, B, and C with canine 
haemoglobin. From left t right; mixtures of Hb A, B, C, respectively, 
both before and after dissociation and recombination. The ‘*’ indicates 
the a,°Y fs*" hybrid which has the same mobility whether the a," is 
derived from the ovine Haemoglobin A, B, or C. This suggests that the 
different mobilities of these three sheep haemoglobins are based on differ- 
ences in their non-a-chains, (See also van Vliet and Huisman’.) 


globin resulted in two hybrids, 23" p% and a B3", of 
which the second moved more slowly than the first 
towards the anode on electrophoresis at pH 8-6 (Fig. 2). 
The «%7 B% hybrid had the same electrophoretic mobility 
whether ovine A, B, C or F had been used for hybridiza- 
tion; but the hybrids of the canine «-chain with the non- 
x-chain of each of the four ovine haemoglobins differed 
in their mobilities. This suggested that the «-chains of 
the four ovine haemoglobins were similar and that the 
differences between these haemoglobins rested in their 
non-«-chains. This result has been reported independently 
by van Vliet and Haisman*. We will denote the non-a- 
chains of the ovine haemoglobins A, B, C and F as B4, 
BevB BoC and y Y. 

Information about the primary structure of the ovine 
haemoglobins was then obtained by studying their tryptic 
peptides. Globin was prepared using acid acetone, and 
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Fig. 3. Most probable partial sequences of the a- and -chains of ovine haemoglobin A 
Bold type indicates the most probable positions of the amino-acid residues which differ in ovine haemoglobin A and in 
human haemoglobin A. Arrow shows position where a deletion has probably occurred in the evolution of the a°** chain 


er with trypsin. The peptides that were soluble at 
PH 6-4 were separated from those in the insoluble ‘core’, 
and then submitted to paper electrophoresis’ and chromato- 
graphy**. Those from ovine haemoglobin A were analysed 
on an automatic analyser". Details of the methods used 
have recently been summarized’. By comparing the 
amino-acid compositions of the ovine A peptides with 
those from human haemoglobin A114, it was possible to 
put the ovine peptides into sequential order and also to 
infer the most likely sequence of amino-acids within 
each peptide. The tentative partial sequence is shown in 
Fig. 3. In a few cases the amino-acid composition of the 
peptide was not exactly reproducible and further investiga- 
tion may necessitate minor alterations in the proposed 
sequences for aTp9b and 8Tp5. 

Peptide maps of ovine haemoglobins A, B, C and F 
(Figs. 4-7) revealed no differences in the «-chain peptides 
but several non «-chain differences were apparent. The B 
peptide map (Fig. 5) differs from that of A (Fig. 4) as 
follows: An arginine peptide is missing (1). There are two 
new methionine peptides (2) which are probably structur- 
ally related. BTp5 has a lower Rr (3). There is an addition- 
al acidic peptide (4). Except for the first difference these 
results can be correlated with those of Muller’. 

The F peptide map (Fig. 6) differs from that of A (Fig. 4) 
as follows: There is an additional arginine spot (5), which 
is probably free arginine. The tryptophan peptide 62 
found in haemoglobins A and B is missing but there is an 
additional peptide nearby which does not contain trypto- 
phan (6). There is a faint additional basic peptide (7) 
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Fig. 4. Peptide map of ovine haemoglobin A. The soluble 
of the a- and -chain respectively are indica 
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Fig. 5. P 
positive colour tests for: A, arginine; H, histidine; M, methionine; 
, tryptophan; Ty, tyrosine. oe Sgures refer to remarks made in the 
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and an additional neutral peptide (8). The peptide in the 
position of yTp5 does not contain methionine (9). There is 
an additional acidic peptide (10). Peptide maps of foetal 
haemoglobin from new-born sheep with haemoglobin A 
and with haemoglobin B were identical. 

The C peptide map (Fig. 7) differs from that of A (Fig. 
4) as follows: There is an additional arginine positive 
spot (11) which is probably free arginine. There are two 
additional basic peptides (12, 13) and an additional 
neutral peptide (15). The tryptophan peptide 82 is missing, 
but there is an additional pepe nearby which does not 
contain trytophan (14). ə peptide in the position of 
BTpõ does not contain methionine (16). The peptide in the 
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Fig. 7. Peptide map of ovine haemoglobin C. Details as in Fig. 5 





Fig. 8. Electrophoretogram of ovine maeeeting A and ©. The arrow 
tes the area staining for ace w is absent in A but present 
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position of pTp1 does not contain methionine (17) and there 
is an additional acidic peptide (18). 

The additional arginine positive spot (11) was used to 
detect small amounts of haemoglobin C in sheep with 
haemoglobin A in the absence of haemoglobin F. An 
extended electrophoretogram shows this more clearly 
(Fig. 8). 

Of 94 residues accounted for in the ovine «-chain at 
least thirteen differ from those of the human «-chain. 
Assuming that the two chains have the same length (141 
residues) there are likely to be at least twenty differences 
in amino-acid sequence. Ninety-five residues have been 
accounted for in the 8°" chain of which at least fifteen 
differ from those of the human 8-chain. If this ovine chain 
is assumed to have one residue less than the human §- 
chain (145 instead of 146) due to a deletion at position two, 
one might expect a total of at least twenty-three differ- 
ences. These differences are what one would expect from 
the assumption that man and sheep diverged about 100 
million years ago and that a mutation giving rise to a 
change in amino-acid sequence occurs every 8-10 million 
years’, 

Only seven amino-acid residues could be found in the 
first tryptic peptide of the 6°" chain whereas there are 
eight in the equivalent peptide from man. Of the mam- 
malian haemoglobins so far investigated this difference 
has only been found before in cattle haemoglobin’’. The 
N-terminal residue of the ovine peptide was found to be 
methionine by a modified dinitrophenyl method", and 
this residue is the same as that reported for the N-terminal 
of the f°“ chain’*. Digestion of the peptide with chymo- 

in resulted in two products which were found to have 
the amino-acid compositions Met, Leu and Thr, Ala, Glu, 
Lys respectively. The latter had an N-terminal threonyl 
so that the partial sequence Met-Leu-Thr-(Ala,Glu,Glu)- 
Lys can be assumed for 6°*4Tp1. 

It is believed that the human $-chain evolved from a 
primitive a-chain by way of the y-chain by means of 
gene duplication*®. During this process an extra residue 
was added at position two enhancing the molecular 


divergence of the chains. 
N-terminal sequences of human «- and §-chains are: 
« Val- Leu-Ser-Pro — — 


8 Val—His—Leu-Thr—Pro —-— 
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It would appear, therefore, that a deletion has arisen in the 
ovine -chain giving it an une resemblance to the 
ovine «-chain (see Fig. 3). Such a deletion may be an 
example of evolutionary convergence operating at the 
molecular level. 

The peptide maps of the ovine haemoglobins A and F 
suggest that there is a greater similarity between the 
6°** and vy” chains than one might have expected. This 
was further emphasized by finding that the rather 
methionine residue was N-terminal in both. N-terminal 
methionyl has also been reported for the non-a-chains of 
adult and foetal cattle haemoglobin’. Zuckerkandl and 
Pauling** have suggested that the gene duplication which 
gave rise to these peptide-chains of cattle may have 
occurred considerably later in evolution than that which 
gave rise to the human $- and y-chains. This may well 
apply also to the ovine chains. 

Hybridization, amino-acid analysis*? and peptide map- 
ping have failed to reveal any differences between the 
-chains of the four ovine haemoglobins. Therefore it can 
be assumed with reasonable confidence that these chains 
have identical amino-acid sequences. The $°*4 and § ™ 
chains are closely related as might be expected for two 
alleles. Whereas the human allelic haemoglobins differ in 
one residue, in sheep there are several differences. This 
may be because the sheep is a much older mammal than 
man, or possibly sheep with haemoglobin A and haemo- 
globin B developed separately in different environments. 
The peptide maps of the two haemoglobins show differenees 
that might be due to changes in the peptides BTp5, 
®Tpl4 and one likely to arise from a core peptide. 
6°" chain appears to differ more widely from both the 
8°74 and 6°*® chains taan these two differ from each other. 
The peptide maps show numerous differences which sug- 
gest changes in BTpl, STp2, PTp5, BTp9, and in the core 
peptides. Although there is a greater resemblance between 
the 6°" and y’"? chains, differences occur at least between 
B°*“Tp1 and y’*? Tp] as well as possibly in the core peptides. 
One important difference is that unlike the B°-, B°**- 
and y°’*"-chains the 8°°-chain has no N-terminal methionyl. 

Braend and Efremov? have found traces of a second 


haemoglobin in some apparently normal sheep with 


haemoglobin A. They suggest that this haemoglobin may 
be a normal rather than an abnormal component, and 
that a gene linkage may operate between the $°4- and 
6°r°-chains similar te that which operates between the 
human $- and §-chains. We have consistently found traces 
of haemoglobin C in all the thirty-one sheep of the Soay 
and Clan breeds with haemoglobin A or AB we have in- 
vestigated, but we heve never found haemoglobin C in a 
sheep with only haemoglobin B, even after severe bleed- 
ing. When on occasion haemoglobin C did not separate 
from haemoglobin A on first paper electrophoresis, the 
rear part of the A band was cut out, eluted, and the eluate 
after concentration wes again submitted to electrophoresis. 
By this means sufficient haemoglobin C became available 
to separate from A on paper electrophoresis, and for high- 
voltage electrophoresis of the peptides to demonstrate the 
free arginine spot (11) (see Fig. 8). 

It would appear, therefore, that the process by which 
haemoglobin C forms she major proportion of the haemo- 
globin in anaemic sheep with haemoglobin A is due to an 
increase in means of synthesis or rate of synthesis rather 
than to the switching on of a new gene. We have also 
observed that the rise in the level of haemoglobin C on 
bleeding coincides wth the reticulocytosis. Possibly 
haemoglobin C is synthesized primarily by the reticulocytes 
whereas haemoglobin A is primarily synthesized by the 
normoblasts. This would represent a fundamental differ- 
ence in the regulation ef protein synthesis by the reticulo- 
cytes and the late normoblasts of the A sheep but not of 
the B sheep. It has been proposed that reticulocytes, in 
view of their difference from normoblasts in size** and in 
metabolism*, are not part of the normal cell line, but appear 
under stress as a by-pass of the regular cell production by 
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way of the normoblasts. The observations in A sheep seem 
to lend support to this concept. 
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COMPARATIVE IMMUNOCHEMICAL PROPERTIES OF NUCLEOPROTEINS: 
ANTIGENIC CHARACTERISTICS OF DEOXYRIBONUCLEIC ACID PROTEIN 
FROM A CANINE HAEMANGIOPERICYTOMA 


By Pror. R. H. WILSON*, V. JUREVICS, R. DELANEY, T. RITTER, K. RENCZ and A. SCHRAM 


Veterans Administration Hospital, Research Department, Dallas, Texas 


HE question of the comparative immunochemical 

properties of deoxyribonucleic acid (DNA), ribo- 
nucleic acid (RNA), deoxyribonucleic acid protein (DNA P) 
and the simple alkaline proteins of nuclei, such as histones 
and protamines, has by no means been completely 

answered'-*, 

_  Plescia et al.® have reported the production of antibodies 
to tRNA. In this work methylated bovine serum albumin 
(MBSA) was used as an effective carrier for (RNA from 
the yeast cell. Complexes of RNA-MBSA were prepared 
by adding MBSA (10 mg/ml. water) to RNA (500 ug/ml. 
in 0-15 M sodium chloride) and injected, as an emulsion 
with complete Freund's adjuvant (CFA), into the foot 
pads and intramuscular routes in New Zealand white 
rabbits. The immune sera were reported to contain 
antibodies against yeast {RNA that cross-reacted with 
Escherichia coli tRNA and synthetic poly-uridine (poly-U). 
These antisera also reacted with partially purified alanyl 
‘RNA and Worthington RNA. These antigens contained 
no detectable traces of amino-acids and sugars other than 
p-ribose. Thus, the antigenic determinants involved 
ribonucleotides presumably in sequence. 

If an immunochemical model could be designed for the 
p of determining the characteristics of the sequence 
of the nucleotides in DNA and RNA, problems concerning 
the structure of the nucleic acids in different organs and 
in different species would be simplified. 

Wilson et al. reported that calf thymus DNA with a 
molecular weight of 9-3 x 10° was neither antigenic nor 
haptenic in rabbits. Further studies by the same investi- 
gators using deoxyribonucleic acid-histone as an antigen 
in large quantities over a long period of time revealed that 
DNAP, free of proteins other than histones, was not 
antigenic in New Zealand white rabbits. Cross-reaction 
studies with the histones, DNA and DNAP, from the calf 
thymus showed that these materials are neither antigenic 
nor haptenic, in the reported experimental model. How- 
ever, this does not mean that the DNAP from other 
sources, such as bacteria and viruses, lack antigenic 
and/or haptenic properties. It is also recognized that 
degraded DNA and/or DNAP may be weakly antigenic. 

It was therefore thought to be important to the investi- 
gation of the comparative immunochemical properties of 
Pe a address; University of North Dakota, Grand Forks, North 


the nucleoproteins to include in the experimental model 
DNA, DNAP and histones from a canine cancer haem- 
angiopericytoma. 

A 12-year-old male English setter was admitted to the 
experimental animal quarters with a 37-cm* tumour on 
the lateral aspect of the left thorax and abdomen. This 
tumour was removed surgically three times within a 
period of 6 months. It was growing rapidly and an attempt 
to remove the entire tumour proved ineffective. The 
weight of the dog was 52 lb. at the time of its admission 
to the experimental animal quarters. The gross examina- 
tion of the tumour revealed that it was subcutaneous, 
nodular and firm, 

A section of the tumour was sent to the Texas A and M 
College, Department of Animal Pathology, where a 
diagnosis of haemangiopericytoma was made (Fig. 1). 
This tumour was described by Stout et al.* in man and 
by Mulligan’ in 68 dogs. Histological examination revealed 
that it consisted in general of spindle-shaped cells with 
ovoid or elongated nuclei with considerable cytoplasm 
which was fibrillar in character. Within the tumour 
numerous small capillaries lined the endothelium which 
were closely encircled by the anaplastic and pleomorphic 
spindle cells; these were considered to be pericytes. 





Fig. 1. Photomicrograph of a section of the hae ae fi 
which the DNAP sud isolated for the imm = $ ne 
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The circulating eosinophil count was 250 at the begin- 
ning of the period of observation. The total leucocyte 
count was 7,500 and the differential count was 65 per cent 
polymorphonuclear leucocytes, 30 per cent lymphocytes 
and 5 per cent other types of leucocytes; the BUN was 
ne mg per cent and the urine analysis was within normal 

imits. 

The dog was anaesthetized by the injection of 20 ml. of 
sodium pentothal. The tumour was removed, immediately 
frozen and kept in the deep freeze at —40°C. The DNA 
was isolated from fresh frozen tumour using the method 
of Kay, Simmons and Dounce’. This method was carried 
out essentially as follows: the tumour was placed in a 
dry-ice container immediately after removal from the 
dog. It was then stored in a deep freeze at — 40° C for 
2 days. The tissue was thawed, and all gross fat portions 
removed. It was then cut into small pieces which were 
washed five times with 100-mi. portions of 0-1 M aqueous 
sodium citrate. The mixture was homogenized four times 
using 250-ml. 0-1 M citrate each time. ‘In the first homo- 
genate 1 ml. of octanol was added to prevent foaming. 
The homogenate was centrifuged at 1,800g for 30 min 
each time. The final residue was extracted with 1,000 ml. 
2 M aqueous sodium chloride. The sodium chloride solution 
was added in increments until the viscosity of the prepara- 
tion was that of a thick paste. 

The mixture was placed in a refrigerator at 4° C over- 
night and then centrifuged for 1 h at 1,900g. The nucleo- 
protem was precipitated from the supernatant by addition 
of two volumes of absolute ethanol extended over a period 
of 3 h while agitating the contents of the flask. 

The precipitated fibres of nucleoprotein were removed 
from the flask with a glass rod and washed three times 
with a solution of 75 per cent ethanol and then re- 
dissolved in 1,000 ml. of buffer containing 8-1 g sodium 
chloride and 5-25 g sodium citrate per 1. (hereatter called 
‘standard buffer’). 90 ml. of a 5 per cent solution of sodium 
lauryl sulphate in 45 per cent ethanol was added to the 
solution of nucleoprotem. The mixture was stirred for 
1 h and then enough sodium chloride was added to bring 
the final concentration of this salt up to 5 per cent. 

This preparation was then placed in the refrigerator at 
4°C and left overnight. The mixture containing the 
nucleoprotein was then centrifuged using a ‘No. 40 Spinco’ 
rotor at 19,000 r.p.m. The DNA in the supernatant was 
precipitated with ethanol as before. The precipitate 
was washed, redissolved and treated with the detergent 
as outlined. The last precipitate was dissolved in 120 ml. 
of the standard buffer solution and frozen. The residual 
protein in the DNA preparation was determined with the 
method of Lowry’®. 

The DNA content of the final solution was estimated by 
the diphenylamine method of Dische!*®. The total nucleic 
acid content which would include the RNA component 
was determined according to the method of Spirm”. 
The molecular weight of the DNA was determined by the 
ultracentrifugal method of Burgi and Hershey™. ~ 

Isolation of histones. Histones were obtained from the 
tumour nucleoprotein deseribed. For this purpose the 
nucleoprotein was precipitated by addition to 6 volumes 
of water. The resulting fibres of nucleoprotein were lifted 
with a rod and placed into a flask containing N/4 hydro- 
chloric acid. Next day the contents of the flask were 
centrifuged and the residue discarded. The supernatant 
was then treated with concentrated trichloroacetic acid 
(TCA) solution to precipitate the histones. Centrifugation 
of the TCA-treated solution yielded a yellowish sediment 
which turned white after washing with ether and acetone. 
The white powder was then dissolved in distilled water, 
dialysed against distilled water for 2 days, and finally 
lyophilized. The molecular weight of this histone prepara- 
tion was determined by the ultracentrifugal method of 
Archibald’, 

Nucleoprotein isolation and characterization. Nucleo- 
protein from the tumour was isolated by the method of 
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Mirsky and Pollisser™*. The fresh tumour was obtained 
from the dog, placed in dry ice, and afterwards stored in a 
deep freeze at -40°C. It was cut up in l-em squares. 
for extraction. Repeated washing with saline citrate 
buffer, pH 7-2 (8-1 g sodium chloride and 5-25 g sodium 
citrate per 1.), removed much of the cytoplasmic material. 
Residual saline-soluble material was removed by homo- 
genization of the minced tissue in a Virtis ‘45’ blender 
and centrifugation. This procedure was repeated three 
times. The residue was then homogenized in 1 M sodium 

chloride. Centrifugation of the resulting highly viscous 

solution gave a supernatant which was removed and 

stored overnight and a residue which was rehomogenized 

in a new portion of 1 M sodium chlonde and also left to 

stand overnight. Next day the rehomogenized residue was 

centrifuged and the supernatants combined. The residue 

was discarded. When this nucleoprotein solution was 

poured into 6 volumes of distilled water, while swirling 

with a glass rod, fibres of nucleoprotein precipitated and 

wrapped around the rod. The rod was lifted, the nucleo- 

protein redissolved in 1 M sodium chloride, centrifuged 

and precipitated as before. This procedure was repeated 

four times. The final precipitate was dissolved in 1 M 

sodium chloride, rather than dried, and the DNA and 

protein content was determined using Dische’s! and 

Lowry’s® methods respectively. 

The molecular weight of the canine haemangioperi- 
cytoma DNAP was 2:35 x 10%. The protein content of 
the DNAP was 66-6 per cent. The DNA content was 33-4 
per cent. The molecular weight of the histones was 
14 x 13°. 

Immunological testing procedures. The complement fixa- 
tion and Ouchterlony procedure were carried out essen- 
tially as outhned in Kabat and Mayer'*. The Arthus test 
was performed by injecting 0-05 mg of the various antigens 
in 0-1 ml. intracutaneously and reading the results after 
10, 20, 30 min and at 24- and 48-h periods. Control tests 
were done on non-immune rabbits of the same age. A 
positive test was recorded when the control was negative 
and the area of redness, swelling and oedema was greater 
than 1 em. The wcmunization schedule is outlined in 
Table 1. The antisera for the cross-reactions were 
obtained from rabbits challenged with the antigens listed 
in Table 3 (refs. 1 and 2). 

The immunochemical data are tabulated in Table 2. 
The Arthus reaction was remarkably positive 17 days 
after the initial injection of the DNAP tumour. A 
qualitative precipitin test was positive 20 days after the 
initial injection of the experimental DNAP antigen. At 
this time there were nd precipitin lines in the Ouchterlony 
test after 3 days of observation. The Arthus reaction was 
again positive 29 days after the beginning of the experi- 
ment. The Arthus tests were used not only to detect the 
presence of circulating antibody, but as a booster injection. 
The Ouchterlony test was repeated using normal control 
canine whole serum against the rabbit antisera, and the 
serum from the dog from which the tumour had been 
obtained. ‘The Ouchterlony tests at this time were positive 
both with the normal dog serum and the serum from the 
experimental animal. The antisera were positive when 
tested against the DINNAP fraction of the tumour with 
which the animal had been immunized initially. In view 
of the previous workb? the rabbit antisera were tested 
against the canine serum protein fractions, namely, 
gamma-globulin, alpha-globulin, beta-globulin, albumin, 
fibrinogen and canine tumour DNAP and histone. The 
canine tumour DNA? fraction was negative. The 
Ouchterlony tests with the alpha-, beta- and gamma- 
globulin fractions showed precipitin lines with the beta- 
and gamma-globulins. The positive precipitin lines 
obtained with fibrinogen were against gamma- and beta- 
globulins. There was no precipitin line with albumin. 

Immunoelectrophoresis was carried out in order to 
obtain a more precise definition of the precipitin 
lines involved. Three precipitin lines in Figs. 2 and 
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3 were obtained with immunoelectrophoresis, Two of Canine Yy -Globulin 
~.. these lines were identified as beta and gamma globulins. 
The third lines in Figs. 2 and 3 were not identified. No 
precipitin lines were obtained with the canine haemangio- 


Canine Tumor Histone 





Canine Serum 


Canine @- Globulin 





Cenine Serum 


í Canine Tumor DNAP 





~ 1 


Canine Serum 


Fig. 3. Rabbit DNAP antisera were placed in the horizontal troughs. 
Canine beta- and gamma-globulin were placed im the upper well; one preci- 
pitin line was obtained with each. Serum from a non-cancerous dog was 
placed in the lower wells; three precipitin lines were obtamed which 

i y correspond to the beta- and gamma-globulin lines. The third lime was 
Canine Serum unidentified 





Fig. 2. Rabbit DNAP antisera were placed in the horizontal troughs. i ma hi AP. le t-fixatio 
Canine haemanglopericytoma histones were placed ın the upper well. p ericyto histones and DN The idea FEF ARE 


There were no precipitin lines; there were three limes with non-cancerous test was positive with dog tumour DNAP (Table 4). 


canine serum. Canine haemangiopericytoma DNAP was placed in the 5 i iti amma 
upper well of the lower slide. There were no lines, whereas with non- The comp lement fixation test was positive when 8 inst 
cancerous serum there were three lines globulin and beta globulin were used as antigens agains 


Table 1. IMMUNIZATION SCHEDULE USING CANINE HABMANGIOPERICYTOMA DNAP AS THE ANTIGEN 




















DNAP mg 

Rabbit No. 11/2/64 28/2/64 0/8/64 24/3/64 8/5/64 13/10/64 15/4/65 18/5/85 11/6/65 
0-2 met 0:2 mgt 02 mg 0 2 mg 0-5 mg* 15 met 1:0 mgt 10 mgt 
0:2 mg 02 mg 0:2 el 0-2 al .05 mg 15 mg Died 1475165 
0-2 mg 0-2 mg 02mg 0-2 mg 05 mg Died 22/10/64 
0-2 mg 0 2 mg 02 mg 02 mg 0-5 mg 15mg 41-9 mg 

Died 31/5/65 
02 mge 02mg 02mg 0-2 mg 05 mg Died 25/11/64 
0-2 mz 02mg 0-2 mg 0-2 mg 0-5 mg 15 mg 1-0 mg 10 mg 
0-2 mg 02 mg 0-2 mg 0-2 mg 0-5 mg Died 5/12/64 
*1:1 with complete Freund’s adjuvant divided b 


etween four toe pads. 


t Intracutaneously for Arthus reaction. 
+ Intramuscularly divided between two hips. 


Table 2. RESULTS OF THE SEROLOGICAL TESTS WITH ANTISERA FROM RABBITS CHALLENGED WITH CANINE HAKMANGIOPERICYTOMA DNAP 


20 Days 38 Days 18/3/64 27/3/64 _ 51 Days 1/4/64 
20 Days 3/8/64 Ouchterlony test Ouchterlony tests immunoelectrophoresis 
2/8/64 Cee ber fm ng eena nr pr tt ft tt ttt At 
Precipitin lony Dog t-Dogt Dog 
test test serum | serum. ag p-e y-g Fib. serum. Y-g B-g Fib. 
Pos Neg. 1* 1 1 2 1 1 3 2 2 2 
Pos. Neg. 2 2 1 2 1 1 3 2 2 2 
Pos, Neg 2 2 1 2 1 I 3 2 2 2 
Pos, Neg. 2 2 1 2 1 1 3 2 2 2 
Pos. Neg. 1 1 1 2 1 1 3 2 2 2 
Pos. Neg. 1 1 1 2 1 i 3 2 2 2 
Pos. Neg. 1 1 1 2 1 1 3 2 2 2 





* No. of lines on the Ouchterlony plate 
+ Serum from dog with haemanglopericytomia. 


Table 3. RESULTS OF SEROLOGICAL CROSS-REACTIONS WITH TRE CANINE MAUN ANGIOFERIOYTOMA AND CALs THYMUS DNA, DNAP HISTONE AND SALMINE 
ABBIT ANTISERA 
The Ouchterlony test was used to obtain these data 


Antigens tested 


Rabbit antisera against Canine Canine Canine Bovine Bovine Salmine 
tumour tumour serum thymus serum 
DNAP histone | y-globulin N. N histone | y-globulin 


Canine tumour DNAP 5 Neg ; ; Neg. Neg. Neg. 
Bovine thymus DNAP A . Neg. UA ; i Neg. Pos Neg. 
Bovine thymus DNA . ‘ Neg, i ; . Neg Neg. Neg. 
Bovine thymus histone 3 x ; Neg. i ; Neg. Neg Neg 
Salmine i Neg, ; Neg. Neg Neg 
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Table 4, RESULTS OF SOME SEROLOGICAL TESTS 







Rabbit No Canine Canine Camne 
tumour serum Canıne tumour 
histone -globulin serum DNAP 

Pos. Pos 
Pos Pos 
Pos Pos 
Pos, Pos 
Pos, Pos 
Pos. Pos 
Pos Pos 


the rabbit DNAP antisera. The rabbit antiserum was 
tested against the Hyland Laboratories’ DNAP latex 
reagent and was negative in all sera except one. This was 
tested again and found to be negative. 

Histological examination of the rabbit blood did not 
reveal lupus erythematosus cells. The serological cross- 
reaction tests with canine tumour DNAP and rabbit 
antisera against bovine DNAP, DNA, histones and salmine 
were negative as shown in Table 3. 

The present work clearly indicates that there are trace 
amounts of antigenic constituents in DNA-protein 
(histone) complexes prepared by the method of Mirsky 
and Pollister. These antigenic materials may be present 
In association with the DNA. in intact cells, while another 
possibility is that they are introduced into the DNA- 
protein complex only after breakdown of the nucleus 
during isolation. We have identified two constituents of 
our canine haemangiopericytoma DNAP preparation as 
beta globulins and gamma globulins using canine serum 
and serum fractions in immunoelectrophoretic studies 
with the rabbit DNAP antisera. A third immunocelectro- 
phoretic precipitin line, the component of which is 
apparently isoelectric at pH 8:6, could not readily be 
identified. 

One important observation in this experiment is that 
the antigenic components of the present dog tumour 
DNAP account for a very small percentage of the protein 
portion. The dog tumour DNAP itself did not give rise to 
Ouchterlony or immunoelectrophoresis precipitin lines in 
any case; dog tumour histone likewise failed to give 


Complement fixation tests with the following antigens 


eg 
Died 5/12/64 


Immunoelectrophoresis on 15/6/65 





Canine Canine Canine Canine 
tumour serunt serum tumour 
histone #-globulin y-globulin DNAP 
Neg Pos. Pos Neg 
Died 14/5/65 
Died 22/10/64 
Died 31/5/65 
Died 25/11/64 ; 
os, | Pos, Neg 





positive serological reactions. This fact can be interpreted 
as follows: there are sufficient quantities of antigens in 
this dog tumour DNAP to elicit an antibody response in 
rabbits, while at the same time the antigen quantities are 
so minute that ths sensitivities of known conventional 
immunological methods fail to give positive reactions. 
The results obtained in this investigation are consistent 
with the data previously reported concerning calf thymus, 
DNA, DNAP and histones??. 

This work was supported in part by grants from the 
National Institutes of Health (HH#--02153--09) and from 
the American Cancer Society (8709). 
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ALGAL INFLUENCE ON RADIONUCLIDES IN SETTLING PONDS 


By JOHN ECHO and D, B. HAWKINS 
Health and Safety Division, Idaho Operations Office, United States Atomic Energy Commission, Idaho Falls, Idaho 


ANY of the larger processing plants handling radio- 
active material have an adjacent small pond through 
which low-level aqueous waste solutions are allowed to 
seep slowly into the ground. Such ponds exist for this 
purpose on the National Reactor Testing Station. They 
are a few acres in area and about 10 ft. deep, in gravelly 
alluvium, and transmit 10-100 gal. aqueous waste per 
ft.2 of basin per day. The chemical character of these 
solutions varies widely, the pH varies from 3-10, and the 
radiation field at the water surface varies from background 
to about 0-5 mr./h. Radionuclides contained in solutions 
moving through the basin sub-soil usually exchange on to 
the soil particles within a few tens of feet. 

Particularly during the warmer months, dense algal 
blooms turn the pond waters into an organic broth. 
Although the 6-y radiation-level at the.water surface may 
be only a fraction of 1 mr./h, dried debris (algae, detritus, 
etc.) which collects on the pond bank can give rise to 
general radiation-levels of 25 mr./h at 1 em. The pond 
algae can itself produce fields up to 100 mr./h/g. Since 
it is well known that algae concentrate some radio- 


a 


nuclides into their structure!~* the possibility exists that 
this mass of organic material could modify the chemical 
state of the radionuelide in solution, perhaps by chelation, 
and thereby alter its ion-exchange behaviour with the 
basin alluvium. Whether this would enhance or detract 
exchange was not known. 

The purpose of cur experiments was two-fold: (a) to 
determine if such a modification could be detected, and if 
so what effect it would have; and (b) to determine and ~ 
evaluate the radiological hazards associated with aigal 
growth in settling ponds. 

Examination of the algal bloom showed that it was 
composed mostly of single-celled, floating or suspended 
members of the Desmidacae such as Scenedesmus, Closter- 
wium, Cosmerium, Chlamydomonas, and the like, about 80 
per cent by occular estimate. The remainder consisted of 
Pamella and Protococcus-like organisms with other 
divisions represented by Polycystis and Navicula. Fila- 
mentous algae grew along the banks and sometimes in 
small rafts but did not contribute substantially to the 
mass of plankton. 


— 
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Cultures of pond algae were grown ın the laboratory 
plant-growth room in 5-gal. carboys. They were fed a 
standard nutrient solution and were sparged for 1 min in 
every 4 h for mixmg. Radioactivity ın the culture tank 
was essentially nil. Samples for experimentation were 
concentrated by centrifuge. The algae were then washed 
in distilled water, reconcentrated, and placed in 1-l. 
beakers. Approximately 5 g of wet algae were added to 
1 1. of distilled water. 500 p.p.m. calcium was added as 
calcium nitrate, along with the test radionuclide, stron- 
tium-85 or caesium-137, and 5 p.p.m. stable strontium or 
caesium carrier. The pH of the contents of each beaker 
was then adjusted and maintained at 3-5, 7:0, or 9-0 
using sodium hydroxide or nitric acid. At the time of the 
test each beaker had either 45 uc. strontium-85 or 20 uc. 
caesium-137. This rather austere regime was used in 
order to augment the effect of algal modification. The 


. algae remained in these solutions for 3 weeks. The radio- 


active algae were then removed by centrifugation, washed 
to remove any activity from the growth solution, dried 
slowly and weighed. Each beaker contained about 1 g 
dry algae. 

Coincident with the test-growth phase, twenty-four l-l. 


beakers of algae were prepared and grown in exactly the > 


same manner as the radioactive group but without the 
radionuclide. The conditioned water thus produced was 
used as a comparable leach solution in the experiment to 
follow. The non-radioactive algae were removed from 
the cold solutions and discarded. The washed, dried, 
radioactive algae from the growth phase were then placed 
in the comparable cold leach solutions and allowed to 
decompose in the dark for 2 weeks. The radionuclide 
incorporated either into or on to the algal cells was 
liberated by dissolution and isotopic exchange to the 
supernatant leach solution. At this time a third solution 
was prepared exactly like the first including the radio- 
nuclide but excluding the algae. This was used as a blank 
solution having no algal modification of any type. There 
were then three sets of solutions, at three different pH 
levels, to be tested] and compared. These were (a) the 
original growth solution representing a pond with algae 
with the radionuclide in the water but not in the algae 
(growth phase); (6) the leach solution representing a pond 
with algae but with the radionuclide derived solely from 
nuclides cycled through the algal plant (leach phase); 
and (c) the blank solution representing a pond with algae, 
with the radionuclides in their original chemical form 
(blank phase). p 

Exchange studies were undertaken on synthetic alluv- 
ium which was prepared in the following manner. Dis- 
tribution of particle sizes was determined by sieve analysis 
of typical alluvial deposits near the pond location. Repre- 
sentative size fractions of this material were then weighed 
out and thoroughly mixed together. This soil had a cation 
exchange capacity of 7:93 m.equiv./100 g for strontium 
and 5°87 m.equiv./100 g for caesium. 1 g of this soil 
was placed in a screw top vial along with 20 ml. of the test 
solution and rotated end over end for 24h. The solution 
was then centrifuged, a 15-ml. sample removed by pipette, 
transferred to a counting vial, and counted in a well-type 
y counter. The y activity of the test solution was also 
determined in this same instrument. The distribution 
coefficient (Ka) of the material being tested in its test 
solution was defined to be the ratio of the activity on 1 g 
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Table 1. DISTRIBUTION COEFFICIENTS (Ka) OF THE RADIONUCLIDES 
STRONTIUM-85 AND CAESIUM-137 ON SOIL 
mparison = - 
Radionuclide pH gz Ka 2s je i ART 
Strontium-85 Sr (blank phase) 
Growth phase 3-5 260+ 056 1011 
70 335 070 0 935 
9-0 308 100 1-203 
Caesium-~137 Cs (growth phase)/ 
Cs (blank phase) 
Growth phase 35 49°89 160 0 685 
70 73°38 100 0:957 
9-0 7317 100 1:013 
Strontium-85 Sr (deach phase} 
Sr (blank phase) 
Leach phase 3°5 2:62 108 1:073 
7-0 291 0-80 1 094 
90 801 060 — 
Caesium-137 Cs (leach phase)/ 
Cs (blank phase) 
3°5 64:67 210 0-870 
7:0 7216 130 1 008 
9-0 82°33 230 — 
Strontium-85 
Blank phase 8-5 257 4-80 
Growth phase 7-0 3°58 0°36 
9-0 256 2-20 
Caesium-137 
Blank phase 3:5 7285 17-2 
7-0 72°88 146 
= 9-0 72-22 26:8 
Strontium-85 
Blank phase 35 244 320 
Leach phase i 266 1°80 
Caesium-137 
Blank phase 3:5 7431 6°20 
Leach phase 70 7120 3-80 
9-0 mea — 


soil to the activity remaining in 1 ml test solution at 
equilibrium. 

Finally, two experiments were carried out to determine 
the ratios of calcium/strontium and calcium/caesium 
selected by the algae from this system. Cold, washed 
algae were added to the same basic solution, 500 p.p.m. 
calcium as calcium nitrate, and 5 p.p.m. stable strontium 
carrier in 1 1. of distilled water. To this was then added 
approximately 50 uc. calcium-45. In the case of caesium, 
5 p.p.m. stable caesium carrier was used in place of stron- 
tium (Table 2). Tests were run in triplicate. 

The results of these experiments are listed in Tables 1, 2 
and 3. As can be seen from the tabulated data, the dis- 
tribution coefficients (Ka) for a given radionuclide in the 
growth phase or leach phase compared with the blank phase, 
in exchange on to the soil, are very similar. This indicates 
strongly that there is no detectable modification of the 
extent of exchange by cycling the radionuclide through 
the algal cells. There was a considerable difference in the 
Ka values for the exchange of strontium and caesium on 
the soil, that for strontium-85 being 3 and that for caesium- 
137 being 75 (Table 1). The low Ka for strontium is due 
to competition from calcium for exchange sites on the 
soil. In this system, the exchange of caesium is not 
appreciably affected by the calcium concentration. The 
relatively high Ka’s for caesium are due to the marked 
difference for this element shown by the 10 A clay minerals 
such as illite, the predominant clay mineral in this soil. 


Table 2. Uptake OF RADIONUCLIDES BY ALGAB 





ue. Uptake m.equly, inert | m equiv. inert Sr/Ca Enrichment 
Radionuclide pH pe. added on algae (per cent) | carrier added | carrier on algae liquid factor 

Strontium-85 3°5 45 351 78 11°4 x 107? 8:90 x 10° 
70 45 3°46 7I 114x10- 8 78x107 
; 90 45 378 8 4 11 4x 10-4 9-58 x 10-3 

Calcium-45 7-0 42 0-13 031 25-0 3°91 x 10? 4°57 x10" 2 38 x 107+ 50°38 
Cacslum-137 85 20 1:0 51 8 76x10- 1 92x10 
70 20 0 98 4-9 376x107 1 84x10" 
9-0 20 0:99 50 3:76 x 10-2 1:88 x 108 

Calctum-45 7-0 47 0 20 0:43 25: 5:3 x 107% 1 51x10- 3 51x 10-3 23 2 


sn 
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The uptake of caesium, strontium, and calcium by the 
algal mixture is similar to that shown by a strongly cross- 
linked ion-exchange resin in a system where specific inter- 
actions are absent. 

The strontium/calcium ratio on the algae was 51 times 
greater than the strontium/calcium ratio in solution 
(Table 2). The enhancement of strontium over calcium 
is in keeping with the fact that for ions of the same 
valence, the ion exchanger becomes enriched in the 10on 
with the smaller hydrated radius, in this case strontium. 

As a rule, ion-exchangers prefer divalent to monovalent 
ions, and thus calcium should be preferred to caesium. 
However, the caesium/calcium ratio on the algae was 23 
times that in the original solution. The enrichment of 
caesium is due to the smaller hydrated radius of the 
caesium ion as compared with the calcium ion. The 
caesium enrichment factor was half that of strontium 
because of the difference in valence between these two 
ions. Thus, in the caesium-—calcium system, the size- 
charge effects are opposed, whereas in the strontium— 
calcium system the size-charge effects are acting in the 
same direction. 
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Table 8 

Radionuclide pH Per cent KG, 
Strontium-85 8-5 8:5 0:23 
70 44-6 1°58 

9-0 484 1°54 

Caesium-137 35 20°5 0°20 
7-0 98:0 0-98 

9-0 68 0 0-68 


The similarity of the behaviour of the algal system to an 
ion-exchange resin is further illustrated by the following 
calculation: the cation exchange capacity for the algal 
mixture is about 4'8 x 10-? m.equiv./g algae based on the 
total uptake of strontium and calcium. Knowing that 
1:88 x 10-3 m.equiv. caesium/g algae was sorbed in the 
caesium—calcium system, there should, by difference, be 
4-6 x 10-2 m.equiv. caleium/g algae. The calculated 
caesium enrichment factor for this system should be 27. 
These calculated values agree quite well with the measured 
quantity of 5-4x10-* m.equiv. calecium/g algae and the 
measured caesium enrichment factor of 23. 

The results for the uptake of strontium and calcium as 
reported here are not in agreement with those reported by 
Kevern for the green unicellular alga Oocystis eromos- 
phaeriat. Kevern found that this alga took up strontium 
and calcium in direct proportion to the concentration of 
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these elements in solution. The difference in behaviour of 
the alga in Kevern’s system and that for the algal mixture 
in our system emphasizes Kevern’s warning that the 
behaviour of one algal system cannot necessarily be extra- 
polated to another. 

Regarding the release of strontium and caesium in our 
system (Table 3), the release of a higher percentage of 
sorbed caesium than strontium is probably due to the 
greater mobility o7 the caesium ions. Thus, strontium 
ions with their solvated shell should diffuse less rapidly 
through the algal mambrane than the relatavely unsolvated 
caesium ions. Stated another way, the reaction rate forthe .. 
isotopic exchange of strontium should be slower than that . 
for caesium, thus less strontium should be released. g 

Although the exchange behaviour of the radionuclides 
on the soil is not affected by cycling through the algal 
cell, the algae do concentrate radioactivity from very low 
levels in the water to rather higher levels in the algal 
aggregation. One gram of wet algae from the pond tested 
produced 6~y levels of 100 mrad/h at 1 em. It is not 
difficult to imagine a migrant duck eating several grams of. 
this algae. While this might not be hazardous for a single 
feeding, chronic feeding of resident ducks on a muscle 
seeker such as caesium might present an actual hazard. 
Wave and wind action throw algae on to the pond banks 
where it dries. Dried algae, flaking off the rocks, can 
become windborne and transported a considerable distance 
from the pond. 

Finally, it appears that the algae not only concentrate 
radionuclides in their structure, but the release of these 
nuclides may be retarded for considerable lengths of time, +- 
especially in water of low pH. This might form a zone of 
high activity of undesirable magnitude at the soil~water 
interface, particularly if the pond were drawn down or 
drained for any reeson. None of these hazardous con- 
ditions would develop in settling ponds free from algae. 
For these reasons it is recommended that an algicide be 
used to prevent the growth of algae in radioactive-liquid 
disposal ponds. The algicide used should not affect 
detrimentally the exrhange behaviour of the radionuclides 
on the soil. Itis suggested that algicides such as copper 
sulphate or sodium hypochloride should be usedë:’, 


i Harvey, R. S., DPSPU 63-30-3 (1963), 

? Williams, L. G , and Swanson, H. D., Scitence,127, 187 (1958). 

3? Davis, J. J., ef al., AJOON F. 15/P/393 (1958). 

4 Kevern, N. R., Science, 145, 1445 (1964); also Scrence, 146, 1488 (1964). 
moar S., Day, B. E, and Hendrixson, R. T., Hilgardia, 32, No. 9 


e Lawrence, J. M., U.S. Dept. Agric. Handbook No. 2 (1962). 


NATURE OF IMPULSE ORIGIN AND CONDUCTION IN THE 
MAMMALIAN HEART 


ECENTLY, Dr. ©. J. G. Wensing! has asserted his 
firm belief that both the origin and conduction of the 
wave of excitation in the mammalian heart are neurogenic. 
His article presents no evidence derived from experiments 
on the living heart and relies entirely on deductions from 
anatomical investigations. The article contains many 
misrepresentations of known facts about the nature of 
excitation and conduction in heart muscle and certain 
ad hoc assumptions which are required to make the 
mechanism proposed, by his work. 

Dr. Wensing states that the retardation of the impulse 
in the AV node is generally explained by pointing to the 
smaller dimensions of the AV nodal fibre. This is not 
true. Our own investigations’, and those of others*, have 
shown that conduction in fibres of the AV node is 
extremely slow and probably decremental in nature. 
Among the factors which might contribute to the slowness 
of this conduction is the small diameter of the fibres, 


but this is only one of many causes (such as different 
membrane properties, lower resting potential). Similar 
slowing and/or block of the impulse can occur in fibres 
of any diameter if there are appropriate changes in 
transmembrane potential‘. 

Dr. Wensing states that it is impossible to show a direct 
connexion of special=zed fibres between the SA node and 
the AV node and that “the explanation of the wave-like 
propagation of the impulse through ordinary muscle 
fibres is illogical and inadequate”. This we believe to be 
false. Many recent investigations have indicated that 
there are tracts of muscle fibres which are both anatomic- 
ally and physiologically specialized and which act as 
direct pathways from the SA node to the AV node’. 
But even if this were not so, there has never been any 
reason to doubt that conduction from one node to the 
other could occur through ordinary cardiac muscle 
fibres. Dr. Wensing states that the number of Purkinje 
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fibres in the myocardium is very small compared with the 
number of myocardial fibres so that a single Purkinje 
fibre would have to activate a considerable number of 
myocardial fibres. This is true. He adds that the occur- 
rence of this is questionable in view of the non-syncytial 
nature of cardiac muscle. There is no reason to regard 
cardiac muscle as being non-syncytial. The recent obser- 
vation that the intercalated disk has many of the anatom- 
ical properties of a membrane is paralleled by evidence 
that the intercalated disk has a low resistance to the flow 
of ions and current and does not represent a functional 
barrier to impulse transmission. 

Dr. Wensing would seem to believe that fibres of the 
Purkinje system are the only fibres in the heart which 
are able to conduct excitation. (We can see no other 
explanation for the weight he places on his observation 
that Purkinje fibres are rare in the atrium, cannot be 
shown to connect the SA node and the AV node, and 
must excite many myocardial fibres in the ventricle.) 

Dr. Wensing states that the histological structure of 
the SA node and the AV node provides no sound basis 
for explaining their function. In fact many investigators 
have found the SA node and the AV node to be histol- 
ogically distinct from other parts of the heart. We are 
unable to imagine how one could predict from histological 
examination that a particular structure had the ability 
to generate impulses. 

Dr. Wensing states that previous investigators have 
been misled in their identification of the location of the 
SA node by the presence of a nearby structure in the 
sulcus terminalis which possesses thin fibres and a con- 
siderable amount of connective tissue in the interfibrillar 
meshes. Dr. Wensing, however, identifies the SA node 
as being the area which stains most intensively with his 
acetylcholinesterase stain. In this conclusion he may or 
may not be correct, but in no event has he identified the 
SA node of the living heart by any of its functional 
properties and shown that the site so identified corresponds 
to the area located by his stains. 

Dr. Wensing asserts that the generation of the impulse 
results from the action of the dense network of autonomic 
interstitial cells. He further asserts that these cells cause 
the muscle cells to contract by secreting a “neuro- 
secretory product’, We believe that this conjecture 
lacks any experimental support. 

Dr. Wensing supposes that the delay which occurs at 
the A V node results from the fact that the nerve network 
becomes intensively plexiform and meshlike at the AV 
node. He offers no evidence that conduction in such a 
mesh would be slow. He also suggests that the network 
of autonomic interstitial cells between the meshes of this 
plexus generates the beats which occasionally arise at 
the AV node. 

Dr. Wensing remarks that although acetylcholine does 
not penetrate ordinary nerve fibres it may well penetrate 
the nerve fibres of which he speaks and that such pene- 
tration explains why acetylcholine causes AV block. 
This would seem to be little more than conjectural. 

We find, therefore, that the only demonstrative evidence 
in the article by Dr. Wensing consists of his anatomical 
descriptions of a network of nerve fibres intimately 
associated with the SA node, the 4 V node and the bundle 
of His. The rest we believe to be surmise. 

Against this we may place the results of some 80 years 
of investigation which we have reviewed elsewhere? and 
which shows among other things that: (1) Cardiac muscle 
fibres conduct excitation as if they were syncytially 
interconnected. (2) The cells of the SA node, when 
investigated with intracellular microelectrodes, behave 
exactly as they would be expected to if they were the 
source of the action potential. They show spontaneous 
depolarization during diastole, and the slope of this 
spontaneous depolarization changes in the expected way 
under the influence of all physical and chemical agents 
which alter the heart rate. (3) Cells which show spon- 
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taneous depolarization during diastole are found in those 
parts of the heart which have long been known to be 
possible sites of origin of extrasystoles. (4) The spread 
of excitation from the SA node to the AV node has been 
mapped by the use of intracellular and extracellular record- 
ing. A full and complete parallelism exists between the 
spread of excitation and the spread of the action poten- 
tials in the appropriate cardiac cells. (5) Exactly anal- 
ogous arguments apply to the spread of excitation in the 
AV node, the His-Purkinje system and the ventricular 
myocardium. In each case the spread of excitation 
corresponds exactly to the spread of the action potentials 
of the appropriate cells. (6) The electrical activity of 
single cells of the AV node, like that of single cells of the 
SA node, changes in exactly the way one would expect 
if transmission through those cells determined both the 
AV nodal delay and the variations in that delay which 
result from the action of physical and chemical agents. 

In brief, we believe that Dr. Wensing has ignored an 
extensive, complex and extremely well-documented set 
of facts which have provided an almost complete picture 
of how the cardiac impulse arises, how it spreads and how 
it is influenced by physiological and pharmacological 
changes. In place of this, he offers a set of facts about 
the anatomy of certain nerves, a number of apparently 
incorrect assertions about the traditional view, a number 
of ad hoc assumptions about possible mechanisms, and 
no experimental information whatsoever. 

It should be noted that the nerve network postulated 
by Dr. Wensing has the following properties: (1) it is 
heavily concentrated at the SA node and generates 
impulses in the same way as does the SA node; {2) it 
connects the SA node and the AF node in the same way 
as do the fibres of the atrium; -(3) it is heavily concen- 
trated at the AV node and is there subject to slow 
conduction just as AV nodal fibres are; (4) its peri- 
pheral distribution is exactly that of the His—Purkinje 
system. 

Dr. Wensing thus replaces the traditional configuration 
of cardiac cells responsible for impulse generation and 
conduction in the heart by a nerve network of identical 
configuration and functional properties. He further 
requires that a conjectural system of autonomic inter- 
stitial cells transmit excitation from this nerve network 
to cardiac cells immediately adjacent to it throughout 
its entire course. 

There would seem to be no reason for regarding impulse 
origin or conduction in the mammalian heart as neuro- 
genic. 

Brian F. HOFFMAN 
PauL F. CARNEFIELD 


Department of Pharmacology, 
College of Physicians and Surgeons, 
Columbia University, 

New York. 
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ELECTROPHYSIOLOGICAL investigations of the specific 
conductive tissue in the heart are based on the derivation 
of action potentials. These are physical phenomena which 
can be initiated by chemical changes. If one rejects this 
assumption, a further discussion has no sense. The 
chemical processes which cause these changes in potential 
may themselves be initiated by intrinsic (that is, inherent 
to the fibres) or by extrinsic (that is, beyond the territory 
of the proper fibre) factors. 

The crucial question is, what must be considered the 
initiator of the heart beat? Is it the chemical processes, 
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which secondarily cause changes in potential, or is ibt the 
changes in potential themselves? Prof. Hoffman and 
Dr. Cranefield’s arguments will be discussed in sequence. 

They state that the small diameter of the nodal fibres 
is not a valid argument for the A V delay in itself, although 
they admit that the specific diameter may play a part 
in the entire process. In Paes de Carvalho’s paper’, as 
well as in my own?, the greater diameter of the nodal 
fibres was emphasized. When the data of Paes de 
Carvalho and Truex? are compared, ıb appears that 
scarcely. any difference exists between the diameter of 
the nodal fibres in the stratum which reveals the greatest 
delay, on one hand, and the atrial fibres, on the other. I 
fully agree with Prof. Hoffman and Dr. Cranefield that 
there are more causes for this great delay, among others, 
the various membrane-characteristics. From papers 
cited by them?:4 ıt would seem that these characteristics 
vary, depending on the nature and period of the excitation 
and, moreover, on pharmacological influences. The 
concentration of acetylcholinesterase is highest exactly 
in the middle part of the node. The question should then 
arise of whether these membrane-characteristics are 
specifically inherent to the cells under consideration, or 
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initiated by specific reactions of these cells which are’ 


induced by their environment. i 

Prof. Hoffman and Dr. Cranefield start axiomatically 
from the assumption that conduction 1s solely inherent to 
specific fibres. In this respect, one of Prof. Hoffman’s 
experiments® deserves closer attention. He states that in 
preparations of Purkinje fibres, the transmission of 
impulses may be delayed or even blocked if adequate 
changes occur in the transmembranous potential. 
Moreover, in his paper he points out that during an 
intracellular excitation of a Purkinje fibre, the response 
at the second electrode in the fibre, situated at a greater 
distance from the source of the impulse, is registered in 
advance of one closer to this source. When examining 
the experiment more closely, it is assumed that ıb is 
possible to derive potentials from isolated Purkinje fibres 
with mutual distances of more than 1 mm. The registra- 
tion of intracellular potentials, with which I am familiar, 
is a considerable achievement; but the registration of 
potentials from a single fibre at so great an mterval is 
even greater than that. 

The foregoing implies that the action potentials regis- 
tered by Prof. Hoffman and Dr. Cranefield will be initiated 
by various Purkinje fibres. Moreover, when applying 
intracellular stimulation, there must be a subsequent 
conduction perpendicular or oblique to the longitudinal 
axis of the fibre. In this case, more structures must be 
penetrated than a single intercalated disk alone; that is, 
two cell membranes and the intercalated connective 
tissue. It seems improbable that this conduction occurs 
through anastomoses between the fibres, the more so 
since anastomoses are- seldom encountered between 
Purkinje fibres which show a straight course. Notwith- 
standing this fact, there would seem to be the possibility 
of conduction and the only factual substrate appears to 
be the intercalated nervous network. 

There is a considerable number of papers on the 
occurrence of specialized muscular tissue in the atria, 
but the number of those describing direct anatomical 
connexions between both nodes is very limited®7. A 
closer examination of these papers shows that they are 
vulnerable to considerable criticism. I have already listed 
the physiological data supporting direct conduction. 

According to recently published data*®, the separation 
between cardiac muscle cells has no physiological bearing, 
which suggests that I probably attached too much 
importance to the function of the intercalated disk. The 
question arises, however, of whether the existence of an 
electrical synapse between various bundles of muscular 
tissue is feasible. 

Prof. Hoffman and Dr. Cranefield agree with me that 
the histological structure of both nodes does not constitute 
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a sound basis for explaining their function, as it would be 
difficult to derive a function from a structural basis. 
When deseribing the nervous network in the SA node, 
however, I made a comparison with the marginal organ 
of the jellyfish. This organ shows not only a close morphol- 
ogical resemblance to the SA node, but also a functional 
one. 

On studying the relevant literature, one arrives at the 
conclusion that a small number of investigators has been 
misled in their idensification of the SA node’, I do not 
hesitate, therefore, to identify the described nervous 
network with the Sl node, the more so since it is a simple 
matter to distinguish between the nervous network and 
the nodal cells in Champy-Coujard preparations. More- 
over, the exact locasion of the SA node in two pig hearts 
has been determined by direct olectrophysiological 
registration with ths aid of the Durrer-team. 

I should like to emphasize that the nerve stainings 
which were applied to trace the nervous network have 
been based on the visualization of compounds occurring 
in that network; that is, catecholamines and acetyl- 
cholinesterases. 

There are no experimental data on the conduction in 
those structures which I described in the AV node, but 
it is well known that the velocity of conduction depends 
to some extent on the diameter of the fibre. In the 


_ central part of the plexus the diameter is smaller, whereas 


the distance to be covered in a plexus is considerably 
longer. 

The assumption that the AV rhythm is initiated by the 
nervous network ic the meshes between the plexus was, 
in fact, based on the same considerations as were given 
when the SA node was dealt with. It would be incon- 
sequent to interpret functionally the structure of the SA 
node and to ignore that in the AV node. 

Prof. Hoffman end Dr. Cranefield are partly correct 
in blaming me for not taking sufficiently into account the 
existing ideas on excitation and conduction of impulses. 
On the other hand, however, I did not, and do not, ignore 
these concepts. It is beyond any doubt that specialized 
muscular tissue has a definite function in the conductive 
process, but I repeat that it is my firm belief that the 
nervous component is of primary importance. The 
precise interaction of both structures, however, 1s not yet 
known. In this respect it is appropriate to refer to the 
great histological differences which occur between the 
conductive tissue in ungulates and carnivores. 

I agree with Praf. Hoffman and Dr. Cranefield that it 
is difficult to derive functional data from a histological 
basis. It was for this reason, therefore, that my paper 
was entitled: ‘Evidence for... etc.”. I emphasized the 
fact, however, thas it is also intolerable to ignore histol- 
ogical data, when interpreting electrophysiological results. 
I cannot accept Prof. Hoffman and Dr. Cranefield’s views 
that the nervous structures referred to here have no 
excitative or condactive function. 


C. J. G. WENSING 


College of Vetermary Medicine, 
Department of Anatomy, 
Iowa State University 
of Science and Technology, 

Ames, lowa. 
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HYDRODYNAMIC ANALYSIS OF DOLPHIN FIN PROFILES 
By THOMAS G. LANG 


U.S. Naval Ordnance Test Station, Pasadena, California 


OLPHIN fins have well-streamlined cross-sections 

that may be useful as hydrofoils or airfoils designed 

to operate in the Reynolds number range around 10°. 

Possible applications might be torpedo fins and propeller 

or pumpjet blades, boat propellers, rudders, keels, struts 

and hydrofoils, helicopter rotor blades, windmill vanes, 
and sailplane wings and control surfaces. 

Photographs of cross-sections of one dolphin tail fluke 
and two dorsal fins were’ obtained from animals that had 
died of natural causes. The cross-sections were obtained. 
about midway between the bases and the tips of the three 
fins. Fin offsets were measured from the photographs and 
plotted on a 2-m scale. The best curves possible were 
drawn. through the measured points; the maximum devia- 
tion being 0-2 per cent or about 0:02 cm. About eighty 
pomts were read from the ‘best’ curves and run on an 
IBM 7094 computer at the Naval Ordance Test Station 
to obtain pressure distribution using the Douglas two- 
dimensional airfoil programme which assumes potential 
flow. Pressure distribution is generally the most significant 
factor in analysing the performance of hydrofoil or airfoil 
cross-sections. 

The profiles and pressure distributions of the three fins 
are shown in Fig. 1. Fin A is a tail fluke section of a common 
dolphin {Delphinus bairdi) fin B is a dorsal section of a 
Pacific striped dolphin (Lagenorhyncus obliguidens), and 
fin C is a dorsal section of a Dall porpoise (Phocoenoides 
dalli). The lower portion of Fig. 1 illustrates the upper 
half of the cross-section of each fin; the semi-thickness to 
chord ratio, y/c, is plotted against chord length from the 


leading edge. The upper portion of Fig. 1 shows the 
pressure distribution where: 
P-P, 
Up = 
. p Vo/2 


and P, is the depth pressure, P the local static pressure 
on the fin, p, mass density of the flowing fluid, and Vp, 
the fluid speed relative to the fin. 

The fin chord lengths are between 12 and 18 em long. 
The fin offsets are listed in Table 1. The effect of angle 
of attack on the pressure distribution of fin A is shown. in 
Fig. 2. Maximum thickness and its location, leading edge 
radius, trailing edge thickness, and minimum pressure 
coefficient, Cp, and its location are listed in Table 2. 

The three fins are similar in that their maximum thick- 
nesses are all located between 32 per cent and 36 per cent 
chord length of the leading edge; all are fairly thick (15-2 
per cent to 21-1 per cent chord length) and have a relatively 
large leading edge radius (2-4 per cent to 4'2 per cent chord 
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Fig. 1. Profiles and pressure distributions of three dolphin fins. 
A, , Tail fluke of common dolphin, B, — + =+ =. , dorsal fin of Pacific 


striped dolphin, €,------ , dorsal fin of Dall porpoise 
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Fig. 2. Effect of angle of attack on the pressure distribution of Fin A 


length); their minimum pressures are located between 
14 per cent and 16 per cent chord length of the leading 
edge; all have a fairly long region of gentle adverse pressure 
gradient (increasing Cp) followed by a steep adverse pres- 
sure gradient; all trailing edges are relatively thin, and 
tail fluke A and dorsal fin B have cusped trailing edges. 
Fins A and B are surprisingly similar since they are cross- 
sections of different kinds of fins from different species. 
Fin O is a thinner section and came from Dall porpoise, 
reported to be the fastest of the three species'. 

All fins were generally symmetrical although some 
warpage appears in the photographs near their trailing 
edges. Fin offsets for the computer study are based on the 
semi-thickness and, therefore, symmetrical sections. The 
pressure distribution is strongly affected by small changes 
in fin profile; consequently, some of the minor waviness 
in the pressure distributions of Figs. 1 and 2 may not be 
real. 

Analysis of the fin pressure-distributions indicates that 
the fin sections are ideally designed for operation at Rey- 
nolds numbers, Re, in the vicinity of 10° where these fins 
operate. The low-drag airfoil sections designed for air- 
plane wings operating at Re around 10’ and above are 
relatively poor in the range of Re = 105, since the laminar 
boundary layer extends too far into the adverse pressure 
gradient region and separates, causing excessive drag?. 


Table 1. DOLPHIN FIN OFFSETS 


Peskin Fin semi-thickness (% chord) 
rom n 

(% chord) Fin A Fin B Fin C 
0 0:00 0 00 0:00 

2 3:97 3°80 2°84 

5 6:07 5 71 4:24 

10 8 05 7-44 5-61 

15 9-28 8-61 6:48 

2 9-96 9-12 7-04 

30 10-63 9-65 7 62 

40 10:17 9 46 7-56 

50 8'98 8-60 7-42 

60 7-20 7-19 6 43 

70 5 22 5-28 5-35 

80 3-16 3°22 3°85 

90 1-57 1°74 2 08 
100 0 28 0 45 0-14 


Table 2. DOLPHIN FIN CHARACTERISTICS 


Distance Distance 
Fm Maximum from nose Leading  Trafling from nose 
designa- thickness to max. = ia edge Minimum to aln; 
tion (% chord) thickness rad thickness 
(% chord} (% chord) (% chord) (% chord) 
A 21h 32 4-2 0°46 — 074 15 
B 193 33 3'8 6 90 — 0-66 14 
152 38 2-4 0 28 — 0-46 16 










a EAG. l- ja 018 s by pple hes for the 
region of 0-5-3-0 x 10°, The differences between the 
signs of W ortmann and Eppler are sufficiently great to 
dicate thata compromise design is significant and may 
ave unexpected beneficial characteristics. The favourable 
pressure gradient near the nose and the gentle adverse 
- pressure gradient to trigger turbulence, combined with the 
< -eusp-shaped pressure gradient of fins A and B to provide a 
— near-uniform boundary layer form parameter, appear to 
-Optimize the length of laminar flow and eliminate both 
laminar and turbulent boundary layer separation. The 
_ difference in adverse pressure gradient shape of fin C 
_ from those of fins A and B may be due to its reduced 
thickness ratio. Thinner sections of a given airfoil family 
_ have reduced adverse pressure gradient; consequently, 
_. the adverse pressure region can be shifted backwards and 
modified without causing turbulent boundary layer 
eparation. 

-The thicknesses of the trailing edge of the fins lie between 
0-28 per cent and 0-90 per cent chord length. Airfoils 
xperience essentially no drag increase for thickness 
‘atios up to about 0-5 per cent chord length at Re around 
0t and only a small drag increase at 0-8-1-0 per cent 
ickness ratios®. The photograph of fin B showed evidence 
‘slight deterioration, so its trailing edge may not be as 
thick as reported. 

The thick-fin sections are probably needed primarily 
‘or strength. Thick sections also permit greater angle-of- 
tack, a, variations without producing excessive minimum 
essure peaks at the leading edge that can result in flow 
paration and cavitation. Fig. 2 indicates that two- 
mensional fin angles of attack up to 4° (7° for a fin aspect 
‘atio of 4-0) should be permissible without producing 
separation and high drag. This angle is in the reasonable 
nge of maximum « for propulsion by fluke undulation 
and for dorsal fin angle of attack resulting from manoeuvr- 

ng. During acceleration at low speed, the fluke angle of 
attack could be considerably greater since added drag is 
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ICE can tolerate a single injection of up to 50 mg/kg 
< AYA body- weight of crude papain when injected intra- 
oe venously ; ; this is significantly higher than the amount of 
oes papain that can be tolerated by rabbits or guinea-pigs. 
_ Two injections of papain given to mice on consecutive 
_ days usually result in the closure of the proximal tibial 
epiphyseal plates!. 
This article presents results of investigations of the 
effects of papain on the epiphyseal plate in tibiae when 
- relatively low doses of papain are administered to 
mice. 
Crude papain was prepared fresh in 0-9 per cent saline, 
and the solution was filtered before use. Female Charles 
River white mice weighing approximately 25 g were 
divided into three groups: group I, ten control mice were 
njected subeutaneously with 0-10 e.c. 0-9 per cent saline 
for 5 co nsecutive days: group IT, ten mice were injected 
aan mg of papain in 0-10 c.c. 0-9 per cent saline for 
ive days; ; group UT, sixteen mice were injected 
of papain in 0-10 c.e. 0-9 per cent saline on 
third day of the experiment. All the mice 
day 21. The tissues were prepared for 


vestigation using” -Peterfi’s double-embed- 
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CALIZED HYPERCHONDROPLASIA INDUCED BY CRUDE PAPA 
: ADMINISTERED TO MICE 


By Pror. HOWARD K. SUZUKI 


Deparenent of Anatomy, University of Arkansas School of Medicine, Little Rock, Arkansas 
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not so important and the fluke would not. sta 
reached about 20°. a f 
From the point of view of cavitation, fins A, B 
x = 0° should reach speeds of 16-3 m/sec: 
17: 3 m/sec (33-6 knots), and 20-7 m/sec {40 
respectively, before cavitating near the wate 
However, a realistic angle of attack is abouti 
Fin A would cavitate at 13-9 m/sec (27-0 knots). at 
11-7 m/sec (22-7 knots) at a = 4°, and 9-9 m/s 
knots) at « = 6°. It is likely that cavitation w d 
avoided by dolphins since cavitation is known to produce 
considerable surface damage to metals and might. be 
painful to dolphins. Tf the fin profiles had been thinner 
or if the maximum thickness had been more rearward, io vines 





begin ab much lower specii at a a 
ata = 0°. Se as 

Maximum speeds of tame dolphins trained oe a F 
runs are 7-7 m/sec (15 knots) for the Pacific striped dolphin’, 
8:3 m/sec (16-1 knets) for the Pacifie bottlenose dolphin, - 
and 11-0 m/sec (21-4 knots) for the Pacific spotted dolphin 
Maximum top speed reported in the technical i 
for the common do phin is 10-3 m/sec (20 knots) 

I thank Dr. Samuel Ridgeway for section 
fins and supplying photographs and Mr. D 
advice and for helping to operate the a 
gramme. S 
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ding method and stained with Mallory’s stain or periodi 
acid—Sehiff (PAS) as previously described?. 
In the control group, the epiphyseal plates of the tibiae 
and femora comprised orderly arranged columnar rows of 
chondrocytes. The proliferating cells were transversely’ 
compressed with deeply staining nuclei and cytoplasm 
and ranged from 3 to l4p in length. The mature and 
senescent chondroeytes had vesicular nuclei and vacuo- 
lated cytoplasm w:th some PAS-positive granules. They 
were hypertrophied and attained sizes ranging from 
11-20u. The metaphysis was comprised of longitudinally 
arranged trabeculae of bone with calcified cartilage: 
cores (Figs, l- ~3). | 
The group given 1 mg of papain daily for 5 consecutive. 
days was the only one of the three groups which suffered. 
from the toxic effects of papain. In this group, four out 
of ten mice a Daire the termination of oe a nent.” 







femora and. Aae in all the remaining mice. The few 
remaining chondrocytes were irregularly arranged (Figs. ao 
4-6). These features are in accord with earlier published. 
descriptions!. The metaphysis was comprised of Tew 
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Fig. 1. Distal femoral epiphysis from same normal control mouse as shown in Fig. 2. PAS stain. (x 61) 
Fig. 2. Knee area showing femur above and tibia below. Mallory’s stain. (x17) 
Fig. 3. Proximal tibial epiphysis from same normal control mouse as shown in Fig. 2. PAS stain, (x61) 
Fig, 4. Distal femoral epiphysis of same mouse as shown in Fig. 5. Note almost complete destruction and disorganization of epiphyseal plate. 
Mallory’s stain. (x61) 
Fig.5. Knee area showing severely damaged epiphyseal plates. SANON non -A mouse given a total of 5 mg of papain subcutaneously. Mallory’s 
stain, (x17 


Fig. 6. Proximal tibial epiphysis from same mouse as in Fig. 5. Mallory’s stain. (x61) 


Fig.7. Distal femoral epiphysis from same mouse as shown in Fig. 8. Note severely damaged epiphyseal plate and disappearance of metaphyseal 
trabeculae. Mallory’s stain. (x17) 


Fig. 8. Knee area showing atrophied femoral epiphyseal plate (above) and hyperechondroplastic tibial epiphyseal plate (below). Taken from a 
mouse treated with a total of 2 mg of papain given subcutaneously, Note areas of recovery on lateral margins of the plate. Mallory’s stain 
(x17) 

Fig. 9. Proximal tibial epiphyseal plate showing increased number and sizes of proliferating chondrocytes. Note transverse stratum of bone 
under the plate. PAS stain. (x61) 
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trabeculae which, when present, were somewhat heavier 
_ than the control group. 

In the mice given 1 mg of papain per injection on two 
alternate days, the femoral epiphyseal plates were b,later- 
ally destroyed in all the mice in this group (Fig. 7), and 
had a similar appearance to those of the 5 mg papain- 
treated group. However, in the tibiae, only six out of 
sixteen mice presented this bilateral pathology. In 
the remaining ten mice, the tibiae had greatly widened 
epiphyseal plates due to hyperchondroplasia of the pro- 
liferating chondrocytes (Figs. 8-9). This manifestation 
was observed in both right and left tibiae in four of the 
mice, and only in the left tibiae in the remaining six. 
The proliferating chondrocytes were not only significantly 
increased in number but also in size (8°5-29.), and 
became irregularly arranged. The cells were deeply 
staining, with PAS-positive granules in the cytoplasm, and 
were not compressed as in the normal mice but were vari- 
ously shaped (Fig. 9). Only a few mature and senescent 
hypertrophic cells were present, and they were located in 
areas adjacent to the active invasion of metaphyseal 
capillaries. These cells had vesicular nuclei and vacuolated 
cytoplasm containing PAS-positive granules; they were 
larger than the same cell types in the controls, ranging 
from 20 to 29u in size. The metaphysis was comprised of a 
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Fig. 10. Knee joint of a mouse treated with a total of 2 mg. of popes 
saheatansonaly. Note destroyed femoral epiphysis above and tibial 


epiphysis below in recovery phase. Mallory’s stain. (x 17) 
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Fig. 11. Proximal tibial epiphysis from same knee as in Fig. 10. Note 
the presence of a number of senescent cartilage cells with concomitant 
destruction of those cells. PAS stain. (*61) 


transverse stratum of bone which formed adjacent to the 
undersurface of the cartilaginous plate. The longitudinal 
trabeculae had all but disappeared, indicating an almost 
complete inhibition of osteoblastic activity. This -was 
similar in appearance to the growth arrest phenomenon 
which was due to nutritional deficiencies*. i 

In some of the mice tibiae, papain no longer appeared 
to interfere with the metabolism of the chondrocytes. 
This was manifested by the reappearance of maturing 
and senescent epipħyseal chondrocytes with concomitant 
invasion of capillaries to break down the chondrocytes 
(Figs. 10 and 11), aad is similar to the recovering phase of 
Park’s nutritional deficiency experiments*, Thus, the 
epiphyseal plate began to have a normal appearance 
again. 

Low doses of papain administered to mice appear 
specifically to alter the normal metabolism of specific 
chondrocytes, yet to allow them to proliferate. The 
process of orderly maturation and senescence is interfered 
with, but the mecaanism by which this occurs is not 
known. I can only concur with Park’s conclusion? that 
the ‘‘capillary-osteoblast complexes had been powerless 
to invade the cartilage until the maturation of the cartilage 
cells had been completed”. 

This investigation was supported by a U.S. Public 
Health Service graent AM-—02745-07, from the National 
Institutes of Arthritis and Metabolic Diseases. 


i Hulth, A., and Westerbern, O., J. Bone and Joint Surg., 41B, 836 (1958). 
* Suzuki, H. K., Ann. NY. Acad. Sci., 109, 351 (1963). 
3 Park, E. A., Pediatrics, 33, 815 (1964) (Suppl.). 


SOMATICALLY UNSTABLE MUTANTS OF Aspergillus nidulans 
By ALAN UPSHALL 


Department of Genetics, University of Birmingham 


OMATICALLY unstable mutants have, for obvious 

reasons, been largely ignored in mutation studies and 
excluded from breeding experiments. Nevertheless, it is 
becoming clear that they may constitute an important 
and frequent class of hereditary changes'~*, and their 
occurrence and properties must be accounted for in any 
comprehensive theory of mutation. In the Aspergilli 
such mutations are relatively common and in a few cases 
their origin has been traced to extrachromosomal'*-"* and 
chromosomal causes. To pursue the problem further, 
unstable mutations have been specifically sought in 
Aspergillus nidulans both spontaneously and following 
treatment with mutagens. The present article describes 
the uencies and some of the properties of unstable 
morphological mutants that occur spontaneously in this 
species, — 


To determine the frequency with which unstable 
mutants arise, conidia, hülle cells and ‘es of 
Birmingham wild-type isolates, 1, 26, 27 and 36, and 
their white and yellow spore colour derivatives (obtained 
by ultra-violet irradiation) have been examined. — 
isolates belong to heterokaryon compatibility group B 
(ref. 15), and as such are thought to have basically similar 
genetic backgrounds’*. Since their isolation, from the 
Birmingham area, all have been kept in stock tubes at 5°C, 
being propagated by mass hyphal transfers every 3 months. 
All colonies were grown on a modified Czapek minimal 
medium (containing KH,PO, instead of K,HPO,), 
solidified by New Zealand Agar (supplied by G. T. Gurr, 
Ltd., London), the plates being incubated at 25° C. 
Conidial suspensions were obtained from 10-day-old 
colonies (propagated from the stock tubes by mass 
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hyphal. transfers). Mature perithecia were sampled 

individually, twenty being selected at random. Attached 

conidial heads were removed and the hiille cells, obtained 

by: rolling the perithecium over the surface of an agar 
late, were spread. The clean perithecia were then burst 
individually and four samples of ascospores were taken 
from each. All plates were examined for abnormal 
colonies after 7 days’ incubation and such colonies were 
tested by growing samples of their conidia and. by making 

mass hyphal transfers. Mutants were classified as 
unstable if, on propagation by conidia, the colonies pro- 
duced were of two types, mutant and normal, and if normal 
sectors were produced by the mutant colonies. 

The frequencies and types of mutants obtained are 
summarized in Table 1, and the main features are as 
. follows a) The mean frequency of mutant colonies over 
-all strains 3 is 1:8 x 10-3. (2) The relative frequency of 
ins to stable mutants is 16:1. (3) Ascospores 
y give the greatest frequency of unstable 
ts. (4) There are only four general classes of 
unstable mutants, namely, Crimson, Mycelial (not to be 
confused with the Mycelial described by Roper!’), Fawn 
“and Minutes. The minute class can, however, be sub- 
divided into 3 phenotypically distinct classes each having 
in common a much slower growth rate than the normal. 
(5) There is no evidence that the frequency of unstable 
mutants differs between the various spore colour strains 
of the same wild isolate. The data, given in Table 1, 
have therefore been pooled over the spore colour variants. 

The mutants have the following descriptions: 

Grimson, white when young, turning through orange 
to.a-bright crimson at about 7 days. Conidia are few and 
smaller than normal. Growth rate is approximately 0-8 of 
normal. — 
© Mycelial: white mycelium with golden patches of hüle 
cells especially in the centre. Conidia few and very small. 
Growth rate is approximately 0-9 of normal. 

(The foregoing two mutants were first described by 
Croft.) 

Fawn: fawn colonies with fewer, slightly smaller conidial 
heads than on a normal colony and also very small 
abnormal heads. Growth rate is approximately 0-8 of 
normal, 

Minute, type a: this is phenotypically identical to the 
minute variant described by Faulkner and Arlett?®, 
f Growth rate is approximately 0-4 of normal. Type b: 
pinkish with a knobbly appearance due to stunted hyphal 
h and a cover of hülle cells.. Conidia few and v ery 
rowth rate is approximately 0-3 of normal. 
sis density dependent, greyish if small but 
i ith. Hülle oes and ee yow if ae but at 























tois aS of Table 1 consists of unstable 
hich only occur very rarely. 


A comparable investigation has been carried outvon v. 
Birmingham isolate 29 and strain 29y. These belong to 
heterokaryon compatibility group A (ref. 15) and are o — 
therefore thought to have a basically different genetical — ne 
background from group B (ref. 16). ae 

The results show that unstable mutants are also present. ee 
in this group with an equally high frequency (Table 2). 
They are, however, phenotypically different from those- 
obtained from heterokaryon compatibility group B. Here 
the relative frequency of unstable to stable mutants is- 
24 : 1, with ascospores again giving the greatest frequency 
There is, however, a significant difference (P for y <0” 
0-001) for the total number of mutants between the two 
spore colours. 

The high frequency of unstable mutants recovered in 
the samples of spores and cells from the colonies of the 
thirteen strains examined could arise from two alternat 
effects: (i) a high mutation rate to the unstable state 
(ii) a low mutation rate coupled with the accumulation 
unstable mutants within the colonies propagated by m 
hyphal transfers because they are either not selected 
against, or are actually favoured by selection during. th 
growth of a colony. | 

To distinguish between these alternatives two type 
of colony from the same strain were examined for th 
frequency and types of unstable mutants they gave rise 
to when propagated by conidia. These were (a) colonie 
that had been maintained entirely by mass hyphal 
transfer from the time the isolates were first obtained from 
the wild, and (b) colonies with normal phenotypes that 
had been initiated from single conidia 7 and 10 days- 
before the frequency of unstable mutants was determined. | 
It is possible that in the first type of colony (a), unstable. 
mutants accumulated over a period of many years. In 
the second type of colony (6), however, unstable mutants 
could only have arisen since the colony was initiated by a. 
wild-type haploid spore, either 7 or 10 days previously. 
Irrespective of the method of propagation and their age, — 
all the colonies yielded the same range of types of unstable- 
mutants (Table 3). A y? analysis of the total frequency- 
of unstable mutants showed no significant difference 
between them (y¥?, = 0-053). Thus there is no evidence __ 
that these mutants are accumulating in the mass hyphal nee 
cloned material. eae 

Two further sets of observations support this conclusion. 
First, because all the unstable mutants have slower rate 
























Table 2. PERCENTAGE MUTANTS OBTAINED FROM BIRMINGHAM ISOLATE 
AND ITS YELLOW SPORE COLOUR DERIVATIVE 
Total No. Per cent No. 
Strain Tissue colonies unstables stables 
29 Wild-type Conidia 5,97 L154 
(green) Hille cells 7,044 O71 
Ascospores 407 2-457 
29y Conidia 6,681 0-045 
Hiille cells 3,686 0-054 
Aseospores 3.826 0-105 
Totals 27,623 499 


No, 5028 


March 12, 1966 


NATURE 


1115 


Table 3 


Types and No. of unstables 


Total No. 
of colonies 


Type of 
colony 
sampled 


Percentage <, 1mm 
f Crimson | Myceltal 


(E 
mutants 


& 
bı 
ba 


Fewn 


Minute types 





Types and frequencies of mutants obtained from colonies of the same isolate propagated in different ways‘ a, by mass hyphal transfers of an old clone, by, 
by single conidia 7 days before sampling; ba, by single conidia 10 days before sampling. 


of growth than the normal strains from which they arise 
(see earlier) they are continually being overgrown by the 
normal sectors to which they invariably give rise. 
Secondly, the mutants, once they arise, are almost 
impossible to retain by any normal method of propagation. 
Indeed, it 1s only possible to retain the mutant phenotype 
for more than a single propagation by continual propaga- 
tion with conidia from the mutant areas of the mutant 
colonies. 

In view of these findings it seems extremely unlikely 
that there has been any accumulation of unstable mutants 
in the long-standing isolates. On the contrary, it seems 
more likely that the estimate of the frequency of unstable 
mutants 1s minimal ın that many mutant spores and cells 
may revert to normal before they produce a scorable 
macroscopic colony. Thus it can be assumed that the 
high frequency of unstable mutations is due to a mgh 
mutation rate. 

These investigations have shown that the spontaneous 
rate of mutation to an unstable state 1s very high. Thus 
the highest rates observed in these experiments, which 
are probably minimal estimates, are 5-8 x 10-* for 
Crimson, 69 x 10-4 for Mycelial and 7:3 x 10-4 for 
minute type a, all from ascospore samples (Table 1). 
Apart from the exceptionally high spontaneous mutation 
rate to the vegetative petite condition m certain strains 
of yeasts, these spontaneous mutation rates for the un- 
stable mutants are among the highest recorded (see table 
in ref. 19). 

A further similarity with vegetative petite is that these 
same types of unstable mutants can be specifically m- 


duced with mutation rates as high as 100 per cent with 
various acridine dyes'*2°, Whether or not these mutants 
are also like vegetative petites in being extrachromosoma] 
routations 1s at present being investigated. The evidence 
so far is equivocal, neither fitting a conventional extra- 
chromosomal explenation nor a conventional chromo- 
somalone. Whatever the outcome of any further analyses, 
it is already clear that the unstable mutants possess 
many novel properties in addition to their high mutation 
rate. 

I thank Prof. J. L. Jinks for guidance and criticism 
during the preparetion of this report, and the Science 
Research Council for a research studentship. 
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CHANGES IN MITOTIC ACTIVITY DURING EARLY CALLUS DEVELOPMENT 
By Dr. M. M. YEOMAN, P. K. EVANS and G. G. NAIK 


Department of Botany, University of Edinburgh 


HEN an inoculum is taken from a tuber of Jerusalem 

artichoke, Helianthus tuberosus, and transferred to 
a suitable medium a callus culture is established, the 
development of which depends on vigorous cell division. 
For the analysis of at least the early stages of the process, 
the state of the cells with respect to the division cycle at 
the time of excision is a matter of some significance and 
itis this which is the subject of this article. 

The observations that are presented have been made 
with cultures grown on an agar medium which contains a 
mineral salts mixture, sucrose, 2: 4-dichlorophenoxy 
acetic acid and coconut milk. Essentially similar results 
have also been obtained using a liquid medium of the 
same composition?. After a lag phase (the length of which 
depends on the age and state of the tuber from which the 
inoculum is taken) rapid division begins. These early 
divisions are in the superficial layers only?. The first 
divisions occur in the outermost layers of cells and with 
these the long axes of the spindles are predominantly 
parallel to the surface. With subsequent divisions the 
spindle is at right angles to the surface, giving rows of 
cells also at right angles to the surface. 

Important evidence regarding the initial state of cells 
is provided by observations on the course of change in 
the number of cells with time. The results of one set of 


such determinations are presented in Fig. 1. These results 
were obtained witk an experimental design which has been 
described in detail elsewhere”. It is evident that even after 
division begins increase in the number of cells does not 
occur uniformly w-th time. In the cultures of this exper- 
ment there is no change during the first 36 h, but after- 
wards an abrupt increase occurs which 1s completed 
within a few hours. This is followed by a period of about 
12 h durmg which the number of cells remains constant. 
After this a second abrupt rise is observed. It may be 
emphasized that it is only the superficial cells that divide, 
but the data show that these do so more or less synchron- 
ously. The data suggest that a wave of mitosis occurs 
immediately before the first abrupt increase and that 
immediately before the second sharp increase another 
wave of mitosis is completed following the interphase which 
succeeds the first mitosis. A high mitotic index (12 per 
cent) has been cbserved immediately before the first 
increase but not earlier, and the interpretation proposed is 
further supported by counts of cell pairs that are seen in 
certain of the mazerates on which the determinations of 
total cell number are made. Each pair ıs held together 
within the wall of the parent cell and the members of the 
pair are separated by the thin wall formed at the end of 
mitosis. Each pair is therefore the consequence of an 
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immediately preceding division. Pairs can be seen only 
when the first sharp increase in total cell number begins. 
Thereafter the proportion of these increases sharply as the 
first increase in total cell number is completed. In due 
course a phase is reached in which the proportion of pairs 
remains approximately constant, and this corresponds 
to the phase of more or less constant total numbers which 
precedes the second sharp increase in total numbers 
(see Fig. 2). 

Clearly the evidence indicates that at the time of 
excision all the cells in the explant are at about the same 
stage with respect to the division cycle, that those that 
are stimulated to divide all approach the first mitosis, 
during the initial lag period, at approximacely the same 
rate. Certain observations indicate that the stage from 
which the progress to mitosis begins in the lag period is 
early in the pre-DNA synthesis period. Samples from a 
population have been taken at intervals, the individual 
explants fixed in ethanol—acetic acid (3:1), sectioned at 
50u and Feulgen stained’. The density of staining has 
been measured microspectrophotometrically, and these 
observations have confirmed those of previous workers‘, 
who showed that immediately after excision, with respect 
to DNA content, all the cells are in the 20 condition and 
that they attain the 4C condition before division occurs. 
The approximate time of the transition has been analysed 
in. cultures in which tritiated thymidine has been added 
to the cultures and the proportion of labelled nuclei 
determined® on sections from explants cultured for differ- 
ent periods. The results are shown in Fig. 3, in which the 
corresponding change in the total number of cells is also 
shown. It is evident that while in this experimental 
series the first increase in cell number begins after 24 h, 
nuclear labelling begins after 12 h but before 24 h. While 
cell number is increasing from 24-36 h there is little or 
no increase in the proportion of labelled nuclei, but after- 
wards this increases again while the total cell number is 
more or less stationary. The data are not sufficiently 
critical to provide a basis for the estimation of the duration 
of the S and G, phases preceding the first division wave or 
of the durations of the three phases during the second 
division cycle, but they do show that all the cells are in 
the pre-DNA synthesis phase (early G,) at the time of 
excision. This corresponds to the observation that at the 
beginning of the experimental period the cells are in the 
20 state with respect to DNA content. 

It is significant that nuclear labelling is not observed 
during the first 12h. However, an acceleration in respira- 
tion is observed immediately transfer to the culture 
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Fig 1. Changes in the cell number (@) of explants grown at 25° 0 
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Fig 2. Changes in the cell number (@), base cell number (W) (cell 
number-—-number of cell pairs), and the percentage of cell pairs (0O), 
during the growth of explants at 25° C 
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Fig. 3 Changes in the cell number (W) and the percentage of labelled 
nuclei per section (@) of explants cultured at 25° C on a medium con- 
taining `H thymidine (0-96 uc./ml. specific activity 3-0 c./mM) 


medium is effected’. The enhanced respiration no doubt 
promotes accelerated motabolic activity and it may be 
supposed. that a progress through G, begins immediately 
the cells are transferred to the culture medium. This in 
turn suggests that at the time of excision -the cells are 
uniformly in early G. 

We thank Prof. R. Brown for his advice, the Science 
Research Council for a studentship to one of us (P. K. E.) 
and B. M. Phillips, Ltd., London, who supplied the 
fresh Ceylon coconuts. 
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revised ed., 142, 159 (George Ailen and Unwin, London, 1960). 

* Adamson, D., Canad. J. Bot., 40, 719 (1962). 

5 Partanen, C. R., in Developmental Cytology, edit. by Rudnick, D., 21 (Ronald 
Press Co., New York, 1959). f 

' Jensen, W. A., Botanical Histochemistry, 376 (W. H. Freeman and Co. 
London, 1962). 
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LETTERS TO THE EDITOR. 


ASTROPHYSICS 


Resonant Rotation for Venus? 


Can the rotation period of Venus be commensurate 
with its synodic period? If the rotation period is 243-16 
days retrograde, the axis of Venus which points toward 
the Earth at one inferior conjunction will point toward 
the Earth at all subsequent inferior conjunctions. This 
value for the rotation period of Venus lies within the 
errors of the measured rotation period'-*, If the moment 
of inertia of Venus about this axis is minimal, it is possible 
that the planet is locked into this synodic commensur- 
ability with its permanent bulge or longest axis pointed 
toward the Earth at each inferior conjunction. In other 
words, the presence of the Earth may have stabilized the 
sidereal rotation period of Venus at the value of 243-16 
days retrograde. To investigate the stability of such a 
commensurate spin angular velocity for Venus, we shall 
use a method similar to that used to determine the stability 
of the spin angular velocities of Mercury which are com- 
mensurate with its orbital angular velocity‘. 





Fig. 1 


The orbits of Venus and the Earth are approximated 
by concentric circles with the spin axis of Venus perpendi- 
cular to its orbit plane. It is also assumed that the axis 
about which the moment of inertia is minimal points 
approximately toward the Earth at inferior conjunction. 
Fig. 1 illustrates the angles and co-ordinates involved 
in the analysis. The points S, E, and V represent, respec- 
tively, the Sun, the Earth, and Venus. The semi-major 
axes of the orbits of Venus and the Earth are denoted by 
a and b. The distance between the Earth and Venus is r. 
The long axis of Venus is inclined by an angle 9 to the 
inertial line SI, 3 is the angle between the EHarth—Venus 
line and the long axis of Venus, @ is the angle between the 
Sun-Venus line and the long axis, s is the angle between 
the Sun and Venus as seen from the Earth, and « is the 
difference in the heliocentric longitudes of the two planets. 
In the absence of solar tides, the equation of motion isë: 

4,3 GMe@ .. 3p 4,GMo |: N 
09+ 5 (B A) a Sin 28+ 5 (B A) z5% sin 28=0 (1) 
where A, B, and C are the-principal moments of inertia 
in order of increasing magnitude, Me and Mo are the 
masses of the Earth and the Sun, and G is the gravitational 
constant. The condition for a commensurability of the 


type discussed here is that the average value of 8, which 
we shall denote by <B}, be a half-integer multiple of œ 


We have the following angular relationships for commen- 
surate motion: 








B= — tw + Ö 
<B> = pa (2) 
<@> = Nv + pa 


where p is a half integer and m is the mean orbital angular 
velocity of Venus. A retrograde rotation with sidereal 
period equal to 243-16 days corresponds to p= —5. As 
we wish to investigate the stability of small changes in 6 
about its mean value <§>, we introduce the angular 
velocity y= ð — < >. If conjunction occurs among 
inertial line SJ at tne time t = 0, then: 


B=y+pa 

S=y+ (p+ l)a te (3) 
Substituting equations (3) into (1) and averaging over a 
synodic period, we obtain (see ref. 4): 

O? +$ K(p)(B-A) SE (4) 
where K(p) is determined by numerical integration on an 
IBM 7094 computer. The values of K(p) for various 
values of p are listed in Table 1. Perturbations of-the 
orbit of Venus by the Earth also contribute to K(p). 
However, for the resonance in question (P = — 5), this 
contribution is negligible. 

The commensurate rotation rates are seen to be stable in 
the absence of any external torques other than those due 
to the permanent deformation of Venus from axial 
symmetry. The resonance will remain stable if the net 
additional torque {— T) satisfies: 


IT] <3 K(p) (B-A) 


sin 2y = 0 





GM o 
= (8) 


A solar tidal torque must be acting on Venus. If this 
were the only significant additional torque, the criterion 
for stability would be: 

B-A _ 4x10 _ 16x10 
-= > = Lee 6 
2 K(p)Q Q m 
for p= — 5. Here I/Q is the specific dissipation function®. 
Estimates between 10 and 20 for the Earth’s tidal effective 
Q are derived from observation of the secular acceleration 
of the Moon’. These low values may be primarily due to 
dissipation in shallow seas’, and therefore may not be 
applicable to Venus. Estimates of the Q for the Harth’s 
mantle are on the order of several hundred®. A stable 
resonance with a G of this order for Venus would require 
a value of (B~A)/C comparable with that of the Moon. 
It is not at all certain that Venus could maintain such a 
deformation because the larger surface gravity of Venus 
would imply greater internal stresses than those supported 
by the Moon. 








ig Table 1 


` P K(p) 
— 0:000 0-908 
— 0:500 1:479 
—1 000 2'857 
— 1-500 3 831 
— 2000 4:311 
— 2500 4394 \ 
— 3-000 4'204 
— 3-500 3°B51 
— 4-000 3:417 
— 4-500 2:958 
— 5-000 2°513 
— 5 500 2-001 
—6 000 1-735 
—§ 500 1°417 
— 7-000 1147 -~ 
— 7500 0-921 
— 8-000 0-784 
— 8500 0-582 
— 9 000 0-460 
— 9-500 0 360 
— 10:000 0'28? 
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If Venus had a primordial forward spin, the solar tides 
could not account for the present retrograde rotation. 
This has led some authors to propose the existence of other 
torques on the planet, notably of atmospheric origin 
(Gold, private communication (1964); MacDonald’). As 
the mass of the Venusian atmosphere is thought to be 
comparable with that of the Earth’s oceans, such proposals 
seem quite reasonable. If the atmosphere is capable of 
pushing Venus through the otherwise stable synchronous 
state of rotation (with respect to the Sun), present control 
of a rotation of Venus by the Earth is difficult to under- 
stand. 

In & previous communication’, we discussed stable 
resonant spins for a planet in an eccentric orbit. We found 
that a necessary condition for capture into a resonance 
was the existence of a significant term in the tidal torque 
which would damp librations about the commensurate 
spin value. For Venus a simular condition must be met by 
the total additional torque 7. As yet we have been unable 
to find any physical basis for the existence of such a term. 

A refined measurement of the rotation period of Venus 
will be awaited with great interest. 

PETER GOLDREICH 
STANTON J. PEALE 
Department of Astronomy and 
Institute of Geophysics and Planetary Physics, 
University of California, Los Angeles. 
? Carpenter, R. L., Astro J. (in the press). 


* Goldstein, R. M., Radio Sex. (Sec. D, J Res. U.S. Nat. Bur. Stds.), 89 D, 
1623 (1965). 


* Pettengill, G H., Radio Sct. (Sec. D, J. Res., U.S. Nat. Bur. Stds.), 69 D, 
1617 (1965). 


t Goldreich, P., and Peale, S. J., see p 1078 of this issue of Nature. 


* Danby, J. M. A., Fundamentals of Celestial Mechanics (The Macmillan Co., 
New York, 1962). 


* MacDonald, G. J. F., Rev. Geophys., 2, 467 (1964). 
7 Miller, G., Dissert., Univ. California at San Diego (1964). 


Detection of Hydrogen Emission Line 1660 in MI7 


THE existence of recombination lines of highly excited 
states of hydrogen is well established through recent radio 
observations*? of various galactic H II regions. This 
communication reports the detection and analysis of a 
new line %447—>%19¢ (1,424°736 Me/s) in M17, which extends 
our previous results! to lower frequencies. This particular 
n—n-l transition lies closest to the well-known 21-cm 
hyperfine line of interstellar hydrogen. We also suggest a 
convenient notation for the various transitions. 

Our data were obtained with the Harvard 60-ft. tele- 
scope equipped with a cavity maser 10-channel radio- 
meter having a resolution of 80 ke/s. The antenna beam- 
width is 52 min of are, and its aperture efficiency is 0-38 at 
the frequency of operation. The total noise temperature 
of the system is approximately 100° K. The maser used 
in this investigation is essentially the same as that used 
by Lilley et al.*. 

Our profile for 4717 is shown in Fig. l. Using our 
observational results (Table 1), we obtain, in a manner 
completely analogous to that described by Lilley et al.', 
T= 5,900 + 2,400° K, where Te 1s the computed electron 
temperature. This result agrees satisfactorily with the 
previous! determination of 6,800+3,000° K and 5,500 
+ 2,400° K and with Hoglund and Mezger’, who obtained 
4,060 7 39° K, 

In Fig. 2 we have plotted all reported values for M17 of 
the observed linewidth versus wave-length of observation. 
These values fall nearly on a straight line as expected for 
purely Doppler broadening as suggested in Fig. 2. Thus, 
our present result agrees with the conclusion arrived 


Table 1 SUMMARY OF OBSERVATIONAL RESULTS 
y (Mc/s) = 1,424 4yvz, (ke/s) = 200 
Ts (RK) = 0195 + 0030 Av commana) = 183 + 60 
C/S 
T1L{To = 083 + 017 per cent F (km/s) = 20 +7 
The above quantities are defined in ref. 1. 
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Fig. 1. Line spectrum for M17 (188a; Jo = 1,424-736). The ordinate is 
antenna temperature. The abscissa 1s velocity with respect to the local. 
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Fig, 2. Plot of linewidth (Avt) versus wave-length for all observed 
n — n-l lines in M17 


at by Lilley et al. that the linewidth can be entirely 
accounted for by thermal and turbulent broadening to 
v~ 1,420 Me/s. 

We have also observed a region near W75 (ref. 3) and 
have obtained evidence for a line, although the signal-to- 
noise ratio is not sufficient for quantitative analysis. 

To avoid cumbersome notation for future work on lines 
of excited hydrogen, we suggest a notation widely used in 
optical spectroscopy. For example, the 745,—%ie, bransi- 
tion reported in this communication would be labelled 
simply 166%. The transition M2991», Would be desig- 
nated 1988. The number represents the principal quantum 
number of the lower state, and «, 8, y .. . designate respec- 
tively transitions of type nn-1, n->n-2, n—>n-3, etc. This 
notation is consistent with Lyman « (la), HB (26), ete. 

The use of the line 166« (at 1,424 Mc/s) will enable the 
many hydrogen-line (1,420 Mc/s) systems around the 
world to examine both ground state and excited hydrogen. 

This investigation was supported by the U.S. National 
Science Foundation. 

PATRIOK PALMER 
B. ZUCKERMAN 
Harvard College Observatory, 
Cambridge, Massachusetts. 
1 alley, A. E., Menzel, D. H., Penfield, H., and Zuckerman, B., Nature, 209, 
468 (1966). 


4 Hoglund, B., and Mezger, P. G., Science, 150. 339 (1965). 
2 Westerhout, G., Bull. Astro. Netherlands, 14, 215 (1958). 
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Dislocation Velocities 


THE purpose of this communication is to discuss the 
various techniques which have been used to obtain infor- 
mation concerning the velocities of dislocations, and 
particularly to pomt out the differences between tech- 
niques. In view of these differences, suggestions are 
offered as to how the various results ought to be interpreted 
ın order to provide the most useful information. 

Three techniques have so far been proposed for determ- 
ining the effect of stress on dislocation velocity. The 
method of Johnston and Gilman! consists of isolating a 
single dislocation half-loop; locating the positions of its 
ends by etch-pitting; applying an essentially rectangular 
stress-pulse of known intensity and duration; re-etching 
to find the distances which the ends of the half-loop move. 
The distance moved divided by the pulse duration is then 
the average velocity associated with the given stress. 
In a variation of this method first used by Stein and Low’, 
fresh dislocations are introduced by scratching the surface 
of the specimen immediately prior to application of the 
stress-pulse. After stressing, the specimen 1s etched and 
the distance from the scratch to the furthest etch-pit is 
used in the calculation of average velocity. Finally, as a 
means of reducing the experimental complexities of these 
two methods, Guard? suggested that ın the plastic régime 
during a simple tension or compression test the cross-head 
speed of the testing machine be suddenly altered by a 
substantial amount and the resulting change of flow 
stress noted; then through an equation relating the plastic 
strain-rate to the dislocation population and its average 
velocity, inferences could be made concerning the stress 
dependence of this velocity. 

It is vitally important to recognize that these three 
methods relate to three totally different physical situa- 
tions. A dislocation examined by Johnston and Gilman 
has moved through a crystalline region free from the 
influences of other dislocations. The factors affecting its 
motion are only the applied stress and the intrinsic drag of 
the lattice as modified by impurity content, other point 
defects, etc. On the other hand, a dislocation observed by 
Stein and Low is additionally influenced by local varia- 
tions in the applied stress resulting from the stress fields 
of the scratch and all of the dislocations adjacent to it. 
In the experiment of Guard each dislocation contributing 
to the overall effect is moving ‘through’ a rather dense 
array of neighbouring dislocations, and probably experi- 
ences many fluctuations of the local stress field as well as 
entanglement with its neighbours. (If the entire dis- 
location population were mobile, and everywhere moving 
with the same velocity, then the preposition ‘through’ is 
superseded by ‘with’ and the following argument is 
invalid; but it is not likely that these conditions prevail.) 
Thus the three methods attempt to describe the average 
response of dislocation velocity to applied stress, for dis- 
locations in three different environments ranging from 
isolation to conglomeration. 

Should the methods then be expected to yield equivalent 
results? The answer to this question depends on the 
details of the interactions among the dislocations. For 
any particular crystal, some indication is given by its 
macroscopic stress-strain curve. Regions of strain- 
hardening indicate strong interactions which should 
produce fundamentally different results in the different 
situations, whereas regions of easy glide indicate weak 
interactions and approximately the same results might 
be expected. However, the answer to this question is 
really not important. 

The real significance of such experiments lies in the 
fact that they provide part of the basis for quantitative 
prediction of stress-strain-time behaviour on the macro- 
scopic scale! ‘-*, This behaviour is obtained by integra- 
tion under suitable boundary conditions, of a strain-rate 
relation of the form: 
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E= ppv (1} 


Here e is the plastic strain, and the dot indicates time 
derivative; ọ is an orientation factor which depends on 
the configuration of dislocations present, and the strain 
(it may, therefore, be termed a structure factor); p 1s the 
length of dislocation lne per unit volume (also called 
dislocation density because one of the important measur- 
ing techniques related to this quantity 1s surface etch- 
pitting to determins the number of line intersections per 
unit area); and v is the average dislocation velocity. 

The integration >f equation (1) involves specification 
of the forms of ọ, pand v. It has been usual to assume that 
p is a constant, or that changes of @ have a negligible 
effect on the final results. As regards p, experiments 
indicate that this is approximately a linear function of 
plastic strain: 


p = py + ae (2) 


The earliest velocity—stress relations were either fitted to 
the empirical formula: 


p= ( t/t)” (3) 
or to the relation derived by Gilman’: 
9 = v* exp{—D/7} (4) 


These formulae each contain two parameters (Tọ m and 
v*, D) which can be adjusted to provide a best fit for the 
data. Integration of equation (1) based on the other 
relations has been quite successful in providing quantita- 
tive descriptions of macroscopic phenomena in the small- 
strain, short-time régime. For long times a mechanism 
of ageing must be ircluded; for large strains, a description 
of hardening. 

Some investigators have described hardening in terms 
of an ‘effective stress’ experienced by the dislocations. 
The reasoning is that long-range stress fields will develop 
as the dislocation population increases, and that a “back 
stress’ will tend to ımpede the progress of moving dis- 
locations. The average dislocation velocity is then sup- 
posedly governed by the effective stress. That is, m 
equations (3) or (4) t is replaced by this effective stress. 
However, such anazyses must always conclude that after 
yielding this effective stress simply equals the yield stress. 
Thus any hardening introduced in this manner is essen- 
tially empirical. Moreover, the concept of effective stress 
is inimical to the equilibrium requirement for the spatial 
average stress to equal the applied stress. 

Chen, Gilman and Head* provide a more satisfying 
approach to the mechanism and description of hardening. 
They have investigated the effect of a fluctuating stress 
field on the average velocity of a moving dislocation, 
assuming that its instantaneous velocity is given by 
equation (4). For sinusoidal fluctuation of + about a mean 
value equal to the applied stress, they show that the 
average velocity 1s smaller than the velocity obtained by 
sumply using the applied stress in equation (4). The reason 
is that more time is lost by the dislocation in traversing 
the low-stress regians than is gained in the high-stress 
regions. On this basis it seems sensible to discuss an 
‘effective drag parameter’, or ‘effective stress exponent’ 
if relation (3) is bemg used, rather than conceptually to 
violate equilibrium with the notion of an ‘effective stress’. 

At this point the argument may seem entirely semantic, 
but there is an important advantage to be gained by think- 
ing of D or m (and indeed possibly even v* or +) as func- 
tional quantities rather than as constants. This relates 
to the method of Guard* which has received considerable 
attention®-4, particalarly during the past year. Consider- 
able effort has beer expended in relating the results ob- 
tained using this meshod to those of the other two methods. 
The fact is that this sechnique is particularly well suited for 
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investigating the dependence of (at least one of) the 
velocity-stress parameters on strain and strain-rate. 

The data available clearly indicate that dislocation 
velocities are dependent on factors other than stress. 
Even for relatively strain-free crystals the concentration 
of certain point defects seems to be very influential. 
Certainly dislocation interactions affect average velocity 
at some stage of the deformation process and hence the 
velocity relation must be related somehow to strain. 
More generally it can be asserted that dislocation velocity 
is influenced by stress and structure. The term structure 
is intended to be descriptive of crystalline imperfection, 
and is somewhat analogous to entropy. Temperature also 
influences the velocity relation, but so far there is no 
experimental evidence to indicate whether or not any 
influence is expected by such variables as strain-rate, 
hydrostatic pressure, etc. 

In summary, there 1s no reason to believe that disloca- 
tion velocities in a given material are determined solely 
by the resolved shear stress. Investigation of velocity 
dependence on other appropriate parameters may serve 
to delineate the true functional form of the velocity 
relation. This would provide greater insight into the 
mechanism governing plastic flow and a better quantita- 
tive description of the process. PETER P. GILIS 


Department of Engineering Mechanics, 
University of Kentucky, Lexington. 

* Johnston, W. G., and Gilman, J. J., J. App. Phys., 80, 129 (1959), 
* Stein, D. F., and Low, jun , J. R., J. App. Phys., 31, 862 (1960) 
3 Guard, R, W., Acta Met., 9, 163 (1961). 
1 Hahn, G. T., Acta Met ,10, 727 (1962). 
* Johnston, W. G., J. App. Phys., 33, 2716 (1962). 
* Gillis, P. P., and Gilman, J. J., J. App. Phys., 36, 3870 (19685). 
a erry . J., Austral, J. Phys.,18, 827 (1960), and J. App Phys., 36, 3196 


* Chen, H. §., Gilman, J. J., and Head, A. K., J. Appl. Phys., 85, 2502 (1964). 
? Johnston, W. G., and Stein, D, F., Acta Met., 11, 317 (1963), 

u Christian, J. W., Acta Biet ,12, 99 (1964) 

11 Floreen, S., and Scott, T. E., Acta Met.,12, 758 and 1459 (1964), 

1! Schadler, H. W., Acta Afet ,12, 861 (1964) 

13 Noble, F. W., and Hull, D., Acta Met.,12, 1089 (1964) 

n I, J.C M., and Michalak, J. T., Acta Afet.,12, 1457 (1964). 


A New Method for determining Surface 
Densities by Evaluation of the Decrease in 
Concentration of Single Stationary Drops 


SURFACE densities can be determined from the decrease 
in concentration and the estimated total area of a large 
amount of bubbles or drops made to pass through a 
solution’: this method is not accurate since the amount 
of substance adsorbed by the bubbles or drops is dependent 
on the hydrodynamics of the system. 

An alternative method is now suggested, by which 
surface densities can be determined directly. The method 
is based on the fact that adsorption on to the surface of a 
single drop consisting of a solution of a sparingly soluble 
substance may lower considerably the original solution 
concentration. In this method, a drop of known volume 
and surface area with an initial concentration c, is formed, 
and the surface tension is determined after equilibrium 
is reached. The final bulk concentration c, will be lower 
than the initial concentration c,, as solute is adsorbed at 
the surface. The final bulk concentration c, can be determ- 
ined by comparing the equilibrium surface tension value of 
the drop with surface tension-concentration data determ- 
ined by any other suitable method in which adsorption 
on to the surface does not modify appreciably the bulk 
concentration. Garner and Garfias? have shown that 
reliable surface tension-concentration data can be obtained 
from the dimensions of a small air bubble immersed in a 
large volume of solution. 

Tf it is assumed that all the adsorption of the solute is 
confined to a superficial layer one molecule thick, and that 
the concentration in the bulk of the drop is constant right 
up to the superficial layer, then the surface density 
is the difference per unit area, between the initial and final 
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amount of solute present in the bulk of the drop, as given 
by the equation: 


VOL. 209 


n = V (c, — C2) 


where n is the surface density in g moles/em*; V, the drop 
volume in em?; c, and c}, initial and final concentration in 
g moles/cm*; and S, the drop surface area in cm’. 

Jt can be shown that surface adsorption can lower 
considerably the concentration of drops, by considering a 
drop of undecanoic acid solution, which at equilibrium 
has a final concentration c, of 1-6 x 10-* moles/em’. 
For a drop with a volume of 0-020 ml. and a surface area 
of 0-30 cm? the amount of solute contained in the bulk of 
the drop is 3 x 10-19 g moles. Dervichian® has reported 
that the equilibrium film has a density of 4 x 10-?° g 
moles/cm?, so there are also 1-2 x 10-!° g moles adsorbed 
at the surface of the drop. The total amount of solute 
present is therefore the sum of that in the bulk and in the 
surface, that is, 4-2 x 10-!° g moles, which would require 
that initially the drop should have been formed with a 
solution containing 2-1 x 10-8 g moles/em? of undecanoic 
acid; in other words, for this particular example, the con- 
centration is 40 per cent lower after surface adsorption has 
taken place. 

Besides the fact that the suggested method is confined 
to the investigation of the surface densities of a few spar- 
ingly soluble substances, there is an additional restriction 
imposed by the nature of the method. In effect, surface 
densities cannot be determined for all ranges of concentra- 
tion: the maximum concentration for which the surface 
density may be determined by this method corresponds 
to that in which the total amount of solute (bulk -plus 
surface) per unit volume gives the saturation concen- 
tration. 

Experiments at liquid-air and liquid-liquid interfaces 
are being conducted by one of the authors (F. J. G.) 
and will soon be reported. 

- F. H. Garner 
F. J. GARFIAS* 

University of Birmingham. 

* Present address: Facultad de Quimica, Universitad Nacional Autonoma 
de México. 


Compare with Adam, N K., The Physics and Chemistry of Surfaces, 118 
(third ed., Oxford University Press, 1941} 


? Garner, F. H., and Garfias, F. J. (unpublished work). 
3 Dervichian, D. G., Kolloid Z., 146, 96 (1956). 


GEOPHYSICS 


Time Variations of Geomagnetic H and D 
at Disturbed Stations 


Tue cylindrical co-ordinate system, defined by the 
components H, D and Z, used to describe the geomagnetic 
field brings some noteworthy consequences when going 
from the field to its time gradients. Although of a quite 
elementary geometrical nature these effects are sometimes 
overlooked in magnetic cartography and research work. 

The use of the direction co-ordinate D, determined by 
the field itself, is due to practical reasons: it is the direction 
of a compass needle. H and D completely describe the 
horizontal part of the field, as do X and Y or any other 
pair of horizontal magnetic ‘elements’. 

Fig. 1 shows the prevalent H and D as determined at a 
certain station at a certain time. We further have the 
disturbance field P,« due to a crust anomaly. We could 
of course easily produce this disturbance ourselves by 
placing a magnet in a fixed position close to the in- 
struments. We further assume that we know the ‘normal’ 
field Hn, Dn which would prevail if P did not exist. 

Transforming to geographical north and east com- 
ponents, we obtain: 


A =H cos D 
Y=H sm D 


X n= En cos Dn 
Yn = FT, sin D, 


ae 
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Since P,« are constant, the time variations in the æy- 
frame are equal: 
X=X, 
Y= Ye 
This leads to the following expressions for the ‘normal’ 
time variations in terms of those observed: 


Da = = cos (Da — D) — 3438 sin (Da— D) 


Hp, = 5458 sin (Dn — D) + H cos (Dr — D) 


where Da and D are expressed in minutes of arc per time 
unit. As can be seen the change in one ‘normal’ component 


1s a function of D as well as H. 

Let us apply these formulae to the following practical 
case, approximately valid for the Kiruna Observatory 
1954-55: 


H=11,000y D = — 7° (observed) 
Hn = 12,1007 D= +1° (estimated) 
H= +2y/year D = + 9’/year (observed) 


Hna and Dn were estimated from a magnetic chart. 
Inserting these values in the foregoing equations yields: 


Hn = + 6y/year Dn = +8: 1’/year 

These values are considerably different from the obser ved 
values. 

The observed values H, D indicate a significant magnetic 
anomaly, that is, deviation from the ‘normal’ field, in 
the sense that we will get a similar deviation whichever 
pair of horizontal components we use. 


The pair H, D does not constitute an anomalous annual 
change of significance. The anomaly is only a geometrical 
effect. In the north-east system we obtain: 


X= Xn=5.5 y/year 
Y= Yn = 28.6 y/year 
Physically, the results given here are only an illustration 
of the well-known fact that there is little or no correlation 
between small-scale field anomalies (with sources in the 
crust) and the anomalies of the secular variation (with 


sources in the core). 

The time variations of the disturbance field P,« which 
would make X :£Xn, Y#AYVn, are generally much smaller 
than the secular variation and difficult to detect in short 
time spans. This stability of the thermoremanent mag- 
netization (and other kinds of rock magnetism) is essential 
for the archaeomagnetic and palacomagnetic research. 

In magnetic cartography no deeper meaning should be 
attached to local anomalies in H and D without a closer 


look. As a supplement isoporic maps based on X and Y 


Tree 
North 





Fig 1 


are recommended. The field stations, including the ‘secular 
stations’, providing most of the data for magnetic charts 
are often disturbed, simply because it is almost impossible 
to find undisturbed stations in some areas. 

The previous discussion is of course applicable to all 
time variations, suck as, storms, diurnal and lunar varia- 
tions, bays, pulsations, sudden commencements. For 
example, before attnobuting physical significance to the 
amplitudes in H and D of Sq at a magnetic observatory 
it may be worth whi to check (by means of observatory 
data and magnetic eharts) whether or not the field is 
under influence’ of a local anomaly. Sqg(HA) and Sq(D) 
may differ considerably from Sq(Hn) and Sq(Dn). It 
is always safer to worx in X and Y. Another pair of useful 
horizontal components are Hgm, Dgm where Hgm is the 
component in the direction of geomagnetic north. 

It is usual practize (with important exceptions) to 
locate magnetic observatories in areas which are as free 
as possible from local disturbances. This is often ascer- 
tained by means of a local survey. If the field gradients 
are sufficiently small the site is considered suitable. There 
may, however, be largar, regional anomalies which are not 
detected in this way. In this case the recorded ‘disturbed” 


values H, D may be representative for a fairly large area. 
Still, they do not necessarily indicate a real anomaly in 
the time variations stadied. 

A synoptic study of the amount of local disturbance 
at the magnetic observatories may be helpful to users 
of magnetic data. The whole discussion is, of course, 
somewhat obscured by the vagueness of such conceptions 
as ‘normal field’ and ‘disturbance’. 

Forka ELEMAN 

Goddard Space Flight Center, 

Greenbelt, Maryland. 


GEOLOGY 


The Malvern Lower Cambrian Strata 


In a recent communication R. St. John Lambert and 
D. C. Rex! imply thet the palacontological evidence is 
insufficient for any claim to be made that Lower Cambrian 
strata are exposed in the Malvern Hills. Whereas there 
is some doubt concerning the presence there of Middle 
Cambrian rocks, there is little doubt about the existence of 
Lower Cambrian. The earliest fossiliferous strata in. 
Shropshire, which occur above the Wrekin Quartzite but 
at least 450 ft. below the Olenellid Callavia Limestone. 
were described by Cobbold? as yielding two of the brachio- 
pod species describec by Matley* from the Malvern. 
Quartzite of the Malverns, namely, Micromitra (Paterina) 
phillips: (Holl) [olim Kutorgina cingulata auct.] and 
Obolella groomi Matley*. Later, a third brachiopod species 
known elsewhere only in the Shropshire O. groomi fauna. 
Mucromira (Paterina) rhodesi Cobbold, was collected by 
H. F. Metcalfe from the Malvern Quartzite in association 
with the previously recorded forms’. It is significant to 
learn that the “last major isotopic event in the Mal- 
vernian occurred 590 + 20 m.y. ago’”!, for this has an im- 
portant bearing on the problem of the date of the base of 
the Cambrian. It woulc be of even greater interest to learn 
the isotopic age of tha palaeontologically dated Lower 
Cambrian Comley Sandstone glauconitic rocks from 
Shropshire which are being investigated by the Oxford. 


group. C. J. STUBBLEFI®SLD 
Geological Survey and Museum, i 
Exhibition Road, 
London, S.W.7. 


1 Lambert, R. St. J , and Rex, D. C., Nature, 209, 606 (1966), 

? Cobbold, E. S., Quart J. GeoL Soc. Lond., 76 for 1920, 325 (1921). 

3 Matley, C. A., Quart. J. Geol. Soc. Lond., 58, 137, 145 (1902). 

‘ Stubblefield, C J, m Rodgers, J., El Systema Cémbrico, su Paleogeografixn 
7 el Problema de su Base: Tome ly XX Congr. Geol. Internat., exico, 10 

è Stubblefield, C. J , Sum. Prog. Geol, Sur for 1935, 85 (1936). 
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Volcanic Chronology of Lanzarote (Canary 
Islands) i 


Tax relative or absolute chronology of Late Tertiary 
and Quaternary events in the Eastern Canary Islands is 
mostly unknown. Pacheco! and Hausen? both attribute 
the cinder cones and olivine basalts of the central volcanic 
region of Lanzarote to the Quaternary on general grounds; 
the preservation and freshness of form. The northern and 
southern uplands of Famara (671.m) and Ajaches (561 m), 
built of weathered lavas and pyroclastics with deep valley 
dissection, are similarly attributed to the early Tertiary; 
a formation termed the Tableland Series by Hausen and, 
in Ajaches, the Ajaches Volcanic Series by Driscoll et al.?. 

To elucidate the volcanic chronology a number of 
systematic themes were followed and linked by field 
mapping at the scale 1: 25,000. Foremost among these 
was the use of an established raised beach succession to 
provide a broad grouping and relative dating of the 
volcanics where they outcropped at the coast. Within 
this grouping, field mapping reveals a more complex 
picture not discussed here. 

Zeuner’s raised beach records for the eastern Canaries 
laek sections, textual discussion and has few sites*. It 
was not used in this investigation. A raised beach succes- 
sion reported by Driscoll for the Tertiary Ajaches area of 
south Lanzarote probably relates to Quaternary eustatic 
shifts of sea level. Platforms and marine deposits at 56, 
35, 23-25, 15, 6 and 1 m, and a shore platform are 
‘described. Possible marine erosion levels at 200 m and 
300 m were suspected. I have made an attempt to extend 
this sequence to the entire island. 

The 55-m level appeared morphologically flanking the 
‘Tableland Series outcrop in the low central] region of the 
island .and on the eastern side of the 

Famara Upland. Blocks of crystalline 
limestone ejected from more recent vol- 
canoes may represent the shoreline and 
its deposits north-east of Tinajo. 

The 15-m level appears as a cliff line 
‘without deposits-cut into lavas from Mt. 
‘Teneza and buried by later lavas. In the 
Ajaches area the beach overlies lavas from 
Mt. Roja, the West Coast Basalts of Dris- 
coll and not the Tableland Series as 
assumed by Hausen and Pacheco. The 
25-m beach reported in Ajaches by Driscoll 
refers to the surface of terrestrial deposits ; 
‘the marine beach is 8-10 m. lower. Marine 
and terrestrial deposits are probably above 
the former intertidal zone, as is usual on 
‘this coast, and the, old sea level would 
appear to be near 15-17 m. Relict pot- 
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small shells impregnate angular basal scoria of the 
sub-horizontal laval flows, frequently appearing to 
be older than the solid lava just above, but there is 
no sign of contact metamorphism. In the Ajaches area, 
lavas from Atalaya de Femés reach the sea at Janubio 
and Berrugo where they are older than the 6-m beach. 
The l-m beach deposits are less calcareous, virtually 
recent in fauna and parallel present beach contours. 
Erosionally the 1-m level intercliffs 6-m deposits while 
north of Arrecife (east coast) a deep beach section showed 
the 6-m and 1-m deposits separated by a rotlehm’ extend- 
ing below sea level. A rotlehm is often found below the 
l-m conglomerate where it occurs alone. 

Above 55 m, no marine deposits are found. The erosional 
levels of c. 200 m and 300 m fail to appear in the Famara. 
However, Mt. Ubique (308 m), a cone some distance 
south of the Famara, the only preserved cone of the Table- 
land Series, is strongly cliffed on the south-east flank in 
contrast to its other smoothly aggraded slopes. This 
may indicate marine action to its foot at ce. 150-160 m 
although the old abrasion platform is covered by later 
lavas. 

The age and presence of this cone isolated in the central 
volcanic region indicate that this low region, with small 
Tableland Series exposures, is due to regional inequality 
of the Tertiary eruptions, and not to later faulting forming 
a ‘tectonic graben’ (Hausen). Similarly there is no field 
evidence for the faults invoked for the Famara and 
Ajaches escarpments; indeed, there are no faults in any 
exposures of the Tableland Series. Pacheco’s thesis of 
long continued and strong erosion from the west must 
still stand. On the Famara Upland field mapping shows 
that the gently rising plateaux culminating in rocky 
outcrops of columnar basalt are the sub-original lava 
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holes and rolled boulders appear at this a (mentioned in text) 


height. A marine conglomerate at 8-9 m. 
-covered by lava from Atalaya de Femés at’ 
Berrugo probably relates to the 15-m 
level. It has a similar fauna but lacks 
‘corals. Shingle bands at various heights 
on the cliffs of the east Ajaches coastline 
-aro poorly rounded, lack marine fauna and 
are interpreted as interbedded gravels with 
‘tthe Ajaches Volcanic Series, unrelated to 
‘Quaternary sea level. 

The 6-mand-the 1-m beaches form thebest 
‘basis for the broad grouping of volcanoes 
and lava fields (Fig. 1). The 6-m level is 
extensively found: a hard limestone and 
‘conglomerate with a warm water fauna, 
particularly Strombus bubonius, a gastropod 
now absent from the Canaries. On the 
‘calm south-east facing (Sotavento) coast 
the beach is depositional in embayments, 
but on lava-flow headlands it often lacks 
@ precise morphology. Limestone and 
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Fig. 1. Map of the voleanic chronology of Lanzarote based on the raised beach succession 
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3 and throat fills of old volcanoes. Scoria and lapilli 
seen dipping off the old necks. The deep radiating 
ancos emphasize the original topography and are a 
rue consequent drainage pattern. Many have since been 
locked and partly filled by lavas from shield volcanoes, 
at least one of which is younger than the 15-m stage. In 
the more closely dissected Ajaches area this is less easy to 
demonstrate, but throat plugs and lapilli cone structures 
are found. Benches at high levels here appear to be 
dependent on structure. 
The eruptive nature of the Tertiary volcanics is very 
similar to that of the Quaternary volcanics of the central 
_. - region, a fact noted by Hartung’. They are not the fissure 
eruptions envisaged by Pacheco, nor do they merit the 
name ‘Tableland’, being in no way similar to the Antrim 
- oor Deccan plateaux basalts. The broad grouping revealed 
_. by Fig. 1 shows that the lavas between the 15-m and 5-m 
> stages were the most extensive. While Quaternary vul- 
< e@anism is known in the Tertiary Uplands and particularly 
the Famara, its reiterated manifestations are in the low 
<- eentral region. The eruptions between the 5-m and l-m 
stages are less extensive, but this may merely reflect a 
¿shorter time interval. A linear pattern linking eruptions 
within and between these groups can be seen. The 
istoric eruptions of 1730-36 and 1829 are unaffected by 
aised beaches. 
There is no certain Quaternary vulcanism anterior to 
he 55-m stage and most of it post-dates the 15-m stage. 
The 25-m and 35-m stages recorded for Los Ajaches (and 
- Fuerteventura, see below) are entirely missing ; they are 
srobably buried. The apparent break in vulcanism from 
he early Later Tertiary to the Middle Pleistocene may 
be in part illusionary due to a later burial by lavas, but it 
seems unlikely in view of the preservation of cones of both 
-ages only partly modified. Since the Middle Pleistocene, 
successively younger lavas have eliminated the higher 
- beaches, providing clear evidence of the progressive youth- 
< fulness with decreasing height of the raised beach succes- 
gions. This constitutes an important local proof that the 
: lower beaches are younger, a proof independent of the 
concept of ‘intercliffing’. 
— The 160-m level and the raised beach series below 55 m 
can be tentatively correlated with similar successions on 
the west coast of Fuerteventura’ and Morocco*®. Chff-foot 
heights and faunal associations provide the basis. The 
-sequence may date back to the end of the lower Pleistocene 
: (55 m= Sicilian following Lecointre?) while the 150-160 rn 
level recorded on Mt. Ubique may date to the Lower 
Pleistocene or Late Pliocene (= Villafranchian). In 
< conjunction with preservation of form and sub-original 
~ topography it suggests an age closer to Miocene or Pliocene 
for the upper succession of the Tableland Series rather 
than the early Tertiary and post-Eocene ages of Hausen 
and Pacheco. The presence of the cone Mt. Ubique seems 
‘to preclude any higher transgressions. No interbedded 
marine deposits are known within the Tableland Series. 
| The tectonic stability of the region which these tentative 
_ correlations imply is supported in the field. Spanish 
survey marks are inadequate for precise levelling and 
Variations in exposure prohibit the detection of slight 
_ changes of level, but there is no sensible variation on the 
6m or I-m beaches. The 55-m beach encircling Los 
== Ajaches and morphologically present elsewhere is a major 
stage (40 m-65 m), but nowhere is there any sign of 
< disturbance. The absence of evidence of faults in either 
the Tertiary or Quaternary formations seems to preclude 
large-scale tectonic activity in these periods despite 
extensive vulcanism although minor seismic activity 
“associated with imminent eruptions is not unknown’. 
such stability is noteworthy so close to a continental 
in and particularly in view of attempts to see North 
7 tural lineaments in the Canaries with the 
ible tectonic implications of this. While the Casa- 
is. a reputedly stable part of the Moroccan 
parts of the Atlas owe their origins to 
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Quaternary tectonics. The deep seas (4,500 ft.) between _ 
the islands and Afriza may indicate a separation from the _ 
African basement and partial insulation from tectonically | 
active zones. | 

This succession, established for Lanzarote, may serve: 
as a useful point ef reference in studies on the more- 
vuleanologically complex islands of the Central and 
Western Canaries. 

I thank Dr. S. Gregory for reading critically the draft 
of this manuscript. The work is being carried out on a 
Department of Sciertific and Industrial Research student- 
ship which is gratefally acknowledged. 
K. J. Piece : 
Department of Geography, Cees 

University of Lwerpool. 
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METALLURGY 


Strain Hardening in Fatigue 


FRACTOGRAPHIC studies!~? using optical and electron 
microscopy have shown that, for many metals, hi gh-strain 
fatigue endurance 15 determined by crack propagation of 
the type designatedstage IT by Forsyth‘. This is contrary 
to the statistical argument put forward by Gittus® and the 
dislocation interseetion model of Gilman‘, neither of | 
which is in accord with fractographie evidence. z 

In a recent theory’, Grosskreutz has related high-strain 
fatigue endurance to the ductility at fracture in a ti le 
test, as proposed by Coffin’, and the strain-ha g 
coefficient, n. S 

We picture crack propagation occurring by pla 
away from the crack tip during the tensile par 
and this flow is no» completely reversed by cü 
The deformation causes strain hardening ahe 
advancing crack and inhibits plastic flow in thes 
cycle. Continued crack propagation can onl 
further strain, and thus strain hardening, occurs 
crack tip. We therefore anticipate a continuous 
in strain hardening from the crack nucleus to th 
position at final fracture. | ee 

A technique reported by Wiliams” has been: ee to A 
measure microharcness on the fracture surface and ha 
shown that a continuous increase in strain hardening 
exists. Specimens of type 316 steel which failed with © 
lives between 5 x 10? and 7 x 10° cycles were mounted 
in a transparent medium which was polished away parallel 
to the fracture surface. When the fracture surface was 
reached, islands of metal were exposed (Fig. 1), these baing 
taper sections of the particular local feature. It has been 
verified that the ripples present are of the form reported 
by Laird and Smish?, Microhardness indentations were 
placed on regions of high taper magnification. The 
hardness values obtained thus give a measure of the 
condition very close to the fracture face; this cannot be 
done directly on fracture faces or on longitudinal sections. 
Indentations were nade using the Reichart microhardness 
tester loaded at 31g. A typical result is shown in Fig. 2 
with error bars drawn at one standard deviation; note 
that tho annealed material and material in the neeked 
down region of a fractured tensile test piece have diamond 
indentation ocular readings of 106 and 84, respectively. 
Measurements in she gauge portion indicate that some 
progressive harderang occurs during testing, but this is a 
second-order effect compared with the local hardening at 
the fracture face. 
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Fig. 1. Islands of metal showing fracture surface ripples revealed by 
taper sectioning. Specimen subjected to high strain fatigue. Failed in 
12,435 cycles. (e. x 800) 


Hardness, ocular reading 





0 0-1 0-2 0-3 0-4 0-5 
Distance from crack nucleus (cm) 


Fig. 2. Microhardness variation over fracture surface 


It is believed that a continuous increase of strain 
hardening during crack initiation and propagation is a 
common feature during testing of ductile metals, even 
when 10’ or more cycles are required for failure. It is 
also suggested that the foregoing results indicate that 
strain hardening to some level appropriate to the ultimate 
tensile strength is not necessary before a crack can 
advance. 

A. T. PRICE 
Central Electricity Research Laboratories, 
Kingston Road, Leatherhead. 
P. J. SMITH 

Sir John Cass College, London, E.C.3. 
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CHEMISTRY 


Partition Isotherms and the Mixed Second 
Virial Coefficient 


Tw a recent publication! Sewell and Stock have presented 
their results for the effect of an inert gas, nitrogen, on the 
solubility of carbon tetrachloride in non-volatile liquids 
used as stationary phases in gas-liquid chromatography. 
Although not stated, it is to be understood that the method 
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is based on the original proposals and work of Freeguard? 
and Stock, and it is the aim of this publication to direct 
attention to the consistency of Freeguard’s results and to 
indicate a method whereby the later results may be used 
to evaluate B,,, the second virial coefficient that accounts 
for the interactions between unlike molecules of the 
mixed gases. 

To avoid confusion we adopt the nomenclature of the 
previous publication'; thus the fugacity, p,*, of the pure 
vapour at a pressure p, is given by: 

In py* = In py + Bag p,/RT 
where B,, is the second virial coefficient of the pure 
vapour. The activity of the vapour is given by the ratio 
of the fugacity at the pressure p, to that of the saturated 
vapour at the temperature T. 
Therefore 
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Ina, = In p,*/p,*° = In p,/p.® — Balp: — pa) / RT (1) 
where a, is the activity of the vapour and p,’ the saturated 
vapour pressure. Let x, be the mole fraction solubility 
of the vapour in the non-volatile solvent and y, be the 
solute activity coefficient at this concentration. Since 
vapour and solute are in thermodynamic equilibrium, it 
follows that: 


In 4, = In xgy, = In p,/p,® — BaP? — p,)/RT (2) 
In the presence of nitrogen, when P is the total pressure 
and P—p, its partial pressure, we have: 
In %3’y2° = In p,/p,° + P[Bz: — (l-y)(Bu — 2By + 
By,)\/RT — Byp./RT (3) 
where x,’ is the new mole fraction solubility of the vapour, 
Y: the corresponding value of the activity coefficient and 
Bı the second virial coefficient of nitrogen. We note that 
the situation has been simplified by the assumption that 
the effect of applied pressure on y, is negligibly small when 
P assumes values the maximum of which are not very much 
greater than 1 atmosphere. Adopting the assumption? 
(but with some reservation) that for y, the mole fraction 
of the solute in the gas phase, we may write y = p,/P, 
and subtracting equation (2) from equation (3): 


In Ta Yar — ln Tif: = P( Bay = (1 — p/P) (By, = 2Bis + 


By,)\/RT — p,By,/RT (4) 
from which 
RT (in way,’ — In zy:) = By[2P (1—p,/P)*)] - 
By, [P (1—p,/P)*] + Basfp.(l—p./P)] (5) 


From the results of a previous investigation? it may be 
shown that over a wide range of concentration (7, = 0 to 


Ta = 0-45) 

In ziya = Alna, + C (6) 
where A and C are constants characteristic of the solvent 
(we use A and C for dinonyl phthalate and A’ and C’ for 
squalane). 

Therefore 
A.RT (In x; — In x) = f(B, Pa, P.) (7) 
where f(B,p,,P.) is used as an abbreviation for the right- 


hand side of (5). 
If we consider the equilibrium condition for a second and 
different non-volatile liquid in the same atmosphere, we 


have 

A’ RT (in Len -hh In Laa) = {(B,p.,P.) (8) 
where £a and z, are the initial and final mole fraction 
vapour solubilities, respectively. 

Therefore 
A In(as"/2) = A’ In(a%eo’/2e2) (9) 

Furthermore, if A = A’ (which is almost exactly the case 
for the dinonyl phthalate/carbon tetrachloride and squal- 
ane/carbon tetrachloride systems), then 


Lg [Ca = Tag |La (10) 
It is this relationship (10) that has been demonstrated? 


to hold over a range of pressure to P = 22 cm mercury by 
the technique as later described by Sewell and Stock but 









nt mixing; it was for 
4 nsidered of insufficient 
on for the calculation of By. However, since in all 
368 va < 22, a negative value of B,, was indicated, in 
sping with the predictions of the theory of correspond- 
ng states. 
To calculate a value of B,, from all datat equation (7) 
was used in conjunction with Coggan’s' multi-fit programme 
using the Atlas I computer at the University of Manchester. 
— In terms of the criterion 

ee E(x, observed — v,calculated) 2 


the best value for each set of data, namely — 997 for dinonyl 
_. phthalate and — 540 for squalane, was approximately 
_ three times better than the corresponding states value of 
158. The value — 790 which is five times the theoretical 
value of B,, appears to give a reasonable fit to both systems, 
_ particularly when P-p, approaches 1 atm., and is therefore 
suggested for calculations in gas-liquid chromatography. 
— There is evidence, however, that structural alterations in 
-tho mathematical model would enable a very much more 
accurate fit of data to be made. The theoretical implica- 
tions of such a model are at present being examined by 
Dr. Coggan and myself. 
= I thank Dr. G. C. Coggan for his help in connexion with 
the data processing and Mr. P. A. Sewell and Dr. R. Stock 
for making all their results available. 
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: Joule-Thomson Effect : Non-ideality and 
Association 


Ir is generally asserted in text-books on thermo- 
dynamics and the properties of gases that the Joule- 
Thomson effect demonstrates conclusively that real gases 
are non-ideal. This is indeed the case, but not in the 
sense that usually seems to be understood. 
< The Joule~Thomson effect is a measure of the extent 
< to which, at constant pressure, the volume of a fixed 
mass of gas fails to be strictly proportional to the absolute 
temperature. Such departures from the relation p Vat 
occur in: (i) non-ideal gases in which there is no chemical 
reaction; (ii) ideal quantum gases at very low tempera- 
tures; (ili) associating gases (ideal and non-ideal). 
~~ Case (ii) has been considered briefly by Landsberg’. 
~The purpose of the present communication is to emphasize 
-=> the relevance of case (iii) (exemplified by the large? Joule- 
Thomson effect exhibited in experiments? conducted for 
another purpose on the associating gas 2NO, = N,0,); 
and to point out that, even when the possibility of associa- 
tion is taken into account, it is still possible to use 
experimental observations on the Joule-Thomson effect 
- a8 one of the sources of compelling evidence of non- 
ideality... 
Now whereas for inert non-ideal gases there may be 
either a decrease or an increase in temperature, in an 
ideal associating gas the Joule~Thomson expansion 
always leads to a decreaso in temperature. That is, 
(OT /op)a = —(@H/dp)r/Cp is always positive (but, pro- 
_ vided that a dimer is one of the associated species present, 
resembles the value for an inert non-ideal gas in tending 
m-zero limit at low pressures), For increase in 
at constant temperature leads to increased 
id therefore, since enthalpies of dissociation 
to decrease in H. Thus, (0H/dp)r for an 















s always positive. 
from: experiment that in certain cases 
tivo as for hydrogen and helium at room 
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ing gas is always negative, which implies — 









































temperature. and. atmos} j} 
conclusion that thes 
be ideal associating gas 
effect does not of itself demonstrate 
distinct from asseciation); but invers 
Thomson effect does. 

This conclusion is akin to one ae 
equations of state. If at low. pressures 
pV = RT + Bp is found to apply, a negat 
might be attributable to association, t 
to both together; but a positive value of 
for an ideal associating gas, and so is conclusive 
non-ideality. | 

The point cons:dered here is one “more Oxi 
similarities in the effects of non-ideality and of 
reaction (compare. for example, ‘deviations from 
distribution law’’). It should be emphasized t 
ticular instances, as indicated here, it is possib 
conclusively that the system considered is non- 
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Effect of Interstitial km ona Lat 
vacaacy Diffusional Process — 

Aw investigation has been made of the me 
diffusion of chromium into iron—carbon syster 
temperature range 950°-1,265° ©. At temper 
825° C, the diffusional mechanism of chror 
is complicated by a change in crystal sti 
body-centred cubic lattice («-phase) to. 
lattice (y-phase). At low coneentrations 
lattice-vacancy diffusional mechanism has 
and a moving boundary model set up to 
condition’. The results have confirmed tha 
tions of carbon of less than 0-16 per cent o 
vacancy diffusion. was effective. At concen 
carbon above this, the interstitial atoms hinde 
This communication presents results illustr 
effect for concentrations of carbon up to 1 1: per 
(Table 1). 


diffusivity of chromium in iron : (y-phiase) 
diffusivity of chromium in iron (o-phase) 


versus concentration of carbon, shows that for concentra- 
tions of carbon upto 0-16 per cent this ratio is independent 


10-0 f 


Fig. 1, a plot of — 
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ie „Concentration 0-04% da 16 o S3 o M O68" 075% 
950 1:7 1 5 0-25 O15 0-138 
1,050 1-45 1-40 O25 0-14 0-11 
1,125 1-50 1-45 0-28 0-14 Oil 
1,200 1-45. 1-40 0-21 ~ 0-12 
1,265 1-35 — 0°25 teere or 


D diffusion coefficient om?/sec. 


of concentration of carbon as predicted by the model. 
D. higher concentrations of carbon, however, the ratio 
D. is 
the concentration of carbon. This indicates that the 
interstitial diffusion mechanism is now controlling, the 
effect of the carbon atoms being more pronounced on the 
face-centred cubic lattice as expected. 


reduced tenfold and is inversely proportional to 
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Contact Angles of Liquids on Organic Solids 

mee i aterfacial tensions between a solid surface (S), 

a liquid (L) and its vapour (V) can be related as follows’: 
st = Ysy + yiv — 29 VY SvYLY (1) 


; where the interaction parameter ọ is virtually unity for 
~ intermolecular forces of dispersion type but ‘rather less 





= unity for immiscible phases in general. When 
com bined with Young’s equation’: 
| Ysv = Ys + YLy cos 9 (2) 
the result is: 
cos 8 = 2ọ fe 1 — (3) 
YLY 


While this is broadly in accordance with Zisman’s well- 
established empirical relationship? for low-energy sub- 
strates, it fails to account for its rectilinear form. 

-It seems likely that the curvature implied in equation 
(3) arises through failure to recognize that low-energy 
solid surfaces can deform appreciably at an interfacial 
boundary* (Fig. 1). 


Nv 


ene: eR: ante RAE. ei eae ae Ae sath anit sae sme Ee a mue ED i: HH iie SR ih he a ane ee see ce etm nee 
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Fig. 1. The contact angle equilibrium 


If the angle subtended to the horizontal plane by the 
surface of the deformed solid is «, then obviously: 


YLV 











| gna anG a) an@ + a) “) 
and it follows that: 
YEV = PEPELA. EERS (5) 
ysv + ys V1 + 8 cos? @ 
where: 
Ay svYSL (6) 


(ysy — ysn) 







vl + y= TPN ee 
This may be compared with: 
2 
cos 9 = vr; — l 


for the case when deformability of the substrate is ignored. | 
The symmetrical form of the deformation, on which this 
result depends, is indeterminate from equilibrium of inter- 
facial tensions alone, since any rigid-body rotation imposed: 
on the system of forces cannot affect equations (4) in any 
way. But, in the absence of absorption, the properties. 
of the solid phase below the interface are invariable and 
the condition of energy minimization would be thought, o= 
therefore, to lead to the symmetrical configuration shown 
in Fig. 1. This, in any case, is the natural modification of 
Young’s equation, wherein both angles « are zero. Again- 
if B is allowed to become sufficiently large, the limiting form 
of equation (5) is Young’s equation, but in cases of greatest =< 
interest with organic substrates B is a number of order 
unity and equation (2) is then a very inadequate approxi- e 
mation to (5). 
It is easily shown that equation (7) deviates hardly a 
perceptibly from a rectilinear form provided 9 is not tooi 
far from unity. Ge 
For the particular value g = 7/8 it may be shown that ar 
the function given by the expression (7) intersects the = 
straight line to which it approximates at its midpoint. = 
It will be seen that the curve is virtually indist‘nguishable 
from this line (Fig. 2). On the other hand, if the deforma- 
tion of the surface is neglected the corresponding depend- 
ence shows considerable curvature. It is generally recog- 
nized that Zisman’s rectilinear plots refer to solids wher 
0-8 < @ < 1-0 so that the rectilinear form follows natur 
ally as a result of surface deformability for such materials 
















= 
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3 
Š 
0-5 1-0 15 BQ 
Ratio of interfacial tensions (Y zy/ yay) bees 
Fig. 2. The relation between cosine 6 and the interfacial tension rato. 


a, Calculated for a deformable substrate; b, calculated on the basis of 
Young's equation 


The slope of the Zisman plots is readily related to the 
interaction parameter. Referring to equation (7), it is 
seen that y = »* corresponds to cos9 = 1 and y = Ijọ? 
corresponds to cos 0 = 0, so that the slope in question is 
given by 97/1 — of. For forces that are of d spersion type, =) 
and exactly equal to unity, the Zisman line would > 
be parallel to the vertical axis and contact dependent on = 
the stringent requirement yry = ysv, that is, y= ho 
In this limiting case the rectilinear property is, of course, ees 
attained exactly. Se 

For solid materials, the vector diagram usually kziown 
as Neumann’s triangle* can only properly be applied. t 
interfacial tensions derived from the Helmholtz 
energy for the system as a whole. Defined in this 
there is included a contribution from the deformati 
energy of the solid phase which, unfortunately, bears 
simple relation to the surface free energy’. Since 1 
relation (1) is more naturally applied to specific surface — 









ree energies, it is perhaps inevitable that g cannot be 
arded as strictly constant for interfacial tensions as 
Li. | 
In some organic solids, notably polytetrafluoroethylene, 
stress relaxation may be relatively rapid on account of 
ceo the known facility for molecular chain rotation and trans- 
=o Tation’, a tendency which should be enhanced in the 
surface layers on account of diminished packing density. 
In such cases the distinction between interfacial tension 
and intrinsic surface energy will tend to disappear, 
although some dynamic effects concerning contact angles 
might well be attributed to the actual rate of stress relaxa- 
tion in the interfacial zone. 
The rectilinear relationship established empirically by 
Zisman et al. would, therefore, seem to be consistent with 
the view that wetting phenomena depend significantly 
on, surface deformability as well as on intrinsic surface 
energy effects. Consequently, Young’s equation does 
< -not describe the boundary conditions as well as Neumann’s 
| triangle, in spite of the prevailing view that the latter 
applies only to liquids. As a corollary, it may be con- 
_. jectured that the surface layers of organic solids are 
- -partially disoriented and exhibit a degree of mobility more 
< characteristic of a liquid or gel. Dynamic effects would, 
on the same view, depend on the actual magnitude of the 
-relaxation time for molecular re-orientation at the 
= interface”. 
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CasSisO;, and the Nature of ‘‘y-Dicalcium 
| Silicate Hydrate” 


. HYDROTHERMAL treatment of mixtures of y-Ca,5i0, and 
<o quartz has yielded a new compound of probable eomposi- 
woo tion Ca,8i,0,,, or 8CaO.58i0,. This is formed, together 
= with other products, over a wide range of conditions (bulk 
© CaO: SiO, molar ratio 1-5-2-0, temperature 180°-600° C, 
pressure 10-200 bars, time 3-14 days). It has not yet 
been obtained in a pure form, but a preparation containing 
it with only small proportions of y-Ca,Si0, and wollaston- 
ite was obtained by treating a mixture of bulk CaO : SiO, 
ratio 1°75 for 14 days at 600° C and 200 bars. 
The crystals were of micron size and anhedral. Selected- 
“area electron diffraction showed them to be orthorhombic, 
with a, 11-54 A; b, 5-09 A; c, 28:86 Å. Systematic absences 
were found of AOl reflexions with A odd, and of Okl 
reflexions with 1 odd; the space group could therefore be 
Peam or Pca2,. The principal X-ray powder spacings (in 
A) were at 3-60 (ms), 3-05 (vs), 2-84 (s), 2-69 (3), 1-95 (me), 
1-895 (ms), and 1-806 (ms). The X-ray powder pattern 
was indexed and indicated cell parameters d ffering 








, strongly suggest that the new compound 
stratified structure formed by the regular 
the c-direction of layers of y-Ca,SiO, and 
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kilchoanite. The unit cell of y-Ca SiO, has c = 678 A. 
and atomic contenss 4[Ca,8iO,] (ref. 1); that of kilehoanite = 
has c = 21-95 A and atomic contents 8(Ca,Si,0.] (refs: 
2 and 3). The unit cell of the interstratified compound - ome 
would thus be expected to have ¢ = 28-73 A and atomic: 
contents 4{Ca,8i,Q,,]. The predicted and observed cell. 
parameters agree closely with each other, and the postu- — 
lated chemical composition is compatible with the experi- 
mental evidence. ee ee 

An apparent compound of composition 2CaQ.S8i0;.0-26- 
1:00 H,O has been reported by various investigators as 
the product of hydrothermal treatment of $- or y-CasSi0, _ 
at 160°--300° C under pressures of saturated steam, and is — 
generally known aa “‘y-dicaleium silicate hydrate” (ref. 4) . 
or “C,SH(C)” (ref. 5). The X-ray powder pattern, infra-red l 
absorption spectrum, and thermal weight-loss curve of 
this material have been redetermined and are consistent > 
with the view that it is a mixture consisting predomin- 
antly of calciochondrodite (Ca,(8iO,).(OH).) (ref. 6) and — 
Ca,Si,O,, or a phase closely resembling it. Electron micro- 
scopy and selected-area electron diffraction (ref. 7) show 
that it also contaims kilchoanite. E E 
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Absorption Spectra of Methylen: J 
Benzene 


Dyes are generally investigated in ağ 
because of their insolubility in benzene 
solvents. We havefound’? that many dyes, if ex! 
benzene at a suitable pH, pass into the benzene: 
very often with a change of colour. This commun 
reports our preliminary results with methylene 

In Fig. 1, curves A and B are the absorptio 
of methylene blue in water and in a buffer of 
respectively ; it is evident that the shoulder of 
at 610 my becomes quite prominent in the bu 
















shoulder has been ascribed by Rabinowitch and Epstein? 

to the dimer. The benzene extract of the dye solution in 
the aforementioned buffer is red in colour; curve C shows 
the absorption spectra in benzene. This red. form of 
methylene blue was reported by Lewis? to be formed by 
the addition of hexane to an alcoholic solution of methylene 
blue. Lewis considered this to be a new form of dye. 
We recovered this red form of the dye as a solid (partly 
soluble) from the benzene extract by freeze-drying tech- 
the same could be dissolved in water and the 
absorption spectra are shown by curve D in Fig. 1, It 





Evidently the effect of moisture on the absorption spectra 
of the red form of the dye is quite strong. 





Wave-length (my) 


ectra of methylene blue in A, water; B, buffer pH 
form); D, rein e form); Æ, dry benzene (dried 





Optical density 


_ Wave-length (my) 

d polymethylmethacrylate (PMMA) 

thylene blue in benzene. 

D, E, on addition of ethyl 
y volume, respectively; 















ionic dyes in be mil 
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BIOCHEMISTRY 


Effect of Bailey’s Tropomyosin Purification 
on EGTA-sensitizing Activity 2 
EBASHI discovered that EGTA or Cat+ insensitive, nor 
relaxing actomyosin could be made EGTA sensitiv 
third protein which exhibited physico-chemical pi 
characteristic of Bailey’s tropomyosin B (ref. 1). Ho 
he found no EGTA-sensitizing activity in Bailey’s ta 
myosin, and his new protein lost its activity whe 
jected to Bailey’s procedures required for purifica 
Ebashi concluded that his EGTA-sensitizing protein 
a new ‘tropomyosin-like’ protein or a native. fc 
tropomyosin B. He offered no explanation concer 
difference between his ‘tropomyosin-like’ EGTA-se 
ing protein and Bailey’s tropomyosin B. s 
In repeating Ebashi’s preparation I noticec 
discrepancy in the effect of the ammonium sulp 
precipitation (60 per cent saturation) on the act 
the protein. In his experience’ this precipitatio: 
inactivation and therefore had to be omitted fi 
purification procedure. In my experience this le 
increase in specific activity. Ammonium sulphat 
tially free of trace contamination with heavy met 
used in our procedure; the usual commercial preparat 
are known to contain such trace contamination. 
This situation suggested a parallel to that encou1 
by Kominz et al.* in determining the SH conten 
tropomyosin B. The ‘salting-out’ steps in the Be 
preparation led to a loss of SH groups due to the pr 
of heavy metals in commercially available ammoni 
sulphate. According to Drabikowski*, even in the al 
of heavy metals, the Bailey procedure leads to a vari 
loss of SH groups. Ee 
In order to investigate whether this loss of SH. groups is 
responsible for the lack of EGTA-sensitizing activity we 
have prepared tropomyosin B by the Bailey method? with — 
0-5 mM dithiothreitol: present in all preparative solutions. _ 
A parallel preparation was carried out in which the. pro- 7 
tecting reagent for sulphydryl groups was absent. Crude 
tropomyosin extract and the protein obtained after 
Bailey’s first, second and third purification cycle were __ 
assayed for their effect on the contractile response of _ 
synthetic actomyosin (Fig. 1). ee 
In the preparation carried out in the presence of the 
protective reagent for sulphydryl groups (Fig. 14), t 
EGTA-sensitizing activity of the crude tropomy 
extract increased greatly during the first. purification, 
Further purification cycles caused only-a slight inere 
the EGTA-sensitizing activity. oe >a 3 
In the preparation carried out in the absence of 
protecting thiol (Fig. 1B), markedly less EGTA-sensi 
activity was present. The activity of rade 
also increased during the first. purificat i: 
further purification cycles caused a 
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Quantity of Bailey's tropomyosin B in assay system (mg) 


co Wg. 1. Effect of beh pelea ary ae on the Mgt* activated ATPase of 
sein ae Cat? insensitive synthetic acto mya n. <A, Preparation carried out in 
oS presence of 0-5 mM tr ila a B; Same preparailon carried out in 
o°>c absence of dithiothreitol. ©, Tropomyosin extract not purified; @, 
‘tropomyosin obtained after one purification cycle; A, tropomyosin 
oc Wier two purification cycles; A, tropomyosin after three purification 
zone gyeles; W, no tropomyosin present (control experiment). Assay system 
-< gontained 0-8 mg actomyosin in 2 ml. Reaction medium: 0-06 M potas- 
“shim chloride, 0-02 M imidazole (pH 6 75), 5 mM potassium-oxalate; 
-mM magnesium chloride; 1 mM ATP; 2 mM phosphoenol-pyruvate, 
Sed 0-025 mg/ml. pyruvate yikes: 1 


dithiothreitol increased the EGTA-sensitizing activity to a 
evel similar to that of the protein extracted and purified 
the presence of the sulphydry] protecting agent. 
Dithiothreitol by itself had no effect on the EGTA- 
nsitivity of synthetic actomyosin. 

Comparative assay experiments were carried out on 
Ebashi’s protein (not shown) under identical conditions. 
he specific activity of the Ebashi preparation! corres- 
oonded approximately with that of Bailey’s tropomyosin 
obtained after the first purification cycle. 

‘These experiments indicate that EGTA-sensitizing 
tivity requires sulphydryls which are lost during the 
tual Bailey preparation when these groups are not pro- 
tected. Spectrophotometric analyses’ of the sulphydryl 
content revealed 0-04-0-06 umoles SH per mg protein for 
the preparations with high EGTA-sensitizing activity of 
Fig. 1A. Variable lower analytical values were obtained 
in the corresponding preparations (of Fig. 1B) with low 
EGTA-sensitizing activity. 

In apparent conflict with this conclusion are recent 
findings of EGTA-sensitizing activity in preparations in 
which the presence of tropomyosin has not been demon- 
strated®-1!_ Two explanations probably account for these 
observations: (1) EGTA activating SH-tropomyosin may 
form complexes with other proteins whereby its character- 
istics are altered (SH groups in the complexes may be 
ee protected); (2) the criteria used for demonstrating tropo- 
= myosin were those of SS-tropomyosin and not of SH- 
tropomyosin. A previously implied third explanation? 
that EGTA-sensitization of synthetic actomyosin may 
not be a specific activity of a specific protein appears 
_ unwarranted in the light of the present investigations. 
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Uler a-viole et Ex: roe 


THE nucleotides and purines- 7 
were separated on anion-exchange: “eolumans 
by the methods of Hurlbert et al.', as modifies 
sarn et al.* and Jonas®. Fr, actions of eluate con 
nucleotide or purine peaks were identified by th 
ances at 260 mu. After bulking the fractior 
the solutions were made 2 N with respect t to 
acid, and quantitetively determined by mee 
extinction of the selutions in the ultra-violet re 

Conflicting values have been given in the lite: 
the millimolar extinction coefficients of two 
muscle nucleotides—adenosine-5’- diphosphate. {A 
adenosine-5’-monophosphate (AMP)—and for three of | 
their degradation products—inosine monophosphate q MP), 
inosine, and hypoxanthinet-", Thus, for s Bnw 
(at 258 mu) at pH 7-0 is given as 14-0 by Bendall and 
Davey’? whereas according to Bock et al.* this value yes 
15-4 (at 259 mu). The ultra-violet spectra of th se sub- 
stances were therefore examined. ee 

5° AMP (monohydrate) and 5° IMP (disodium 
drate), inosine and hypoxanthine {suppl 
Light and Co., Colebrook), were used in 
tion, in both 2 N hydrochloride and at pH 
buffer}. 

Measurements of absorbances over th 
range 230-280 my were made, against the 
blanks, in 1 em silica cells, with a Hilger ‘Uvisp 
photometer. The millimolar extinctions. 2 
given in Tables 1 and 2. : 

The extinction values obtained at pH Ta 
and 5’ AMP agree closely with those giver 
and Davey’. Valaes for 5° AMP are very s 
pH 7-0 and in 2 N hydrochloric acid. The same p. 
however, exerts a very significant effect on 
violet spectra of 5’ M: inosine and hypoxe 

The millimolar Zax for inosine, at pH 
2 N hydrochloric wid, are respectively 12-4 
and 11-3 (at 250 mz). The value for hypoxa: 
7-0 is 10-5 (at 249 my), and in 2 N hydroshk 
becomes 11-0 (at 247 my). 

5 IMP may net be completely separa: ed 
ADP on the ion-exchange column. These m 
may be quantitat:vely determined, when pr 
gether, by measuring the extinction of the bulk 
at the two wave-lengths, 265 my and 275 mp. s; 
that the extinction values for 5’ ADP are not signemty 


































Table 1 
Wave- Wave- 
length S aMP length 5° IMPO 
(mg) puTO Ing NHO in my pH 10. In 2. N HCI 
236 1-9 3-3 230 A eB so. 
240 52 6-0 240 98 Er by, Wee 
250 il- 115 245 118 eS 
255 13-5 183-8 248 123 102 
257 141 14-2 250 1238 10-4 
258 14:3 14°2 252 114 IOS 
259 14:3 14°) 253 rae ee he ae 
260 148 14-0 255 99 101 
261 14°2 meam 260 73 wee 
265 13-0 127 265 53 6-5 ig 
270 9-4 10-0 270 43 oo 
275 50 8-2 275 29 13 
280 1-9 3-3 280 1-9 0-7 
Table 2 
Wave-length 5’ Inosine Hypoxanthine | 
(mye) pTO Ing NHC pui70 In? NHC 
230 53 48 rE eS ty eee 
240 161 8-8 82 i. eoeeee 
246 13-9 10°5 t9 | rare: || 2. See 
247 122 — 10-4 
248 28 11-2 10-5 
249 124 113 105 
250 122 113 ip o 
251 120 11:3 10-4 
265 w9 10:8 95 
260 F3 9-3 TR o. 
265 bed 70 56 
270 $i 46 3-4 
280 E8 11 os 


different. from. thoge’6 , thes 
the millimolar Connon tections of 5I MP ar 
be obtained from the equations: 


E,,, = 12:7 2% ae 
Eag = 62w + 18 y 


where Es, and H,,, rapresent the absorbances of the 
solution (in 2 N hydrochloric acid) at 265 and 275 mu, 
and where x and y represent the millimolar fractions of 
5’ ADP and 5’ IMP present in the solution. 
P. W. RATCLIFF 
M. J. FOLLETT 
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Enzymatic Determination in Serum of Lathyritic 
and Prednisone-treated Lathyritic Rats 


Waitt a remarkably raised serum-level of trans- 
aminases and aldolase is found in dermatomyositis, such 
augmentation, as a rule, is not found in cases of severe 
muscular involvement of scleroderma and disseminated 
lupus. erythematosus (acutus)}-3, 

With this in mind, we investigated whether, in an acute 
| experimental collagenose, that is lathyrism, the enzymatic 
= Betivi vity. in serum of glutamic-oxalacetic-transaminase 
< (GOT), glutamic-pyruvic-transaminase (GPT), aldolase 
ALD) and lactic-dehydrogenase (LDH) would be changed 
by an uptake of 8-amino-proprionitrile. Using the procedure 
of Holzmann et al.‘, eighteen albino rats on standard 
altromin diet were divided into three groups. Group 1 
(six animals) received 40 mg $-amino-proprionitrile daily ; 
group 2 (six animals) received 40 mg 8-amino-proprionitrile 
plus 0-5 mg prednisone daily; group 3 (six animals) served 
as & control. After 17 days the serum enzymatic activity 
was measured, using the “Biochemica-test’ combinations 
(Messrs. Boehringer, Mannheim). 

As can be seen from Table 1, in serum of lathyritic 
rats, the activity of the transaminases, but not that of 
ALD or LDH, is raised in comparison to normals. The 
findings were more significant in the case of GPT than in 
that of GOT, whereas in the prednisone-treated lathyritic 
animals the transaminase-levels were again within the 
normal range. The single and probably non-specific 
intensification of the transaminases which was detected 
is probably due to primary lathyrogenic effects of 8-amino- 






Table 1. ENZYME-LEVELS IN RATS 


Group 1 Group 2 Group 3 
LDH 
Average 1,498 1,408 1,518 
Standard deviation +105 +115 +86 
Statistical significance oe 
ALD 
Average 17-1 16-9 16-6 
Standard deviation +09 trO +1°2 
Statistical significance =- 
GOT 
Average 721 56°7 5O5 
Standard deviation 1 + 4-0 


6 
+ 72 t 
Statistical significance : a 


nee 
i 


Significant: at the Significant at at the 
lpercentlevel 1 percent level 


GPT 
Average 275 18-0 17-6 
Standard deviation +41 +25 +18 
Statistical significance | | | | 
Significant at the Significant at the 


1 per cent level 
Statistical significance was 


1 per cent level 


Enzymatic activities in mE./ml. serum. 
examined using the t-test, 







o suppliance of substrate® 












“as a “consequence milar 
collagen destruction®? can ‘also be assumed. Furt öl 


such mechanisms are in agreement with the control of 2 p : 


elevated transaminase-values by corticosteroids®®. o o = 
The finding of heightened activity of sransamistases. ini 
lathyritic rats confirms the clinical belief that these: 
enzymatic activities are mainly related to acute disinte- 
gration of collagen, for example, in dermatomyositis, and 
are far less closely related to chronic collagen diseases 
such as scleroderma. 
G. W. KORTING 
H. HOLZMANN 
B. MORSCHES 
Skin Clinie of the Johannes Gutenberg 
University, Mainz. 
t Korting, G. W., and Holzmann, H., Ergebnisse Inn. Med., 24, 1 (1966). 
* Vickers, C. F. H., Brit. J. Dermatol., 73, 185 (1961), 
* Moragas, J. M., Perry, H. O., and Fleisher, G. A., J. Amer. Med, Assoc., 188, 
1936 (1957). 
+ Holzmann, H., Korting, G. W., and Morsches, B., Naturwiss., 52, 808 (1965). 
t Englhardt-Gölkel, A., in Müller, W. A., Klinische Physiologie (G. Thieme 
Verlag, Stuttgart, 1963). 


ë Schott, H. J., and Abel, H., Verhandl. deutsch, Gesells, Pathol., 48 (1. Tagung, ; 
Salzburg, 1964. G. Fischer Verlag, Stuttgart, 1964). 


Kühn, K., Durruti, M., Iwangoff, P., Hammerstein, P., Stecher, K 
Holzmann, H., and Korting, G., W., ” Horpe-Seyler’ 8 Z. Physiol. Chem... 


336, 4 (19 
* Schmidt, E., Schmidt, EF. W., Horn, H. D., and Gerlach, U., in Methoden. f 


der enzymatischen Analyse, edit. by Bergmey er, H. U. (Verlag Chemie, l 


Weinheim, 1962} 
Hammerstein, F., Stecher, K., Durruti, M., 


? Kühn, K., Iwangoff, P., 
Holzmann, H., and Korting, G. W., Hoppe-Seyler’ 8 Z. Physiol. Chem. re 


337, 249 (1964). 


High Nucleo-cytoplasmic Concentration 
Gradient of Chloride in Rat Liver 
PREVIOUSLY, a high nucleo-cytoplasmic concentration ~ 
gradient of sodium was found in rat liver and other- 
tissues! :?, 


wequiv./g dry weight of anions should exist in the nucleus. 


if the assumption is correct that nucleic acids and basio = ` 


proteins approximately neutralize each other, This com- 
munication presents data which demonstrate a high con- 
centration of chloride in the nucleus of the rat-liver eell. 
Nuclei were prepared by the non-aqueous technique’. _ 
Analyses for chloride were performed, after digestion with 


0-1 N nitric acid, by mercurimetric titration‘ in a recording = 
Zeiss spectrophotometer; the end-point was evaluated by | 
By this method 104 per cent of the = 


graphical means. 
chloride which was added to the tissue fractions was 
‘recovered’. None of the materials and solvents which ` 
were used for the isolation of nuclei raised the blank values 
above the limit of error. Tissue preparations which were 
freed from lipids by exposure to the solvents of the non- 
aqueous procedure did not lose or gain any chloride. 
The results (Table 1) demonstrate a concentration 
gradient of chloride of about 10 between cytoplasm and 


nucleus. This gradient compares well with that of intra- 
Table 1, CONCENTRATION OF ase lid IN RAT-LIVER WHOLE TISSOH AND 
NUCLEI 
Experi- Ci- (ueq./2) 

Tissue mental RNA/DNA Dry Fresh No. of 

fraction conditions weight weight analyses 
Whole tissue* 1 29 185 41 14 
Cytoplasm t 1 teame 35 WW _ 
Nucelei* 1 0-21 204 O5 18 
Whole tissue 2 2-0 42 —_ 2 
Nuclei 2 t50 88 meme 2 
Whole tissue 8 2:7 270 “ne 2 
Nuclei 3 0-41 347 “ee Bo ee 

Experimental conditions: (1) analysed as obtained; (2) after p rision of > 

the livers of 40 animals in vivo with 6-30 M sucrose: (3) after perfusion of. the. Ns 


livers of 40 animais in vive with 0-15 M Hthium chloride. 

* These data represent the average of ten different batches of tissue 
preparations obtained from 40-50 animals each. 

+ Derived data from analyses of whole tissue and nuclei, after corrections 
for the chloride content of blood (10 
fluid (15 per cent of fresh weight), and of nuclei (6-6 per cent of fresh welght)*. 





Since the concentration of potassium also was... 
higher i in the nucleus than in the cytoplasm, about 500° | 





x cent of fresh weight), of extracellular > a 
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cellular sodium’. Most of the nuclear chloride was 
moved by liver perfusion in vivo with a salt-free solution 
. (experiment 2) and the concentration was considerably 
-raised by perfusion in vivo with a chloride solution (experi- 
© ment 3). Furthermore, after in vitro incubation of nuclei 
for 30 min (50 mg dry weight in 5 ml. 0-075 M S0O,*-, con- 
taining Na+ and/or K+ in different proportions), more than 
90 per cent of the chloride originally contained in the 
nuclei was recovered in the incubation medium. 
Tristing data? suggest that there are about 160 pequiv. 
“Nat/g dry weight and 320 pequiv. K*/g dry weight in rab- 
liver nuclei, as compared with about 300 pequiy. Cl-/g dry 
weight (Table 1). Therefore, about 40 per cent of nuclear 
alkali cations are neutralized by chloride. The deficit of 
anions which still remains is not covered by sulphate; 
analyses of the aforementioned liver fractions for total 
sulphur by the method of Télg® revealed 24 pequiv./g dry 
- weight in whole tissue and 4 pequiv./g dry weight in 
“muclei. Sulphate would only account for a fraction of the 
-total sulphur content. 
>. Nuclear chloride may be a component of the sodium 
space of the nucleus®, the function of which, however, is not 
- as yet fully understood. Anyway, a distinct cellular site of 
‘high chloride concentration exists which is very similar to 
the concentration of chloride in the extracellular fluid. 
_ Information concerning the size and the significance of the 
¢ehloride space in tissues and also the chloride potentials 
..van be deduced from the data given in Table 1, which goes 
to show that cellular chloride is not distributed uniformly. 
~ ‘This work was supported by the Deutsche Forschungs- 
gemeinschaft, 
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Calf Thymus and Chicken Erythrocytes 
Nucleoproteins 


We have prepared a large series of nucleoproteins 
(DNP) from calf thymus by the method of Zubay and 
Doty! and, unlike these authors, have obtained amounts 
of gel (@DNP) that varied from 0 to 80 per cent. We 
were thus surprised to find that extraction of DNP from 
chicken erythrocytes by the same procedure regularly 
gave high percentages of gel; of six preparations, five 
gave 90 per cent or more GDNP. 

The most important difference between the two series 
of preparations, aside from the origin of the starting 
materials, was the way in which they were obtained. 
The chicken blood was collected directly in the sodium 
chloride-versene used for washing the nuclei, but thymus 
could not be processed immediately; it was frozen gas 
variable times after the death of the animal, and: 
frequent. Iy processed after more or less prolonged stoi 
in a refrigerator. Furthermore, the percentage of DNA 
gel was higher when enzymatic activity was stopped 
rapidly, as shown by the results with erythrocytes. 

















might represent degraded material. 


ozen, in order to approach the conditions used 
| ‘the erythrocytes, We also kept the thymu 
for vary ing periods of time before starting the preparation 
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This 3 
observation suggested that the soluble DNP (sDNP) 3 
To determine the ga 
nature of this degradation we prepared a new series of ' 
ealf thymus. nucleopr oteins reducing the time before the’ 
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and noted the amcunts of GDNP and sDNP obtained. 
We then undertook an analysis of the two types of DNP. 
Great care was taken to avoid mechanical degradation 
when the DNA was being extracted; its molecular weight 
was determined by ‘ight scattering in M sodium chloride. 

Preparations made from thymus frozen 10-15 mim 
after the animal hed died produced between 92 and 98 
per cent of GDNP. The DNA extracted from these DNP 
preparations had a molecular weight of 10-5~15-5 million. 

Of three other preparations made from the same thymus, 
one, V123, had been homogenized 15 h earlier in Q14M 
sodium chloride and left at 0° C. All gave high percentages 
of gel, 97, 96 and $2 per cent; but the molecular weight 
of the DNA from gal V123 was only 6-5 milion, whereas 
the other two gave values of 10-9 million. 

Three preparations made from three different lots of 
thymus yielded variable amounts of SDNP and @DINP. 
Thymus V127, left 15 h at 23°C before processing, gave 

42-4 per cent gel and 57-6 per cent soluble DNP, oe 
molecular weight of the DNA extracted from DNP 127 
gel was &2 million while that of V127 soluble DNA. ae 
51 million. Thymus V128, stored in a freezer for 
3 weeks, gave 77-6 per cent gel, and V266, frozen for 2 
months, gave 76-3 per cent. The molecular weights of the 
gel DNAs were, respectively, 6-7 and 7 million; those of 
the DNAs from the two sDNP only 2-8 and 2- 4 million. 
(The DNAs extracted from two lots of poorly washed 
rh baba are nuclei, which had been allowed to ste 
24h at 0° C, also had very low molecular weights, 0» 
1 million.) "Thus, on the SDNP that we have exan 
the molecular weight of the DNA has always been 
than eee of the Ds abe from the E r 50 





















gave mean eee eae patios pe 4 15 
gels and 3-80 for the soluble fractions; a GDNP sear 
richer in protein 1 than the corresponding sD) P: 


ye oye A 5 





0-15 M sodium chibride: soluble DNP left 2 2 -2 
many small and dialysable protein fragments . 
This suggests that the protein of the sDNP hi 
attacked enzymatizally®* and that the resulting. 
are easily detached. In a DNP gel the protei 
responsible for the constitution of a network- 
DNA molecules probably remains intact. : 
It should be emphasized that we have found n 
ence in the nitrogen : phosphorus ratio of the: 
fractions of chicken erythrocyte DNP and that this ae 
is lower than that.of the thymus gels. This suggests th ato 
the GDNP of thymus may be richer in some particular _ 


histone, perhaps astive in gene regulation, that is respons: a 


ible for the state of the gel, is more labile than other 
histone fractions, and is removed from SDNP. We are. 
continuing these investigations in order to verify. ihi — 


hypothesis. M. CHampacnn 
A. Mazes aa 
Centre de Recherches sur les Macromoléeules an ERRE 
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croscopic Localization of Amines 
ventral ‘Nervous Tissue 

h have bees detected in the central 
cans of a fluoresce] 
k made regarg 
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Several techniques for fine-structural norepinephrine 
localization have been reported in adrenomedullary 
tissue*-’, One of theset5 has been used to detect amines 
in the central nervous system. This communication 
reports some results obtained with a group of Syrian 
hamsters. 

Adult Syrian hamsters were perfused, by way of the 
ascending aorti, with cold (4° C) 4 per cent glutaraldehyde 
in 0-1 M sodium cacodylate buffer (pH 7-21) for 40-60 min 
at a pressure of 100-120 mm mercury. The brains were 
removed following perfusion, hypothalami dissected out, 
tissue diced and placed in fresh cold fixative for 1 h. 
Cubes of brain material were rinsed overnight in cold 
(4° C) sodium cacodylate buffer (pH 7-21) which contained 
4 per cent sucrose. Cubes were then incubated for 24 h at 
7 Cina Agee of 2-5 per cent potassium dichromate and Ky ie Og 

per cent sodium sulphate in a 0-2 M acetate buffer Ae 9 : ; : p 
(pH 4-1) (ref. 8). Half the incubated blocks were later ened with osmium tetroxide. Amine ‘granules (G) of varying densities 
Lao eere re e e aaa 
in ‘Epon’. Sections were prepared using an LKB ‘Ultra- 
tome’ and examined on an RCA ‘EÆEMU-3F' electron 
microscope. 

Fig. 1 illustrates hypothalamic material which was 
incubated in dichromate following glutaraldehyde fixation. 
This procedure shows only the reaction sites of the amines. 
Granules of this nature were seen throughout the tissue. 
Figs. 2 and 3 show tissues which, in order to provide 
identification of surrounding structures, have been treated 
with osmium tetroxide following dichromate incubation. 
Fig. 2 demonstrates granules of varying density within 
vesicles together with smaller vesicles which appear to be 
empty. The empty vesicles may represent the site of 
storage of another type of transmitter or they may be 
vesicles which at one time or another contained granules. 
Fig. 3 shows electron-dense granules which are different 





p - 


in Fig. 2. 


from those in Fig. 2. The granules in Fig. 3 may be in the Bome 
g — na = an eccentric location within the —_ 
es has EX r t a membrane (M). Synapses (S) are also evident at this terminal. ( x 30,000) 


e 


process of storing or releasing amine, but it is possible that 
the different appearance might be due to osmotic changes 
induced during the process of preparing the tissue, 
Although the reaction is known to localize norepin- 
ephrine at the fine-structural level, it is possible that 
other biologically occurring amines which possess un- 
substituted amino groups may also be demonstrated. 
In vitro investigations were performed and revealed that 
both dopamine and 5-hydroxytryptamine (5HT), both 
with unsubstituted amino groups, can also be demon- 
strated by means of this technique. In vitro experiments 
Di: were conducted using amine concentrations ranging from 
ee Se 6 x 10- M to 6 x 10+ M. Amines tested were epin- 
Fig. 1, Hamster hypothalamic tissue: 4 per cent glutaraldehyde fixation ephrine, norepinephrine, dopamine, 5HT, dihydroxy- 


th potassium dichromate incubation. Arrows point to nular sites à . . 
of amine localization. (x 30,000) ii phenylalanine (DOPA), phenylalanine and tyrosine. 





Table 1 
a. Various amine solutions treated with 4 per cent glutaraldehyde (pH 7-2) followed by addition of potassium dichromate (pH 4-1) solution 
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(+) | (=) (-) | (=) 
(++) (—) | (—) 


Glutaraldehyde 
Glutaraldehyde + 
dichromate 













araldehyde concentration 
5 x 10° M $x10*M | 2x 10°M 
(-) (=) 





1x 10*M 










(—) 


(—) 
1/2 13 





> Vipitate. 
Ot norepinephrine in test-tube. 


âa’ 











aldehyde concentrations were mixed and allowed to stand 
for 2 h, then 3 ml. of the dichromate solution was added 
and the test-tubes left to stand for an additional 24 h. 

Table 1 summarizes the results of these in vitro investiga- 
tions: a illustrates the results of treatment of various 
amines with 4 per cent glutaraldehyde; only those amines 
with an unsubstituted amino group reacted with glutar- 
aldehyde and later produced insoluble precipitates with 
the dichromate solution; 6 shows the results of treatment 
of 6 x 10 norepinephrine with various concentrations 
of glutaraldehyde. It is evident that, when the glutaralde- 
hyde/norepinephrine (G/N) ratio of molecules approaches 
1/2, or less, the limit of the reaction is reached. Reaction 
occurs with excess glutaraldehyde, but when there is 
excess norepinephrine, no precipitates are formed, ‘This 
was evident from in vitro pilot experiments when it was 
found that 6-25 per cent glutaraldehyde was less effective 
than 4 per cent in producing precipitates. It should also 
be pointed out that reaction rates increased when the 
temperature was increased. 

‘Tramezzani et al.’ recently postulated that a Schiff 
ynonobase is formed by the condensation of glutaraldehyde 
with the unsubstituted amino group of norepinephrine 
and that the condensation product reduces ammoniacal 
lver, thus providing a means of detecting norepinephrine 
sing a light or electron microscope. In the present 
vestigation, formation of the Schiff base was evident 
nd the precipitate was the result of reduction of the 
chromate solution to chromium dioxide, which is a 
brownish-black precipitate recovered from the bottom of 
19 test-tubes. One question which existed regarding the 
tial reaction was that because glutaraldehyde is a 
dialdehyde it may possibly react with two molecules of 
norepinephrine and thus there would exist a disubstituted 
4 sidehyde rather than a Schiff monobase with reducing 
properties. The graded concentrations of glutaraldehyde 
“helped in resolving this question, as it was found that one 
molecule of g glutaraldehyde will react with two molecules 
-Of norepinephrine only if there are not sufficient glutar- 
aldehyde molecules present in solution. When there is an 
‘excess of amine molecules, both aldehyde groups of 
glutaraldehyde become complexed, no Schiff monobase is 
formed and the solution loses its reducing properties. 
‘Thus, the reaction proceeds only when there is an excess 
of glutaraldehyde. 

. Earlier work using the light microscope in differentiating 
epinephrine and norepinephrine cells in adrenomedullary 
tigste revealed that dichromate was essential for the 
reaction. If the tissue was first placed in formaldehyde, 
the dichromate reaction was inhibited. In the present 
investigation, amine solutions were treated with both 
10 per cent and buffered 4 per cent (pH 7-2) formaldehyde 
until the amine solution became pink. Tt was assumed at 
this point that the reaction in which the isoquinoline 
derivative of Falck!* was formed had occurred. Treatment 
of these solutions with glutaraldehyde produced no 
evidence of Schiff base formation and no precipitates 
‘were formed when dichromate solution was added. The 
addition of dichromate preceding glutaraldehyde also 
‘prevented formation of a precipitate, although the 
solutions became quite dark in colour. 

It is evident from these experiments that the un- 
substituted amino group of the compounds tested is 
important in the completion of the reactions and the 
production of the insoluble, 
Tt should be pointed out t 
nique can der aa 
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ectron-dense precipitates. 














manner similar to that of the i ei 
the amino groups are free in tissu 
not involved in the natural bindin 
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Electrophoresis of the Soluble Proteins o 
Wheat Leaf i 


THERE have been several reports of gel electropho 
separations of leaf proteins. Four components 
reported for cabbage leaft, seven bands for rice l 
and about six bands cor bean leaf?, Bean leaf protei 
also been studied by Racusen and Calvanico* usin 
preparative gel electrophoresis. Steward and. Bar e 
obtained good electrophoretic fractionation of the soluble 
proteins of Neurospora crassa, but observed that extracts 
from tissues of higher plants yielded bands which were. less 
discrete against a diffuse background. The presen per 
describes the electrophoresis of the soluble prot 
wheat leaf on 7-5 per cent polyacrylamide gel usi 
continuous tris chloride-tris glycinate buffer syst 

method used gave a well-defined pattern and s 
more componerts than reported previously. 
tissues. 

First and second leaves of 30-day-old wheat pla : 
ground at 4° C with two parts by weight of saz aaa 
S and one part of 0-05 M phosphate buffer (pH ieee Se 

7-5) containing 12-5 per cent glucose. The extract, freed. 
of sand and fikre by centrifugal filtration, was ‘centrifuged o 
at 144,000g fer 30 min. The clear amber supernatant 
(containing approximately 8 mg protein/ml.) was used: for Oe 
electrophoresis without further treatment. : > 

Dise electrophoresis was carried out as deserbed by 
Ornstein and Davis* except that the sample (300 ug 
protein) was applied to the top of the poly acrylamide — 
column by layering under the electrode buffer. Electro- 
phoresis wes carried out at room temperature. (about. 
25° C) at 3 m.amp per column for 1 h. Gels were stained 
with amide black 108°, and destained electrophoretically 
at 10 m.amp per column for 1 h. Fig. 1 shows tt 
obtained fer Triticum dicoccum leaf proteins. Th 
panying scan was performed on a ‘Photovolt’ densitomete 
(Model 539) us with a narrow slit (0-1 mm) and se 
on response 12, : 

The use o 
glyeine ț 
































enol blue to mark the ihloride- a 
unnecessary with the leaf i. Stain 








Densitometer reading 
S 





0 
0 Od 1:0 
Comparative mobility 
j 
5 
Fig. 1. Electrophoretic separation and corresponding densitometer 


tracing of the soluble leaf proteins of Triticum dicoccum. Direction ot 
migration is left to right. The large pore spacer gel protrudes to the left 
of the origin 


ported’ to have a higher mobility than the other leaf 
proteins, its relatively large size (molecular weight of 
375,000 (ref. 8)) was probably responsible for its low 
mobility in 7-5 per cent polyacrylamide (pore size 50 
A (ref. 6)). 

At present fifteen to eighteen bands can be distinguished 
and this may be improved by current investigations de- 
signed to refine the technique. The method is being used 
to investigate the role of leaf proteins in rust infection of 
wheat plants. 
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Available Lysine Content of Dried Milk 


THe heat treatment to which milk is subjected during 
drying causes some combination between the ¢-amino 
groups of lysine and lactose, which renders such lysine 
unavailable for nutritional purposes. Since drying con- 
ditions on rollers are more severe than ` spray chamber 
itis possible that there is less availabl in roller-dried 
than in spray-dried powder. A se able lysine 
determinations was made on both 
number of factories to discover 
this essential amino-acid and to 
are sufficient to cause any def 
ditions of feeding. 

Four different batches o 
tories were tested in duplic 
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fluorobenzene method as modified by Rao et al.*, and 
correcting for the loss due to the acid hydrolysis in the 
presence of lactose. The results are shown in Table 1, 
together with figures for raw bulk milk. By comparing 
the results for liquid and dried milk an estimate can be 
made of the average percentage of lysine destroyed during 
production in each case. 
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Table 1. AVAILABLE LYSINE CONTENT OF LIQUID AND DRIED MILK 


Available lysine (2/16 g N) Average percentage 


Factory Maximum Minimum Mean destruction of lysine 
Liquid milk 
— 7°5 74 74 
Spray-dried 
milk 
A 7'3 6-9 7) 41 
B 7-6 7-4 7-4 Nil 
C 7 6-9 71 4°1 
Roller-dried 
milk 
A 6-5 5-8 6-2 16-2 
D 7°3 71 72 2°7 
E 74 6-9 7-2 2-7 
F 6-5 6-0 6-2 16-2 
G 7'3 6'2 6°7 05 
Table 2, COMPARISON OF THE AVAILABLE LYSINE OF HUMAN MILK AND OF 
RECONSTITUTED FULL-CRRAM ROLLER-DRIED POWDERS 
Available Avallable 
png Protein lysine 
(g/10 g N) (per cent) (mg/100 mi.) 
Human milk (ref. 3) 6-2 1-5 903 
Reconstituted full-cream roller powder, 
best individual sample 74 3°3 244 
Reconstituted full-cream roller powder, 
worst individual sample 5:8 3°3 19] 


Table 3, DAILY REQUIREMENT OF THE INFANT FOR LYSINE 


Minimum weight of lysine required per kg body-weight per day 
(ref. 4) 103 mg 
Weight of lysine supplied per kg body-weight per day by full- 
cream roller powder (70 g): 
(a) Best individual sample 


347 mg 
(b) Worst individual sample 


274 mg 


The loss of lysine in the spray powders, and in the roller 
powders from factories D and Æ, is very small. The loss 
is greater in roller powders from factories A, F and G, 
but is in no case sufficiently high to make these products 
deficient in this amino-acid when used for infant feeding. 
This aspect is demonstrated in Tables 2 and 3, where 
comparisons are made with human milk and with the 
daily requirements of the infant. 

All the individual samples of powder examined are 
richer sources of lysine than is average human milk, and 
when fed in the proportions normally recommended for 
infants they will provide two and a half to three times the 
minimum daily requirements. 

F. J. MACDONALD 
Cow and Gate, Ltd., 
Guildford, Surrey. 


! Carpenter, K. J., Ellinger, G. M., 
Nutrition, 11, 162 (1957). 

* Rao, 8. R., Carter, F. L., and Frampton, V. L., Anal. Chem., 35, 1927 (1963). 

* United States National Research Council Bulletin 254, The Composition of 
Milks (1953). 

‘ Holt, jun., L. E., and Snyderman, S. E., in Protein and Amino-Acid Require- 


ments in Early Life, by Holt, jun., L. E., et al. (New York University 
Press, 1960), 


Munro, J. I., and Roll, E. J., Brit. J. 


Production of Peptide Alkaloids in Submerged 
Culture by a Strain of Claviceps purpurea 
(Fr.) Tul. 


THe production of lysergic acid «a-ethoxy amide in 
submerged culture by a strain of Claviceps paspali Stev. 
et Hall was reported earlier'*. The present communica- 
tion describes the production of ergotamine in submerged 
sulture by a strain Of áis purpurea (Fr.) Tul. isolated 
ı variety of Triticale 


This strain 
of Bio- 
7 r 
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The results (Table 2) show that the in vivo treatment of 
the host prolongs the survival of the skin homograft only 
if “‘Urethan’ is used at very high doses. The action of 
‘Urethan’ in the experimental conditions reported here 
may be partly due to an antigenic simplification induced. 
an vivo at the level of the grafted tissue. 

It may be concluded that our experiments suggest the 
possibility of attenuation of the reaction to homograft 
by means of a chemical antigenic deletion. 

E. BONMASSAR 
G. FRANCESCONI 
S. C. MANZONI 
M. PERELLI-ERCOLINI 
Department of Pharmacology, 
University of Milan. 
1 Hitchings, G H , and Elion, G. B., Pharmacol. Rev.,15, 365 (1963). 
Š T E , and Mandruzzato, P., Arch. Ital. Pat. Clin. Tumori, 6, 407 
* Bonmassar, E., Melan, F., Prada, A., and Testorelli, E. (in the press). 
t Bonmassar, E., di Roberto, F., and Mardi, E., Arch. Ital. Pat. Chn. Tumori, 
7, 241 (1964). 
5 Bonmassar, E., Francesconi, G., Manzoni, 
Atti Accad. Med Lomb., 19, 366 (1964). 
* Francesconi, G., Frontino, G., and Perelli-Ercolini, M., Atti Accad. Med. 
Lomb., 16, 517 (1961) 
* Cole, L. J., and Davis, W. E., Sence, 135, 792 (1962). 
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Immuno-adsorbents of High Capacity 


PREPARATION of antibodies is greatly facilitated by the 
use of insoluble immuno-adsorbents. We have found 
that cross-linkage of soluble antigens with formaldehyde 
readily yields adsorbents having a high antibody capacity 
and which are insoluble over a wide range of pH. Most 
experiments have been carried out with an antigen 
(BSA--CPE) prepared by coupling the diazotized p-amino- 


phenylether of choline (CPE; NH,“ SOCH,CH,N(CH,),) 


to bovine serum albumin (10 mols/mole). An insoluble 
polymer of the BSA-CPE was prepared by slowly adding 
an equal volume of formaldehyde solution (40 per cent; 
pH 3:1) to a stirred 20 per cent solution of the antigen in 
0-15 M sodium chloride. The reaction was allowed to 
proceed for 1 h at 25° C before the insoluble floccules of 
antigen polymer were separated by centrifuging. The 
floccules were washed exhaustively to remove excess 
formaldehyde with a solution containing 2 M sodium 
chloride and 0-01 M ammonium chloride adjusted to pH 
9-0 with ammonium hydroxide, and finally with 0:15 M 
sodium chloride. 

Antibody was extracted from rabbit antisera (1:5 mg 
antibody/ml.) to BSA-CPE by stirring 250 ml. serum 
(pH 7:0) with 1 g of the polymerized antigen for 30 min 
at 20° C. The polymer was removed by centrifugation 
and washed with 0:15 M sodium chloride (pH 7-0) until 
the washings contained less than 10 pg/ml. protein. 
Washing was then continued with 2 M sodium chloride. 
The antibody was dissociated from the insoluble antigen 
by the competitive hapten choline (2M; pH 7) by stirring 
with successive portions for 15 min at 25° C. Choline 
was removed by passing through ‘Sephadex G-75’ equili- 
brated with 0-015 M ammonium acetate. The choline- 
free antibody solutions were lyophilized and dissolved in a 
small volume of 0-15 M sodium chloride at pH 7-0. The 
smal] amount of insoluble protein was removed by centri- 
fugation. The successive elutions by 25, 50 and 50 ml. of 
choline chloride contained 103, 47 and 15 mg of protein 
respectively. The total yield of 165 mg represented 71 
per cent of the antibody extracted by the antigen polymer 
and an overall yield of 47 per cent for the single extraction. 
The purified antibody was 84 per cent precipitable by 
soluble BSA-CPE. Prolonging the time of contact 
between antiserum and the polymer increased the overall 
yield to 80 per cent. The capacity of the antigen polymer 
was about 300 mg antibody/g. This capacity was some- 
what lower than that of the cross-linked protein polymers 
prepared by Pressman et al.'. 
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This method has also been used successfully with other 
determinants, and polymerized BSA has been used to 
remove anti-BSA antibodies from sera. Dissociation m 
acid may be substituted for hapten competition. 

The method described here would seem to offer a simple 
and general method for preparing highly purified antibodies 
against protem-.inked determmants and may have a 
limited application in isolating antibodies to native 
proteins. 

This work wes supported by the Smith, Kline and 
French Foundation. 
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H. FEF. MARLOW 
A. S. V. BURGEN 
Department of Pharmacology, 
University of Cambridge. 
1 Onoue, K., Vagi, Y and Pressman, D., Immunochemistry, 2, 181 (1965). 


Stimulation of Phagocytosis in Relation to 
the Mechanism of Action of Adjuvants 


ANTIGENS in emulsions of water-in-oil are known to 
enhance antibody response more effectively than when 
dissolved or suspended in saline’, but the mechanism of 
action of the adjuvant remains unsettled. Freund? 
postulated that absorption, destruction and elimination 
of antigen are ratarded by emulsions of water-in-oil with 
or without the presence of mycobacteria. Recently, how- 
ever, Dresser*:* found that subcutaneous injection of 
Freund’s adjuvent without antigen enhanced the antibody 
response against bovine y-globulin given to mice intra- 
venously: this suggests that the adjuvant exerts a non- 
specific influence on the immune mechanism. Further, it 
has been demonstrated that Freund’s adjuvant activates 
the immune machinery in the early phase of the primary 
immune response preceding the specific response against 
an antigen®. It has also been shown that phagocytosis of 
the antigen is a crucial step in the induction of the 
primary immune response’. ; 

Recently we have found that oestrogens have an 
adjuvant effect on the primary immune response in mice’; 
and previously we have shown that stimulation of the 
reticulo-endothzlial system by the administration of 
oestrogen raises general body defence as indicated by 
increased phagocytic activity, raised serum y-globulin, 
and increased protection of experimental animals against 
virulent infections’. The present investigation has been 
designed to ascertain whether stimulation of the phago- 
eytic activity cf the reticulo-endothelial system is part of 
the mechanism. of action of Freund’s adjuvant. 


Intact male white mice (T.O. Swiss strain) of 20-25 g. 


body-weight were used throughout. Groups of five 
animals were ased to assess the effect on the reticulo- 
endothelial syszem of each dose of adjuvant. Each animal 
received a subcutaneous or intraperitoneal injection 
(Table 1) of Freund’s incomplete or complete adjuvant 
(Difco Laboratories) once daily for 3 days in the doses 
shown. Phagosytic activity was assessed ın these animals 
on the fourth day after treatment had started by measur- 
ing the rate of clearance of a known amount of a specially 
prepared carbon suspension from the circulating blood’. 
For each dose-response experiment five animals were used 
as controls; tkey received no treatment and were assessed 
by the carbon method on the same day as the treated 
animals. To investigate the speed of action and duration 
of effect of Freund’s adjuvant on the reticulo-endothelial 
system (Table 2), groups of five animals received a single 
intraperitoneal injection of 0-2 ml. adjuvant; and on each 
successive day thereafter, up to the fourth day, phagocytic 
activity was assessed by the carbon method. Five un- 
treated animais were used daily as controls. 

The results are shown in Tables 1 and 2. The index of 
total-body phagocytic activity is denoted in the tables by 
the symbol K. The K value indicates the rate of removal 
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Table 1, INFLUENCE OF ERYTHROID MARROW ACTIVITY ON THE PLASMA 
DISAPPEARANCE ((4) OF INJECTED ERYTHROPOIETIN DoGs 
p. f Brythropoietin 

No.of  Reticulocytes plasma clear- 
animals in blood (%) ance ¢} (h) 

Erythropoletically normal do 5 02 +0:08* 7°3+0°8* 

Erythropoietically depressed dogs 3 0-05 + 0°02 S1l+14 

Erythropoietically stimulated dogs 3 7242 64 88411 


* Standard error of the mean, 


pressed (post hypoxia) dogs after exchange transfusion 
with ‘anaemic plasma’ from previously bled donor dogs, 
in an attempt to assess these hypotheses. 

In order to obtain high concentrations of erythropoietin 

in donor dog plasma, normal mongrel dogs were bled once 
daily for 4 days until the haematocrit was 7-11 per cent. 
Blood volume was maintained by replacing blood drawn 
with an equal volume of 6 per cent dextran in saline. The 
«¿erythropoietic marrow of three dogs was stimulated by 
exposure to & simulated altitude of 18,000 ft. for 10 days. 
The rate of removal of intravenously injected erythro- 
poletin was determined without removing the dogs from 
the hypoxic environment. Erythropoiesis was suppressed 
in dogs by first making them polycythaemic by exposure to 
hypoxia in a decompression chamber and then returning 
to sea-level. Three dogs were kept continuously at a 
simulated altitude of 14,000—-21,000 ft. for 90 days (14,000 
ft. for the first 2 weeks, increased to 21,000 ft. for the 
remainder of the exposure). To ensure adequate iron for 
haemoglobin synthesis, 100 mg of ‘Inferon’ was given to 
the dogs before they were exposed to hypoxia. The dogs 
were then ‘returned’ to sea-level conditions and the study 
was commenced on the sixth day after hypoxia. At this 
point erythropoiesis had become almost completely 
suppressed, as was judged by the near absence of reticulo- 
cytes in the peripheral blood. 

The rate of removal of erythropoietin from the plasma 

-Of normal dogs, erythropoietically stimulated and erythro- 
poietically depressed, was determined by following the rate 
of loss after partial replacement of the dogs’ plasma with 
plasma from severely anaemic (bled) donors. 

The erythropoietic activity of samples was measured by 
assay of iron-59 incorporated im the red blood cells, using 
hypertransfused polycythaemic mice, as described by 
DeGowin eé al.4, 

When the curve of plasma erythropoietin disappearance 
was derived on semilog paper by plotting the amount of 
erythropoietin remaining in plasma (log scale) against 
time after exchange transfusion (linear scale), only one 
component was apparent, which was practically linear to 
the point where it could no longer be detected (15-24 h). 
Table 1 shows the average erythropoietin plasma clearance 
(23) of the three groups of animals studied. In the three 
groups the average half time of disappearance was almost 
identical. These results agree with those from Naets and 
Wittek, who were unable to detect any effect of erythroid 
hyperplasia on utilization of erythropoietin, and suggest 
that there is no correlation between the erythroid activity 
of the bone marrow and the rate of loss of the hormone 
from the plasma compartment. 

I thank Donald Van Dyke for his assistance in this 
work, 

C. E. Bozzmi* 
Cátedra de Fisiología, 
Facultad de Odontologia, 
a2 Charcas 2142, 
Buenos Aires, Argentina. 


* Member of the “Carrera del Investigador Cientifico”, from the Consejo 
Nacional de Investigaciones Cientificas y Técnicas, Argentina. 
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Chemical Deletion of Histocompatibili 
Antigens—Homograft Survival of Rat Skin 
treated with ‘Urethan’ in vitro 


THE prolongation of the survival of homografts has been 
achieved by treating the recipient host with large doses of 
drugs which interfere with the immune response’. Effective 
agents are, however, often toxic, so that their use in man 
is limited. 

In recent years evidence has been accumulated in our 
laboratory that tumour cells treated with various chemical 
agents in vitro lose membrane antigens?)*, “Urethan’ has 
proved, to be one of the most effective and least toxic of the 
compounds so far tested‘. 

Because an ‘antigenic deletion’ at the level of histo- 
compatibility antigens could prevent the early immuno- 
logical response against a grafted organ, experiments have 
been carried out to obtain a prolongation of skin homo- 
graft survival by pretreating the tissue with chemical 
agents in vitro. Preliminary results have shown that the 
first-set rejection of skin homografts in the rat can be 
attenuated if the skin is treated with ‘Urethan’ in vitro 
before grafting onto the recipient host’. This communi- 
cation reports additional experiments carried out to con- 
firm our previous results. 

Adult, randomly bred 2-month-old rats of Sprague- 
Dawley and Long-Evans strains, weighing about 200 g, 
were used. 

In the first set of experiments, skin from the same donor 
animal was divided into two strips of equal size (3 x 4 em). 
One of them was incubated with 2 per cent ‘Urethan’ in 
isotonic phosphate buffer (IPB). The other, the control, 
was incubated with IPB without ‘Urethan’. Both incuba- 
tions were carried out for 24h at 37°C. The skin was then 
grafted onto an animal of the same strain chosen at ran- 
dom, using the technique previously described®& = ` 

The results (Table 1) show that treatment with 
‘Urethan’ is effective in prolonging the survival of the skin 
homograft. Autotransplants of “Urethan’-treated skin. 
take very easily and live practically indefinitely, which 
shows that the treatment does not damage the tissue. 

In a second set of experiments, a ‘classic’ treatment of 
the recipient host with ‘Urethan’ was carried out. Cole 
and Davis’ observed that ‘Urethan’, as well as radiation, 
was able to prolong the survival of skin homografts. We 
therefore decided to compare the activity of graded doses 
of “‘Urethan’ with the results obtained with the pretreat- 
ment of the skin in vitro. 

Fifty rats of Sprague-Dawley strain were divided 
into five groups of ten animals each. After grafting, 
recipients were given either ‘Urethan’ (in doses of 150, 300, 
450 and 600 mg/kg respectively) or saline (controls). Two- 
thirds of the dose was given in the evening and one-third 
in the morning so as to avoid food intake deficiencies 
induced by the sedative effect of ‘Urethan’. 


Table 1. EFFECT OF PRETREATMENT WITH ‘URETHAN’ in miro ON SURVIVAL 
OF HOMOGRAFTS 


No. of Mean survival time 
Strain animals Treatment (+S E.) (days) 
Sprague-Dawley 12 -~ (Control) 8:08 + 0°37 
Sprague-Dawley 12 ‘Urethan’ 20 mg/ml 118 +048 
Long-Evans 10 -~ (Contro G62 +029 
Long-Evans 14 ‘Urethan’ 20 mgjmi, 10-38 + 0-51 


Vitality of the ‘takes’ was controlled by injecting the host in vivo with 
Smolyan blue and observing the uptake of the dye and discoloration of the 
ETR 


Table 2. EPFEOT OF ‘URETHAN’ INJEOTED IN THE Host ON SURVIVAL OF 


SKIN HOMOGRAFTS 
No of Mean survival time 
Strain animals Treatment (S.E ) (days) 
Sprague-Dawley 10 ~ (Control) 6-1 + 0°47 
Sprague-Dawley 10 ‘Urethan’ 160 mg/kg 66+40 38 
Sprague-Dawley 10 ‘Urethan’ 800 mg/kg 8 6 t029 
Sprague-Dawley 10 ‘Urethan’ 450 mg/kg 0-4 + 0°73 
Sprague-Dawley 10 ‘Urethan’ 600 mgfkg 13-3 + 0 86 
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ear) over a period of 2 weeks. The doses were increased 
from 0-25 ml. to 2:00 ml. of venom solution. The injected 
rabbits were able to survive amounts at least as great as 
five times the lethal dose of venom solution. Precipitin 
assays in test-tubes and on agar plates were positive for 
the whole venom as well as for the proteolytic and unidenti- 
fied electrophoretic fractions. 

The venom did not show any activity for coagulant or 
anticoagulant factor, histamine, histamine-liberating sub- 
stances or any ileum contracting agent, acetylcholine, 
acetyicholinesterase, acetylcholinesterase inhibitor, phos- 
pholipase A, ATP phosphohydrolase, ribonuclease, NAD 
nucleosidase, D- and L-amino-acid oxidase. 

We thank Dr. L. Davila for his help in the turbidimetric 
determination of hyaluronate lyase, and Dr. J. Hstable 
and Mr. A. Esponda for their help in the biological investi- 
gation of histamine. This work was supported in part by 
the Rockefeller Foundation and by the Office of Scientific 
Research of the Air Research and Development Command 
of the U.S. Air Force under contract AF 49-638 (585). 

M. I. ARDAO 
C. Sosa PERDOMO 
M. G. PELLATON 
Instituto de Investigación de Ciencias Biológicas, 
Departamento de Bioquímica, Montevideo. 
1Gaminara, A., Bull Soc. Path. Exotique, 21, 656 (1928). 
2 Estable, O., Ferreira Berrutti, P., and Ardao, M. I., Arch. Soc Biol. Mon" 
tevideo, 12, 186 (1946). 
* Mazzella, H., and Patetta, M. A., Arch. Soc, Biol, Montevideo, 18, 131 (1946), 
‘Piaggio Blanco, R. A., and Paseyro, P., Arch. Uruguayos Med. Cirug. 
Especial, 29, 30 (1948). 
* Ganguly, S. N., quoted by Grasset, E. et al., in Venoms, edit. by Buckley, 
E. E., and Porges, N. (Amer. Assoc, Adv. Sci., Washington, D-O., 1956). 


t Jaques, R., Biochem. J., 58, 56 (1953). 
* Scoseria, J. L., Davila, L., Escaron, W., Carlevaro, F, V , and Delfino, H.» 
Arch. Soc. Biol. Montevideo, 22, 41 (1955). 


* Mayer, K., Physiol. Rev., 27, 335 (1947). 
* Kunitz, M., J. Gen. Physiol., 30, 291 (1947). 
1 Anson, M. L., J. Gen. Physiol., 22, 79 (1938). 


u Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J., J. Biol 
Chem., 193, 265 (1951). 


Failure of Methylcellulose to alter 
the Growth of Walker Tumour 256 in Rats 


METHYLCELLULOSE 18 & long-chained methyl ether of 
cellulose. Recent reports have associated regression of the 
transplantable Murphy-—Sturm lymphosarcoma in rats 
with treatment by intraperitoneal injections of methyl- 
cellulose!~#, In the present investigation the same type of 
rats and treatment were used with the Walker tumour 256. 
As will be shown, no beneficial effect was noted in the 
parameters studied, namely, size of the tumour and lon- 
gevity of the rats. 

Adult female Sprague-Dawley rats averaging 140 g 
were divided into three groups of twenty each; size and 
age were similar. The methylcellulose was prepared as a 
2-5 per cent aqueous suspension of 400 CPS methyl- 
cellulose. Intraperitoneal injections of 2 c.c. of the 
suspension were made three times per week (Monday, 
Wednesday, Friday)!, starting 10 days before the sub- 
cutaneous transplantation of the tumour as a cell- 
suspension. Injections of methylcellulose continued so 
long as the animals remained alive in Group A, and for 
only two injections after tumour transplantation in group 
B. Group C received tumour but no methylcellulose. The 
tumour was measured every second day and the product 
of the longest and shortest dimension recorded. 

Fig. 1 summarizes the findings; each point represents 
the average of the size of the tumours in the group. 

In our laboratory, the Sprague-Dawley host has shown 
some degree of natural resistance to the Murphy—Sturm 
lymphosarcoma, but not to the Walker tumour. We have 
observed 10-20 per cent complete spontaneous regression 

.of the Murphy—Sturm tumour, in various experiments; 
however, complete spontaneous regression of the Walker 
tumour has not been seen. We feel that methylcellulose 
may enhance a natural resistance already present in the 
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Fig.1. Comparison of average size of tumours in methylcellulose-treated 
and non-treated groups. —~——, Continuous treatment with mothyloellu- 
lose (Group A). ~~-~, Treatment with methylcellulose stopped after 
two injections post tumour transplantation (Group B). ...., Control, 
no metnyicolluloss (Group ©). ow MO indicates start of methyl- 
cellulose injections, Arrow T indicates transplantation of Walker tumour 


host and which is sufficient in the case of the Murphy— 
Sturm lymphosarcoma to tip the balance in favour of the 
host. However, in the case of the Walker tumour any 
natural resistance which may exist is not strong enough to 
be expressed spontaneously and cannot be potentiated to 
that point by methylcellulose. The mechanism. of action 
of methylcellulose is not clear, but, the Murphy—Sturm 
tumour being a homograft, an enhancement of the homo- 
graft rejection mechanism may be involved. The Walker 
tumour 256 is also a homograft. 

This work was supported in full by grant C 9810 (C1) 
of the National Cancer Institute, National Institutes of 
Health, U.S. Publis Health Service. 
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HAEMATOLOGY 


Influence of zhe Erythroid Activity of the 
Bone Marrow on the Plasma Disappearance 
of Injected Erythropoietin in Dogs 

THE finding that plasma erythropoietin titre in patients 
with an aplastic or hypoplastic bone marrow was higher 
than in patients with haemolytic anaemias despite similar 
haemoglobin concentration led Stohlman to postulate that 
the plasma erythropoietin level is related not only to the 
severity of the stimulus but also to the degree of erythroid 
activity of the bona marrow!. Jacobson et al.? and Ham- 
mond et al.? have suggested that erythropoietin may be 
consumed or degraded by actively proliferating erythro- 
cytic elements. . 

This report presents data on the rate of disappearance of 
erythropoietin from plasma of normal, erythropoietically 
stimulated (acute hypoxia) and erythropoietically de- 
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After this initial potentiation the antagonism to the 
effect of the sympathomimetic now appears and after 
large doses of prostaglandin it is of a progressive and 
irreversible nature. 

To investigate the possibility that prostaglandins may 
occupy the adrenergic receptors, ‘receptor protection’ 
experiments were performed on the rat vas deferens. 
After obtaining regular cumulative dose-response curves 
to phenylephrine, one vas was exposed to PGE, alone 
and the other to PGE, in the presence of a high concen- 
tration of phenylephrine. Fig. 2 shows the results of 
such an experiment. Clearly, exposure to PGE, in the 
presence of a high concentration of phenylephrine confers 
no protection from the inhibitory effect of PGE,. Indeed, 
the reverse is apparent. The presence of phenylephrine 
during the exposure to PGE, increases the rate of develop- 
ment of the inhibitory effect of the prostaglandin. It is 
suggested that a possible explanation for these observa- 
tions is that the prostaglandin molecule does not itself 
occupy the adrenergic receptor but binds the sympatho- 
mimetic to the receptor. Repeated application of the 
sympathomimetic after exposure to prostaglandin would 
lead to a progressive elimination of receptor sites, account- 
ing for the progressive depression in the maximal response 
of the preparation to the sympathomimetic. This mech- 
anism, by increasing the affinity of the sympathomimetic 
for the adrenergic receptor, may also explain the initial 
potentiation of the effects of sympathomimetics after 
exposure to prostaglandins. Further work is in progress 
to examine this possibility. 
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PHARMACOLOGY 


Venom of the Megalopyge urens (Berg) 
Caterpillar 


Tue caterpillar of Megalopyge urens (Berg), commonly 
known as ‘Bicho peludo’, is abundant in southern Uruguay 
in some years during Februery and March (Fig. 1). Its 
sting is feared because of the intense pain experienced by 
the victims. The black rigid pinking hairs (1 mm long) 
emerge from the papillae of the caterpillar among longer 
apatulated and white feathery hairs. There are several 
reports on the effect of M. urens venom in man and 
animals!-*. This work is concerned with the enzymatic 
and immunological properties of the venom and the 
electrophoretic separation of its different components. 

All the experiments reported here were carried out with 
a venom solution obtained by irritating clean cater- 
pillars in saline solution with a glass rod (one caterpillar 
per ml. saline). The venomous solution had a protein 
concentration varying from 0-3 mg per ml. to 0-6 mg per 
ml. and was stable for 1-2 weeks in the refrigerator. 
Concentration by vacuum evaporation or lyophilization 
of this solution led to loss of activity. The venom was of 
globulin nature. 

Direct haemolytic activity was investigated im vitro 
according to Ganguly> and was moderately positive for 





Fig. 1, Caterpillar of Megalopyge urens (Berg) 
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Fig. 2. Jaques’s bio-assay for hyaluronate lyase with solution of venom 

from the Megalopyge urens (Berg) caterpillar: (1) 8 wl. M. urens venom, 

(2) blank; (8) 2 ug hyaluronate lyase; (4) 20 wg crystalline Bothrops 

jararaca venom; (5) 40 ul. 10-day-old M. urens venom; (6) 40 yl. fresh 
M. urens venom 
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Fig 3. Gelatine digestion by solution of venom from the Afegalopyge 
urens (Berg) caterpillar: (1) blank; (2) 24-day-old M. urens venom; 
(3) 15-day-old M. urens venom; (4) fresh Af. urens venom; (5) concentrat- 
ed Af. urens venom; (6) 0-5 mg/ml. crystaliine Bothrops jararaca venom 


human and dog red cells, slightly positive for rat and 
negative for guinea-pig red cells. Hyaluronate lyase 
activity was demonstrated in the venom by the Jaques 
bio-assay® and by a modification? of Mayer’s turbidi- 
metric method! (Fig. 2). The proteolytic enzyme was 
determined by digestion of casein’, by Anson’s assay for 
trypsin! and by digestion of 20 per cent gelatine con- 
taining 1: 10,000 merthiolate at laboratory temperature 
for 45 h (Fig. 3). 

The venom was analysed by filter-paper electrophoresis 
using a Spinco apparatus (model FR) and 470 filter-paper 
(Schleicher and Schill), a veronal buffer (pH 8-6), and 
ionic strength of 0:075. Separation was continued at 
§ V/em for 8h. The strips were cut into thirty-two seg- 
ments each 1 cm long, and these were carefully eluted 
with saline in separated test-tubes and the bands detected 
by the method of Lowry et al." in a portion of the contents. 
of each tube. The venom protein was separated into four 
fractions: 1, (fastest anodic mobility, 9 cm) with haemo- 
lytic activity only; 2, (anodic mobility, 5 em) with hyaluro- 
nate lyase activity alone; 3, (origin) with proteolytic 
activity together with a very low haemolysin effect: 4. 
(cathodic mobility, 7 em) unidentified protein. 

Rabbits weighing 2 kg were immunized against the 
total venom with nine intravenous injections (by way of the 
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a direct effect which may be synergistic (tracheal chain 
preparation) or antagonistic (dioestrous guinea-pig and 
rat uterus, intestine) to the effect of the sympatho- 
mimetic substance. In these preparations, the doses of 
prostaglandins used were such that no direct effect on the 
tone of the preparation was apparent. In the guinea-pig 
uterus, for example, bath concentrations of PGF a as low 
as 10-12 g/ml. showed antagonism to the effects of nor- 
adrenaline, although a direct stimulatory effect of PGF. 
does not appear until bath concentrations of 10-8 g/ml. 
are reached. Moreover, the long-term effect of prosta- 
glandins on responses to sympathomimetics, even after 
brief exposure to low concentrations, clearly distinguishes 
direct and indirect effects. In the rat vas deferens, no 
direct effect of prostaglandins is evident at concentrations 
up to 5 x 10 g/ml. PGE, although antagonism to the 
effect of sympathomimetics can be demonstrated at con- 
centrations as low as 10-® g/ml. For this reason the rat 
vas deferens was chosen for ‘receptor protection’ studies. 

It was found that irrespective of the nature of the 
direct effect of the prostaglandin (stimulation, inhibition, 
or no effect), and irrespective of the nature of the 
response of the preparation to sympathomimetics (stimu- 
lation or inhibition), the net effect of the prostaglandin 
was to depress the response of the tissue to sympatho- 
mimetics. 

Fig. 1 shows dose-response curves of the vasa deferentia 
of a rat where one is stimulated by adrenaline and the 
other by carbamyl-choline. One curve represents the 
effect of the stimulant before exposure to prostaglandin 
and the other the effect of the stimulant 90 min after 
exposure to PGE, for 5 min at a concentration of 4 x 
10-8 g/ml. The responses to carbamyl-choline are poten- 
tiated. The dose-response curve shows a shift to the 
left and the maximal response of the preparation to 
carbamyl-choline is increased. The dose-response curve 
for adrenaline, however, shows a shift to the right with 
a depression of the maximal response. The extent of 
this depression increased with time and without further 
shift of the lower part of the curve, and after a further 
40 min the maximal response was only 58 per cent of the 
original value. This effect on the dose-response curve is 
also characteristic of the action of PGE, on the responses 
of the vas to phenylephrine and noradrenaline. The 
antagonism cannot be reversed by increasing the bath 
concentration of the agonist, even up to molar concen- 
trations. 

Two further features of the effect of prostaglandins are 
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sympathomimetic after exposure to prostaglandin may be 
potentiated (Curve 3 (ii) in Fig. 2) and this initial potentia- 
tion is seen in preparations which are relaxed by the 
sympathomimetic a3 well as in those which are stimulated. 
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Fig. 2, Tracings of cumulative dose-response curves of the rat vas 


deferens stimulated by phenylephrine. The concentration of phenyl- 
epbrine was increased by steps of (log 10)/3 after closing the tap leading 
to the organ chamber. The circles represent the points at which phenyl- 
ephrine was added. Tks label 1 corresponds to a bath concentration 
of 107 M; label 10 to3x10* M Both preparations were exposed to 
PGE, (4x 10-? g/ml.) foz 5 min, one in the presence of 10-7 M phenyl- 
ephrine (A) and one in the absence of phenylephrine (B). Curves 4 (if) 
and B (it) were made 10G min after exposure to PGE,, curves A (ill) and 
B (Gii) were made 160 min after exposure to PGE, 


Table 1. EFFECTS OF PROSTAGLANDINS AND SYMPATHOMIMETIOS ON VARIOUS TISSUES 


apparent. The first response of the preparation to the 
Preparation* 
Rat vas deferens (20) 
Rat colon (6) 
Rat fundic strip (5) 


Guinea-pig uterus 
(i) Dicestrous (stimulated by vasopressin) (3) 
(ii) Oestrous (in presence of a 8 blocking agent) (3) 


Rat uterus (electrically stimulated) (6) 
Guinea-pig tracheal chain (contracted by carbamyl-choline chloride 
107 M-10~ M) (3) 


* Number of experiments in parentheses. 
t Nature of direct effect in parentheses. 
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Prostaglandin Sympathomimetic and its effect | glandin on response 
used t to sympathomimetic 
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It is concluded that chloride ions are actively trans- 
ported across the frog corneas and this ionic transport 
represents the only source of current across this mem- 
brane, and probably it 1s directly related to corneal 
hydration and transparency. The ATPase found in the 
frog corneas would seem to be different from that found 
in sodium transporting systems! and might not be related 
to the chloride transport found. Though this does not 
mean. that chloride transport is not ATP dependent, it is 
possible that another mechanism might be involved in the 
transport of chloride across biological membranes. 

This work was supported by grant NB-04334 of the 
National Institute of Neurological Diseases and Blind- 
nesa. 
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Vanadium and Dental Caries 


Tae effects of trace elements other than fluoride on 
dental caries have recently received increased attention. 
The results of numerous investigations, reviewed else- 
where!, haveindicated that selenium is capable of increasing 
the susceptibility to caries, particularly when it is con- 
sumed during the formation of the teeth and incorporated 
into their structure. On the other hand, molybdenum 
appears to have a beneficial effect on caries’. 

In recent years, vanadium has been investigated as a 
caries-inhibiting trace element. Vanadium was found to 
decrease caries when given to hamsters and rats either 
during the time of tooth formation or post-development- 
ally?:4, However, further animal experiments failed to 
substantiate these findings®-®. 

The only investigation of the effect of vanadium on 
caries in man was conducted in Wyoming among children’, 
This State was selected because it contains widespread 
deposits of vanadium. For ascertaining the dietary intake 
of vanadium by the children, its concentration in water 
samples was determined. This was based on the premise 
that water is the main vehicle for vanadium ingestion in 
man, as is the case with fluoride. The majority of the 
water samples contained minute amounts of vanadium 
ranging from 0-03 to 0-09 p.p.m. with a few above the latter 
level. It was concluded that the consumption of water 
containing vanadium as low as 0:07-0:09 p.p.m. was 
responsible for decreasing dental caries in children as 
compared with those drinking water with vanadium at 
levels of 0:03-0:06 p.p.m. 

In the light of recent findings, it appears that, in 
general, water does not constitute an important source 
of vanadium and that its concentration cannot serve as 
a reliable criterion of the total amount of this element in- 
gested daily. An investigation of 194 public water supplies 
in cities located in forty-nine States was conducted by the 
U.S. Public Health Service. It revealed the presence of 
minute amounts of vanadium in the samples ranging 
from 0:0004 to 0-07 p.p.m. with a mean content of 0-006 
p.p.m.§, In a second investigation by the U.S. Public 
Health Service, it was shown that from a total of 247 
water samples taken from five major rivers (Ohio, Missis- 
sippi, Colorado, Missouri, Columbia) and the Great 
Lakes, vanadium was detected in only five samples’. No 
vanadium was found in the samples from the Ohio and 
Mississippi Rivers and the Great Lakes. 

It is concluded that in epidemiological studies on the 
association between vanadium intake and caries, the con- 
centration of this element in water alone cannot be relied 
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on as an index reflecting the total amount ingested daily. 
It is known that the same 1s true with regard to selenium, 
even, in seleniferous regions*®. Other methods should be 
used for assessing the dietary vanadium intake in popula- 
tion groups. 
D. M. HADJIMARKOS 
University of Oregon Dental School, 
Portland, Oregon. 
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Antagonism by Prostaglandins of the 
Responses of Various Smooth Muscle 
Preparations to Sympathomimetics 


PROSTAGLANDINS are known to produce two types of 
effects on smooth muscle. First, they may produce direct 
and relatively short-lived effects, such as stimulation of 
the isolated uterus or relaxation of the isolated tracheal 
chain preparation. Secondly, in doses too low to produce 
a direct effect, they may produce a long-term potentiation 
of the effects of other stimulants. These two effects have 
been investigated in the isolated guinea-pig uterus?. The 
long-term. potentiation of the effects of other stimulants 
which is induced by brief exposure of the guinea-pig 
uterus to low concentrations of PGE, or PGE, appears 
to be non-specific with respect to the potentiated stimu- 
lant, and can be demonstrated with a variety of stimulants 
including vasopressin, oxytocin and histamine, and also 
with electrical field stimulation?. The potentiating effect. 
however, is fairly specific to prostaglandins of the PGE 
series. ‘This type of effect is not restricted to the guinea- 
pig uterus and can be demonstrated on the isolated rat 
colon or vas deferens (Fig. 1). 

Another indirect long-term effect of prostaglandins of 
both the PGF and the PGE series is described here, and 
consists of a depression of the responses of various 
isolated smooth muscle preparations to sympathomimetic 
substances—to adrenaline, noradrenaline, phenylephrine, 
and isopropyl noradrenaline. 

Some tissues in which this effect has been examined are 
shown in Table 1. In some of these, prostaglandins have 
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Fig, 1. Cumulative in vifro dose-response curves of rat vas deferens to 
carbamy!-choline (interrupted line) and adrenaline (solid lne). Curves : 
1 and 8 were obtained before exposure to prostaglandin. Curves 2 and 
4 were obtained 90 min after exposure for 5 min to PGE, at 4 x 10~* g/ml. 
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Asthma and Testosterone 


Ir was previously shown! that testosterone is a power- 
ful inhibitor of histamime and SRS* responses, and in view 
of the varying age incidence of status asthmaticus in the 
two sexes it was thought testosterone levels might have 
aetiological significance. Dutch workers have thought 
along similar lines’. Accordingly blood levels were 
measured in male and female subjects (by courtesy of Dr. 
J. Coghlan and Prof. Hudson) immediately after a severe 
attack. In two males the levels were 0-87 and 1:03 ugj 
100 ml. (high and one above normal: range 0-37—1-00) 
while in four females the levels were 0-13, 0:16, 0-19, and 
0-29 pg/100 ml. (above normal: range 0:04-0:12). In 
another asthmatic subject, in the interval between attacks, 
the level was 0-24 ug/100 ml. (male), which is significantly 
low. I am now investigating the possibility that the level 
may be low in asthmatics, but that as a reaction to the 
stress of an attack, possibly associated with anoxia and 
hypercapnia, the levels rise high temporarily. Corticoid 
and also oestrin levels will be measured, as sometimes 
oestrins enhance histamine responses. 

E. R. TRETHEWIE 


Department of Physiology, 
University of Melbourne, Victoria. 
* SRS, Slow-reacting substance. 
2 Trethewie, B. R., Arch. Intern. Pharm. Therap., 149, 3, 366 (1964). 


* Trethewie, E. R., Nature, 198, 290 (1963). 
* Beumer, H. M., Acta Physiol. Pharm , Neerlandica, 10 (1962). 


Active Transport of Chloride across the Cornea 


THE presence of an active transport of ions across the 
cornea, has been postulated?-* in connexion with the loss 
of transparency of this membrane when it swells, after 
reduction of its metabolic rate or injury. The swelling 
and opacity, especially after exposure to cold solutions, is 
reversible and this has prompted the notion that an active 
ionic transport is performed by the cells of the epithelium 
or endothelium, dragging water out of the stroma to. 
preserve the normal orientation of the fibrils. 

The cornea of the American bull frog (Rana catesbiana) 
maintains a potential difference of 15-60 mV and produces 


short-circuit currents of 6-30 uamp/em?, when mounted. 


as a membrane in Ussing’s modified type of chamber‘. 
The aqueous or endothelial side is positive and the tear or 
epithelial side is negative. The potential and the short- 
circuit current are mainly dependent on the presence of 
chloride ions in the aqueous side. As can be seen in Fig. 1, 
when all the chloride ions are replaced by sulphates in the 
fluid’ bathing the corneas, the short-circuit current is 
markedly reduced; it recovers to control-levels, however, 
when chloride ions are again present in the fluid. The 
same effect is obtained if methyl-sulphate ions are used to 
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Fig. 1. Effect of removal of chioride (replaced by sulphate) on the short- 
circuit current produced by the isolated frog corneas 
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Table 1. CHLORIDE FLUXES AcROSS ISOLATED FROG CORNEA 
Aqueous to tear side Tear to aqueous side 
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Short-circuit Short-cireuit 
#Equiv./b/em* wurrent #Equiv./h/cm? current | 
(4smp/cm*) (vamp/enr*) 
0°535 13-1 0-188 14:0 
0-780 23-3 0-288 103 
0 803 184 0-086 15 0 
0 740 14-0 0-153 83-0 
1:075 11-4 0-162 19-0 
1-080 25-8 0:237 96 
0 513 15-1 0 402 21-3 
0:952 21:86 0 074 17-0 
1-185 30 8 0-187 156 
Mean 0 849 19°3 0 197 17°25 


Chloride net fux = 0 &49-0-197 =0-652 pequiv.jh/cm? Current measured 
=18 2 pamp/cm*?. Current from chlorine transport=17-5 szamp/cem*. 


replace the chlorides. The measurement of chloride 
fluxes with chlorine-36 in short-circuited corneas, as shown 
in Table 1, indicetes that there is a net transport of 
chloride from the aqueous towards the tear side of the 
cornea. From 96 to 100 per cent of the short-circuit 
current measured could be computed as due to the chloride 
net transport, as shown at the bottom of Table 1. Sodium 
fluxes measured with sodium-22 indicate that no net 
transport of this cation is performed, since both unidirec- 
tional fluxes are similar. In these corneas chloride is 
secreted towards the outside, and then possibly sodium 
ions are dragged along passively, due to the potential 
difference. This salt movement could then induce water 
to follow it, keeping the hydration of the cornea at the 
normal level, and consequently preserving its trans- 
parency. 

When the chloride concentration is increased or de- 
creased in steps of 10-20 mM of chloride in the inside, while 
regular fluid is kept in the outside or tear side, a satura- 
tion-type curve is >btained as the chloride concentration 
is plotted against tne stable short-circuit current attained 
after each replacement. In double reciprocal plottings, 
straight lines are obtained as shown in Fig. 2, indicating 
saturation-type kinetics. 
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Fig. 2. Lineweaver~Burke type of plotting of short-circuit current (I) 
against chloride concentration in the fluid bathing the aqueous side of 


the frog cornea 
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The short-circuit current is sensitive to ouabain, but 
only at high concentrations, 10-4 M, and a definite drop 
of the current is observed only after a delay of about 1 h 
when the glucoside is added in the inside or aqueous side 
of the corneas. Though sodium ions move only passively 
across the corneas, the presence of these cations is neces- 
sary inside to maintain the potential. 

Homogenates of the corneas exhibit ATPase activity 
in the presence of magnesium and in the absence of 
calcium. This magnesium-activated ATPase activity does 
not, however, show any affinity for sodium or potassium. 
The ATPase splitting activity is found in the microsomal 
as well as in the mctochondrial fraction of these corneas, 
and does not show any sodium, potassium or chlorine 
affinity. Ouabain does not affect the ATPase splitting 
activity of the preparations. 
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colonies grown on agar are grey-white and show in cross- 
section a typical plectenchymatic structure like that of a 
true sclerotium. As with Claviceps paspali, the mycelium 
of this strain grown in submerged culture has a cellular 
structure similar to that of a natural sclerotium. Ergot- 
amine production in submerged culture occurred in a 
culture medium of high osmotic pressure of the following 
composition: Mannitol 20 per cent; peptone-Difco 3 per 
cent; tap water; final pH 6-2. The culture medium was 
sterilized for 30 min at 110°C. Cotton-wool plugged 
500-ml. Erlenmeyer flasks containing 100 ml. of culture 
medium were used on a rotary shaker at 24° C (200 r.p.m., 
eccentric throw 10cm). After 8-10 days the total alkaloid 
content from the broth and mycelium ranged from 800 to 
1,400 ug/ml. (calculated as ergotamine). Chromatographie 
analysis of the alkaloids extracted from the culture 
medium showed ergotamine to be the principal component 
present. 

I thank Prof. E. B. Chain for his continued interest in 
this work. 

A. TonoLo* 
Department of Biochemistry, 
Imperial College of Science and Technology, 
London. 
* On leave from the Istituto Superiore di Sanita, Rome. 
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Further Proof of Direct Oxygen Transfer by 
Carotenoids in Respiration and Photosynthesis 


THe hypothesis that carotenoids participate in oxygen 
transfer in photosynthesis was first put forward by 
Warburg and Krippahl!, then by Cholnoky et al.?. 
SapoZnikov® observed. increased production of violaxan- 
thin. (a. diepoxide of lutein) in darkness with a correspond- 
ing decrease in lutein production. In illuminated medium 
the opposite reaction occurred. Hydroxylamine, a well- 
known. inhibitor of photosynthesis, has been shown‘ to 
retard this light-darkness reaction. Blass, Anderson and 
Calvin® confirmed the work of SapoZnikov, but, although 
they observed the decrease of violaxanthin in light, they 
found no corresponding rise in the concentration of lutein. 
In these experiments, however, nearly equal specific 
radioactivity of lutein and violaxanthin was noted. This 
fact suggests an interrelationship between these two 
carotenoids in photosynthesis and respiration respectively. 
Recently, Saakov® gave a complete scheme of the bio- 
synthesis of carotenoids and of their oxido-reduction 
reactions in photosynthesis. 


xg pigment /g dry matter 





1 3 6 8 
Days after inoculation 
Increase in violaxanthin content with corresponding decrease 


Fig. 1. 
in lutein content in barley after infection with powdery mildew. Mean 
values of at least three determinations; maximal standard deviation 
for violaxanthin (bottom graphs): +0°009; for lutein (top graphs): 
+0°048, @—~@, Control plants; O — —— O, infected plants 
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Days after inoculation 


Fig. 2. Increase in neoxanthin content and decrease in f-carotene 
content: in barley after Infection with powdery mildew. Mean values of 
at least three determinations; maximal standard deviation for neoxan- 





thin (bottom graphs): +0 004: for -carotene (top graphs): +0021, 
@-—@, Control plants; O-~— O, infected plants 
3 
& 
È 
i 
$ 
8 
S 
si 
o 
=z 
3 § 8 
Days after inoculation 
Fig. 3. Rise of respiration of barley after infection with powcery mildew. 
@--—@, Control plants; O -~ — O, infected plants 


During our investigations’? of barley infected with 
powdery mildew (Erysiphe graminis f.sp. hordei Marchal, 
strain C,) under standard conditions we observed ın- 
creased content of violaxanthin immediately after infec- 
tion with the fungus up to the sporulation time of the 
parasite. Together with the increase of violaxanthin 
content a corresponding decrease in lutein content was 
observed (Fig. 1). Increase of oxidized carotenoid with a 
corresponding drop in the content of the reduced form 
took place in the same phase of the disease, in which 
increased respiration of the host occurs. (Pigment 
analyses were made spectrophotometrically after thin- 
layer chromatography on silica gel.) 

It may be mentioned that a decrease of §-carotene 
(mono-hydroxy-@$-carotene) and a slight increase of 
neoxanthin (mono-epoxy-lutein) were also found during 
the period of increased respiration (Fig. 2). 

These results may be regarded as further proof of 
direct oxygen transfer by carotenoids in photosynthesis 
and respiration. 

I thank Mr. F. Frič for his assistance. 

ELISABETH HASPEL-HORVATOVIČ 
Botanical Institute of the Slovak 
Academy of Sciences, 
Department of Pathological Physiology, 
Bratislava. 
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h animal received a single dose of 0-2 ml. adjuvant intraperitoneally. 


carbon from the blood stream by the reticulo- 
thelial cells: although useful for comparison with 
published work, it is not a linear index and it is 
correct to express phagocytic activity as the 
‘čal of K, since this gives a linear dose-response 
mship (Kr = 1/K x 10°) and allows statistical it has been demonstrated that phagocytosis of an 
is of the results”. essential step in the induction of the prim 
ean be seen (Table 1) that both incomplete and com- _ response*.’, it seems libely that stimulation of p 
te Freund’s adjuvant stimulate the phagocytic activity is an important part of the mechanism of actio 
the reticulo-endothelial system, but the complete adjuvants in enhancing antibody response. 
djuvant is a more powerful stimulant of phagocytosis T. Nicon = 
the incomplete. The levels of phagocytic stimulation D, C. Quawrock 
uced by the incomplete adjuvant are similar after B. Vernon-Ro 
utaneous or intraperitoneal injection, but the com- 
. adjuvant produces higher levels of phagocytic 
ity. when given intraperitoneally rather than sub- 
neously. It thus appears that the water-in-oil 
sion constituting the incomplete adjuvant acts as a 
stimulant. of phagocytosis, and that the stronger 


akol the ae antibody response to 
me deine "18,16,17, The p present results show that 





cytic activity of the reticulo-endothelial syste an 


Department of Anazomy, 
King’s College, Londoa, W.C.2. 


! Freund, J., Thomas, K. T., Sough, H. B., Sommer, H. E., and Pisa ani 
J» Immunol., 60, 383 (1948). 


* Freund, J., J. Clin. Path. 21, 645 (1951), 
3 Dresser, D. W., Immunol., 3, 289 (1960). 
t Dresser, D. W., Nature, 198. 1169 (961). 
5 Muramatsu, S., Nature, 201, 1141 (1964). z OS 
Frei, P. O., Benacerraf, B.. and Thorbecke, G. J., Proe, U.S. Nat. Acad: : 


reticulo-endothelial system stimulation produced by the 
eomplete adjuvant is due to the added Mycobacterium 
butyricum. These findings also suggest that the rate of 
absorption of the water-in-oil emulsion is the same 
following subcutaneous or intraperitoneal injection, but 
that the absorption of M. butyricum or its active principle 
is more effective intraperitoneally. 

_ When a single intraperitoneal injection of 0-20 ml. of 
Fronnd’s incomplete or complete adjuvant was given, it 
ean be seen (Table 2) that, in both cases, phagocytic 
activity was significantly stimulated on the first day after 
injection, and that it remained stimulated on the second 
day, but declined to control level thereafter. It has been 
reported that Freund’s adjuvant is most effective when 
administered at the same time as the antigen?*, although 
Muramatsu’ has stated that it is most effective when 
given 5 days before the antigen. The present results 
t that the ‘eae should be given about the same 
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HISTOCHEMISTRY 


Rapid Staining of juxta lomerular Cell 
Granules and Renal Tubular Mitochondria 
for Light Microscopy — 

Tue methods in use for staining renal tissue for. 
ment of the juxtaglomerular index require either pr 
fixation or staining or both. We wish to report a tec 
which has the advantages of rapidity. 















3 staining contras of j TE 
the juxtaglomerular granules adequa ; for counting under. PERE 
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the light microscope, and the simultaneous preservation 
and staining of renal tubular mitochondria. 

The stains most frequently employed for assessment of 
juxtaglomerular granulation are neutral dyes such as 
ethyl violet-biebrich scarlet (Bowie’s stain)! or crystal 
violet-orange G (ref. 2), The reports of Wilson*, Hartroft 
and Hartroft*‘, Pitcock and Hartroft', Friedberg®, and our 
own preliminary experiments with neutral dyes, indicate 
that the adequate demonstration of juxtaglomerular 
granules is a lengthy procedure occupying anywhere from 
2 to 7 days, and that it is largely dependent on the use of 
fixatives containing potassium dichromate, followed by 
prolonged post-chroming. Staining alone requires at 
least 10-12 h. These methods of staining seeretory 
granules, as well as the use of post-chroming in the 
demonstration of mitochondria for light microscopy, have 
been attributed to the action of potassium dichromate in 
rendering a wide variety of unsaturated lipids insoluble 
in lipid solvents®. 

We have carried out investigations into the staining of 
juxtaglomerular granules and renal tubular mitochondria 
in formalin-fixed tissue, using a procedure which avoids 
entirely the use of concentrated ethyl alcohol and xylene. 
Adult male white mice were killed with a blow on the head 
and their kidneys removed rapidly. Slices about 3 mm in 
thickness were fixed for 24 h in buffered 10 per cent 
formalin (pH 7-3) and the tissue was processed and em- 
bedded in polyethylene glycol (‘Carbowax’) and a poly- 
vinylacetate resin according to a modification’ of the 
method of Reid and Taylor’. Sections were cut at 2u and 
3u and mounted on glass slides. The embedding medium 
was readily dissolved from the sections by brief immersion 
in methyl alcohol. Slides were stained for 2-2-5 min in 
a solution consisting of 25 drops of 1 per cent crystal violet 
or ethyl violet in 100 ml. of 20 per cent ethyl alcohol, 
followed by 5-10 sec in 100 ml. distilled water containing 
forty drops of 1 per cent neutral red or safranin O. The 
sections were rinsed in cold water and mounted directly 
using a water-soluble mounting medium. 

This procedure results in considerably less tissue shrink- 
age than in control tissues embedded in paraffin and 
processed in a routine fashion, as judged by the size of the 
glomeruli and tubules and by the width of the inter- 
tubular tissue. Juxtaglomerular granules are stained an 
intense purple and are readily discernible as dark elumps 
at a magnification of x 80. The tubules are demonstrated 
chiefly through staining of the mitochondria which are 
easily recognized as blue-mauve rod-like filaments. Those 
in the distal tubules appear a deeper blue than those in 
the proximal tubules. Nuclei are stained red, and red 
blood corpuscles blue. 

This method permits extremely rapid demonstration of 
the granulated cells of the juxtaglomerular apparatus, as 





omicrograph showing staining of JG granules and tubular 


Fig. 1. Phot 
k e E Note paucity of mitochondria in macula densa, (Crystal 
violet-neutral red xe. 285) 
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well as the macula densa, since the cells of this structure 
are endowed with distinctly fewer mitochondria than the 
rest of the distal tubule and hence stand out in contrast « 
(Fig. 1). The simultaneous rapid staining of renal tubular 
mitochondria offers unique opportunities for further 
studies in renal pathology and tends to confirm the 
preservation of phospholipid membrane systems by the 
present technique. 

This work was supported in part by a grant (FR 
5410-04—5) from the U.S. National Institutes of Health. 
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Localization of Catecholamines in Brown 
Fat 


THe role of interscapular brown fat in non-shivering 
heat production is well established in new-born rabbits?, 
new-born guinea-pigs*, and during arousal from hiber- 
nation*®. Heat is produced by the local oxidation of long- 
chain fatty acids. Regulation of heat production by the 
autonomic nervous system is strongly suggested by the 
fact that intravenous infusion of noradrenaline in physio- 
logical amounts stimulates heat production, and this heat , 
production is abolished by pronethalol'. Stimulation of 
the cervical sympathetic chain in new-born rabbits causes 
a local increase in brown fat temperature above the deep- 
body temperature’. Fat cells contain a lipase which can be 
activated by catecholamines’. Brown fat from the in- 
terscapular region of adult rats contains a large amount 
of noradrenaline, which disappears rapidly after dener- 
vation or treatment with reserpine’. Brown fat is also 
richly innervated with non-medullated autonomic nerve 
fibres terminating in relation to fat cells’. 

Recent advances in the fluorescent method for the 
demonstration of catecholamines have opened new pos- 
sibilities for their histological localization. Interscapular 
brown fat was examined from normal new-born rabbits, 
aged 24-48 h, and from littermates which had been given — 
reserpine (0'2 mg/kg) 24 h previously. These tissues were 
then processed according to the techniques of Falck and 
Hillarp*. Sodium borohydride was used as a specific 
inhibitor for catecholamine fluorescence’. 

The characteristic green fluorescence of primary amines 
was found to be strongly present in the cytoplasm, but 
not in the cell nucleus of brown fat cells (Figs. 1 and 2). 
Individual nerve fibres showing green fluorescence were 
also found running between brown fat cells. Sodium 
borohydride treatment abolished this fluorescence. More- 
over, both intracellular fluorescence and fluorescence of 
nerve fibres was very weak or absent in reserpinized 
animals, 

In view of the previous work’, showing a high con- 
centration of noradrenaline in brown fat, the green fluores- 
cence disappearing after reserp'ne treatment may be 
taken to indicate the presence of noradrenaline, both in 
autonomic nerve fibres and within brown fat cells. This 
would appear to be the first demonstration of the presence 
of catecholamines within brown fat cells. s 

Catecholamines have been shown to activate a li 
in vitro in adipose tissue with cyclic 3’5’-AMP probably 
acting as intermediate’. The observed cytoplasmic 
localization of a catecholamine, presumably noradrenaline, 
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Fig. 1. Low-power view of the fluorescence of brown fat cells from the 
interscapular deposit in a a rabbit. (Falck-Hillarp method, 
xc, 170) 





Fig. 2. The cytoplasm of the cells of brown fat shows a green fluores- 
cence, whereas the nucleus does ee Toco (Falck-Hillarp method, 
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is clearly appropriate for activation of this lipase in the 
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Fatty Acid Composition of Triglycerides 
from Adipose Tissue 


Brown adipose tissue has recently been shown to be the 
major site of non-shivering heat production in new- 
born rabbits! and to participate in heat production in the 
human new-born infant in a cool environment*. The 
major lipid in brown adipose tissue is triglyceride, which 
is present in numerous small droplets throughout the 
cytoplasm, and heat is produced by the local oxidation 
of this triglyceride after lipolysis'. White adipose tissue 
contains only a single large fat droplet, is almost entirely 
triglyceride’ and its main function is the synthesis and 
storage of triglycerides and the release of free fatty acids 
into the blood streara when required. In view of these 
differences in function we have compared the fatty acid 
composition of triglycerides from brown and white 
adipose tissue in new-born and adult rabbits and in samples 
of brown and white adipose tissue obtained at autopsy 
in human new-born infants. The fatty acid composition 
of adipose tissue triglycerides is not significantly different 
in biopsy and autopsy samples*. 

Lip.ds were extracted from adipose tissue samples by 
the method of Folch, Lees and Sloane-Stanley*, dried over 
anhydrous sodium sulphate, and the triglycerides isolated 
by means of thin-layer chromatography using Kieselgel 
G (Merck) activated at 105° C for 1 h and petroleum ether 
(40°-60° C)-diethyl ether—acetic acid (80:20:1) as solvent 
system. Fatty acids were methylated in 5 per cent 
hydrochloric acid in super dry methanol as described by 
Stoffel, Chu and Ahrens* and were identified by gas liquid 
chromatography usimg a ‘Pan’ chromatograph (Pye) 
with an argon ionization detector and polar (10 per cent 
polyethylene glycol adipate) and non-polar (5 per cent 
Apiezon grease L) stationary phases and comparison of 
retention times with known standards. Results are ex- 
pressed as a percentage of total fatty acids detected. 

Table 1 shows the results obtained. Substantial amounte 
of linoleic and linolenic acids are present in triglycerides 
of both brown and white adipose tissue from unsuckled 
new-born rabbits, suggesting transplacental passage of 
these essential fatty acids. The only significant difference 
between brown and white adipose tissue in the new-born 
rabbit appears to be a larger proportion of stearic acid and 
a lower proportion of Dalmitic acid in brown ad ‘pose tissue. 
No major differences exist between triglycerides of white 
adipose tissue from new-born and adult rabbits, apart 
from the increased palmitoleic in the new-born rabbit. 
Triglycerides from ad:pose tissue of both types from human 
new-born infants alse contain linoleic and linolenic acids, 
but in smaller amounts. There is no significant d fference 
in fatty acid composition of triglycerides from brown and 
white adipose tissue in the human new-born infant. 

Comparisons of the fatty acid composition of brown 
and white adipose tissue triglycerides have been made in 
the adult ratë and the hibernating and non-hibernating 
bat’. In the rat, saturated fatty acids (myristic, palmitic 
and stearic) accounted for more of the triglyceride of 
brown adipose tissue than in white adipose tissue, but the 
differences were not large’. In the bat, both hibernating 
and non-hibernating, oleic acid was the major fraction, 





Percentage of total fatty acids 








Source Type a ——_—_———} 
| Myristic | Palmitic Palmitoleic | Stearic Oleic | Linoleic Linolenic Other 
Interscapular or tissue Brown 22 +05 32:7 +22 5'808 12:7 1'2 273410 | 146418 3:508 0-7 
(new-born rabbit) | 
— adipose tissue (new- | White 2:5403 39-8 + 2-1 6-4+0°6 6-2+0°2 29-3+19 | 11810 2-4+0-2 1-0 
| rn rabbit) | | 
bar eee dipose tissue | White 24405 42-0+ 5°6 8:507 6120 25-3 + 2-2 | 12-4413 29+0-3 49 | 
ra 
ne oy ee tissue (new- | Brown $3409 | 4607+24 0-0+0°7 53413 3823+428 | 152403 20Ł}10 | — 
rn human | 
|! Subcutaneous abdominal adi- | White 4:0 2-0 49:070 0032 +0420 2092+54 | 32418 06+ 0-4 _ | 


pose tissue (new-born human) 
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the concentration being three to four times greater than 
palmitic acid‘. Human new-born adipose tissue tri- 
glyceride, both brown and white, contains more palmitic 
acid and less oleic acid than that reported by others*.*-19 
who have examined mixed lipids from adult subcutaneous 
white adipose tissue. Dietary differences may also account 
for these differences'’. The distribution of fatty acids is 
closely similar to that reported for subcutaneous adipose 
tissue from three full-term human infants’. Triglycerides 
from human new-born adipose tissue differ from the rabbit 
chiefly in the much lower proportion of linoleic acid. This 
may reflect a difference in placental permeability to long- 
chain fatty acids. It is clear that the differences in function 
of brown and white adipose tissue are not accompanied 
by any consistent differences in the fatty acid composition 
of their triglycerides. 

Laboratory facilities were provided by a grant from 
the Sir William Coxen Trust Fund. 
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Collagen, Elastic Tissue and Resorcin Fuchsin 


In recent years several investigations! have thrown 
doubt on the specificity of resorcin fuchsin as a reliable 
stain for structures containing the protein elastin. These 
investigations have also indicated that some alteration 
in the state of collagen may cause the latter to react with 
this stain. Partridget has suggested that this alteration 
is denaturation and the increase in reactivity which occurs 
with this change allows the protein to react with phenolic 
dyes. However, although resorcin fuchsin contains a 
phenol, the actual basic dyes used in the stain are not 
phenolic. Furthermore, it can be shown that certain 
fibres in connective tissue which stain with resorcin fuchsin 
but which are demonstrably different from the elastic 
tissue of the aorta, cannot be distinguished from normal 
collagen using the basic dyes from resorcin fuchsin with- 
out additives. Since denatured collagen has an isoelectric 
point of 4°8 compared with 7-5 (ref. 5) for the normal 
protein a simple basic dye should distinguish between the 
two. Such a result could not be obtained in the connective 
tissues mentioned. It follows, therefore, that connective 
tissue contains either three types of fibre reactive to 
resorcin fuchsin, namely, elastic tissue, denatured collagen 
and a previously undescribed fibre (Fig. 1), or some other 
aspect of collagen denaturation must be considered in 
accounting for the similarity in the staining reactions of 
elastic tissue and denatured collagen. It is the purpose of 
this communication to suggest that the loss of erystalline 
structure that occurs when collagen is denatured’ accounts 
for this similarity and disposes of the need to postulate 
any other resorcin positive fibre in connective tissue. 

Fig. 1 shows an aggregation of resorcin-positive fibres 
taken from the soft tissue beneath a denture that had 
been worn for many years. No such differential staining 
pattern could be observed when only the basic dyes, 
basic fuchsin or crystal violet, in aqueous solution were 
used to stain serial sections. In each case the addition of 
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resorcin fuchsin caused a tangled pattern of dark staining 
fibres to appear resembling the appearance of Fig. 1. 
If, however, the elastic laminae of a young aorta were 
exposed to a simple solution of either of the two dyes for 
at least 4 h these structures could be clearly differentiated 
from the intervening collagen layers although the con- 
trast was markedly inferior to that obtained with resorcin 
fuchsin. In addition to this difference these two tissues 
showed a difference in their relative affinity for iron. 
Ferric chloride is one of the additives in resorcin fuchsin, 
and Fig. 2 shows the result of soaking a section of aorta 
in 0-1 per cent ferric chloride followed by treatment with 
potassium ferrocyanide. The resorcin-positive elastic 
fibres in the aorta show no affinity for iron; the resorein- 
positive fibres in the oral connective tissue showed an 
affinity equal to that of normal collagen, that is, no 
differential pattern could be obtained in the latter tissue. 

Resorcin fuchsin contains, apart from the two basic 
dyes mentioned and the ferric chloride, resorcinol, ethyl 
alcohol and hydrochloric acid. Water is also present, as 
the alcohol used is industrial (70 per cent). Further varia- 
tion of these components resulted in the observation that 
the behaviour of the whole stain could be duplicated by 
two different combinations of these additives. These 
two combinations, in the aorta, improved considerably 
the distinction that could be obtained using basic dyes 
only and in the dental tissue caused a differential pattern 
to appear similar to that obtained using resorcin fuchsin. 

The first combination found to duplicate the behaviour 
of resorcin fuchsin was simply the addition of ferric chloride 
to an aqueous solution of basic fuchsin. These two com- 


ponents, when used separately, show up differences as 


already discussed between resorcin-positive fibres in the 
aorta and the experimental tissue ; when combined, 
this property is lost. A probable explanation of this 
result may be based on the competition that exists between 
iron and basic fuchsin for the available carboxyl groups 
in a tissue section. According to Wigglesworth’ iron 
co-ordinates with these groups in an extremely rapid 
reaction which takes preference over that with the positive 
charges of a basic dye. Although collagen reacts much 
more intensely with acid dyes under histological con- 
ditions, there is some reaction with basic dyes due to the 
fact that while the prevailing or net charge is positive, 
negative groups, mainly carboxyls, are present. The 
number of carboxyls in elastin is much smaller and the 
differentiation obtained between collagen and elastin by 
a simple basic dye in the aorta must be due to the differing 
modes of attachment, ionic or long-range in the case of the 
dye and collagen, short range (Van der Waals and/or 


hydrogen bonding) in the case of the dye and elastin. 


The effect of iron would be expected to improve differen- 


tiation between collagen and elastin by depressing the 


intensity of the collagen staining with basie dyes. 
result is obtained in the aorta. In the experimental dental 
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tissue, however, fibres shown to be resorcin positive in 
serial sections are outlined by basic fuchsin combined 
with ferric chloride. A pattern only slightly inferior to 
that shown in Fig. 1 was obtained if the section was left 
in the staining bath for at least 4 h, a period well in excess 
of the 10 min usually required to colour a connective 
tissue section with basic fuchsin dissolved in water. In 
view of this time factor and the virtual elimination under 
these conditions of any reaction between charged groups, 
it is suggested that short-range forces become more promi- 
nent than is usual in simple staining procedures. Since 
short-range dye attachment* is governed more by varia- 
tions in the degree of crystallinity at the surface of a 
dyeing substrate than charge distribution, it may be that 
the differential pattern in the dental tissue is the result 
of the basic fuchsin outlining the difference between 
amorphous and crystalline collagen. The long staining 
time supports this contention; short-range dye attach- 
ment takes much longer to reach equilibrium than long- 
range. 

The second combination of additives found to duplicate 
the behaviour of resorcin fuchsin was a system composed of 
basic fuchsin, resorcinol and alcohol. The results obtained 
with this system were not sensitive to either the presence 
of water or various proportions of alcohol and water, 
provided some alcohol was present. Phenol could be 
substituted for resorcinol, as could pyrogallol, without 
affecting the result. Phenol, resorcinol and alcohol all 
have uses in the dyeing industry. Vickerstaff* lists phenol 
and resorcinol as additives that increase the pore size of 
fabrics, thus aiding short-range dye attachment. These 
additives are more efficient when the substrate is amor- 
phous, crystalline areas being penetrated, if at all, much 
more slowly. Organic solvents’ often facilitate dye 
attachment particularly in those cases in which the dye 
and a fibre possess similar charges and water is the main 
solvent. Provided the added organie solvent is more 
efficient at solvating the dye than water, the resulting 
redistribution of solvating forces in the system causes an 
increase in the intensity of dyeing with only a very small 
concentration of the organic compound present. The net 
effect is to decrease the effectiveness of the surface electri- 
cal barrier. 

The simple experiment of adding alcohol to an aqueous 
staining solution of basic fuchsin caused an immediate 
increase in the intensity of the colour deposited on a tissue 
section and appeared to act in accord with the theory 
of solvent assisted processes. The presence of a swelling 
agent and alcohol in a solution of basic fuchsin will cause 
a double improvement in short-range attachment when a 
substrate is present and a single improvement in long- 
range attachment. In this system, therefore, crystalline 
amorphous differentiation is probably obtained in a man- 
ner opposite to that by which it is achieved using ferric 


NATURE 


1147 


chloride, namely the exaggeration of amorphous areas 
instead of long-range suppression. The combination of these 
two systems will be complementary since the iron reaction 
is predominant, limiting the action of aleohol in the 
complete system to short-range facilitation. The low pH 
in resorcin fuchsin is a further factor in favouring short- 
range attachment; the carboxyl groups are more effectively 
eliminated and the pH of maximum swelling of collagen 
is about 2-0 (ref. 10), 

In summary, it is suggested that of the two principal 
changes reported to eccur when collagen is denatured, 
the loss of crystalline structure is more important than the 
inerease in electronegetivity in relation to the specificity 
of resorcin fuchsin. Collagen and elastin should ideally 
be distinguished under ionic conditions and preferably 
by a reagent possessing no short-range attraction for 
either protein. Ferric chloride would seem to be a suit- 
able reagent. Any connective tissue fibre giving a positive 
reaction to either resorcin fuchsin or any other elastic 
stain but which shows an attraction for iron similar to 
that of normal collagen is unlikely to contain a high 
proportion of the protein elastin. 

A. V. NEWTON 

School of Dental Surgery, 

University of Liverpool, 
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PATHOLOGY 


Erythrocyte Glucose-6-phosphate 
Dehydrogenase Activity in Haemoglobin H 
Disease 

THE occurrence of erythrocyte glucose-6-phosphate 
dehydrogenase deficiency in patients with obin H 
disease was first reported by Ramot, Sheba, Fisher, Ager 
and Lehmann! and Vella*. The former investigators 
considered the association in their patient to be coinci- 
dental, but Vella? reperted that three of his six patients 
with haemoglobin H disease were deficient in this enzyme. 
Using the assay method of Kornberg and Horecker* we 
have determined the erythrocyte glucose-6-phosphate 
dehydrogenase levels in twenty consecutive, but unrelated, 
Chinese patients (eight males and twelve females) with 
haemoglobin H disease and found only one female to be 
enzyme deficient. The association of these two defects is 
therefore not so common as would appear from the report 
by Vella*. Although the number of patients investigated 
is not large, the incidence of erythrocyte glucose-6-phos- 
phate dehydrogenase deficiency in haemoglobin H 
disease is probably not greater than that in the population 
—5-5 per cent in males* and 8-4 per cent in females (using 
calculations described by Allison’ and assuming that 
approximately only 8@ per cent of female heterozygotes 
are identified by the assay procedure’). 

Table 1 shows that the mean erythrocyte glucose-6- 
phosphate level was significantly higher (P < 0-001) in 
patients with haemoglobin H disease than in non-anaemic 
controls (twenty males and twenty females). This is in 
agreement with Rigas and Koler”, who reported that 
erythrocyte glucose-6-phosphate dehydrogenase levels 
were 2-3 times normal in two patients with haemoglobin 


* Chan, T. K 








1148 


ERYTHROCYTE Gibines-érnosrn: A 


Table 1, 
IN AEON H DISEASE at ae 
Erythrocyte: ‘gl honnie 
A a activity 
l AO.D. pe 

Subjects No. AOD. per rain oe 40.D. per 

min per g 100 mi. min per 10° 
haemoglobin erythrocytes aryebeoeytes 
Controls 40 PtH 332 + 52 0-290 + 0-046 


6. 4-149) (222-470) (0-196-0-449) 


Haemoglobin H discase 
(a) Non-enzyme deficient 19 2383451 645 + 149 0-445 + 0-124 


(13-8 ~-33-0) (405—977) (0-256 ~- 0-700) 
2:8 79 0055 


(6) Enzyme deficient 1 
Values shown are mean + standard deviation. The range is in paren- 
8. 


H disease and may be attributed to the presence in these 
patients of erythrocyte populations with a younger than 
normal mean erythrocyte age™8, That the present series 
of patients with haemoglobin H disease had younger 
circulating erythrocytes can be adduced from their 
significantly elevated mean reticulocyte count of 3-5 + 
1-8 per cent (normal: 0-2 + 0-2 per cent). 


T. K. CHAN 
Davip Topp 
C., ©. Wone 


University Department of Medicine, 
Queen Mary Hospital, 
Hong Kong. 
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Tolerance of Phenylalanine after Intravenous 
Administration in Phenylketonurics, 
Heterozygous Carriers, and Normal Adults 


Supstances which have been introduced into the body 
by intravenous injection are eliminated from the blood in 
accordance with a mathematically definable pattern'. 

The results of heterozygote tests in phonylketonuria after 
-oral administration of phenylalanine®*, however, do not 
make directly possible any estimation of the elimination 
rate from the blood. It is possible that, according to the 
configuration of the tolerance curves, the elimination of 
phenylalanine from the blood occurs at the same speed in 
controls as in heterozygous carriers’. It would be difficult 
to explain this mode if the velocity of elimination were 
primarily a function of the activity of phenylalanine 
hydroxylase, 

The purpose of the investigation described in this 
communication was to estimate the rate of elimination of 
phenylalanine from the blood. 

We tested seventeen healthy adults, nine heterozygotes, 
and six phenylketonurics. First we obtained a fasting 
specimen of capillary blood by means of a finger-prick. 
We then intravenously injected phenylalanine (sterile 
solution of 2-5 per cent of L-phenylalanine in water). 
The dose was about 50 mg per kg body-weight and the 
injection lasted about 10 min. Thirty minutes following 
the phenylalanine administration we collected further 
specimens at half-hourly intervals for a total period of 
2-5 h. Assays of L-phenylalanine and t-tyrosine were 
performed on 0-1 ml. of blood by a modification of the 
enzymatic micro-method of La Du eż al.5 (for detai.s of the 
modification see ref. 6). The phenylalanine-loading pro- 
cedure was well tolerated and we did not observe any 
sympathomimetic response. 

The semi-log graph of the phenylalanine concentration 
between 30 and 150 min after administration presents a 
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Fig. 1. Semi-log plots of the means of single values from phenylketonurics: 

me heterozygotes (11), and normal adults (LIT). The mean of the fasting 

values in group I was 7-9 mg per cent; in group H, 17 mg per cent: in 
group IH, 1-3 mg per cent 
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tetero- 

zygotes 

Fig. 2. The biological half-time (f,;,) of the phenylalanine elimination 
from the blood of normal adults and of heterozygous carriers 


Normal 
adults 


straight line which complies with the general formula of a 
mono-molecular reaction. ” 
Table 1 shows the mean time of elimination to the half 
concentration (t) and the mean disappearance constant 
(k). caleulated from the general equation of a mono- 

molecular reaction. 

In Fig. 1 the means of single values from these three 
groups have been plotted against time on a semi-log 
basis; Fig. 2 gives the ¢,,, values for the various testa with 
normal individuals and heterozygotes. 

These results show that tne heterozygotes have a 
significantly smaller rate of elimination than do the normal 
individuals. In phenylketonurics there was no great 
decline of phenylalanine during the test. The activity of 
the phenylalanine hydroxylase is, therefore, in all proba- 
bility one of the limiting factors of the elimination. rate. 
of phenylalanine. y 

Recently, Nelson* raised the question concerning the 2 
phenylalanine tolerance tests for heterozygous car riors: ot 









Table 1. MEAN VALUES OF fs + STANDARD ERROR | . 

No. tus min) k (per cent/ j 

Adults 17* 887 + 194 0-785 {range 0-573 
Heterozygotes 9* 1481 + 32-6 06-468 (Grange 0-31 


* The differences of the mean values of ¢,,, are significant according tothe 
t-test (P < 0001). othe. 
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a oikani ia. He suggested that the substantially 
_ higher phenylalanine-level in the heterozygote and in the 
. phenylketonurie after oral phenylalanine loading was 
< due to a difference in volume of the distribution of 
-. phenylalanine between these two groups. After intraven- 
ous injection of phenylalanine we found that the blood 
~~ devel of the control and the heterozygous group increased 
f almost to the same extent. There was a slightly greater 
_ inerease in blood-level in the case of phenylketonurics, 
_. but this increase was probably not a genuine one, as was 
_ found when the concentration was calculated at zero time 
_ from the semi-log plot. 
_ cAn increase in the blood tyrosine-level was found in 
: normal individuals as well as in heterozygotes. The dose 
of phenylalanine administered did not suffice, however, to 
entify a heterozygous state by an increase in the 
rrosine-level (Table 2). 
Estimation of the elimination rate after an intravenous 
load of phenylalanine may serve as a test for heterozygotes. 
due to the fact that the elimination in heterozygotes and 
in normal adults proceeds at different speeds. Some 
verlap, however, between normals and heterozygotes 
ay occur in adults. 
‘Furthermore, during the early days after birth the 
henylalanine elimination may be markedly delayed’; 
ius during this period it is not possible to test for hetero- 
zygotes by this method. 
= This work was partially supported by the Deutsche 
Forschungsgemeinschaft. 
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RADIOBIOLOGY 


Interphase Death and Related Biochemical 
Radiation Effects in Murine Leukaemia Cells 


WITHIN a few hours after X-irradiation with sub-lethal 
doses, cytological and biochemical changes become 
~~ demonstrable in the lymphocytes of the thymus and other 
<i Jymphatic tissues. 
The early death of lymphocytes occurring in the period 
after irradiation when cell division is inhibited (mitotic 
delay) is often referred to as ‘interphase death’! as distin- 
guished from cell death associated with mitosis (mitotic 
death) which oceurs in other cell types. 
‘It is frequently difficult to evaluate whether the bio- 
1emical disturbances precede the cellular degeneration 
i reflected by nuclear pyknosis and karyorrhexis. Some 
bi chemical radiation effects, for example, the loss 
me of cations from the nucleus*, the decrease of sulphydry] 
o: groups in thymus nuclei? and the inhibition of nuclear 
oxidative. phosphorylation, have been classified among 
the few early biochemical radiation effects which seem to 
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precede the occurrence of morphological signs of cell : 
damage. 

Nuclear oxidative phosphorylation and its. radio- 
biological implications have been the subject of our- 
investigations in the past few years®.*. Recently we have. 
investigated nuclear oxidative phosphorylation in three — 
different transplantable lymphosarcomata and one myeloid Ss 
leukaemia in mice. Certain findings concerning the — 
cytological and biochemical effects of X-irradiation in 
these tumours and in rat thymus will be presented SE 
briefly here. Other aspects of these inv estigations have E 
already been published’, mee 

The experiments were carried out with three. different hae 
transplantable lymphosarcomata from the E dick n 
CBAJ/Rij and (CBA/Rij x OSTBL/Ri) Fy. "e- 
spectively, and a myeloid leukaemia from. the J 
Only those leukaemic spleens were used. in wh 
majority of cells consisted of leukaem: 
Oxidative phosphorylation was measured - ‘at i 2 
after whole-body irradiation in the nuclei and in the 
mitochondria isolated from the leukaemic spleens and 
normal thymus tissus. The mode of cell death was identi- 



















fied in routinely stained histological sections from the 


same tissues. oS 
Important differences between the radiation re 
of the various cell types were found. Accordin; 
biochemical effects observed, the cells can be div 
two groups. In the first group, which includes 
lymphocytes, myeloid leukaemic cells and C57BL 
sarcoma cells, inhikition of nuclear ATP. sy 
observed within 2 h after irradiation with 900 3 
group I). In thymas this inhibition is eyen 3 
nounced’ and seems quite distinctly to precede ce 
as judged by morphological criteria. In these tl 
types mitochondrial phosphorylation is also dep 
at an early stage, although the maximum inhibitio 
to occur slightly later than that observed with n 
ATP synthesis. es 
In the other group 2onsisting of the CBA and F, 1 mpho-- 
sarcoma cells, inhibition of nuclear oxidative phosphory Sree 
tion develops later, that is between 8 and 24 h after — 
irradiation, concurrently with the appearance of cyto- 
logical changes. Mitochondrial oxidative phosphoryla- 
tion is not disturbed in these cells even at the time when 
cellular disintegration is well advanced (Fig. 1, group IT). 





Percentage of control 





0 4 24 
Teme after irradiation h} 


Fig. 1. Effects of 900 r, whole-body irradiation on oxidative phosphoty - 

lation. Averages of resulta obtained with thymus, myeloid leuksemia 

and C57BL lymphosarcoma (I) and with Fy- and CBA lymphosarcoma 

(iI). —~—~, Nuclear oxidative phosphorylation; - - -- - , mitochondrial 
oxflative phosphorylation 





Fig. 2. Interphase death of murine myeloid leukaemia cells, Leukaemic 

spleen 2 h after 900r. whole-body irradiation. Note nuclear pyknosis 

and homogenization of chromatin. Mitotic activity is completely absent. 
(Haematoxylin-eosin, x 150) 


These results suggest that the pattern of biochemical 
changes seems to be specifically related to the mode of 
cell death after irradiation. As do normal lymphocytes, 
many of the myeloid leukaemic cells and C57BL lymphoma 
cells die in interphase (Fig. 2) while interphase death 
was much less apparent or even absent in the CBA and 
F, lymphosarcomata’. 

This relation had led us to postulate a biochemical 
basis of interphase death: cells in which radiation induces 
a rapid inhibition of both nuclear and mitochondrial 
oxidative phosphorylation may die in interphase as a 
consequence of energy exhaustion. When mitochondrial 
and nuclear oxidative phosphorylation remains relatively 
unaffected, the cells survive until the next mitosis. 

Of special interest is the finding that interphase death 
is apparently not restricted to lymphoid cells (normal or 
leukaemic) but also occurs in an entirely different cell 
line: a myeloid leukaemia cell. 
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BIOLOGY 


Secretion of the Thiocyanate lon by the 
Nasal Gland of the Adelie Penguin 


Awnatysis of the secretion from the nasal gland of 
marine birds indicates that the secretory mechanism is 
highly specific for sodium and/or chloride. Only very 
small amounts of potassium, magnesium, or sulphate 
normally appear in the secretion’. It was therefore of inter- 
est to determine how the secretory mechanism would 
behave in the presence of an anion which has roughly 
the same physical—chemical properties as chloride. 

Thiocyanate space experiments performed during an 
investigation of the salt and water metabolism of the 
Adelie Penguin provided an opportunity to determine to 
what extent this ion, which does not normally occur in 
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appreciable quantities in the plasma, would be excreted 
by the nasal gland. Consequently, the secretion from birds 
which had been given a thiocyanate injection and then 
‘salt loaded’ was analysed for both thiocyanate and 
chloride. 

Table 1 shows the results which were obtained from three 
sets of samples. It is seen that the concentration of 
thiocyanate in the nasal gland secretion is 6-7 times as 
great as the concentration of this ion in the plasma. 
After thiocyanate analysis, insufficient plasma remained 
for the chloride analysis. However, data from other 
experiments on ‘salt-loaded’ penguins indicate that an 
estimation of the plasma [Cl-] at about 115 m.equiv./l. 
is justified. The ratio of secretion concentration to plasma 
concentration (S/P ratio) for thiocyanate is then seen to 
be quite similar in magnitude to that for chloride. 

In order to eliminate the possibility that the salt gland 
was itself producing the thiocyanate ion in the course of 
its metabolic work, secretion was analysed from salt- 
loaded but not thiocyanate-dosed birds. In no case 
was there any indication of the presence of the ion. 

The salt-secreting nasal gland has been referred to on 
occasion as “‘a gill in the nose”. ‘This comparison with 
the salt-secreting function of the marine teleost gills is 
not unwarranted. The first studies which demonstrated 
how marine fish maintain body fluids hyperosmotic to 
their environment without producing hypertonic urine 
involved determinations of chloride eoncentration**. The 
cells supposedly performing the transport of the salt 
from the blood into the sea were consequently termed 
‘chloride cells’. More recent work on ion transport mecha- 
nisms in general indicates that the term ‘sodium cells’ 
would be more apt. 

Electrophysiological investigations have led to the view 
that the active transport of sodium chloride probably 
involves a sodium pumping mechanism and a passive 
diffusion of chloride. The studies which have been reported 
from the laboratories of Ussing* and Giebisch® have shown 
rather conclusively that it is the movement of sodium ions 
which constitutes the energy-consuming transport in the 
frog skin and in the proximal tubules of the kidney of 
Necturus. Hokin and Hokin* have presented evidence 
suggesting not only that it is sodium which is being pumped 
by the nasal gland of the albatross, but also that it is 
phosphatidic acid which serves as the cation carrier. 
Thesleff and Schmidt-Nielsen? have attempted a direct 
attack on the electrophysiology of the salt gland. Owing 
to the extensive folding of the membranes of the salt 
gland cells, intracellular potentials could not be reliably 
determined. It was found, however, that potential positive 
with respect to the homolateral jugular vein appeared in 
the duct of the gland at the time of secretion. This they 
interpreted as indicating that the potential was due to the 
active transport of the positive sodium ion from gland 
cell into duct lumen. Strophanthin, known as a sodium 
pump-blocking agent, blocked secretion and abolished the 
potential. 


Table 1. SEORETION OF THIOCYANATE BY THE NASAL GLAND 
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Bird Plasma SCN- Secretion Secretion Est. S/P 
No. conc, SCN- conc. S/P ratio Ci- cone. ratio 
(m.equiy./l.) (m.equiv./L.) (m.equiv./1.) 
1l 0:70 61 
4-29 748 6-5 
4-09 6°5 714 6-2 
0-63 
4°05 715 6-2 
3°92 690 6-0 
4-02 6:5 756 6-6 
0-50 
2 0-65 6-6 
4:27 748 65 
4-05 62 784 68 
0-65 
3-99 758 6-6 
3-90 754 6-6 
4°02 6°8 614 5-3 
0-59 
3 0-69 7-1 
92 756 6 
4°94 750 6-5 
410 608 
0-58 7.1 


x 












retion of thiocyanate 
nasal gland at S/P ratios. ; comparable with those of 
de is explained as a passive diffusion of the SCN- 
‘he equivalent conductivity of the thiocyanate 
t infinite dilution and 18° C is 57-4 ohm em- 
iv. litre while that of chloride is 66-3 (Eichler, ref. 8. 

alues from the work of Landolt-Bérnstein). The differ- 
ence between the conductances of these two ions is 89. 

Information is not available on the conductance of the 
-anions alone at higher concentrations. The difference in 
_ equivalent conductance of potassium thiocyanate and 
= potassium chloride solutions, however, changes only 
_ slightly over the range of 0-1 m.equiv./]. to 500 m. equiv./l. 

_ (ref. 9). As a first approximation, the electrical require- 
_ ments of the system could be as satisfactorily met through 
aS the diffusion of SCN~ as through that of Cl-. 

-A report by Carey and Schmidt-Nielsen’ indicates that 
r some discrimination may be exercised by the gland on the 
_ anionic composition of its secretion. They found that the 
SP ratio for iodide was about 2-5 as compared with about 
_ 6 for that of chloride in the herring gull. The S/P ratios 
_ in the Adelie for both chloride and thiocyanate were mostly 
lightly greater than 6. It would appear that the hydrated 
_lonic. radius is probably not the determining factor since 
the conductivity of iodide is about the same as that of 
loride. 

This work was supported by the National Science 
undation. 


ight of of hes findings, the zec 
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< Strain Differences in Mouse Mammary 
i Tissue Sensiti ivity to Prolactin and Somato- 
trophin in Organ Culture 


Tue lactogenic activities of ovine prolactin and bovine 
_ Somatotrophin’ have been investigated in several strains 
«Of inbred mice, and a spectrum of responses was reported)’. 
_ Prolactin was lactogenic in all strains, with some variations 
in sensitivity encountered. On the other hand, whereas 
_ somatotrophin showed considerable activity on tissues 
from some strains, other strains were much less reactive, 
and a single strain was completely unresponsive to the 
_ lactogenie effects of this hormone. 

__.. Two strains showing the extremes of responsiveness to 
‘somatotrophin, (3H (highly sensitive to somatotrophin) 
and A (refractory to somatotrophin), were later examined 
both in mammary transplantation studies? and in organ 
culture‘. The results of these investigations clearly 
demonstrate that their differential sensitivity lies in the 
_ Mammary tissues themselves and thus must reflect strain- 
_ specific tissue responsiveness. 

Our observations on hormonal sensitivity in vitro have 
i w been extended to several strains of mice other than 
H < This communication reports the responsive- 
T3Hf, BALB/c, and C57BL mammary 
actin and to somatotrophin in organ 
son is made with the responses obtained 
mmary tissues in organ culture and with 
strain SRANIYY. reported previously 
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Mammary tissues for. explan pation ow 
nulliparous pregnant female r 3 
strains: DBA/2NCr¢l, BIg 
C5TBL]Crgl. All mice were in tl 








are small and NOEC, with fow or no. lipid 7 
and show no stainable material in the luminat, © 

The organ culture procedure has been. deseribed*!. 
Synthetic basal culture medium 199 was supplemented 8 
with insulin, 5 ug/ml, aldosterone, 1 pg/ml, and either- 
ovine prolactin (C. H. Li), 1-4 ug/ml., or bovine somato- 7 
trophin (C. H. Li), 2-19 ug/ml. Approximately 8-16 mam- _ 
mary explants from 4-5 mice from each strain were cul- 
tured with each concentration of each pituitary hormone. 
After 5 days in culture the tissues were prepared for 
histological examination and graded as previously 
described’, according to the level of secretory activity 2 
attained. Particular attention was directed to the number _ 
of explants in each series showing maximal secretory 
responses: alveolar distension three to four times greater — 
than in the initial control tissues, lipid vacuoles in most. x 
alveolar cells, and large amounts of stainable secretion i 
alveolar lumina‘. : 

A prolactin concentration of 1 ug/ml., capable of 
ing maximal secretion consistently in C3H 
duced comparable effects in only 75, 60, 4 
cent of tissues from DBA, BALBy}c, C3 
mice, respectively. This concentration o 
no secretion-stimulating effect in tissues fr 

Tissue responsiveress was somewhat ` 

2 ug/ml. of prolactin; with 3 p jml:, maximal r 
were obtained in all DBA, BALB/c, and C3Hf 4 
C57BL mammary tissues, on the other hand, shows 
50 per cent maximal secretion even wit 
prolactin. At 4 ug/ml., the responsiveness we 
to 86 per cent, a result comparable with that obi 
A tissues by this concentration of prolactin. =~ 

The mouse strains used may thus be ranked: 
following order of decreasing sensitivity to p 
C3H > DBA ~|BALBjc x C3Hf > A x ~ O5TBL. 
for the position of BALBIer mice in rank order, these ; 
follow the general pattern observed in vivo: BALBJe = 
C3H ~ DBA z C3Hf > A ~ OSTBL (taken from Nandi 
and Bern}, Table 4} The high sensitivity of BALBjc 
mice to subeutanecus administration of prolactin is. 
interesting, inasmuch as C3H tissues show the highest - 
sensitivity in vitro, It should be mentioned, however, — 
that prolactin also causes an increase in body-w 
BALB/c mice but nos of other strains'. The relations! 
between the effects of prolactin on body-weight and 
mammary gland responsiveness is not at all apparent, but _ 
if the two effects are, in fact, causally related, then. it 
is not surprising thas BALB/c mammary tissues in vitro 
should fail to respond as in vivo. | 

A. somatotrophin concentration of 2 ug/ml., capable of. 
initiating consistent maximal secretion in C3H tissues, 
had corresponding effects in 78 per cent and 53 per cent 
of DBA and C3Hf tessues, respectively. As in A tissues, 
this concentration of somatotrophin caused no secretory 
response in BALB/c or in Ch57BL tissues. Consistent 
maximal responses could be obtained in DBA tissues by 
3 ug/ml., whereas CHF tissues required at least 5 ug/ml. : 
of somatotrophin for similar responses. : 

In contrast, 3, 4 and even 5 ug/ml. of somatotrophin 
had comparatively less secretory effect in tissues from 
BALB/c and C57BL mice. The responsiveness of these 
latter two strains could be increased to 100 per cent ond: 

86 per cent, respectively, by 10 ug/ml. of somatotrophin, a A 

concentration five tenes that optimally effective in-C3H. 
mice. Only 40 per cent maximal secretion was obtained in 
A tissues by 10 ug/ml. of somatotrophin. Thus, although — 
BALB{ec and OSTBL tissues were somewhat more respon- 
sive to somatotrophii than A tissues, they were ci 
ably less responsive than tissues from C3H,. Di 
C3Hf mice. 7 
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In summary, the several mouse strains can be arranged 


in the following order of decreasing sensitivity to somato- 


trophin: C3H ~ DBA > C3Hf > BALB/e ~ C5TBL 
A. These results follow the general pattern of responsive- 
ness observed in vivo: C3H ~ DBA > C3Hf x BALB/e~ 
O57BL <> A (taken from Nandi and Bern’, Table 3), and 
in both situations, mammary tissues from strain A mice 
may be considered refractory to somatotrophin. 

It may be noted that although the strain differences in 
hormonal sensitivity in vitro in general compare well with 
observations in vivo, the patterns are not absolutely 
identical. For example, strains C3Hf, BALB/c, and 
C57BL mice respond to the same degree to somatotrophin 
in vivo; however, in organ culture C3Hf tissues were more 
responsive to somatotrophin than were tissues from 
BALB/c and C57BL mice. 

The possibility that contamination with prolactin can 
account for the lactogenic activity of somatotrophin has 
already been discussed‘, and the question remains open 
until absolutely purified somatotrophin preparations are 
available. However, several other preparations of bovine 
somatotrophin have since been examined in organ eulture 
and found capable of initiating mammary secretion in 
C3H mice but not in A mice®. Pigeon-crop and immuno.» 
logical assays of these preparations indicate less shan 1 
per cent prolactin contamination. The present data, 
therefore, continue to support the view that bovine 
somatotrophin possesses lactogenic activity independently 
of its contamination with prolactin but that this inherent 
activity is apparently limited to certain strains of mice. 
Barnawell? has found no stimulation of secretion ascrib- 
able to bovine somatotrophin itself in cultured mammary 
tissues from two rat strains, hamster, guinea-pig, rabbit 
and dog. 

Further investigations are now in progress to determine 
whether somatotrophins from various non-bovine species 
are also lactogenic in mice. 

I thank Prof. H. A. Bern, Dr. 5. Nandi and Dr. J. J. 
Elias for advice. I also thank Miss L. Pissott and Miss D. 
Brown for their assistance and Prof. C. H. Li for the pro- 
lactin and somatotrophin. This work was supported by 
U.S. Public Health Service grants CA~—05388 and 5-T1- 
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interspecific Spore Inhibition in the Cellular 
Slime Moulds 


EXPERIMENTS were designed by one of us (H. M. 8.) 
to determine whether or not there was any kind of com- 
petition between different species of slime mould when 
they were inoculated in the same culture dish. If 
Escherichia coli (as a food source) was spread with an 
inoculation loop over the surface of non-nutrient agar? in 
a Petri dish and approximately equal numbers of spores 
from two species of slime mould were mixed in one small 
spot, then invariably only one of the species developed 
(either in the light or in the dark); the second species 
appeared to be completely inhibited. Using this method, 
the following hierarchy of inhibition was established: 
Dictyostelium purpureum (No. 2) > Polysphondylium 
violaceum (No. 6) > D. discoideum (No. 1) > D. mucor- 
sides (No. 2). This method was also attempted using the 
wild type of strain No. 6 of D. mucoroides and a small 
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mutant derived from the same strain: In this case also, 
one form (the wild type) completely inhibited the develop- 


ment of the mutant. — a 

In an attempt to make the tests more quantitative, quite 
conflicting results were obtained and the difference in the 
techniques provided a clue to the mechanism of competi- 
tive inhibitions. With this second method, the spores 
were suspended in distilled water, counted, centrifuged 
down and again placed on a small spot as in the previous 
method. Here, no matter what combination of species 
was used, equal development was evident in the first 
few days; there was no inhibition. 

The explanation of this apparent conflict came from some 
experiments that were in progress independently in the 
same laboratory (C. C.). A few years ago Russell and 
Bonner? showed that densely plated spores had a far lower 
percentage germination than sparsely plated spores, 
suggesting the presence of a spore germination inhibitor. 
This has now been shown to be the case. If spores of 
D. discoideum are washed four or five times with distilled 
water they will show more than 95 per cent germination at 
very high densities. It is even possible, after removing 
the inhibitor from the spores, to concentrate it by boiling, 
and a very low percentage of spores placed in such a con- 
centrate germinates, even when they are sparsely plated. 

From this evidence we may conclude that the germina- 
tion inhibitor is the effective agent in preventing growth 
of one species when the spore mixtures are made in dry 
and concentrated conditions. The inhibition can be 
removed either in a single species or in mixtures of species 
by washing or dilution in water. We must presume that 
the reason for the hierarchy of inhibition is that there is a 
differential susceptibility to a single inhibitor or possibly 
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Temperature-controlled Meristic Variation in 
the Salamander Ambystoma gracile 


Tue number of meristic parts in fishes (vertebrae, | 
fin rays, scales, ete.) is often susceptible to modification — 
by temperature or other environmental factors to which 
the developing embryo is exposed. This has been demon- 
strated experimentally on at least a dozen fish species**. 
In reptiles, one experiment? showed that the number of . 
scales on a snake could be raised by higher incubation ` 
temperature. Serially repeated parts are less variable . 
in amphibians than in fishes, but among the urodeles 
the number of vertebrae (or of somites) is known to vary 
intraspecifically among wild populations, and is some- 
times used taxonomically. A hereditary basis to the- 
number of trunk segments in Plethodon cinereus has been 
demonstrated by rearing young from different populations 
under constant conditions‘. This communication de- 
scribes the converse experiment, in which urodele eggs 
from one locality were reared at various temperatures, to 
determine whether different environments could produce 
different meristic counts in young having similar genetic. 
background. 

Egg masses of the north-western salamander, Amby- - 
stoma gracile (Baird), were collected by A. L. Hamilton. ` 
on April 17, 1964, fron Jacobs (Marion) Lake, 7 miles — 
north-north-east of Haney in the lower Fraser River 
valley of British Columbia. Each egg mass consisted of 
from 60 to 140 eggs distributed in a clear stiff jelly matrix. 
Egg masses had been attached to plant stalks a few inches 
above the mud bottom in 2-5 ft. of standing water, at 3°— 
4° C. Each batch was probably laid by a single female 
within the preceding 2 days. = 


























stant emperature. ‘and. subject. to. 15 i artificial 
Fig. ‘1 shows the distribution of halves of three egg 
ses, A, B and C, at various rearing temperatures. 
-@ guide to the period during which body segmentation 
alterable, those eggs from mass A which had been 
placed at 12° C were again divided, and half of them 
were moved to the 18° C bath 14 days after start of the 
experiment. At the same time, half those from mass A 
_ which had been placed at 18° C were moved to the 12° C 
bath. Resulting mean costal groove counts of these trans- 
_ ferred lots (not shown in Fig. 1) were almost identical to 
_ the means of those left permanently at the original temper- 
_ atures, demonstrating that costal groove count is already 
__ determined before 2 weeks at either 12° C or 18° C. 

¢ After hatching, the larvae were fed pond plankton and 
i brine shrimps. Animals reared at high temperatures were 
_ preserved after 75 days. Those at low temperatures were 
moved to warmer water after several weeks and were 
preserved after about 200 days. Snout-vent lengths of 
most larvae were 15-25 mm when preserved. 

_ Total vertebral count is an unsatisfactory taxonomic 
aracter in this salamander, as posterior vertebrae are 
ded well after the young are free swimming and feeding. 
nts of total vertebrae visible in cleared and alizarin- 
ied salamanders varied from about 29 at snout-vent 
agth of 14 mm to about 49 at snout-vent length of 30 mm 
16 latter being a wild 1-year-old specimen). Accordingly, 
ly the trunk segments were investigated. Determina- 
mn of trunk vertebral count is difficult in young speci- 
s, because the pelvic girdle has as yet no ossified 
tachment to the vertebral column, and the position of 
rst haemal arch may be unclear. Fortunately, a 
correlation has been shown® between the number of 
runk vertebrae and the number of costal grooves which 
ark the myosepta between adjacent muscle segments. 
the present experiment enough specimens were pre- 
red in alizarin and potassium hydroxide to establish 
at trunk vertebrae displayed a pattern of variation 
milar to that of costal grooves. The latter are most 
mmonly referred to in taxonomic literature, and may 
- more accurately and conveniently counted in young 
salamanders. 

All those costal ; grooves were counted which lay behind 
. posterior margin of the fore-limb and ahead of the 
terior margin of the hind-limb, when the limbs were 
























































Costal grooves 








‘Temperature (© ©) 


oun counts of Ambystoma gracile reared at indi- 
“Letters refer to original egg masses. Figures indi- 
e size. Vertical bars are: £ EL standard error 
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the ie counted grocve, e ount was incr 
half unit. Costal groeve counts were made on k 
of each specimen and averaged. Sample sizes shown 
Fig. 1, and used in calculations of probability, refer to 
number of specimens, not the number of sides co 

Individual costal groove counts varied mor 
Combined means were progressively hig 
rearing temperatures. Within each egg batoh, mdr 
reared at the higher ef the two temperatures tested had — 
the higher mean count (Fig. 1). Differences. between _ 
means for high and ‘ow temperature were statistically — 
ee in batches A and B (t-test, P < 0-01). Also, 

a significant difference occurred between. means from. 
different egg batches reared at the same: temperature 
(between B and C et 12° C, and also in experiments _ 
involving other egg batches not reported here), sugge: ting 
genotypic as well as environmentally induced variation. 

Because mortalities were in some cases high ( 20-87 per aoe 
cent), the possibility that the differences in costal groove 
count of survivors are due to differential mortality, hy 
rather than to phenetypic modification, cannot be dis- 
missed. However, dispersal of counts tended to be 
in egg lots with low percentage survival, and lo 
with high survival, which would not be 
temperature were differentially selecting | 
normally distributed assortment of genot 

The sub-species Ambystoma g. gracile (1 
this experiment is reported to have a modal 
count of 10, while the more northerly sub-spec 
decorticatum Cope hag 11 or 12 (ref. 6). (The eo 
given in the literature may not be directly 
with those given hers due to differences ix 
used.) The present demonstration that cos 
number is environmentally labile does not, o 
remove the possibilty that there is also a 
tendency towards higher costal groove count 
northern sub-species (which displays other, pro 
genetically determined, differences). However, the 
likelihood that segmental differences may be phenotypic 
ally labile must evidently be borne in mind by u 
taxonomists as well as by fish and reptile taxonor 

Although environmentally induced changes i in 
series have been docamented in many fishes, w 
totally ignorant of their underlying | mechanis 
changes can evidently be induced in salamande 
relative ease of experimental manipulation: of 
eggs’ (in contrast to teleost eggs) should commen 
to experimental emoryologists wishing to explore 
vexing problems of variability in meristic counts. | eos 

[Since preparation of this letter, I have found reported — oe 
an investigation? in which the number of trunk segments — 
of Triturus vulgaris was significantly increased by higher | 
rearing temperatures; the number of trunk segments in 
Ambystoma mexicanum was greatest at intermediate 
temperature with fewer at high and possibly also at low 
rearing temperatures. | 

This investigation was supported by a grant from ‘the 
National Research Council of Canada. 
































OG, Labini 
Institute of Fisheries, and | 
Department of Zoology, 
University of British Columbia, 
Vancouver. 
? Tåning, A. V., Biol. Rev., 271, 169 (1952). 
* Lindsey, ©. C., Canad. J. Zool., 40, 271 (1962). 
¥Pox, W., Copeia, 1948, 262 (1948). 
“Highton, R., Evolution, 14, 351 (1960). 
5’ Highton, R., Copeia, 1967. 107 (1957). 


‘Carl, G, C., The Amphikians of British Columbia, 28 (B.C. Prov Mus, rome 
Handbook No. 2, Vioteria. 1943), l 


Baliye wa C. H., and Deuchar, E. M., J. Embryol. Exp. Morphol l Me 
t Orska, J., and Imiolek, Z., Acta Univ. Wratislav., 8, 185 (1962), 








1154 


Sporogenesis in the Bryophyte Anthocerosis : 
Features shown by Fluorescence Microscopy 


FLUORESCENCE microseopy has been found useful in 
bacterial identification, clinical diagnosis, fluorescent 
antibody techniques, and general cytological studies’. 
Recently, Shellhorn, Hull and Martin? have extended the 
use of fluorescence microscopy to the detection of fresh 
and fossil pollen grains by using autofluorescence of exines. 

In an investigation of sporogenesis in Anthoceros 
hawaiensis Bartlett and related genera, fluorescence 
microscopy has proved useful in the detection of incipient 
deposition of the exosporium in the tetrad immediately 
following meiosis. In preparing the sporogenous tissue 
for examination, a median bisection of the living sporo- 
phyte was placed in distilled water on a glass slide and 
covered with a No. 1 cover glass. No fluorochrome was 
added. 

The material was illuminated by an incident ultra-violet 
light from an Osram ‘HB’ 200-W mercury lamp with 
current supplied from a ‘Universal’ light source, model 
250. Observations were made through a Leitz ‘Ortho- 
Lux’ microscope. Filters used during the illumination by 
ultra-violet light were BG 38, BG 12 and an ocular blue- 
absorbing filter. 

In Fig. 1, two sporocytes are shown as they appear 
under incandescent illumination. One sporocyte (top) 
has just formed tetrads, while the one below contains the 
four chloroplasts which are prominent in the pre-meiotic 
condition. The same field (Fig. 1 reversed) is shown in 
Fig. 2, but under ultra-violet illumination. In Fig. 2, 
the sporocyte containing the tetrad (top) shows the 
brightly autofluorescing exosporia of the individual spores; 
this layer shows a greenish-yellow autofluorescent. The 
exosporium of developing spores and mature spores shows 
this same greenish-yellow autofluorescence even after 
the spore is released from the ruptured sporocyte wall. 
The sporocyte wall itself is not autofluorescent. In the 
pre-meiotic sporocyte subjected to fluorescence, only the 
four chloroplasts can be seen because of the red auto- 
fluorescence of chlorophyll. 





Fig. 1. ‘Two living sporocytes under incandescent illumination. The 
post-melotic sporocy te (top) contains a tetrad and the pre-melotic sporo- 
cyte (below) contains four prominent chloroplasts. (x e. 770) 


Fig. 2. Same field (reversed) as Fig. 1, but under ultra-violet Ulumina- 

tion. The strong autofluorescence shows the exosporia of the tetrad in the 

post-melotic sporocyte (top); whereas only the four chloroplasts cf the 

pre-meiotic sporocyte (below) show au — of their chlorophyll. 
(x ¢. 770 


The phenomenon of autofluorescence in the exosperia of 
Anthoceros suggests that fluorescence microscopy may well 
be useful in investigations of sporogenesis among other 
bryophytes. Similar observations of other species of the 
same genus and representatives of other orders of bryo- 
phytes were made. Autofluoresence within the exosporium 
was found in the following species: Reboulia hemisphaerica, 
Fossombronia salina Lindb, Anthoceros laevis L., and 
Anthoceros punctatus L. With this technique, distinct 
developmental changes can easily be observed between 
the pre-meiotic and post-meiotic conditions. Indeed, 
fluorescence microscopy may also prove useful in studying 
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exine development in angiospermous species. Exines 
of Yucca treculeana also exhibit bright yellow-green auto- 
fluorescence. The similarity of autofluorescence in bryo- 
phyte exosporia and pollen exines suggests a homologous 
chemical composition. 
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MICROBIOLOGY 


Transformation by Hybrid DNA in Bacillus 
subtilis 


Dory et al.' have reported that when an aqueous 
solution of DNA is heat-denatured and then annealed by 
slow cooling, the complementary strands separated by 
the thermal treatment recombine specifically, By this 
method, Marmur and Lane? made hybrid DNA molecules 
in which one of the complementary strands derived from 
the DNA of a streptomycin-resistant strain of D. pneu- 
moniae, and the other strand from a wild-type strain. 
The hybrid molecules thus formed were said to be fune- 
tional in transforming D. pneumoniae to streptomycin 
resistance. 

In certain transformation experiments Herriott® used 
a molecular hybrid of the DNA extracted separately from 
two strains of Hemophilus influenzae, one streptomycin- 
resistant and the other catomycin-resistant. He found the 
number of double transformants to be significantly higher 
(fifty-fold) than with the control—a mixture of the two 
DNA materials denatured and renatured separately. This 
result may suggest that both strands of the hybrid mole- 
cule are effective in expressing the information into the 
recipient cell. Different results were obtained by Marmur 
et al.* and by Kent et al.’ in D. pneumoniae. 

Recently, Bresler et al.* obtained results for B. subtilis 
similar to those of Herriott. Using Ais- and try- strains as 
DNA donors, they observed that the hybrid DNA can 
transform a double auxotrophic strain to a prototrophic 
one. Moreover, when DNA synthesis by recipient cells is 
excluded, the hybrid molecules are still able to stimulate 
the ability of double auxotrophic cells to synthesize 
histidine and tryptophan. Therefore they assume that 
both strands of the double helix can serve as templates 
for messenger RNA synthesis. 

We report here some experiments on transformation by 
hybrid DNA in B. subtilis in the system used by Bresler 
etal. The recipient strain was B. subtilis SB 25 (hisjtry;)— 
a double auxotroph for two linked markers’*. In our 
experimental conditions, a ‘cotransfer index’ of 0-5 + 0-03 
was calculated. The two donor DNAs were isolated by 
Marmur’s method*—one from a B. subtilis strain auxo- 
trophic for histidine only (SB 25 his;) and the second 
from a strain requiring tryptophan (SB 25 try,). Hybrid 
DNA was formed by the procedure of Schildkraut et al.'*. 
(For more details see the legend to Table 1.) In trans- 
formation assays the methods of Spizizen'' and Nester et 
al.§ were both used successfully. The most reliable results 
were obtained by a slight modification of the latter 
20 ug/ml. of L-histidine in CHT 2 and CHT 10 media). 

Table 1 shows that the number of double transformants 
obtained with the hybrid DNA is significantly higher than ` 
with the control mixture. A ratio histtry*/his* of 1 x 10-* 
may be calculated. This value is close to that found by 
Bresler et al. in the same system. 








We also undertook some experiments to test the hypo- 
thesis that the hybrid DNA is integrated into the host 
genoma and the markers carried by each strand are both 
expressed in the recipient cell. The inclusion of a hybrid 
molecule into the host DNA is only one of the conditions 
. necessary for the formation of double transformants. 
There must be a subsequent semi-conservative duplication 
_ of bacterial DNA which results in two double helices each 
_ having only one active genetic marker. To reconstitute 
_. the wild-type genotype a crossing-over between kis- and 
_. try~ loci must oecur during the first cellular division. This 
event is expected to be very rare since his- and try- loci 
are closely linked. 














Table 1. TRANSFORMATION BY HYBRID DNA COMPARED WITH THAT OF THE 
CONTROL MIXTURE 


t ii Reciplent 
e Experi- DNA ug) cells/ml, Number of transformants/ml. 
coo emt samples ml. (hisztryz) histiry;  hisltryt higttry 
“J Control mixture 4 4x 10° 7x10" 3x 10° 28 
SESS Hybrid mixture 4 4 x 108 1-8 x 104 3x 10° 120 
“2 Control mixture 4 4x 10? 7x 10% 3 x 10° 20 
Hybrid mixture 4 4x10 1-8 x 10¢ 3x 105 105 












oi Hybridization procedure: 10 ug of DNA from hisz strain and 10 wg of DNA 
from try: strain in 1 ml. of solution containing sodium chloride 0-3 M and 
sodium citrate 0-03 M were heated at 100° for 10 min. The tube was quickly 
ransferred to a bath held at 67°C. After 2h the DNA solutions were allowed 
gool to room temperature. 


Transformation assay: 0-2 rol. of hybrid DNA were added to 0-9 mi. of 
mipetent bacteria (SB 25 his try). As a control 0-2 mi. of a mixture of 
th DNAs, denatured and renatured separately, were added to 6-9 ml. of 
petent bacteria. The tubes were incubated at 37° C for 30 min with 
Zentie shaking, Diluted samples were plared on minimal agar plates con- 
“ining 40 gg/ml. of I-histidine or 20 ng/ml. of l-uryptophan. ‘To score double 
nsformants 1 mi. undiluted sample was plated on minimal agar. 








CLONAL ANALYSIS OF TRANSFORMED CLONES 
Total No. of 


Table 2, 


Pure clones Mixed clones 


Exp. 





ee clones examined + ++ += and ++ 
Me d 69 32 36 1 
A 2 164 75 88 1 





-.. Exp. 1: A hybrid mixture of the DNA from a prototroph strain with the 
wO DNA from fry; atrain was used in transforming the competent cells of SR 25 
z dasctry?. Transformed clones were picked up from a tryptophan-agar plate 
i and streaked on complete medium in order to get about 100 separated colonies. 
> The plates were replicated on minimal medium and minimal medium plus 
TO tryptophan, 


..  Jixp. 2: A hybrid mixture of the DNA from a prototroph strain with the 
< DNA from kisz strain was used in transforming the competent cells of SB 25 
“> disciry,. Transformed clones were picked wp from a histidine-agar plate and 
- streaked on complete medium in order to obtain about 100 separated colonies. 
a i plates were replicated on minimal medium and minimal medium plus 
“ histidine. 

- The symbol + — stands for a cell transformed for only one marker, + + 
» Tor a cell transformed for both markers. 


The segregation of the markers should be much more 
frequent. In this case a genetic analysis of the trans- 
formed clones should detect a large number of mixed 
clones, theoretically twice the number of single trans- 
formants. To test this possibility, a mixture of the DNA 
from a prototroph strain with the DNA from a single 
auxotroph strain (SB 25 his, or try) was used. SB 25 
his-try, was transformed with these hybridized DNAs and 
plated on minimal media supplemented with 1-histidine 
or L-tryptophan, respectively. The clonal analysis of 
transformed cells (Table 2) shows the extremely lew 

< number of mixed clones compared with the other classes 
of transformants. 
= We were not able fully to evaluate this result without 
_& previous quantitative control of the hybrid DNA 
_ formation. However, our data suggest that only one 
strand of the hybrid molecule is active in expressing the 
information into the recipient cell. The experiment of 
Lacks** on the fate of transforming DNA soon after 
penetration in the D. pneumoniae cell, and the results of 
x and Allen? on the mechanism of DNA integration in 
meumococcal transformation, lend support to this hypo- 
thesis. Experiments are in progress in which one of the 
© two donor DNAs is density labelled with deuterium and 
nitrogen-15, and in which denaturation and renaturation 
> of the mixture are followed in a caesium chloride gradient. 
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ENTOMOLOGY 


Resistance to a Chemosterilant, Metepa, in 
Aedes aegypti Mosquitoes 


THE spectacular eradication of the screw-worm fly 
Callitroga hominovorax (Coquerel) through the release of 
male flies sexually sterilized by y-irradiation has stimulated 
efforts to combat other insect populations by sexual 
sterilization’ ®. Sterilization by y-irradiation has the — 
disadvantages that it may reduce sexual aggressiveness of © 


males, that huge numbers of insects must be labo 
reared for release sebsequent to sterilization by th 
stationary source of radiation, and that the behaviour 
patterns of laboratory adapted strains may have become 
altered from those of wild populations’. o 
To circumvent these difficulties, intensive efforts have 
been made to discover chemicals which might be used to 
sterilize insects in the field’; and a number of candidate 
chemosterilants have deen found such as tepa (tris (1- 
aziridinyl) phosphine oxide), metepa (1,2 tris [1-(2- 
methylaziridiny!)] phosphine oxide), and apholate (2,2,4,4,- 


6,6,-hexa (1-aziridiny])-2,4,6-phosphine oxide). However, 
as in the case of insecticides the reduction of the number 
of insects by means of chemicals may result in the develo 
ment of resistance to them by Darwinian selection for 
pre-adaptations®, In order to avoid control failures 
advantageous to know whether resistance to a chemical 
will develop, how quickly and to what magnitude. High 
insecticide-resistances are usually determined by a single — 
gene-allele for a powerful detoxifying enzyme®-*. Such 
resistances can be directly combated by finding an 
inhibitor for the detoxifying enzyme’'’, or by modifying 

the molecular structure of the chemical to fall outside the 
range of the enzyme’s substrate specificity’. 

Such an incipient resistance to one chemosterilant, 
aphoxide, has recently been reported in Aedes aegypti 
(Linn.)?*. This communication reports the outcome of the 
artificial selection with metepa in Aedes aegypti, and fur- 
thermore indicates the physiological mechanism of this 
resistance. 3 

A susceptible laboratory strain of Aedes aegypti supplied - 
by Dr. G. B. Craig, University of Notre Dame, was used 
for this investigation. Larvae were reared at a density 
of 100-150 in white enamel pans 10 x 12 in. with deep 
water and fed daily on a coarsely ground mixture of equal 
parts of ‘Kellogg’s Concentrate’, wheat germ and live 
yeast. This rearing method provided vigorous larvae of 
uniform size. The adults were maintained in screened 
cages 12 x 12 x 12 in. in an insectary maintained at 

















r at least 72 h for conditioning prior to 
; ie the ggs in deoxygenated water. 

: Beleëtion: for resistance was carried out by exposing 
on numbers of early fourth instar larvae to the metepa 
solution until pupation. Adults, without being selected 
further, were placed in a cage and maintained for egg 
production. Lots of approximately 50-100 larvae were 
placed in 250 ml. water at 22° C to which 1 ml. ethanolic 
solution of metepa was added. The first two generations 
were selected with 16 p.p.m., the third, fourth and fifth 
with 32 p.p.m. and the sixth, seventh and eighth with 
64 p.p.m. 

The principal mode of action of tepa seems to arise 
from its ability to reduce the egg hatchability through 
male sterilization“. In order to determine the levels of 
egg hatchahility, 200 larvae were exposed to each concen- 
tration required. This was done by exposing fifty larvae 
ina glass jar containing 250 ml. water at 22° C to which 
L ml. ethanolic solution of metepa was added. Eggs from 
these exposed mosquitoes were conditioned as already 
described, and the percentage hatch was determined by 
using 200 eggs per concentration. The whole experiment 
was repeated with entirely different batches of eggs in 
order to ensure the constancy of the data. 

The parental strain produces a preponderance of non- 

embrponated eggs, and this is evident in Fig. 1. Selection 
_ with metepa for eight generations produced a strain which 

id only viable eggs. It is also evident from the figure 
$ ie F, generation had developed a low measure of 
1 resist ance. 

An attempt was also made to elucidate the biochemical 
‘mechanism of metepa-resistance in the resistant I’, 
individuals. To 1 ml. of the larval homogenate, contain- 
ing 20 mg wet weight of larval material per 1 ml. 
phosphate buffer at pH 7-4, 0-01-0-1 ml. 10 per cent res 
solution i in acetone was added. The system in a test-tube 
incubated with gentle shaking for 30 min at 30° C. 
ction was stopped by transferring the test-tube into 
eetone bath. Unreacted metepa was then extracted 
ie mal. of chloroform and dried over sodium sulphate. 
-After re-extracting the aqueous phase and sodium sulphate 
with an additional 6 ml. fresh chloroform and readjusting 
the combined total volume to 10 ml. in a volumetric 
flask, 0-1 ml. of the final chloroform solution was trans- 
ferred to another test-tube. The solvent was removed by 
means of a stream of dry nitrogen, and the phcesphorus 
content of the remainder was assessed by microchemical 
analysis'?. Standard samples with known amounts of 
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08 sparations. T 
ed by means of paper chromatography" t en the- 
purity of metepa in the chloroform solution. The es bo 
of six independent determinations of metepa breakdown: 
at 1 mg/ml. of substrate concentration indicated that the _ 
resistant homogenate had almost three times as much . 
breakdown capacity of metepa as the susceptible one, the . 
breakdown rate being 37:5 + 1-9 and 12-9 + 36 pg/mg — 
tissue/30 min respectively. The ¢-value between these two 
sets of data becomes 6-03, and, therefore, the interstraim 
difference may be considered as a statistically significant 
one. The rate of breakdown in both the homogenates, 
however, did not increase beyond these values when the - 
substrate concentration was raised from 1 mg/ml. to 10 
mg/ml. This could mean either (1) the enzyme system is | 
saturated at 1 mg/ml., or (2) there could be active absorp- 
tion or conjugation to eliminate the limited amount of 
substrate from the solution in both homogenates. In 
either case the resistant homogenates have a more efficient 
method of eliminating metepa at lower substrate levels; — 
however, at high levels this inter-strain difference becomes | 
less effective. oo nS 
Insect populations may respond to selection with ¢ 
potentiality for resistance that is present within 
gene pool. This strain seems to have respondec 
laying only viable eggs, and (2) by developing an. 
atic degradation system and/or active elimination. sy: 
for metepa in the body. The former factor seems to 
relatively important part, but the latter factor coul 
become very important where the selection press 
very severe and the need of an efficient detoxicatior 
becomes very critical. Our investigation indicates th 
population of Aedes aegypti may respond to metepa a an 
oer resistance within a fow Peden ne nonk tre 






























produce results entirely different from ours. Nevert 
as a rule more genes and their combinatory probabi 
are available in field populations than in lal 
colonies, and so caution should be applied when. ce 
out the field control programme, otherwise formi 
resistance problems sae have to be faced in the fi 

We thank Prof. J. B. Kitzmiller for the use. 
insectary and oe. space. This investigation. 
part supported by grants from Hatch Project 822 
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Health Service, National Institutes of Henith 
ES--00067 and E--3486). ae e 
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jon of a Poxvirus from Stock yee 12 
oad Adenovirus — 


Sweet and Hileman? detected SV40 in seed stocks of 
denoviruses, types 1-7, and Gerber et al.* reported the 
resence of viable SV40 in formalinized adenovirus vac- 
ines. Yang and Melnick? described SV 40 contamination 
__ of both adenovirus stock and vaccine. Such contamina- 
: — jons were attributed to the SV40 flora in many of the 
‘normal’ monkey kidney cell cultures used for propagation 
of adenovirus. The report presented here describes the 
isolation of a poxvirus contaminant from a seed stock of 
adenovirus type 12. The poxvirus had been propagated 
> us in undetected form through many passages of the 
adenovirus in HEp-2 cells. 
r - _HEp. 2 cell cultures, inoculated with stock adenovirus 
: type 12, developed a cytopathogenice effect which was 
characterized by rounded and clumped cells and well- 
- defined intranuclear inclusion bodies. Monkey kidney 
cell cultures, inoculated with the same undiluted adeno- 
irus stock, developed a severe toxic reaction with marked 
ytopathogenic effect and intranuclear inclusion bodies; 
owever, comparatively little infectious virus was pro- 
ced. When the monkey kidney cell cultures were 
oculated with the adenovirus diluted 1:10, plaques 
ared in the cell sheet which resembled those of pox- 
is. DNA-staining cytoplasmic inclusion bodies were 
erved by acridine orange fluorescence microscopy 
h were characteristic of those found in poxvirus- 
ed. cells. In monkey kidney cell cultures inoculated 
h two-fold dilutions of the adenovirus stock (0-1 ¢.c.), 
x-like plaques appeared when the stock was diluted 
r higher. The concentration of the poxvirus was 
- 10° plaque-forming units (P.F.v.) per ml. of adeno- 
stock. The contaminating poxvirus (designated 
17) was detected in adenovirus stocks prepared on 
or occasions from the same virus seed, as well as in the 
ginal vial of virus stock which was received from the 
todian of the prototype virus. By diluting the adeno- 
irus beyond its end-point in cultures of monkey kidney 
ais, the poxvirus contaminant was recovered free of 
enovirus; and a pool of stock virus was prepared from 
for further investigation. 
When monolayers of HEp-2 cells were inoculated with 
17 virus, free of the adenovirus, plaques appeared and 
nfectious virus was produced; however, the plaques 
appeared more slowly and were smaller and less easily 
detected than those produced in monolayers of monkey 
-kidney cells. DNA-staining cytoplasmic inclusions were 
also observed in HEp-2 cells infected with T'C17 virus 
and examined by acridine orange fluorescence microscopy. 
< Opaque white pocks were induced by TC17 on the 
> ¢horioallantoic membrane of embryonated eggs. The 
_ surface of the pocks often appeared umbilicated, Three- 
- week-old Swiss-Webster mice resisted intracerebral 
a inoculation of 10° p.r.c. of TC17 virus; however, six of 
_ eight mice inoculated intracerebrally with 10° p.r.u. died 
_ 3 days after inoculation. Neither lesions nor symptoms 
were observed in mice inoculated intraperitoneally or 
intradermally with the virus. Rabbits developed a 
_ localized papule 2-3 days after intradermal inoculation of 
_ the poxvirus, and the lesions evolved through vesicle 
_ and pustule stages and were crusted over in 8-9 days. 
_ While diethyl ether had no effect on the virus, it was 
inactivated by chloroform. Antiserum prepared against 
TQ17 virus neutralized both vaccinia and monkeypox 
viruses, members of the same sub-group of poxviruses‘. 
ingular or brick-shaped elementary bodies typical of 
iruses,. were observed in the cytoplasm of infected 
stron microscopy. 
and physical properties of the contaminat- 
dentify it with the poxvirus group; and, 
serological relationship to vaccinia and 
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monkeypox, it ean be placed i 
group of poxviruses. This inch 


pox, ectromelia, cowpox, | 
dermatitis‘. - 
The discovery of poxvirus in oe iginal 


adenovirus type 12 and’ its inapparent but per stent 
propagations along with adenovirus in HEp-2 cels 
suggests the existence of an interference mechanism. 
Pereira’ showed that adenovirus-infected HeLa cells ` 
produced a factor which inhibited multiplication of vac- — 
cinia virus in HeLa cells. Recent studies of Khoobyarian’ — 
have indicated that, under certain experimental condi- 
tions, the interaction of adenovirus with RHF-1 cells 
would result in cell resistance to vaccinia virus. It is _ 
conceivable that some similar mechanism, aided by the E 
low concentration of the poxvirus, permitted it to exist — 
undetected in the adenovirus stock. It is possible that a a 
double infection resu'ting from the use of contaminated _ 
stocks could result in suppression of one, or its surviv 
an inapparent infection. The second virus would remain 
hidden until the conditions of propagation were changed __ 
in its favour. This may explain the emergence of poxy us 
in monkey kidney celis. aa 
The contaminating poxvirus may have orig iat 
an occult infection in an earlier cell culture in v 
adenovirus had been propagated or it may 
from a laboratory cortamination prior to rèt 
laboratory. | 
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GENETICS 


New Method of isolating the Tetrads sof f 
Agarics 


Hirnerto the usua technique for isolating iiini 
from Agarics has been to detach a piece of gill tissue 
from a mature sporophore and then, with the aid of a 
micromanipulator, to pick off whole tetrads directly from 
the fresh gill. There are three main difficulties inherent 
in this method: (a) because of the high numerical! density 
of tetrads on the gill, itis very difficult to be sure that no 
extraneous spores have been picked up by the micro- 
manipulator needle until the spores are parked on the 
germination medium; (5) it is impossible to distinguish 
unripe from ripe tetrads. and since the former are removed 
from their basidia with great difficulty, many abortive 
attempts to pick up tetrads are frequently made before a 
tetrad is successfully reraoved; (ce) in the case of Coprinus, 
autolysis of the gill car greatly limit the time available 
for isolation. 

In the course of amalysing tetrads from Coprinus. 
lagopus (for the purpose ef finding new centromere markers v 
to be used for the extension of mapping) a new method has 
been developed. If a pæce of gill tissue is taken from a 
mature sporophore, placed on a microscope . 
allowed to dry, the speres can be scattered on 
surrounding glass by sweeping the micromanip 
needle across the dried gill. Among the spores on the glass” 
there is nearly always a high proportion of whole tetrads. 
(Fig. 1), and these can very easily be removed from. m 









Fig. 1. 
more than twenty tetrads in this feld which are available for picking-off; 
tive of them are arrowed as examples 


Photomicrograph of spores scattered from dried gill. There are 


glass. Drying may be hastened by placing the slide 
carrying the gill into a Petri dish containing a layer of 
dry silica gel. 

During drying the four spores of each tetrad become 
aggregated into a single mass so that, when drying is 
complete, each tetrad tends to behave as a single unit. 
This presumably accounts for their easy removal as whole 
tetrads by this somewhat drastic method. 

The great advantage of this ‘on-glass’ technique is 
that whole tetrads can be stored as such for long periods: 
in one case tetrads isolated four months after scattering 
still gave 85 per cent germination. Thus many tetrads 
ean be isolated over a comparatively long period of time 
as and when it is convenient to do so, with the advantage 
that all originate from the same fruiting body. Slides 
earrying scattered spores are best stored over silica gel at 
room temperature. 

That the on-glass technique still provides a random 
sample of tetrads was demonstrated by a cross in which 
104 tetrads were isolated from fresh gill using the old 
method, and a further 49 isolated from glass. Both sets 
of data were completely homogeneous. 

I thank Prof. N. F. Robertson for providing facilities, 
and both he and Dr. D. H. Morgan for their continued 
help and encouragement, This work was performed 
during the tenure of a D.S.I.R. research studentship. 
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AGRICULTURE 


Carbon- and Nitrogen-levels of a Medium 
in Relation to Growth and Nematophagous 
Activity of Arthrobotrys oligospora 
Fresenius 


DuRING the past few years, attempts have been made to 
enhance the nematode-trapping activity of nematophagous 
fungi in the soil by adding various carbohydrates':?. As 
a preliminary investigation to similar experiments, we 
eultured Arthrobotrys oligospora and measured its growth 
and nematophagous activity on semi-synthetic media 
having different levels of carbon and nitrogen. 


March 12, 1966 


The basic medium had the following ingredients: 
dipotassium phosphate, 1-0 g; magnesium sulphate, 0-5 g; 
potassium chloride, 0-5 g; ferrous sulphate, 0-01 g: yeast 
extract, 3-0 g; agar, 15-0 g; and distilled water to make 
l 1. of medium. Dextrose and ammonium nitrate were 
added to this medium at the rates shown in Table J. 
Kight replicate Petri dishes of each medium were inocu- 
lated with a culture of A. oligospora, which had been 
growing on Lima bean agar. 

After 2 days of incubation at room temperature, the 
fungal colonies were about 40 mm in diameter. A 
standard number of free-living nematodes (Rhabditis 
(Cephaloboides) oxycerca de Man. 1895), which had been 
surface sterilized in a 1: 10,000 solution of mercuric 
chloride and washed thoroughly with sterile water, was 
then added to each of four of the original eight replicate 
cultures on each medium. The nematodes were allowed 
to be trapped for 1 week. The remaining four replicate 
cultures on each medium were grown for an additional 
3 days, after which the diameters of the fungal colonies 
were measured. 

The effect of the levels of dextrose and of ammonium 
nitrate of the medium on the nematode-trapping activity 
of A. oligospora was determined by transferring the con- 
tents of the plates to Baermann funnels and counting the 
extracted nematodes the next day. The number of nema- 
todes recovered is assumed to be inversely proportional 
to the number trapped by the fungus. 


VoL. 209 


Table 1. EFFECT OF CARBON- AND NITROGEN-LEVELS ON GROWTH AND 
NEMATOPHAGOUS ACTIVITY OF Arthrobotrys oligoxpora 
Carbon- and nitrogen- Diameter of colony Nematodes 
levels (mg/l.) (mm) recovered 
Ammonium 

Dextrose nitrate Mean* SD. Meant SD, 

50 5 RO 2-0 5830 41:3 

100 10 78 1s 711 R7 

200 "0 5S] 03 197 O46 

400 40 72 02 177 Is-0 


* Mean of four colony diameters. 
t Mean of six counts, 


Media low in dextrose and ammonium nitrate supported 
less nematophagous activity of A. oligospora than media 
containing higher concentrations of these compounds 
(Table 1). As there was little difference in the amount of 
radial growth made by the fungus on these media, the 
effect of the carbon- and nitrogen-levels is assumed to 
have been on its nematode-trapping activity. The sharp 
decline in nematophagous activity at a level of dextrose 
and of ammonium nitrate between 100-200 and 10-20 
mg/l., respectively, suggests the existence of a critical 
point or range in nutritional levels which determines a 
saprophytic or parasitic mode of existence for the fungus. 

These observations cast some doubt on the validity of 
Duddington’s* suggestion that nematophagous fungi 
may be most actively parasitic when grown on media of 
low nutritional value, Rather, these findings support 
Cooke’s* view that nematode-trapping fungi need an 
organic energy source, other than nematodes, in order to 
remain in an active nematophagous state. The results of 
unpublished greenhouse investigations indicate that small 
quantities of dextrose and ammonium nitrate added to 
soil enhance the nematode-trapping activity of A. 
oligospora. 

This work was financed by the National Research 
Council of Canada. 
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FORTHCOMING EVENTS 


(Meetings marked with an astensk are open to the public) 


Monday, March 14 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, W.C.2), at 5.80 p.m.—Mr. R. A. Waldron: 
“The Explanation of Some Fundamental Phenomena of Modern Physics 
using a Ballistic Theory of Light”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONIOS DIVISION (at 
Savoy Place, London, W.C.2), at 5.80 po N G. 5. 0. Brown “The Ten- 
Element Band-Pass Filter Section and Its Applications”. 


ROYAL GEOGRAPHICAL SOOTY (at 1 Kensington Gore, London, §.W.7), at 
6 p.m.—‘The Sky Above, the Mud Below” (colour film). 


Monday, March !4--Friday, March 18 


OIL AND COLOUR CHEMISTS’ ASSOOIATION (in the Great Hall of Alexandra 
Palace, London, N.22}—Eighteenth Technical Exhibition.* 
| 


, Tuesday, March 15 


UNIVERSITY OF LONDON (at the London School of Economics and Political 
Science, Houghton Street, London, W.C 2), at 5 p.m.—Prof. L. W. Martin, 
"Problems of Nuclear Strategy” (further lecture on March 17).* 


INSTITUTE OF MATHEMATICS AND ITS APPLICATIONS (in Lecture Theatre 
No. 2, Physics Department, Imperial College, London, 8.W.7), at 5,30 p.m 
Prof. J. O. Shepherdson. ‘Can Mathematical Proof be Mechanized ?” 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
London, 8.W.7), at 6.30 p.m.—Prof. J, O. Anderson’ “The Science of 
Materials’ (Inaugural Lecture).* 


UNIVERSITY OF LONDON (in the Physiology Theatre, University College, 
Gower Street, London, W.C.1), at 5.80 p m.—Prof. ©., G. Bernhard (Stock- 
hoin) “The Corneal Surface Formation of the Compound Eye and Its 

nction”, 


UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-84 Gordon 
Square, London, W.C.1), at 5.45 p.m.—Mr. J. Mellaart: ‘Excavations at 
Catal Huyuk, 19657." , 


=~ Tuesday, March 15—Wednesday, March 16 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, $.W.1)—Symposium on 
“The Planning of Mechanical Engineering Departments in Universities and 
Colleges of Technology”. 


PLASTICS INSTITUTE (at the Institution of Blectrical Engineers, Savoy 
Place, London, W.O 2}—Conference on ‘‘Flame Resistant Polymers”. 


Wednesday, March 16 


BRITISH POSTGRADUATE MEDICAL FEDERATION, UNIVERSITY OF LONDON 
(at the Institute of Dental Surgery, Eastman Dental Hospital, Gray’s Inn 
Road, London. W.0.1), at 5.380 pm. —Prof. D. Slome: “Physiology of 
Swallowing”. (Last of three lectures on “The Scientific Basis of Dentistry”.)* 


INSTITUTION OF ELECTRIOAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C.2), at 5.30 p.m.—Mr. H. T. Gooding. “Cable Fault 
Localization on Power Systems”. 


INSTITUTE OF INFORMATION SCIENTISTS (at The Whitehall Hotel, Blooms- 
bury Square, London, W.C.1), at 6.15 p.m.— Mr. L. Gordon: “The Economist 
Intelligence Unit”. 


INSTITUTE OF SCIENCE TECHNOLOGY, LONDON BRANOR Un the Manson 
Theatre, London School of Hygiene and Tropical Medicine, Keppel Street, 
Gower Street, London, W.C 1), at 6 30 p.m.— Discussion Meeting on ‘“Tech- 
niclan Training’’, 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Royal 
re aa Park Place, London, 8.W.1), at 6.30 p.m.—Mr. D. Munday. 
osting”’, 


SOCIETY FOR ANALYTICAY, CHEMISTRY, MICROCHEMIOAL METHODS GROUP 
(at "The Feathers”, Tudor Street, London, E.C.4), at 6.30 p.m.—Dieeussion 
Meeting on “The Determination of Molecular Weights’. 


Thursday, March [7 


ROYAL Socrery (at Burlington House, Piccadilly, London, W.1), at 4.15 
p.m.— Meeting for the Election of Fellows. 4.30 p m.—Prof. F. Sondheimer 
“The Annulenes” (Review Lecture). 


LINNALAN SOCIETY oF LONDON (at Burlington House, Piccadilly, London, 
W.1), at 6 p.m.— Dr. B. O. Sharman, Miss H. P, Aziz and Miss J. O er, 
“Developmental Morphology and Anatomy of the Shoot m Cereals, with 
special reference to Wheat (Triticum)”’. 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical Society, 
Burlington House, Piecadilly, London, W.1), at 5 p.m —Mr. H. P. F. 
Swinnerton-Dyer: “Zeta Functions and Algebraic Geometry”. 


UNIVERSITY OF LONDON (at Goldsmiths’ College, New Cross, London, 
S E.14), at 5 p m.-Prof R. J. Blin-Stoyle: “The Physical Sciences Today” .* 


UNIVERSITY OF LONDON (at Westminster Medical School, Horseferry Road, 
London, §8.W.1), at 5.15 p.m.—Dr. D. G. Gibson: “Sodium Excretion in 
Chrome Renal Pailure’’.* 


INSTITUTE OF PETROLEUM, ECONOMICS AND OPERATIONS GROUP (at 61 
New Cavendish Street, London, W.1), at 65.80 p.m.—Mr. Christopher 
Tugendhat: “Co-ordinating Energy Policy”. 


- CHEMICAL SocieTy (in the Large Physica Theatre, Imperial College of 

Science and Technology, London, 8.W.7), at 6 t.m.—Prof. R. M, Barrer, 

pr ore Chemical Aspects of Mineral Synthesis” (Hugo Muller 
ecture). 


INSTITUTE OF REFRIGERATION (at Lloyds’ Register of Shipping, 71 Fen- 


~ 


: “church Street, London, E.0.3), at 6 p.m.—Informal Discussion on “‘Educa- 


tion and Traiing for Refrigeration Technicians”, 


INSTITUTION OF MECHANICAL ENGINEERS, NUOLEAR ENERGY GROUP (at 
1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Duiscussion on 
“Reactor Maintenance and Inspection”. 
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PHARMACEUTICAL SOCIETY OF GREAT BRITAIN (at 17 Bloomsbury Square 
London, W.C.1), at 6 p.m.—Mr. D. A. Cahal: “The Assessment of Safety 
of Drugs”. ' 


ROYAL SOOrETY OF TROPICAL MEDIOINE AND HYGIENE (at the Royal Army 
Sere College, Millbank, London, 8.W.1), at 7.30 p.m.—Laboratory 
eeting. 


Friday, March [8 


UNIVERSITY OF LONDON Gt the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 10 am.—Dr. D. Burkitt (Makerere): 
“Recent Developments in Actiology and Treatment of African Lymphoma”.* 


INSTITUTH OF NAVIGATION (at the Royal Aeronautical Society, 4 Hamulton 
Place, London, W.1), at E80 p.m—Mr. ©. R. Ditchfield: “Microwave 
Radiometry”, 


SOOIETY OF CHEMIOAL INCUSTRY, FINE CHEMIOALS GROUP (at 14 Belgrave 
Square, London, S.W.7), at 7 p.m.—Conversazione. 


ROYAL INSTITUTION (at ZI Albemarle Street, London, W.1), at 9 p.m.— 
Prof. R. L, F. Boyd: “Mission to Mars”. 


Saturday, March 19 


British INSTITUTE OF RADIOLOGY (at the Middlesex Hospital Medical 
School, Cleveland Street, London, W 1), at 10 ».m.—-Symposium on “Radio- 
so a m the Hospital—Applications in Clinical Investigation and Diag- 
nosis”. 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest EON, London, S.E.23), at 3.30 pm.—Dr Audrey Butt. 
“Shamanism---The Techniqres and Function of Spirt Contact”.* 


Monday, March 21 


Soolzry oy CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 10.30 a.m.—Discussion Meeting on “Isolation, 
Identification and Estimaticn of Organophosphorus Pesticides Residues”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C2), at 6 pm.-——-Mr. H. N. G. King: “Electron 
Beam Welding and Machining”. 


INSTITUTION OF MECHANIOAL ENGINEERS, APPLIED MECHANICS GROUP 
(at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m,—Discussion 
on “Brittle Fracture”. 


SOCIETY FOR VISITING SCIENTISTS (at the English-Speaking Union, Dart- 
mouth House, 37 Charles Street, London, W.1), at 730 p m.—Discussion 
Meeting on “The Shape of Ships to Come”. Chairman: The Right Hon 
Lord Geddes, C.B.E. Speakers’ Mr. A. Silverleaf, Mr C. 5. Cockerell and 
Sir William Lithgow. 


Monday, Merch 21—Tuesday, March 22 


ROYAL PHOTOGRAPHIO SCOIETY OF GREAT BRITAIN (at the Institution of 
mueeineg Engineers, Savoy Place, London, W.C.2)--Symposium on “Light 
ources’’. 


~ APPOINTMENTS VACANT 


APPLICATIONS are invited-for the following appointments on or before the 
dates mentioned. 

LECTURER (Grade II) IN PURE MaTHEMATICS—The Registrar, University 
Senate House, Tyndall Avenue, Bristol, 2 (March 14). 

ASSISTANT LECTURER (with interests m sedimentology or palaeoecology) 
IN THE DEPARTMENT OF G=OLOGY—The Secretary, The University, Edin- 
burgh (March 16). 

LECTURER IN MECHANICA: ENGINEERING IN THE THERMODYNAMICS AND 
FLUID MECHANIOS DIVISION OF THE DEPARTMENT OF MECHANICAL ENGINEER- 
ING---The Registrar, Manckester College of Science and Technology, Sack- 
ville Street, Manchester, 1 March 19). 

RESEAROH ASSISTANT IN THE DEPARTMENT OF Puysics for research on 
aspects of far infra-red instrumentation--The Registrar, University of 
Essex, Wivenhoe Park, Colshester, Essex (March 19), 

LECTURER or ASSISTANT LECTURER (with a good honours degree in elec- 
trical engineering or an honours diploma in technology) IN THE DEPARTMENT 
OF ELECTRICAL AND ELECTRONIO ENGINEERING—The Academic Registrar, 
Northampton College of Advanced Technology, St. John Street, London, 
E.C.1, quoting Ref. ESD (Harch 21). , 

POSTDOCTORAL RESEARCE FELLOW (preferably with some famularity with 
solid state theory) IN THE DEPARTMENT OF APPLIED MATHEMATICS AND 
MATHEMATICAL PHYsics, tc work on the theory of semiconductor lasers and 
to establish contact with government research establishments working in 
this area—The Registrar, University College of South Wales and Monmouth- 
shire, Cathays Park, Cardiff. South Wales (March 21), , 

ASSISTANT IN RESEARCH (with an honours degree in engineering or an 
appropriate science, or a postgraduate qualification in agricultural engineer- 
ing or farm mechanization) IN AGRICULTURAL ENGINEERING——The Secretary, 
Oech P OMR; Univ2rsity of Cambridge, Downing Street, Cambridge 

re A 

ASSISTANT LECTURER or LECTURER (competent to teach genetics at the 
undergraduate and postgratluate levels although research interests may be 
in some other field} IN ZOOLOGY—The Secretary, Birkbeck College (University 
of London), Malet Street, London, W.C.1 (March 25), j 
ASSISTANT LEOTURER Or LECTURER (proterably with a special interest in 
one of the following fields: genetics, biochemistry, developmental biolory and 
experimental morphology, embryology, mycology, entomology and experi- 
mental animal ecology) IN THE DEPARTMENT OF BloLoGy—The Secretary, 
University of Lancaster, Bailrigg House, Lancaster (March 26), 

LECTURER IN RADIOLOGT (joint appointment with the Northern Ireland 
Hospitals Authority}—The Secretary, The Queen’s University, Belfast, 
Northern Ireland ch 26). : , 

LECTURER or ASSISTANT LECTURER (with postgraduate experience in 
genetics and biometry) IS AGRICULTURAL BOTANY—The Registrar, Uni- 
versity College of Wales, Aberystwyth (March 26), 

JUNIOR RESEARCH FELLOW IN BIOLOGICAL Screnork, or related subjecta— 
The Secretary, Balliol College, Oxford (March 28). 

LROTURER IN GEOPHYSICS IN THE DEPARTMENT OF 
The Registrar, The University, Leeds, 2 (March 28). 

LECTURER IN THE DEPARTMENT OF APPLIED MATHEMATICS AND THEO- 
RETICAL PHysicsS—The Secretary of the Appointments Committee of the 
Faculty of Mathematics, University of Cambridge, Silver Street, Cambridge 

re. A 
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ASSOCIATE PROFESSOR OF BIOCHEMISTRY—Prof. G. B. Connell, Chairman, 
Department of Biochemistry, University of Toronto, Toronto 5, Ontario, 
Canada (March 31). 

CHAIR IN STRUCTURAL ENGINEERING IN THR DEPARTMENT OF CIVIC 
ENGINEERING—The Registrar, Manchester College of Science and Technology, 
Manchester, 1 (March 31). 

LECTURER (Grade Il) IN THE DEPARTMENT OF THEORETICAL MECHANICS—~ 
The Registrar, University of Bristol, The Senate House, Bristol, 2 (March $1), 

LECTURER (with special qualifications in the teaching of educational 
sociology, and prefersbly teaching experience in other subjects) 1x EDUCA- 
TION—The Registrar, King’s Colleges (University of London), Strand, 
London, W C.2 (March 31). 

RESEAROH ASSISTANT (with a degree or equivalent qualification m physics 
or applied science, and preferably experience in practical electronics) IN 
COSMIO RAY Puysics, to join a small group working on an experiment to 
detect cosmic ray neutrinos deep in the gold mines of Southern India-—The 
ae es Secretary, University of Durham, Old Shire Hall, Durham 

TC ; 

UNIVERSITY LECTURER and & UNIVERSITY DEMONSTRATOR IN THE DEPART- 
MENT OF ANIMAL PATHOLOGY IN THE SCHOOL OF VETERINARY MRDIOINE-~ 
T. D, Kenawi, Department of Pathology, University of Cambridge, Tennis 
Court Road, Cambridge (March 31). 

: IAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (normally below the 
age of 30, and preferably with a Ph.D. or equivalent research experience) IN 
BIOCHEMISTRY, CHEMISTRY, CHEMOTHERAPY, ENGINEERING, METALLURGY, 
PHARMACOLOGY or PHYSIOs-——The Academic Registrar, University of London, 
Senate House, London, W.C.1 (April 1). 

LEOTURER (with a degree in geography and good experience in the teaching 
of geography) IN EpucaTion—TIhe Deputy Secretary, The University, 
Southampton (April 1). 

LECTURER (with a higher degree in biochemistry and some experience in 
teaching and research in this subject} In BroonsmistRY at the University of 
Queensland, Austraha—The Association of Commonwealth Universities 
(Branch Office}, Marlborough House, Pall Mall, London, S.W.1 (London and 
Brisbane, April 1). 


SECOND CHAIR IN THE DEPARTMENT OF PHYSIOLOGY AND BIOCHEMISTRY 
—The Deputy Seeretary, The University, Southampton (Aprl 1). 
SENIOR LECTURER IN MATEEMATICS—Tho Registrar, The University, 


Hull (April 1). 

CHAIR OF AGRICULTURAL ENGINEERING—The Registrar, University of 
Pe upon Tyne, 6 Kensington Terrace, Newcastle upon Tyne, 2 

pril 2). 

ASSISTANT LECTURER or LECTURER (preferably with a particular interest in 
spectroscopy or reaction kinetics) IN PHYSICAL CHEMISTRY; and an ASSISTANT 
LECTURER or LECTURER (preferably with a particular interest In stereo- 
chemistry or synthetic chemistry} IN ORGANIC CHEMISTRY-—The Registrar, 
University College of Swansea, Singleton Park, Swansea (April 4) 

LECTURER or ASSISTANT LECTURER (preferably with qualifications in 
biogeography, plants or solls) IN THE DEPARTMENT OF GEOGRAPHY, Univer- 
sity of Ibadan, Nigeria—The Inter-University Council, 38 Bedford Place, 
London, W.C.1 (April 5). 

LECTURER or ASSISTANT LECTURERS (2) IN THE DEPARTMENT OF PURE 
MATHEMATICS—The Registrar, University College af North Wales, Bangor, 
North Wales (April 18). 

CHAIR OF ELECTRICAL ENGINEERING; and CHAIR OF MECHANICAL ENGIN- 
EERING at the University of Malaya—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Malaya and London, April 80). 

HEAD OF THE BIOLOGY DEPARTHMENT-—The Headmaster, Latymer Upper 
School, London, W.6. 

HEAD (preferably specialist in botany or zoology) OF THE DEPARTMENT OF 
BIOLOGICAL SCIENCES—The Registrar, Goldsmith’s College (University of 
London), New Cross, London, §.H.14. 

LECTURER or SENIOR LECTURER (with a special Interest in applied mathe- 
matics) IN MATHEMATICS—The Registrar, Goldsmith's College (University of 
London), New Cross, London, 8,E.14. 

LECTURER (with veterinary or biological quali:iications) IN EXPERIMENTAL 
VETERINARY SOIENOE WITH DUTIES AS ANIMAL Cornator—The Secretary, 
Postgraduate Medical School, Du Cane Road, London, W.12, quoting Ref. 

TER (with good qualifications in mathematics) TO SHARE THE VI FORM 
AND UNIVERSITY SCHOLARSHIP TEACHING IN THIS SUBJECT; and a MASTER 
TO TEAOH PHYSICS IN THE MAIN SCHOOL AND IN THR VI roRM-—The Head 
Master, Mill Hill School, London, N.W.7. 

POSTDOCTORAL FELLOW IN RADIOFREQUENOY SPECTROSCOPY IN THE 
DEPARTMENT OF CHEMISTRY, for research in nuclear magnetic double 
resonance in collaboration with Dr, Edward W., Randall-—The Registrar, 
Queen Mary College (University of London), Mile End Road, London, E 1. 

RESEARCH ASSOCIATE (with a good first degree, a diploma in technology or 
Grad. R.I.C.) IN THE DEPARTMENT OF CHEMISTRY AND BIOLOGY, to investi- 
gate the surface properties of active carbons produced by low-temperature 
coal carbonization processes—The Principal, Nottingham Regional College 
of Technology, Burton Street, Nottingham. 

SENIOR TECHNICIAN and CHIEF TECHNICIAN IN THE DEPARTMENT OF 
MEDICINE, Royal Veterinary College, for work associated with the clinical 
and laboratory investigation Into conditions affecting farm animals-—Prof. 
F. BR. Bell, Royal Veterinary College (University of London), Hawkshead 
Lane, North Mimms, Hatfield, Herts. 


REPORTS and other PUBLICATIONS 


(notlineluded in the monthly Books Supplement) 
Great Britain and Ireland 


Board of Trade. United Kingdom Patent Law: The Effects of the Stras- 
bourg Convention of 1963. (Report on legislative changes which would be 
involved in the proposed ratification by the United Kingdom of the Strasbourg 
Convention on the unification of certain points of substantive law on patents 
for invention by the Patents Liaison Group ) . 18 (Cmnd. 2836.) 
(London: H.M. Stationery Office, 1965.) 1s. 6d. net. [71 

British Waterways Board. The Facts About the Waterways. Pp. v+ 126. 
jaan aoe Waterways Board, 1965. Obtatnable from H.M, saci 4 

ce. s. 

Report of the Committee of Inquiry Into the Alreraft Industry appointed 
by the Minister of Aviation under the Chairmanship of Lord Plowden, 1884- 
t. Pp. iy4+ 139, (Cmnd. 2853.) - (London: H.M. Stationery Office, attr 

8. net. 

National Parks and Access to the Countryside Act, 1949. Sixteenth 
Report of the National Parks Commission for the year ended September 30, 
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1609, Pp 1x+97+8 plates. (London: H.M. Stationery Office; 1905) 
8. net. 

Water Resources Act, 1963. Second Annual Report of the Water Resources 
Board for the year ending 80th September, 1965. Pp. v+40. (London: 
H.M. Stationery Office, 1965.) 82. 6d net. 181 

Library Association. Special Subject List No. 42: What to Read on 
Exporting. By D. W. Bromley. Second edition. Pp. 68. 148. (L. A. 
members 10s. 6d) Special Subject List No. 47: Large and Clear—a List of 
Large-Type Books. Edited by M. Yelland. Pp. 31. 10s. (L. A. members 
78., 6d.) (London: The Library Association, 1965.) (271 

The British Drug Houses, Ltd. Maternals for Chromatography. Pp, 24. 
(Poole: The British Drug Houses, Ltd., 1965.) E 271 

Northern Ireland: Ministry of Agriculture. Leaflet No. 82° Clean Milk 
Production. Pp. 20. Leaflet No. 121: Tuberculosis of Cattle. Pp. 4. 
(Belfast: Ministry of Agriculture, 1965.) : [271 

Ministry of Overseas Development. Oversees Research Publication No. 
12: The Ecology of Pterocarpus angolensis D. C. in Tanzania. By 8. B. 
eet Pp. vili+128. (London: H.M. Stationery Office, 1968.) ak 
net, 

Cement and Concrete Association. Recent Developments in Yield-Li 
Theory. (MCR Special Publication.) Pp. 74. (London: Cement and 
Concrete Association, 1965.) 20s. A [271 

Imperial College of Science and Tecknology (University of London). 
Fifty-Lighth Annual Report of the Governing Body, 1964-65. Pp. iv+141. 
(London: Imperial College of Science and Technology, 1965.) [271 

University of regen 1 School of Agriculture. Memoir No. 37: A 
summary of the papers published by the members of the Staff of the School 
of Agriculture and its Associated Research Organizations during the period 
Oct. ist, 1964—Sept. 80th, 1985. Review Series No. 20: Rations for Livestock 
~-a Historical Survey. By A. Eden and F. A. Buttress. Pp. 27. (Cambridge: 
University of Cambridge School of Agriculture, 1965.) 32. [271 

Regional Advisory Counell for Technological Education for London and 
the Home Counties. Bulletin of Special Courses in Higher Technology, 
Management Studies and Commerce. 1986, Part 2: Spring and Summer 
Terms. Pp. 188. (London: Regional Advisory Council for Technological 
Education, 1966.) 6s. 271 


Other Countries 


World Health Organization. Technical Report Series. No 315. Immun- 
ology and Parasitic Diseases—Report of a WHO Expert Committee, Ibadan. 
8~15 December 1964. Pp. 64. 3 Sw. francs; 63.; 1 dollar. No. 318: Water 
Pollution Control—Report of a WHO Expert Committee. Pp. 32. 2 Sw. 
francs; 8s. 6d.; 0.60 dollars. No. 319: WHO ert Committee on Leprosy 
came Report. Pp. 32. 2 Sw. francs; 3s. 6d.; 0.60 dollars. No. 320: 
University Health Services—Fourteenth Report of the WHO Expert Com- 
mittee on Professional and Technical Education of Medical and Auxilia 
Personnel. Pp. 21. 2 Sw francs; 3s. 6d.; 0.60 dollars. No. 321: WH 
Expert Committee on Rables—Fifth Report. Pp. 38. 3 Sw. francs; 53.; 
i dollar. No. 822: Cancer Treatment—Report of a WHO Expert Com- 
mittee. Pp. 55. 3 Sw. francs; 58.; 1 dollar. (Geneva' World Health 
Organization; London: H.M. Stationery Office, 1965 and 1966.) [281 

Bulletin of the Museum of Comparative Zoology, Harvard University. 
Vol. 134, No. 6: New Species of Hemicyclops (Copepoda, Cyclopoida) from 
Madagascar. By Arthur G. Humes Pp 159-260 (36 plates). Vol. 134, 
No. 7: New Oceanic Cheilodipterid Fishes from the Indian Ocean. By Giles 
W. Mead and J. E. DeFalla. Pp. 261-274. (Cambridge, Mass.: Museum of 
Comparative Zoology, Harvard University, 1965.) [281 

Annual Report of the Institute for Agricultural Research and Special 
Services, Ahmadu Bello University, for the year ending 31st March, 1964. 
Pp. x1+62. (Zaria, Northern Nigeria: Ahmadu Bello University, 1 


8. 

Annals of the New York Academy of Sciences. Vol. 125, Article 2; Forms 
of Water in Biologic Systems. By H. J. Berendsen and 39 other authors. 
FD. 240-772, (New York: New York Académy of Sciences, 1965.) gay 

ollars. 

Chicago Natural History Museum. Fieldiana: Geology. Vol. 13, No. 6: 
Catalogue of Type ppecunens in Chicago Natural History Museum Porifera. 
By Matthew H. Nitecki. Pp. 477-509. 1 dollar. Vol. 15, No. 2: The 
Mammalian Genera Arctoryctes and Crypioryctes from the Oligocene and 
Miocene of North America. By Charles A. Reed and William D. Turnbull. 
eh ala 8.50 dollars. (Chicago: Chicago Natural History Muse at 

International Atomic Energy Agency. Bibliographical Series, No. 15: 
Radioisotopes and Ionizing Radiations in Entomology (1861-1963). Pp. 564. 
(Vienna: International Atomic Energy Agency; London: H.M. Stationery 
Office, 1965 ) 231 schillings; 66¢.; 11 dollars. [281 

Carnegie lnstitution of Washington. Year Book 64, 19864-1965 Pp. xii+ 64 
+696+21 plates. (Washington, D.C.: Carnegie Institution of Washington, 
1965 ) 1.50 dollars. (281 

Transactions of the American Crystallographic Association, Vol. 1: Pro- 
ceedings of the Symposium on “Accuracy in X-ray Intensity Measurement”, 
Suffern, New York, February, 1965. Edited by S. O. Abrahams. Pp. 
ig (Pittsburgh, Pa.: Polycrystal Book Service, 1965.) 

ollars. 

National Academy of Sclences—National Research Council. Nuclear 
Sciences Series. NAS-NS 8080 (Rev.): Radiochemistry of Selenium. By 
V. J. Molnski and G. W. Leddicotte. Pp. vit+49. (Washington, D.C.: 
National Academy of Sciences—National Research Council, 1965. Available 
from the Clearinghouse for Federal Scientific and Technical Information, 
N.B.S., U.S. Department of Commerce, Springfield, Virginia.) 1 dollar, [281 
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REALISM OR DISENCHANTMENT ? 


S science an election issue, or should ıt be ? The British 
general election, to be decided on March 31, has 
obliquely raisod this question, for the appeal of the Labour 
Government to the electorate differs from that which the 
same body of men made eighteen months ago in its 
almost conspicuous neglect of science. In 1964 the 
Labour Party made a memorable, and even startling, 
declaration that ıt would harness science and technology 
to the causes of social and industrial change in such a way 
as to transform the United Kingdom. Now, only a little 
later, science and technology are mere second cousins— 
though, to be fair, not quite poor relations—of the 
familiar and time-worn ingredients of election mani- 
festos. What has gone wrong? Has a mere eighteen 
months been enough to persuade the politicians that 
science does not work? Was the last election manifesto 
just an exercise in public relations ? Or is it that elected 
governments are less able than parties seeking power to 
give hostages to fortune by identifying in public the 
mainsprings of change ? 

It would be a pity if the youthful brashness of the 
manifesto on which the present British Government was 
elected had now been entirely replaced by disillusionment. 
There have been disappointments, especially for the 
Government and its supporters, but there have been 
modest successes as well. The new machinery for financ- 
ing research in universities is working well. Good ideas 
do not for long go begging for suppoit. There is a com- 
fortable feeling that the Science Research Council, which 
dispenses the money, and the Council on Scientific 
‘Policy, which advises the Minister of Education and 
Science, 1s taking prudent thought not merely for next 
year but for that following as well. 

There ıs a sadder tale to tell of the Government's 
handling of technology, even if it may not be that tale of 
indecision and ineptitude which it is easiest to spin. The 
difficulty is not that the Ministry of Technology has been 
ineffectual, but that it has been asked to accomplish the 
impossible. The objective was to use science and tech- 
nology with open eyes to modernize British dustry and 
to imerease enormously the prosperity of the British 
sconomy. The trouble is that science and technology are 
egal but not sufficient ingredients of such a revolu- 

on. 

This is why the Ministry of Technology has often seemed 
more like a home for vested interests than an instrum7nt 
of government. Compelled as it has been by narrow 
terms of’ reference to find technological solutions to 
pressing problems, the Ministry has rediscovered a number 
of uncommonly old-fashioned remedies. Thus it justified 
the decision to support a massive programme of research 
and development in computers—not necessarily unwise— 
in language smacking of protection and the Corn Laws. 
It argued that the prosperity of Britain demands an 
independent and viable computer industry, when, on the 
face of things at least, it might have been wiser to use the 
money for training computer programmers, for buying 
imported machines, and for supporting research and 
development in the next great technological leap forward 
—-whatever that may ba. Similarly, in its quite proper 


attempt to awaken the United Kingdom to the importance 
of technology, the Minstry has often tended to exaggerate 
the curiously British gulf between science and technology. 
It has, for example, smiled uncritically on schemes for 
teaching a kind of engineering in British schools without. 
recognizing that the cifficulty of recruiting able men to 
engineering may spring from too much and not too 
little specialized instruction. ° 
Elsewhere, the Ministry of Technology has done useful 
work. In attempting zo stimulate innovation in industry 
by the judicious placmg of development contracts with 
commercial and academic institutions, the Ministry has 
usefully elaborated a mechanism sketched out by the 
old Department of Scientific and Industria] Research. 
It has also found it to ke much more difficult than expected’ ` 


sensibly to invest large sums of money in this way. The - 


National Research and Development Corporation has 
begun to make use of its increased capital, but here, too, 
progress has been slower than expected. And there has 
been no sign, so far, that the Ministry has been able to ` 
persuade the Government as a whole to discriminate. : , 
between the sheep and the goats in industry by deliber- ` 
ately giving its custom to the efficient companies. Indeed, . 
now as when the eleetion manifesto of 1964 appeared,. 
there 1s no good reason to think that such a device could 
have more than a marzinal effect in changing the compli- 
cated pattern of indusiry. 

It is not, of course, surprising that achievement should 
so often have fallen short of expectation. British industry 
may be less advanced and less enterprising than ıb could 
be, but the reasons ere not simply technological. The 
chronic shortage of investment capital frequently limits 
the growth for new anterprises, for example. Defects 
of administration and management are often as cramping 
as a failure fully to exploit the potentialities of modern 
technology. The lack of a common sense of the excite- 
ment of modern technology, and of its potentiality far . 
innovation, induces S3ritish industry to aim at over- 
modest goals. There is no cause for hoping that the 
policies which the Ministry of Technology has been 
pursuing, whatever their merits in isolation, could overcome 
all these impediments to change. 

This is why it would be foolish if British politicians 
were to allow the frustrations of the past few months to 
bury entirely their once-proud hopes for science and 
technology. In realty they—and their electors—can 
only benefit from a more measured view of what sciencs 
and technology can aecomplish in the modern world. A 
great deal needs to be done if governments everywhere are 
to make full use of these instruments of change. In 
Britain, there is a lot of tedious detail to be dealt with. ~ 
The separation between science and technology in govern- 
ment needs to be looked at again, and ideally eliminated. 
Education needs more attention, and more money. The 
Government has to azcustom itself to more money, and 
more imaginative support, for scientific research and 
technological development. Administrators must be 
won over. These, and the host of other jobs which must 
be tackled, will not be completed evernight. Science and 
technology is not a magic wand, but a part-—and an 
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important part—-of the fabric of modern society. It 
must not be dropped from the election manifestos, but 
given a sober place in them. In this sense it is a virtue 
that in Britain the manifestos make less of science_and 
technology in 1966 than they did in 1964. 


RATE FOR THE JOB 


HE American Institute of Physics is uncommonly 
well informed about the jobs its members do, and 
about the salaries they are paid. The latest batch of 
figures, made public in Physics Today for January, will 
as usual comfort those struggling for a Ph.D. with the 
knowledge that their efforts (if successful) are likely to 
add something like 5,000 dollars to an annual salary in 
industrial research and development. In 1964 the median 
starting salary for Ph.D. physicists in industry appears 
to have been 12,600 dollars, compared with 8,800 dollars 
for those starting with a master’s degree and 7,500 dollars 
straight after graduation. The initial value of a Ph.D. 
seems to be equivalent to ten years of plodding up the 
promotion ladder, and this advantage appears to persist 
throughout a physicist’s career. Whatever his length of 
service, a Ph.D. can expect to earn 4,000 dollars more 
each year in industrial research in the United States than 
somebody less qualified. But the same industrial jobs 
are curiously unprogressive. The median salary of those 
with a Ph.D. and twenty years experience (in 1964) was 
a mere 18,200 dollars, or not quite half as much again as 
the salary paid to raw recruits. To do better than this, 
a man must move into what the American Institute of 
Physics calls “management and administration”, which 
brings an extra 6,000 dollars or so a year to those with 
long experience. By contrast, academic life offers a 
lower starting salary but faster promotion; after twenty 
years, the median salary of academics is 16,600 dollars, or 
roughly 90 per cent of the comparable salary in industry. 
The sociology of physics described by these statistics 
will allow students to know what to expect. The more 
mercenary young people may even be tempted to let 
their academic interests be guided by the knowledge that 
fluid physics and solid-state physics carried the highest 
salaries in 1964, and that work on fundamental particles 
was the most impoverished specialty of all except for 
theoretical physics. But there are other inferences to be 
made. High starting salaries and slow promotions reflect 
the competition for young people leaving universities 
and the comparative rapidity with which their bargaining 
power diminishes with age. The profession of physics 
has something in common with professional football, 
where a man must reckon that his earning power will 
disappear altogether by forty. This suggests that univer- 
sity departments might deliberately set out to provide 
their students with the means of moving out of research 
into administration half-way through an industrial 
career, possibly by coupling academic instruction with 
more deliberate training in the techniques of management 
and administration. Something like a union of the 
Massachusetts Institute of Technology and the Harvard 
Business School might be a fruitful innovation. Mean- 
while potential immigrants to the United States will note 
that starting salaries in physics will not maintain a 
second car except where the other costs of living are 
exceptionally low. .And physicists sticking to their last 
should not expect to move into the Waldorf-Astoria for 
what are called the sunset years. 
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PEACEFUL USES OF ATOMIC ENERGY 


Proceedings of the Third International Conference on 
the Peaceful Uses of Atomic Energy 

Held in Geneva, August 31-September 9, 1964. Vol. 1: 

Progress in Atomic Energy. Pp. xxxii+477. (New York: 

United Nations, 1965.) 12.60 dollars. 


HE record of the first International Conference on 

the Peaceful Uses of Atomic Energy, 1955, was pub- 
lished in sixteen volumes; the record of the 1958 Con- 
ference grew to forty volumes and many who went to 
Geneva that year felt that a useful limit had, in fact, 
been exceeded; six years elapsed before the third Con- 
ference, held under the presidency of Prof. Emelyanov, 
and this 1964 meeting was confined almost entirely to 
nuclear reactor technology, which has nearly grown to 
manhood in the 25 years since fission was discovered. 
The record of the conference has shrunk once more to 
sixteen volumes embracing 750 papers. In addition to 
reactor technology, review papers were given on the 
application of radioactive tracer elements and of large 
radiation sources to the physical and life sciences. These 
brought the reactor specialists up to date in the wider 
applications of atomic energy, and the session on fusion 
research recounted the progress of this “promise of the 
twenty-first century” since it received its copious baptism 
in the 1958 Conference. 

The firat volume of the Proceedings of the Third Inter- 
national Conference on the Peaceful Uses of Atomic Energy 
embraces the opening and closing addresses, economic 
studies of the world’s needs for energy and the extent 
to which these might be supplied by nuclear power, some 
papers on nuclear projects which have been handled on 
an international collaborative basis, a very important 
group of papers on technical and economic aspects of 
reactors, and finally an evening lecture delivered by 
Prof. Seaborg, in which he summarized the Conference. 

As the president said in his opening remarks, “The 
question to-day is not whether nuclesr fission can be 
regarded as a practical source of power, the question 
to-day is how to extract this energy as cheaply as possible, 
and increase its importance in the energy balance sheet”. 
We have proved reserves of uranium for several hundreds 
of years, and if we go on using organic fuels for power 
generation, the chemical industry will soon be deprived 
of this most important source of raw material (his country- 
man, Mendelejeff, also said this very strongly in 1876, 
but then there was no alternative fuel in sight). How 
soon the organic fuels will run out cannot accurately be 
stated, but a century seems to be the upper limit of time. 
How cheaply nuclear power can be produced on a very 
large scale is the subject of several papers. 

The British and Canadian reactors have been char- 
acterized by high capital costs and low fuel costs, the 
American by lower capital costs and higher fuel costs, so 
the former have been particularly affected by the upward 
swing in interest rates in recent years. Capital costs of 
all reactors have fallen dramatically with increase in unib 
size. It has also been found possible to up-rate many 
reactors, and fuel costs have fallen, with the overall result 
that new British and American reactors are becoming 
compotitive with modern coal stations. Within a year of 
the end of the Geneva Conference, the commercial form 
of the AGR Reactor offered to the Central Electricity 
Generating Board for base-load operation gives the 
appearance of producing electric power more cheaply 
than could be produced by coal stations built at the pit- 
head to operate about 1970, while even in 1964 the 
American 600-MW reactor to be built at Oyster Creek 
also appeared to be—on rather favourable calculations— 
cheaper than a coal station at that site. It is interesting 
to read that in the United States “whether nuclear reactor 
break-through in costs will be permanent depends as 
much on actions of competing fuels as on improvements 
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in the nuclear art; costs of fossil fuels have been declining 
under the impetus of competition’. The Canadian costs 
forecast for the next large heavy-water reactor are based 
on & very low fuel cost and much cheaper heavy-water, 
and they appear to rival American costs per unit of 
electricity generated, but exact comparisons are difficult; 
as Prof. Seaborg said in his summary, greater efforts 
towards standardization of the bases for computing 
nuclear power costs would probably have been welcomed 
ım the Conference. It must also be remembered that 
computed costs must be related to system performance: 
thus, the cost of taking a reactor off the system for a few 
weeks in order to change its fuel in the middle of the high 
winter peak load would depend on the spare capacity 
available, and we read that the overall gross margin in 
the United States was 27 per cent in 1963, far higher than 
the margin available in Great Britain. Several papers 
deal with costs overseas, such as in India, but these 
cannot easily be related directly back to the Canadian or 
American costs, as the stations are of smaller output 
though of later date; both types, however, appear to be 
cheaper than the United Kingdom gas-cooled types. 

The generation of reactors using natural or slightly 
enriched uranium now being planned leads smoothly into 
the 1980’s. By that date the several larger breeder 
reactors now being designed should be operating and 
should be yielding realistic estimates of future capital 
costs and fuel costs; it should also be possible to assess 
the impact of the whole fuel cycle on costs for advanced 
converter reactors. Before that date, large quantities of 
plutonium will have been made and decisions will be 
required about its processing. The Canadian authors 
suggest that as the uranium-oxide cost is not a very 
important component of the cost of electricity, par- 
ticularly in the kind of reactor developed in Canada, 
poorer sources of uranium ores could be used; even sea 
water could supply the uranium oxide at only five times 
the price of the cheapest fuel now mined and, on that 
basis, there is fuel for centuries: one might thus avoid 
the development of fast reactors. Another development 
which will be well investigated in the next decade is the 
advanced form of converter reactor which economizes in 
neutron losses and so extracts energy from a few per cent 
of the heavy uranium isotope. By 1980 many of these 
matters will be resolved and there are so many variants 
involved that there is little fear of true duplication 
occurring in different countries. Prof. Perrin, however, 
who was president in 1958, sounded a word of warning 
this time; so much information about power stations and 
their economic assessment is being kept secret for com- 
mercial reasons that this could be very prejudicial to 
international co-operation. 

There are several accounts of adventures being under- 
taken on a collaborative basis between two or more 
nations; the Dragon, Vulcain, and other reactors are 
described, and Prof. Smyth reviews the development and 
work of the International Atomic Energy Authority, 
which is striving for full accountancy of fissile materials 
in power reactors in the interests of peace. In the 
1955 Conference, contributors from very many nations 
hopefully looked forward to atomic energy to solve their 
fuel problems; the 1958 Conference showed that there 
was a long haul ahead; the 1964 Conference is full of 
optimism again, but as Emelyanov ssid in his closing 
remarks, ““This is based on a great confidence that nuclear 
will be the cheapest source of energy” and, indeed, the 
sole source capable of meeting the requirements of the 
world. 

Prof. Seaborg also spoke of some of the exciting new 
applications for reactors, such as desalination of sea 
water (“What is a source of interest to-day could become 
to-morrow’s necessity’’), and briefly touched on the few 
papers given in the short session devoted to fusion research, 
“one of the most difficult scientific and engineering prob- 
lems ever encountered”. Advances since 1958 have been 
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made in predicting plasma behaviour with good agreemeat 
between theory and experiment, in contrast to the situa- 
tion which prevailed 6 years ago, but “we cannot be sure 
that fusion can be developed”: whether the £30 million 
per annum being spent on this subject throughout the 
world is enough just now was questioned. __ 
The volume is full of an immense amount of information 
well compressed and will be a valuable source book for 
several years to come. T. E. ALLIBONE 


THE NEWTONIAN REVOLUTION 


Newtonian Studies 
By Alexandre Koyré. Pp. viii+288. (London: Chapman 
and Hall, Ltd., 1965.) 50s. net. 


LEXANDRE KOYRE, who died in Paris in April 
1964, started his career as a philosopher, with & 
particular interest ın the philosophy of relgion, but later 
developed a special taste for the history and philosophy 
of science. On the religious side, he wrote mainly on St. 
Anselm, various German scholars and mystics of around 
the sixteenth century, and Descartes. On the scientific 
side, he dealt mostly with the period which began with 
Copernicus and ended with Newton. In both contexts, 
Koyré encountered fhe work of Descartes, on whom he 
became a leading authority. At the time of his death, he 
was collaborating with Prof. I. B. Cohen of Harvard on 
a critical edition of the Latin text of Newton’s Principia. 
Newtonian Studies contains seven essays, of which six 
have previously been published in periodicals; three 
remain in English, and three which were ‘originally pub- 
lished in French are now translated into English. The 
titles of the six are: “The Significance of the Newtonian 
Synthesis’; “Concept and Experience in Newton's 
Scientific Thought”; “Newton, Galileo, and Plato”; 
“An Unpublished Letter of Robert Hooke to Isaac 
Newton”; ‘“Newton’s ‘Regulae Philosophandi’”’; and 
“Attraction, Newton, and Cotes”. 

However, more than half the book is devoted to a new 
essay on Newton and Descartes, with no less than thirteen 
appendixes. Prof. Koyré’s excellent qualifications to 
write on Newton and Descartes will be evident from the 
brief sketch of his activities given here. 

The new essay deals largely with gravitation, as also 
do several of the appendixes and reprinted essays. The 
views of Newton aud Descartes, and of various other 
scientists from Copernicus to Leibniz and Samuel Clarke, 
are discussed on the basis of numerous quoted passages, 
usually translated into English when necessary, except 
when the argument turns on niceties of the original 
language (mostly Letin). This process brings out very 
clearly the extraordinary strength of the widespread 
dissatisfaction with the mere use of the inverse-square 
law as an instrumeni of calculation. 

Newton’s mathematical powers, and especially his 
formidable ability to solve problems without running 
into error, far exceedad those of any of his contemporaries, 
and he had discovered an applied mathematical fact of 
fundamental importance. To us it seems natural that he 
should confess that hə did not understand why planets and 
satellites should have inverse-square accelerations. Nearly 
three centuries later. we can see how difficult it is to go 
beyond what Newton had discovered. The modern 
worker in astronomical and astronautical dynamics rarely 
asserts or denies action at a distance explicitly; he merely 
computes with differential equations which can scarcely 
fail to encourage him to think habitually in terms of 
action at a distance for practical purposes. He does so 
as a first approximation, and is prepared to apply correc- 
tions based on Einssein’s general theory of relativity in 
the rare cases in which the corrections are appreciable. 

But any empirical procedure seems to have been widely 
regarded in Newton’stime with greatrepugnance. Desper- 


1274 


ate indeed were the attempts to explain gravitation by 
means of mechanisms, often belonging in a general way 
to the same order of ideas as the vortices proposed earher 
by Descartes. 

While gravitation bulks largest in Prof. Koyré’s book, 
other Newtonian fields (optics and theology, for example) 
are by no means neglected. The reader should not be 
put off by occasional passages in which a nervous style 
becomes amusing in its qualifications (see, for example, 
the long sentence on p. 4 which begins “Besides, all of 
us, or if not all still most of us, have been born and bred 
—or better and more exactly, not born (as this 1s impos- 
sible) but only bred—in the Newtonian or, at least, a 
semi-Newtonian world ...’). The book 1s valuable both 
as a compendium of information (including its numerous 
references and its many quoted passages made more con- 
veniently accessible) and as an acute discussion of the 
ideas of Newton and his various adversaries, critics and 
apologists. 

The book is well produced, the printing is excellent, 
with few misprints, and there is a useful index. F should 
have welcomed somewhat larger type, especially since the 
footnotes, which may be described as never occupying 
more than 90 per cent of the page, are crammed with 
detail and often call for careful reading. A. FLETCHER 


FREUD WRITES TO HIS FRIEND 


A Psycho-Analytic Dialogue 

The Letters of Sigmund Freud and Karl Abraham, 
1907-1926. Edited by Hilda C. Abraham and Ernst L. 
Freud. Translated by Bernard Marsh and Hilda C. 
Abraham. (The International Psycho-Analytical Library, 
No. 68.) Pp. xvii+406. (London: The Hogarth Press, 
and the Institute of Psycho-Analysis, 1965.) 63s. net. 


PSYCHO-ANALYTIC DIALOGUE is an interest- 

ing book for those wishing to learn of the earlier 
happenings in psycho-analysis and the personality of the 
master and his disciples. It consists of letters from Freud 
to Abraham over 19 years, translated by: two different 
translators in order to give a feeling of individual style. 
This has been done so well that the impression is of the 
originals not having been written in a foreign language 
at all, 

If a science consists of the collection of facts, their 
examination and the meaning deduced from them, and 
the prediction of further facts as a- result, the psycho- 
analysis can. claim to be a science, or at least the beginning 
of one. The only thing which it lacks is measurement, 
which must depend on better means of estimating emotion. 

Freud and Abraham spent long hours every day in 
clinical work, in listening to patients talking without 
guidance in free association. Indeed, Freud says in one 
of his letters that he has been doing so for 11 hours a 
day (page 143) and Abraham for nearly as long. Surely 
this must be regarded as similar to the collection of facts 
in a laboratory ? The formulation of theories to explain 
what was found led to the body of ideas which is the basis 
of psycho-analysis to-day. 

The discovery of methods to investigate the mind, lead- 
ing sometimes to cure of the disease, and the potential 
fields revealed naturally attracted others who were eager 
to theorize without the trouble of clinical work. This 
would have led to a distortion of what Freud felt was the 
basis of his work and naturally he set his face against it. 
In his letters to Abraham he sometimes releases his irrita- 
tion for those intruders and expresses his wearmess. (This 
is not surprising when one learns that he was writing 
books, such as Totem and Taboo, as well as seeing patients 
all day.) 

Freud has sometimes been accused of intrigue, although 
this seems to be contrary to his personality, but in these 
letters, when dissidents like Adler, Stekel and Jung are 
mentioned, he does not plot against them, except only 
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inasmuch as he wishes them to leave the movement. 
Sometimes his language showed his irritation as when he 
writes of “the brutal sanctimonious Jung”, but his efforts 


‘are always towards shedding those who will not conform 


to clinical findings, not their injury. 

It would be absurd to pretend that there is a great 
deal which is very profound in these letters. They are the 
exchange of comment between two men, one twenty years 
senior, who are interested in the same work and the same 
movement. Yet they seem to throw a light on the sort 
of people they were and the respect which they felt for 
each other. 

They begin with the exchange of letters devoted purely 
to analytical matters and end on a much more affectionate 
note, as if Freud had adopted Abraham as a most intimate 
friend, and Abraham had reciprocated. All through the 
correspondence there is this friendly note, but Abraham 
was by no means a mere affirmative to Freud. Indeed, he 
disagreed strongly in such matters as the personality of 
Jung and was eventually proved correct in his estimate. 
A great deal of the contents of Freud’s letters has found 
its way into the various histories of psycho-analysis, but 
those interested in the original statements will find it 
fascinating to know what was occurring and said at the 
time. No one will learn complete psycho-analytical 
theory from them (although some can be gleaned), but as a 
study of two eminent men they are of great interest. 

C. ALLEN 


BRAIN AND SELF 


The Brain and the Unity of Conscious Experience 

(The Nineteenth Arthur Stanley Eddington Memorial 
Lecture, 15 October, 1965.) By Sir John Eccles. Pp. 46. 
(London: Cambridge University Press, 1965.) 4s. 6d. 
net; 95 cents. 


IR JOHN ECCULES’s Eddington Lecture for 1965 
entitled The Brain and the Unity of Conscious Experi- 
ence is a most distinguished addition to the series. Three- 
quarters of ıt is devoted to brilliant and penetrating survey 
of the latest neurophysiological evidence linking neuronal 
activity with the existence of conscious states. Much 
of the work quoted is as yet unpublished, and very impor- 
tant new advances by Moruzzi, Mountcastle, Libet. 
Myers and Bremer are outlined. Perhaps particularly 
outstanding is the recent work of Libet and his colleagues, 
who have utilized the responses of the somaesthetic area 
in an attempt to discover the nature of the neuronal 
activity that leads to conscious experience. It was found 
that with all conditions of threshold stimulation there is a 
delay of at least 0-5 sec before the onset of the experienced 
sensation—a sort of ‘incubation period’ of a conscious 
experience at threshold level. In the visual system also, 
there is evidence that at least 0-2 sec of cortical activity is 
required before the first threshold flash of light can be 
detected. There is also an excellent account of Sperry’s 
work on the experiences and behaviour of human split- 
brain patients. This condition in these patients results 
from the operation of severing the corpus callosum, the 
anterior commissure and the massa intermedia—an opera- 
tion which has been highly successful in some cases of 
severe and long-standing epilepsy. 

The final part of the lecture considers whether the 
uniqueness of the experiencing self derives from genetic 
uniqueness. Here, Sir John goes back to some little- 
known, but important, speculations by the eminent 
American biologist, H. S. Jennings, published in’ 1930. 
Since identical twins have identical gene combmations 
he concludes that these combinations must obviously be 
compatible with distinctiveness of experiencing selves. 
He thus concludes that the uniqueness of the individual 
self cannot be due solely to the uniqueness of the dividual 
gene combination. He further concludes, by what 
appears to be sound reasoning, that neither can the 
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accumulated experiences of a lifetime be invoked as the 
determining or generating factor of the unique self, though 
naturally they will enormously modify all the qualities 
and features of that self. He goes on to say that “it is 
important to recognize that in the first instance this 
question of the relation of a self to gene combinations 
ean be asked only by an experiencing self of its own 
existence. For example, I can ask it in relation to my 
own self, and I reply that I must face up to the problems 
of my own personal existence as an experiencing self that 
is dependent on the functioning of a brain, which I try to 
understand as a biological mechanism; and that my 
brain has had a biological origin as a consequence of a 
gene combination and the ensuing embryological develop- 
ment. My experiencing self is the only reality I know 
by direct apprehension—all else is second-order or deriva- 
tive reality. The arguments presented by Jennings pre- 
clude me from believing that my experiencing self has an 
existence that merely is derivative from my brain with 
its biological origin, and with its development under 
instructions derived from my genetic inheritance. Nor do 
I believe with the physicalists that my conscious experi- 
ences are nothing but the operation of the physiological 
mechanisms of my brain. It may be noted in passing that 
this extraordinary belief cannot be accommodated to the 
fact that only a minute amount of cortical activity finds 
expression in conscious experience. Contrary to this 
physicalist creed, I believe that the prime reality of my 
experiencing self cannot with propriety be identified 
with some aspects of its experiences and its imaginings-— 
such as brains and neurones and nerve impulses and even 
complex spatio-temporal patterns of impulses. The 
evidence presented in this lecture shows that these events 
in the material world are a necessary but not sufficient 
cause for conscious experiences and for my consciously 
experiencing self”. W. H. THORPE 
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DIET AND DENTAL DISEASE 


Nutrition and Caries-prevention 

Edited by Gunnar Blix. (Symposia of the Swedish 
Nutrition Foundation, No. 3.) Pp. 130. (Stockholm: 
Almqvist and Wiksell, 1965.) 35 Sw.kr. 


Caries-resistant Teeth 

Edited by G. E. W. Wolstenholme and Maeve O’Connor. 
(Ciba Foundation Symposium.) Pp. xii+338. (London: 
J. and A. Churchill, Ltd., 1965.) 60s. 


HE notion that the form and structure of the teeth, 

and consequently their resistance to disease, might be 
influenced by the nature of the-diet has long been one that 
has had many attractions for climmans and research 
workers alike. With the famiiar examples of pathological 
changes in bone and other tissues resulting from pre- 
natal and postnatal variations in nutrition, it has seemed 
natural to assume that the principal dental disease, dental 
caries, might also be related to dietetic factors. This, of 
course, has proved to be the case, but not quite in the way 
expected by some of the earlier researchers. They had 
felt that nutritional deficiencies might well produce 
structural defects in the developing teeth of such a kind 
that susceptibility to caries would be increased. This 
would be comparable to the increased susceptibility to 
disease, for example tuberculosis, that is shown by other 
tissues under conditions of dietary deficiency. However, 
there is much evidence to show that perfect tooth structure 
18 not essential for resistance to caries and, indeed, life- 
long immunity to the disease may be exhibited in the 
presence of comparatively gross structural defects,,and in 
conditions of severe malnutrition. In fact, caries 1s more 
prevalent in well-nourished individuals, and is particularly 
a disease of populations whose standards of living are 
relatively high. Thus we have what once would have 
seemed a completely paradoxical state of affairs, that those 
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most susceptible to disease appear to be those who are 
best nourished. However, the light shed by geographical 
pathology and epidemiological methods on the incidence’ 
of cardiovascular disease and its relationship to diet, on 
periodontal disease as well as on caries and on other 
conditions, 1s bringing home to us, though expressed 
nowadays in moderr. and more scientific terminology, the 
truth of our forefathers’ belief that one can dig one’s 
grave with one’s teesh. 

In Nutrition and Carves-prevention, the whole subject 
of the mnfluence of the diet on cares-susceptibility and 
resistance is very fully discussed. The book ıs the record 
of a symposium sponsored by the Swedish Nutrition 
Foundation, the range of topics covering practically every 
aspect of the relationship of diet to caries, including the 
effect of general nutrition on tooth formation and on the 
saliva and the oral flora, the local effects of nutrition, the 
effect of additives to foods and the effects of fluorides 
both in foods and in water. 

The Ciba Foundation’s Caries-resistant Teeth is another 
symposium, with a closely related content. Here again, 
the tantalizing question of individual resistance and 
susceptibility to dissase is posed. Why do the teeth of 
some people suffer from rapid decay, while those of others, 
living under appareatly identical conditions, seem to be 
extremely resistant? The effect of diet is discussed, 
though not of course as extensively as in the previous 
volume. Other topies dealt with include the role of 
heredity in caries rasistance, the physical and chemical 
constitution of caries-resistant teeth, including their 
ultrastructure, the 2ffect of trace elements, the role of 
bacteria and of saliva, and caries resistance in experi- 
mental animals, 

In both sympos:a the participants are experts of 
international reputacion. The papers are well documented 
and full references are given. The discussion following 
esch communicatior is also reported. The final result 1s 
that these two volumes, though quite independently 
produced, are in fact complementary, and together give 
an up-to-date, comprehensive and authoritative account 
of resistance and susceptibility to the commonest ehronic 
disease of man. R. B. Luoas 


“FRESH AND DRAMATIC” 


Research Problems in Biology 

Investigations for Students. Series 1. Pp. xxxiii + 232. 
Series 2: Pp. xxviii +240. (Prepared under the direction 
of the American Inszitute of Biological Sciences—Biologi- 
cal Sciences Curriculum Study.) (London: George G. 
Harrap and Co., Ctd., 1965.) 16s. each volume. 


ike biological world is watching the birth pangs af a 
new stage in school science. If the parents of this 
scion, so to speak, ars the mid-century centres of biological 
interest and a coolness towards didactic methods, then 
the midwife is the pressure of practical developments 
over the whole range of medicine, agriculture, human 
biology and a considerable proportion of industry. The 
new concepts growirg out of the interaction of all scientific 
disciplines rest on the labours of our nineteenth-century 
post-Darwinian scientific ancestors, and have perhaps 
few but significant crigins in the past half-century. DNA 
was recognized in 1889, Tansleian ecology emerged in the 
first 20 years of this century, Mendelism only became 
current coin after 1900 and electron microscopy since 
about 1940. 

It is against the background of these events that the 
new teaching has to be evaluated, and since 1958 there 
have been serious attacks on both the contents of courses 
and the ways of conducting them. What should schools 
do? Their responsibility for preparing children for adult 
life forces them to view science as but one of a number of 
factors concerned. A fundamental problem is to decide 
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the relative merits of the various subjects in this prepara- 
tion and then to give a suitable amount of time and 
resources to each. At the present time, therefore, we 
would do well to ask ourselves what are the special quali- 
ties that the study of science possesses as compared with 
classics, languages, mathematics, history and so on. In 
any case, unless a certain level of scholarship is attained and 
maintained, and in the widest sense of the term, no subject 
18 of lasting value to the child. We do not start our quest 
for a new sense of direction and purpose without being the 
victims of previous educational evolution. There exists 
an army of teachers of varying ages and experiences as 
well as laboratories and their equipment, examination 
boards, and places of higher education, and all combine to 
form the ultimate source of the scientists the nation 
needs. 

Probably the most comprehensive definite steps taken 
so far to deal with school biology have been the well- 
known Biological Sciences Curriculum Studies in the 
United States. We have had the plan of these before us 
for some three years and the final editions of the books in 
the scheme are coming to us now, including the two on 
Research Problems in Biology (Investigations for Schools). 
Our United States colleagues brought much wisdom to 
their great scheme. They realized that there was a growing 
gap between the new pattern in biology and the traditional 
teaching in the schools, and set out to bridge it. At the 
same time they saw that there was not just one way to 
present the new ideas. They proposed, in their own words, 
a “fresh and dramatic approach” based on the view of 
science as enquiry. In Britain we cannot use the United 
States works exactly as they stand, partly because they 
employ American examples, partly because our grammar 
school system is not the same as their high schools, and 
partly because university entry needs differ. Thus sooner 
or later the problem has to be tackled in Britain and the 
main agency is the Nuffield Foundation’s School Science 
Project, All are naturally watching its activities with 
sympathy and hoping that its eventual plans will be 
a useful basis for some of our future work. 

It is apt to suggest what might be some of the principles 
to be borne in mind, for only so can one judge the direction 
affairs take and, their relation to the United States effort. 
Hitherto, one has worked to a published syllabus and been 
left free ‘to cover the list of subjects in any way one 
wished. In order that one’s pupils, however, should 
pass in the G.C.E. examinations, a certain type of coaching 
has been essential for both the written and the practical 
examinations. Now there are a number of effective ways 
of teaching science, and a basic problem is to choose which 
way is the best for one’s own temperament and for 
each class of individual who comes before one, and there 
is no one best way. Pure chalk and talk are useful 
sometimes, while an experimental investigation with the 
results and method to be worked out and with an unknown 
result are also sometimes useful. It would be clearly 
utterly wrong and contrary to the free spirit of science 
and even to essential human freedoms to dictate only one 
way from a central authority. It would be a poor country 
which could not raise teachers so trained as to choose the 
best way in their own circumstances. Nor is it reasonable 
to expect an adolescent with a basis of just a few weeks 
of so-called ‘open ended’ investigation to establish the 
principles and concepts of science which it has taken 
generations of the acutest scientific minds of the world to 
reach. So the Nuffield workers ought rightly to be sub- 
ject to fierce scrutiny and so should the architects of new 
General Certificate of Education work, such as the 
examining boards. 

Again one may ask what is to happen after the Nuffield 
Project stops. Should university departments of educa- 
tion set up centres where research may go on in conjunc- 
tion with the suggested special development schools, and 
is it right that only some schools should be chosen for 
development ? 
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On looking closely at the two United States volumes 
which have prompted the foregoing review, one must ask 
what their part is in the entire plan. They are aimed 
at the gifted student and comprise some eighty problems 
by experienced research workers over a wide range of 
biological science. The books are valuable as a source of 
ideas, but there are difficulties on the practical side. 
The precise extent of the ignorance the investigations are 
designed to eradicate is not clearly stated, and an intelli- 
gent student may well ask why he should investigate a 
matter he knows has been solved. The references given 
may answer such questions but are often to be found 
only in good scientific libraries which may not be easily 
accessible to the school. The teacher is often assumed 
to have a considerable amount of background knowledge 
which he must impart to the student before any investiga- 
tion can begin. 

Perhaps a more serious matter is the almost total 
absence of reference to the dangers involved in having 
or handling pathogenic materials, and to the lack of 
indication of the necessity for statistical analyses of 
results and of their effects on the design of experiments. 

However, all pioneering has its rigours and none should 
be daunted by them. Perhaps the chief significance at 
the present time is a general awareness of the need for 
this fresh and dramatic approach and of a change of em- 
phasis. Newman wrote “Lead, kindly Light”. No doubt 
in time we shall see by a new light which will guide us 
along the very strait and narrow and indeed arduous 
path which is the adventure we call “science”’. 

LANCE KRAMER 
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GENERAL BIOLOGY 


The Biology of Cells 
By Prof. Herbert Stern and Prof. David L. Nanney. 
Pp. xii+548. (New York and London: John Wiley and 
Sons, Inec., 1965.) n.p. 


The Biology of Organisms 

By Prof. William H. Telfer and Prof. Donald Kennedy. 
Pp. xiii+ 374. (New York and London: John Wiley and 
Sons, Ine., 1965.) 53s. 


T Biology of Cells and The Biology of Organisms 
form part of a trilogy (the third on The Biology of 
Populations) in which an attempt 1s made to break away 
from the groupings which have traditionally been made 
in the teaching of biology. Stern and Nanney introduce 
their book with a general chapter on cell doctrine. This 
is followed by a chapter on elementary genetics and then, 
rather surprisingly, eight chapters deal with elementary 
physical chemistry and biochemistry. After a chapter on 
information theory, there follow four very good chapters 
on molecular genetics. The book ends with a section on 
the organization of cells. Telfer and Kennedy have made 
one of the first, if not the first, attempts to write an elemen- 
tary biology text on organisms as a whole, in which 
sections are not split into botany, zoology, systematics, 
histology, physiology and so forth. Their section headings 
are: the problem of diversity ; biology of micro-organisms ; 
multicellular organisms; reproduction and development; 
differential growth ; metabolism of multicellular organisms ; 
and integration. Within these sections, plants, animals, 
structure, physiology and biochemistry are treated as 
part of a whole aimed at a general understanding of 
organisms. 

Both these books are independent of others but also 
of each other; consequently, some students might justi- 
fiably be inclined to regard each book as sufficient in 
itself for their course work. However, that of Telfer and 
Kennedy has a short bibliography and most of their 
illustrations have detailed references which could enable 
a student to read further. Rather few of such pointers 
are found in Stern and Nanney, and expansion of interests 
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are correspondingly’ discouraged. The books are well 


printed, but the point of the illustrations is often lost by ~ 


the absence of any information of scale. In the texts 
there ıs @ surprising reticence over the names of the 
scientists concerned in the work described, unless they 
be dead. 

The books are intended for a freshman reading biology 
for the first time,'and presumably such a student will 
have no prejudices. as to how biology should be presented, 
provided that it is interesting and stimulating. These 
texts are interesting and, although there will be complaints 
that the organisms themselves have been lost in generali- 
ties, the authors do not discourage biological novices 
with overwhelming masses of detailed unrelated facts, 
as has so often happened in past elementary biology 
books. However, students may from time to time feel 
that they would have liked an explanation of the experi- 
mental problems involved in obtaining the facts de- 
scribed—a particularly important point for those familiar 
with the techniques of physical sciences but unfamiliar 
with the rather different technical problems of a biologist. 
Much of the interest and use of these books in Britain, 
particularly that of Telfer and Kennedy, will be for those 
of our school science sixth-forms and universities where 
attempts are being made to replace the traditional 
presentation of biological (and for that matter medical) 
curricula. In the design of such courses, these books 
should be carefully examined. B. B. Boycorr 

A. CURTIS 


CAPTIVE ANIMALS 


Animals in Captivity 
By Philip Street. Pp. 231+24 photographs. 
Faber and Faber, Ltd., 1965.) 25s. net. 


EEPING wild animals in captivity is an ancient art 
and it flourished in several long-lost civilizations. 
Animals in Captivity is concerned with its history in 
modern Europe, and primarily in Britam. The only 
continental zoo treated in any detail is Hamburg, where 
the Hagenbecks added immensely to practical knowledge 
about the keeping’of captive animals, especially the larger 
species. The founder of the family can rightly be regarded 
as the father of modern zoos and circuses, and if more of 
his ideas had been adopted much better progress in this 
field would have been made. 

Nearly a century ago, Hagenbeck saw the need and 
possibility of acclimatization. For monkeys he advocated 
a cage temperature of around 60° F, with flaps giving 
access to fresh air; they used them, even with the thermo- 
meter below zero. A few pages later Mr. Street quotes 
from the Centenary History of the Zoological Society of 
London. One of the big problems awaiting Chalmers 
Mitchell in 1903, when he began his long and successful 
tenure, was that keepers insisted that all tropical animals 
be kept warm, even if it meant sealing all windows. This 
attitude is still widely persistent. 

Whipsnade is rightly portrayed as a trend-setter of 
great importance, but its original purpose—the provision 
of a rest centre for London animals—has been superseded 
by more useful objectives. A forcible change of scene 
upsets wild animals more than it helps them. Many 
aspects of the subject are dealt with adequately, but the 
book disappoints in its major omissions, and it could 
almost have been written 10 or 20 years ago. The bird 
chapter makes no mention of ‘walk-through’ flight 
aviaries. The names of Hediger and Grzimek cannot 
be found, but their contributions have been of incalculable 
value. The former’s work on the psychology of animals 
in zoos is fundamental, while Grzimek has rebuilt the 
bombed Frankfurt Zoo into one of the world’s outstanding 
collections, with a fresh approach to many housing prob- 
lems. 


(London: 
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Under the heading of health and food the work at the 
Philadelphia Zoo finds no place, yet the balanced diets 
devised in the laboratory there have given a completely 
new shape to longevity and breeding statisties wherever 
the system has beer adopted. These and other recent 
developments could well have replaced long passages on 
minor matters. The illustrations, mostly by the author, 
are excellent, and there is an index, but no bibliography. 

GEORGE CANSDALE 


A FOUNDATION STONE 
OF PHYCOLOGY 


The Structure and Reproduction ef the Algae 

By F. E. Fritsch. Vol. 1: Pp. xvi+791. Vol. 2: Pp. 
xiv-+939. (London: Cambridge University Press, 1965.) 
90s. net per volume. 


N the twenty years which have elapsed since the 
publication of the second volume of The Structure and 
Reproduction of the Algae, the study of these plants— 
phycology as ıt is now fashionable to call it—has under- 
gone profounder change and greater expansion than it 
did in the forty years which separated the completion of 
Fritsch’s work from that of its forerunner, Oltmann’s 
Morphologie und Biologie der Algen. Chemical investiga- 
tion and the electron microscope have revealed in their 
different ways an underlying unity of basic structure and 
fantastic diversity o- detail which in 1945 could be only 
dimly suspected. A` gae, some species of which have for 
a long time been usec as convenient experimental material 
for investigation of some of the classical problems of plant 
physiology, now engage the attention of the physiologist 
and biochemist in a more general way, and a large body of 
publications has appsared showing that their functioning 
and metabolism have intrinsic interest as great as that 
of any group of orgenisms. Phytoplankton still remains 
the form of plant life receiving least attention from the 
botanist, but whole new classes of plankton algae have 
been defined and im dortant advances have been made in 
understanding their ecology, much of this depending on 
culture techniques, the use of which Fritsch himself did 
so much to encourage. Side by side with these develop- 
ments, which are largely new since 1945, description of 
species and elucidation of life-cycles by classical method 
have been progressing steadily. 

Nevertheless, Fritsch’s two volumes continue to figure 
in the reference lists of research papers, ecological ‘and 
physiological as well as morphological; they are constantly 
brought out in the practical class as the final arbiter on 
most points relating to algae; and there is no doubt that 
this present reprintng is both welcome and justified. 
Partly this is becauss the foundations of phycology have 
always been to a remarkable extent broadly based and 
have stood the test of time. From the beginning, almost, 
biochemical characteristics have ranked equally with 
morphological features in algal taxonomy. Phycology 
has been fortunate in having had many distinguished 
exponents who, lıke Fritsch, remembered the ecology 
and physiology of tae organisms they investigated and 
encouraged others to investigate these, even. though their 
own primary interess was in other aspects. 

In addition to wideness and balance of outlook, Fritsch’s 
writing displays meziculous scholarship. Misprints pre- 
sumably must occur in a work of this length, but I cannot 
recollect having found one, or any misquotation of fact 
or reference. 

The Structure and Reproduction of the Algae is un- 
doubtedly out of date in detail, and in particular the 
physiology which it includes has an old-fashioned look, 
but an account so soundly constructed will certainly con- 
tinue to serve as a basic text for a long time. Unfortun- 
ately, another Fritsch would be required to revise ıt 
adequately. G. E. Foca 
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HELIUM PRODUCTION IN AN ANISOTROPIC BIG-BANG COSMOLOGY 


By Dr. S. W. HAWKING and Dr. R. J. TAYLER 


Department of Applied Mathematics and Theoretical Physics, Cambridge 


Eo has recently been much interest in the helium 
content of the universe. A variety of observations, 
mainly on objects in our own Galaxy but some of nearby 
galaxies, have suggested that the helium abundance 
relative to hydrogen may be rather uniform with about 
one helium atom to every eleven hydrogen atoms. If 
such an abundance were universal, except for local 
irregularities mainly with a higher helium abundance, it 
would mean that about 27 per cent by mass of the universe 
is helium and it would seem plausible that the general 
helium abundance has been produced cosmologically, and 
that the local irregularities are due to helium production 
in stars or similar bodies. 

If the universe had a singular origin with high tempera- 
ture and density (‘hot big-bang’ theory), some helium 
would have been produced in the first few minutes. The 
amount of helium produced depends on the ratio of 
material energy density to radiation energy density in the 
early stages of the expansion of the universe but for quite 
a wide range of matter densities essentially the same 
amount of helium is produced. In the early calculations 
of Hayashi! and Alpher, Follin and Herman’, this plateau 
helium abundance was about 40 per cent by mass. More 
recent calculations by Hoyle and Tayler®, Smirnov‘ and 
Peebles (personal communication, 1965) suggest that the 
value should be about 35 per cent, but there are still 
some uncertainties in the theory. It seems somewhat 
unlikely, however, that the errors in theory and observa- 
tion, are sufficient for the true plateau helium abundance 
to be lower than the observed abundance. 

If the initial matter density is taken low enough it is 
possible to produce a smaller amount of helium and one 
which would fit the observations. However, there is a 
further difficulty. It appears that the expansion of the 
big-bang fireball should leave a low-temperature thermal 
radiation. field in intergalactic space. The value to be 
expected for the radiation temperature with the present 
material density depends on the initial matter density. 
If the latter were low enough for the initial helium abun- 
dance to be 27 per cent by mass or less, it seems that the 
present-day radiation temperature should be at least 10° K 
and possibly 20° K. Several measurements have been 
made recently which suggest that there is a universal 
radiation field and which are certainly not inconsistent 
with its being black body at about 3° K (refs. 5-7). It 
now seems unlikely that the conventional hot big-bang 
theory will be able to give correct values for the helium 
abundance and the cosmic radiation temperature. 

Although the situation is not quite clear, it seems worth 
while to consider whether there are any modifications to 
the theory which retain the essential feature of the hot 
singular origin to the universe and at the same time offer 
hope of reconciling the results. Two possibilities immed- 
iately present themselves. The amount of helium pro- 
duced would certainly be affected if the Newtonian 
gravitational constant were not a true constant but was 
larger in the early stages of the universe as has been 
suggested by several authors*®. The other possibility is 
that the universe has not always been isotropic. Obser- 
vations of distant galaxies and radio sources suggest that 
the universe has been isotropic for most of the lifetime of 
an evolving universe, but there are certainly no observa- 
tions to show that it was isotropic in its earliest stages. 
It is a possibility, although perhaps not a very attractive 
possibility, that the universe was anisotropic when created 


but that the anisotropy rapidly disappeared ın the expan- 
sion. It is the purpose of this article to point out that the 
existence of such an anisotropy, even uf ıt only persisted 
for a few years, could have had a profound effect on the 
helium production. 


The Early Stages of an Anisotropic Universe 


It is well known that, in the early stages of the expan- 
sion of a homogeneous, isotropic, hot big-bang universe in 
which radiation energy density dominates over material 
energy density, there is a unique relation between tem- 
perature and time. Hoyle and Tayler’ give the relation in 


the form: 
T = 1-04 x 101° ¢-4 (1) 


where T 18 m °K and ¢ in sec. The exact value of the 
multipheative constant (1-04) depends on the assumption 
that the photon field is enhanced by positrons, electrons, 
neutrinos, antineutrinos, u.-neutrinos and anti -neutrinos 
at high temperatures. 

The particular solution (1) of the relativistic equations 
is that which satisfies the initial conditions, T—o as 
i—>0. If the universe is initially anisotropic but rapidly 
tends to isotropy, a solution of the isotropic equations is 
still required, but it can be the more general one: 


T = 1-04 x 10% (t+ «)-4 


where « is an arbitrary constant. 

If the universe is initially anisotropic, with expansion 
from a two-surface rather than a pomt, the relation 
between temperature and time takes a form different 


from (1): raped 5 


where now ß is a parameter which depends on the type or 
degree of anisotropy. In the earliest stages the relation (3) 
will hold and, when the anisotropy disappears, a relation of 
the form (2) will be valid. The relations (1), (2) and (3) 
are shown in Fig. 1. 

An approximate estimate of the duration of the aniso- 
tropy for given 6 1s obtained as follows. It seems plausible 
that the change-over from the law (3) to (2) should occur 
smoothly. This implies, as can be seen from Fig. 1, that « 
is positive. For given ß it is possible to choose a time tọ 
and a value of « so that a change-over from (2) to (3) occurs 


(2) 





~2 0 2 
Logi 


Fig. 1. The relation (2) is plotted for five values of a and relation (3) 
for two values of log &. The change-over from anisotropy to isotropy is 
shown for a sy 50, log $ sy 9-6 
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ET: ind’ LaT/at both continuous. This time t, should 
reasonable first approximation to the time at which 
the anisotropy disappears. A more accurate value will 
ly be found by integrating the anisotropic cosmological 
equations. This matching of the relations (2) and (3) 
gives the results: 





8(1-04 x 1019)6) 


i,.=-—— OO 
ames (4) 
a= $to J 
In Table 1 are shown, for several values of 6, ¢, and the 
times at which 7T=10!° °K and 5x 108 °K. It can be 
seen that, even if the anisotropy lasts for only a few hours, 
the time taken to reach temperatures such as 5 x 10° °K is 
`= considerably reduced. 
It should be pointed out that, whether the universe is 
isotropic or anisotropic, provided no nucleon creation 
= gecurs, there is the relation: 


(5) 


-. between nucleon number density and temperature. This 
Means that, if we now consider a set of anisotropic uni- 
verses characterized by the same present values of 
radiation temperature and matter density, they will have 
< the same matter density at any higher temperature; 
<z only the time-scale is different. Let us consider the rate 
of formation of helium at high temperatures and densities. 

» The first reaction that must occur is: 


n+po-D+y (6) 


d. toa good. approximation we may take the value of 
> for this reaction to be independent of temperature 
oat the temperatures of interest, The value adopted is 
< 7x10- (W. A. Fowler, personal communication, 1965). 
"Table 2 shows the characteristic time-scale of this reaction 
_ at a temperature of 101° °K for a present-day radiation 
-temperature of 3° K and for several values of the present- 
= day matter density which cover the range of values which 
< is believed plausible. It can be seen that this reaction, 
» which is an essential preliminary to the production of 
helium, will scarcely go at 101° °K for any of the densities 
oo Af the anisotropy lasts for 10 years or more; this follows 
-from a comparison of reaction times in Table 2 and evolu- 
~ tion times in Table 1. While the universe remains aniso- 
< tropic the reaction time and evolution time are directly 
© proportional, so that if the reaction will not go at 10'° °K 
-it will not go at any other temperature while the anisotropy 
remains. Even more so is this true when isotropy takes 
= over, for then the reaction time steadily gets larger com- 
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Table 1 
Log B 10" °K) t(5 x 10° °K) ty TRA 
8 10-4 8 x 10-7 4x19 
8-5 ex 19-5 2-5 x 10-3 4x 10° 
9 16° & 4x 10° 
0-5 3.x 10-4 2-5 x 10? ax 10? 
10 Gx 1p- 4x 10? 4x10? o. 
Isotropic 1 4x 10° 0 


Table 2. REACTION TIMES FOR THE PRODUCTION OF DEUTERIUM AT 10'° °K. 
FOR A PRESENT-DAY RADIZTICN TEMPERATURE OF 3° K AND FOR SEVERAL 
VALUES OF TEE PRESENT NUCLEON DENSITY (n) 





The actual values are obtained by taking <ocr> =7 x 107° and ny = Biar 2 
n(3° K) a0! °K) t Reaction 
10-8 4x 19% 5 x 107% 
10o-* 4x 10% Bx 100 
1977 4x10" &x 19° 


pared with the evoletion time. It thus appears that. i 
the anisotropy lasted longer than something of the order of | 
10 years, essentially ao helium would have been produced ie 
in the big bang. 2 
Tf the anisotropy does not last long enough to ensure 
that little or no helium is produced, it might be thought | _ 
that an amount less than the isotropic value would be 
produced. However. it seems that for some values of th 
anisotropy parameter the helium production exceeds that 
in the isotropic case. The reason for this is as follows... In 
the isotropic case the helium producing reactions whieh 
follow reaction (6) arə rapid and (for values of the matter 
density which yield a present radiation temperature cof. 
3° K) the amount of helium produced is essentially 
determined by the namber of neutrons when reaction 
and the subsequent reactions become important. Tf) 
universe is slightly anisotropic the early stages of 
expansion are speeded up but perhaps not sufficien 
prevent complete burning of neutrons. Howeve 
speeding up of the expansion makes it more diff 
the reactions changmg neutrons into protons 
means that, at a given temperature when deute 
helium production ssart, the neutron density 
than in the isotropie case. As the anisotropy pa 
(1/8) increases from zero there should thus be az 
rise in helium production while the greater neutron de 
is the dominant factor and the subsequent fall sh 
occur when the anisotropy parameter is large en: 
reaction times to exceed the evolution time. | 
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Homo habilis, Homo erectus AND THE AUSTRALOPITHECINES 
By Dr. L. S. B. LEAKEY 


National Museum, Centre for Prehistory and Palaeontology, Nairobi, Kenya 


OBTAS!, in his reply to Robinson?, has dealt very 
adequately with his questions about the validity of 
our new species of Homo, and I heartily agree with his 
arguments that Homo habilis stands completely distinct 
from any Australopithecus. I would like, however, to 
stress certain of the morphological aspects in which the 
mandible of the australopithecines differs from that of 
-Homo sapiens, Homo erectus and Homo habilis, all three 
i sof which share Homo features. 
or i¢ features can be clearly seen in Figs. 1 and 
shaped structure of the australopithecinae is 
a specimen of the so-called ‘gracile’ species, 
, yp africanus, and the mandible of Ausiralo- 
| pri Zinjanthropus boisei from Peninj. Contrasted 







with them we have in Fig. 1 the mandible of the paratype 
of H. habilis from Olcuvai site MNK II and a specimen of 
H. sapiens. In Fig. 2 we have views of three species of 
Homo—erectus, sapizns and habilis—contrasted.. with 
Australopithecus (Zinjanthropus) boisei. Comparing. Figs. 
l and 2 there can be no doubt that at least the paratype 
of F. habilis from MNK II belongs with the genus Homo, 
not with Australopithecus (not even the species africunats). : 
Similarly, if the views of the two species of Austratopulie 
cus in Fig. 1 are compared with Tobias’s illusi 
of the type of H. habilis, the same conclusion 
drawn. E, 
It must here be noted that it was this sirik: 
in mandibular structure whieh,- among 
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rightly led Broom and Robinson to separate what used 
to be called Yelanthropus capensis from the genus 
Australopithecus. 

Examination of illustrations 1 and 2 seems to me to 
eliminate Robinson’s view that H. habilis is nothing but a 
variant of A. africanus, or, as he has more recently 
suggested, that A. africanus is really Homo. H. habilis, 
however, in its mandibular structure, is unquestionably 
of Homo type. It shares features with both H. sapiens 
and H. erectus and is quite distinct from any australo- 
pithecine species so far described. 

I wish next to make it clear that I do not share the 
opinions of my colleague Tobias, which he expressed in 
Moscow? and elsewhere (and some of which he reiterated 
in the closing stages of his reply to Robinson), when he 
comes to deal with the relationship of the australopithe- 
cines to the genus Homo or of Homo habilis to Homo 
erectus. 

Tobias holds the view that the evolution of Man has been 
through a series of ‘stages’ represented, respectively, by 
Australopithecus africanus and H. erectus, leading on to 
He goes further and expresses the opinion 
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Fig. 1. Mandible of: A, Australopithecus africanus; B, Auatralopithecus 


(Zinjanthropus) boisei; C, Homo sapiens; D, Homo habilis 
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Fig. 2. Mandible of: A, Homo habilis; B, Zinjanthropus; C, Homo erectus] 


North Africa; D, Homo sapiens 
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A. Homo habilis; B, Homo sapiens; C, Homo 
erectus/Olduvai LLK; D. Homo erectua/China 
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Fig. 3. Occipital views of: 
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Fig. 4. 
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Same as Fig. 3 but profile ens 


that “Homo habilis may represent a stage between 
Australopithecus africanus and Homo erectus”. 

I do not believe that the available evidence in any way 
supports such a conclusion. It seems to me more likely 
that H. habilis and H. erectus, as well as some of the 
australopithecines, were all evolving along their own 
distinct lines by Lower Pleistocene times. This would 
mean that their shared common ancestor must be sought 
in the more remote past and that when examples of the 
parent stock are found they will not much resemble any 
one of the three subsequent branches. 

I submit that morphologically it is almost impossible to 
regard H. habilis as representing “a stage between 
Australopithecus africanus and Homo erectus’. In both 
the two latter hominids, the maximum cranial width is 
to be found near the base of the skull on the temporal 
bones. H. habilis, on the other hand, shares with H. 
sapiens the characteristic of having the greatest width 
of the vault on the parietals (see Figs. 3-6). H. habilis, 
also, shares an occipital morphology with H. sapiens, 
which, moreover, is quite unlike either H. erectus or any 
known australopithecine. It therefore seems to me most 
unlikely that the H. habilis cranial structure—either 
parietal, occipital or basi-occipital—could represent a 
stage “intermediate between Australopithecus and Homo 
erectus”. 

Even though H. erectus and the australopithecines share 
a number of cranial characters in their occipital bones, 
and in having a maximum width at the base of the 
skull, I have never been able to accept the view that 
Australopithecus represented a direct ancestral stago 
leading to H. erectus, and I disagree even more strongly 
with the present suggestion of placing H. habilis between 
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Fig. 5. Occipital views of: A, Homo habilis; B, Homo sapiens; C, Homo 
erectus/Olduvai LLK Il; D, Protopithecanthropine 
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Fig. 6. Same as Fig. 5 but profile views 


them. It places a hominid type which has a wholly 
distinct cranial morphology and one recalling that of 
H. sapiens type between these two. It is possible that 
H. habilis may prove to be the direct ancestor of H. 
sapiens, but this can be no more than a theory at present. 
If true it would mean that there had been two distinct 
species of the genus Homo at a very early stage—one 
leading to H. erectus and subsequent extinction and the 
other to H. sapiens. 

We must also take into account the fact that at the very 
base of Olduvai Bed IT, at FLK Maiko Gully, we have a 
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skull, as well as the greater part of the associated denti- 
tion, of what seems to be an ancestral stage of H. erectus 
(see Fig. 6). This specimen was found stratigraphically 
between the earlier and the later representative of H. 
habilis, which also makes it unlikely that H. habilis evolved 
from a pithecanthrepine. 

On the other hand, it does suggest that there were two 
parallel species of the genus Homo evolving at Olduvai, 
one from the earlier to the more advanced H. habilis and 


the other from the protopithecanthropine to the very — 


specialized representative of the African variety of H. 
erectus, which is represented by the skull from Olduvai 
LLK II. 

The stratigraphical position of the different hominid 
finds from Olduvai, that are referred to in this article, is 
shown in Table 1. Table 1 includes the Zinjanthropus 
mandible from the nearby Peninj site, where the combined 
evidence based on geology, fauna and culture suggests a 
correlation with the Middle and Upper part of Bed Il, 
Olduvai. 











Table 1. STRATIGRAPHWAL RELATIONSHIPS OF HOMINID FINDS AT 
OLDUVAI AND PENINI 
Pithecanthropine | Australopithecus 
Type of hominid Homo habilis sensu Lato (Zinjanthropus) 
Main Bed IT and +BK il 
its Peninj equiv- +LUK UU 
alents 
| + Peninj 
| +¥NKII 
| Major climatic break 


Lower Bed II 
+FLK U 
Maiko Gully 





Bed I 


+FLEL 





| | 
| +FLK NI? | 
| 
f 


ee a ao eee — a ee — m - -—  —_— 


Table 1, taken in conjunction with the morphological 
factors briefly summarized here which are clearly seen in 
Figs. 1-6, should serve as a deterrent to the many who 
would like to draw up evolutionary sequences based on 
insufficient numbers of specimens. 

All that need be said at present is that there was a time 
at Olduvai when EF. habilis, Australopithecus (Zinjen- 
thropus) boisei and what seems to be a primitive ancestor 
of H. erectus were broadly contemporary and developing 
along distinct and separate lines. 


* Tobias, P. V., Nature, 208. 593 (1966). 

* Robinson, J. T., Nature, 205, 121 (1965). 

" Tobias, P, V., paper presented at the seventh Intern. Congr. Anthrop. and 
Ethnol. Sci., Moscow, 2064 (in the press). 


CLOTHING INSULATION AND ACCIDENTAL HYPOTHERMIA IN YOUTH 


By L. G. C. PUGH 
Division of Human Physiology, National Institute for Medical Research, Hampstead, London, N.W.3 


N investigation was undertaken with the view of 
improving our understanding of the environmental 
factors concerned in exposure accidents among hill- 
walkers and climbers in Britain. The effects of exercise, 
wind and wetting on the thermal insulation of a typical 
clothing assembly were observed. The clothing examined 
had been worn by one of the youths who died of exposure 
on the ‘Four Inns Walk’ in Derbyshire in March 1964 
(ref. 1), It consisted of the following items: anorak with 
hood, woollen jersey, “Vyella’ type shirt, string vest, 
cotton drawers, jeans, one pair of socks, shoes and gloves. 
The experiments were conducted in a small climatic 


chamber in which a minimum temperature of 10° C 
(relative humidity 50 per cent) and a maximum wind 
velocity of 8-9 m.p.h. were obtainable. 

The subject was a normal adult aged twenty-one. His 
height was 182 cm, weight 80-5 kg, surface area 2 m* and 
mean subcutaneous fat thickness 7:9 mm. He was exam- 
ined at rest and during standard exercise on a bicycle 
ergometer at a work rate of 300 kg/min. The experiments 
were carried out in 45 h sessions beginning between 
1200 h and 1300 h. The ambient temperature was 9-4° C 
dry bulb and relative humidity 50 per cent. The following 
experimental situations were investigated. (1) Rest in a 
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still air, 3) | Dorota t in a min (25 mp 2, ee mp. h. y 


velocity. (4) Exercise in a 9 m.p.h. wind after the clothing 
had been saturated with water by standing under a 
shower bath, the water temperature being either 10° C or 
18° C. (5) As under (4), but wearing a plastic over-anorak 
and windproof over-trousers which kept the clothing dry. 

The experiments were conducted in the following order: 
Day I, situations (2), (3) and (4). Day II, situations (la) 
and (4). Day III, situations (1b) and (5). A final experi- 
ment was carried out in less well-controlled conditions in 
a laboratory at an ambient temperature of 16° C, relative 
humidity 60 per cent, and air movement 25 ft./min. 

Measurements of rectal and body surface temperature 
were begun after 40 min in each situation and repeated 
at intervals of 20-30 min for 90 min at rest and 73 min 
Rectal temperature was measured with 
an indwelling thermocouple at a depth of 15 em. Skin 
temperatures were measured with a thermocouple probe 
inserted through small holes in the clothing or held in 
contact with the exposed skin. A Cambridge potentio- 
meter was used for measuring rectal temperatures and an 
‘Ellab’ thermocouple thermometer (Elecktrolaboratoriet, 
Copenhagen) for skin temperatures. When the subject’s 
clothing was wet the skin temperatures of the lower limbs 
and extremities fell below 16° C and could not be measured 
with the probe. The experiment was repeated with thermo- 
couples attached to the skm, and readings were taken on 
the Cambridge potentiometer. 

The respiratory exchanges were measured by the bag 
method before each set of temperatures; expired gas 
was collected over 15 min in resting experiments and 
4-6 min in work experiments. Gas samples were analysed 
on a Lloyd—Haldane apparatus. 

The rate of heat loss in warming and saturating inspired 
air was calculated from the formulae given by Belding 
et al.*. Evaporative heat loss from the skin was assumed 
to be constant at 18 g/h’. 


Table 1 


(a) LOCATION OF THERMOCOUPLES AND FACTORS USED IN DETERMINING 
MEAN SKIN TEMPERATURE AFTER BELDING ef alt 


Region Multiply by 
Forehead 007 
Arm lateral } 
medial 0°07 
Forearm medial 0°07 
Hand 0-05 
Foot 0-07 
Pectoral region j 
Abdomen y 
Lumbar region | 0-35 
Scapular region } 
Thigh medial | 
lateral i 0-19 
Leg anterior } 
posterior j 0-13 
1-00 


ib) AN ABBREVIATED TABLE OF STANDARD VALUES OF AIR INSULATION (Ja) 





I Air movements l 
(Clo) (ft./min) (cm/sec) (miles;h) 
Od 4,500 2,280 5 
15 2,000 1,015 22°7 
2 1,050 584 11-9 
(4 210 107 24 
Og 75 39 0-85 
0-8 35 18 0-4 
1-0 10 5 G1 


Mean skin temperatures were computed from 2-4 
readings taken over each of thirteen regions of the body 
surface using the weighting factors shown in Table 1. 
Mean body temperature (Tg) was calculated as 2/3 rectal 
Skin temperature, for this 
purpose, was computed without the extremities, the 
weighting factors being adjusted accordingly**. Stored 
heat loss (S) was computed from the following equation: 


60 
S = AT g x Wx 0-83 x rs (1) 


oO _ Voi. 209 







ange in mean body. t conis in 
e. body-weight in kg, and o 83. the 





The iduulation value of the clothing was  caleulate 
follows: ee 


TETEL + (3) 


where Ic; is the insulation value of clothing (in Clo units); 
Ia the insulation value of air (in Clo units); Ts, the mean 
skin temperature (in °C); Ta, the ambient dry bulb tem- 
perature (in °C); H, the non-evaporative heat loss through 
clothing (in koal/m* h); 0-18, the factor for converting 


c.g.s. units kolmik ia — to Clo units; M, metabolism 


(in keal/h); W, mechanical work (in keal/h—1l keal = 
427 kg/min); ŒE, evaporative heat loss from lungs and 
skin plus heat loss in warming inspired air {in kcal/h}; 
S, stored heat loss (in keal/h); S.A., surface area (in m*). 

From the same data it was possible to caleulate values 
for the insulation (Jr) and conductance (K) of the tissues, 
thus: son 






Tr — Ts oc a 
Ir= a in aim hi ee 
and | 
| H  . keal/m? h ae 
K = Pre Ds’ Ho {5 S 


In the calculation of H in equations (4) and (5) evaporative, o 
heat loss from the skin was omitted, es 
Clothing and air insulation (Ic: and Ia). The effect of 
exercise, wind and wetting on the insulation afforded by REG, 
clothing and air is illustrated in Fig. 1, and compared as 
with the values observed when the subject was at rest in | 
‘still air (that is, less than 25 ft./min of air movement). 
The numerical data from which these results were eal- — 
culated are shown in Table 2. An estimate of the S.D. _ 
of a single measurement based on six pairs of observations i 
was + 0-10 Clo. re 
Rest. In ‘still’ air in the climatic chamber the total ate 
insulation afforded by the dry clothing and surrounding © 
air (cr + 14) was 249 Clo (Table 2, No. 2). A com- 





4-9 f 





Sitting Sitting Work Work Work Work 

stil air 25mph stilar Smph  Fmph 9mph 

wind wind wind wind 

3-0 nie dry rahe dry wet wet, 
clothing ciothing SPS clothing clothing protective 
clothing 


20 


Insulation (Clo units) 


Dre 


| a 
g tay 
Y i iS V, 
Uj VEY hs 


Fig. 1. Effect of air movement, exercise, wind and wetting on a 
and air insulation (7c: + J4). With wet clothing in the presence of wind, o 
overall insulation was pompare a that of air alone at low wind. Te 

velocity eae 
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parable result was obtained under ordinary conditions in 
the laboratory (Table 2, No. 1). From Table 1 the value 
of Ia for still air is 1-0 Clo, therefore Ic: was equal to 
1-49 Clo. This result may be compared with the standard 
value of 1 Clo for ordinary business clothing’, and 3 Clo 
for military polar clothing®.*. With modern down clothing, 
values up to 7 Clo have been obtained. 

In a slight breeze (wind velocity 2:5 m.p.b.) Io: + La 
fell to 1-40 Clo. The value of T4 at this wind velocity is 
0:4 Clo; therefore, the value of Ie: was 1-00. This 30 per 
cent drop in Ic: was associated with a marked fall in skin 
temperature over the face and extremities and to a lesser 
extent over the limbs. 

Exercise. During exercise in ‘still air Ic: + Ia fell to 
1-04 Clo, a finding which could be attributed to the 
‘bellows’ action of movement in displacing static air from 
the clothing. Ic: could not be estimated for this situation, 
since the effect of exercise on Ta is not known. However, 
a likely value of 0-4 Clo has been assumed for the purpose 
of illustration (Fig. 1). 

The combination of wind and exercise reduced Io: + Ia 
to 0-71 Clo. 

“Wetting. When the subject worked on the ergometer 
wearing wet clothing and facing a 9 m.p.h. wind, Ic: + Ta 
fell to 0-4 Clo. Wetting therefore reduced total insulation 
by 0:7 — 0-4 = 0-3 Clo, or nearly 50 per cent, and if Is 
is assumed equal to 0-23 Clo, which is the appropriate 
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value for a wind veiocity of 9 m.p.h., the value of Ic: is 
only 0°17 Clo, whick is only 15 per cent of the insulation 
value of this clothing, when dry and in the absence of 
wind or exercise. 

When the subject wore waterproof over-garments which 
kept his clothing dry and at the same time protected him 
from the wind, Ia + Ic: rose to 0-85 Clo, which was close 
to the observed valve for exercise in dry clothing in still 


alr. 

Change of stored kzat (S). The values of S in most of 
these experiments were within the limits of experimental 
error (Table 2), indieating that a state of thermal equi- 
librium had been reached. This was achieved in 1-1:5 h 
in the resting experiments and in about 45 min during 
exercise. In two experiments a steady state was not 
achieved; in one of these (experiment 3) clothing insula- 
tion was inadequate for the conditions (ambient tem- 
perature, 10° C; air movement, 2-5 m.p.h.); in the other 
there was an excess of stored heat from a previous 15-min 
period of exercise at 600 kg/min before the experiment. 

Skin temperature. The regional and mean skin tempera- 
tures observed at the end of each experimental period are 
shown in Table 3. The resting mean skin temperature 
at a comfortable ambient temperature of 16° C was 
32°1° C, which was lower than expected since the values 
observed in clothinz experiments in comfortable təm- 
peratures are usually in the range 33°-34° C. This finding 


Table 2, EXPERIMENTAL RESULTS 





|y 


tte aAA 


ti 








No. | Date | Conditions | Ta | Ts | Te M E S H Ia | Ia 
(°C) | C © $ (kcal/h) | (keal/h) | (keal/h} | (keal/h) | (xeal/m?h) Clo} } (Clo) ' movement 
1 | 31/5 | Rest dry 18 | 32-14 | 37-50 88 0 25 +3 88 +88 | 1:80 26 ft./min 
2 | 30/4 | Rest dry 9-4; 30°58 | 37°50 127 0 34 +2 48 10 1-49 12 ft./min 
3 | 14/5 | Rest dry 94); 26-93 | 37-48 115 0 80 +51 69 P4 1-00 ary puan 
‘5 m.p.h. 
4 | 28/4 | Work dry | 9-4; 31-24 | 38-20 300 41 46 +22 118 26 ft./min 
~ 5 | 28/4 | Work dry | 9'4! 26-44 | 38-28 370 41 54 -8 134 28 | O48 9 m.p.h. 
6 | 28/4 | Work wet | 4) 21-16 | 38-06 450 43 71 168 #28 | G-17 9 m.p.h. 
7 | 30/4 | Work wet | 9-4] 21-50 | 37°76 458 54 77 171 X28 | 0-17 9 m.p.h. 
8 | 14/5 | Work pro- | 94| 28°17 | 3768 329 10 44 0 123 0-23 | 0°62 9 m.p h. 
tective 
over- 
garments 








Tg, Mean skin temperature; Tp, rectal temperature; M, metabolism; W, mechanical work; E, evaporative heat loss from lungs and skin plus heat loss 
werming inspired air; S, rate of change of stored heat, a plus eign denotes cooling, because S is then added so M in calculating the rate of heat ioss; H, son- 
evaporative heat loss through clothing; Jo.o1, clothing plus sir insulation; Ja, air insulation; Tor, clothing insulation ; If, tissue insulation; K, tissue 


conductance. The values are the means of the last two observations during each period. Values of 77 in kolm h 2? shown in parentheses below the 


corresponding values in Clo units. 


Table 8. REGIONAL SKIN TEMPERATURES (°C) 











No. Conditions 
1 Rest 
Still air $1/5/65 
Laboratory 
2 Rest 
Still air 30/4/65 
80/4/65 
3 Rest 
Wind 14/4/65 
14/4/65 
4 Work j 
Still air 28/4/65 
28/4/65 
28/4/65 
5 Work 
Wind 28/4/65 
6 Work 
Wet and wind 28/4/65 
7 ork 
Wet and wind 80/4/65 
30/4/65 
8 Work 
Wet and wind with 
protective 14/4/65 


over-garments 


Upper Lower Forehead Foot 
im limb 
837 29-4 34:9 27°9 
33-4 28 6 34-9 25:9 
32-9 26 6 343 278 
32-7 26:0 33-5 22 9 
303 22-7 26-8 18-3 
29-0 22-4 277 16-3 
33-9 291 35 0 245 
30-9 27°38 38 0 29-2 
32°6 28°3 34:6 28-0 
80-9 229 26-8 201 
80-3 28-2 26-5 18:2 
25-2 15-4 227 7°81 
273 142 24 0 781 
25-7 14-2 24-9 781 
81-8 j 224 13-7 


bo 
= 
© 





Note the low skin temperatures over the limbs assoctated with the wearing of tight jeans. The fall in trunk temperature in the presence of wind (5) shows 
that the anorak was inadequate. The low trunk and peripheral temperatures seen with wet olothing indicate severe cold stress. 
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was explained by the comparatively low temperatures 
over the lower limbs and the fact that the subject was 
rather fat’. In a group of middle-distance runners 
recently examined, mean subcutaneous fat thickness was 
3-2 mm (range 3-8-2-9 mm)’, compared with 7-9 mm in 
this subject. : 

Oxygen intake. During rest at an ambient temperature 
of 9-4° C, the subject felt cold, and although shivering 
was not perceptible, there was considerable elevation of 
metabolism. Mean oxygen intakes of 0:424 1./min and 
0-385 ]./min were observed on different days, compared 
with 0-300 l./min in a warmer environment in the labor- 
atory, the latter being the predicted value for conditions 
of thermal comfort. 

When the subject’s clothes were dry and he was exer- 
cising in ‘still’ air or wore protective over-garments in the 
presence of a 9 m.p.h. wind, mean oxygen intakes of 
0-99 1./min-1-10 l./min were observed (Table 4), these 
being typical values for the 300 kg/min work-rate. When 
his clothes were wet and he exercised facing a 9 m.p.h. 
wind, the subject experienced severe cold stress. The 
measured work-rate increased by 25 per cent due to 
faster pedalling, and the oxygen intake rose by 50 per 
cent to 1:50 1./min, which was the predicted value for 
twice the work-rate (that is, 600 kg/min). Since there 
was no perceptible shivering, the reason for this dispro- 
portionate increase in oxygen intake was not apparent. 
A similar effect was observed by Adolph and Molnar? in 
their experiments on nude subjects in the cold, and is 
important in that it affords a partial explanation of early 
exhaustion in exposure accidents. 


Table 4. OXYGEN INTAKE AND OBSERVED WORKE-RATE DURING EXEROISE 
AT A NOMINAL INTENSITY OF sa KG/MIN, SHOWING INFLUENCE OF COLD 
TRESS. 


Oxygen 
Observed intake 
Condrhions Date work-rate (l/min 
(kg/min) 8.7.2.) 
Dry clothing, minimal air movement, 28/4 204 1:009 
no cold stress 30/4 283 0-986 
14/6 291 1-096 
Mean 1:080 
Wet clothing, wind, cold stress + + 28/4 809 1-501 
30/4 386 151i 
30/4 337 1 675 
Mean 1 529 


Tissue conductance and insulation. The resting values 
of tissue conductance (K) and its reciprocal tissue in- 
sulation (Ir) are shown in Table 2. The resting values 
compare well with published data on the minimum tissue 
conductance or maximum tissue insulation of resting 
subjects exposed in air!®11 or in water!*45, and suggest 
that cutaneous vaso-constriction was maximal in all the 
resting experiments. The results observed during 
exercise in wet clothing agree with minimum values 
calculated from the data of Nielsen and Adolph and 
Molnar® for subjects exercising in the cold air at low 
temperature. They show a 30 per cent increase in con- 
ductance over the resting values. This is less than the 
inerease in K reported in swimmers in cold watert’. 


The foregoing results show satisfactory agreement with 
published data on military clothing. Belding’ reported a 
50 per cent reduction in Ie: associated with exercise, but 
there is as yet no satisfactory estimate of the effects of 
exercise on Ia. Breckenbridge and Woodcock® measured 
the effect of wind on the insulation of military cold- 
weather uniforms and observed a 30—40 per cent reduction 
_at a wind velocity of 24 m.p.h. These uniforms had 
windproof trousers and were superior in many respects 
to the ‘Four Inns Walk’ clothing. Larose!” has shown 
that in some fabrics, such as pile, the insulation ıs but 
little affected by winds up to 10 m.p.h. but falls steeply 
at higher velocities as the wind begins to penetrate the 
fabric. The best windproof fabrics now available show 
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less than 1 per cent penetration at 100 m.p.h. wind 
velocity and yet are permeable to water vapour. Hall 
and Polte** and Hall et al.1* reported a 50 per cent reduc- 
tion of insulation associated with wetting. But no 
previous measurements have been reported on the 
combined effect of wind and wetting on clothing insula- 
tion. 

The conditions of our experiments differed in many 
ways from outdoor conditions. The effects of wind and 
exercise are likely to be greater in hill walkers than in a 
subject working on an ergometer at constant wind 
velocity, and greater still in bad weather. On the other 
hand, there is some small gain outdoors from short-wave 
radiation even with overcast skies. The wetting effect 
was perhaps magnified in these experiments because of 
the rather low relative humidity. In natural conditions 
when rain is falling, evaporative cooling is less; but con- 
siderable amounts of water fall on the clothing and have 
to be warmed. For example, the volume of water falling 
on @ surface 1 sq. m in area amounts to 10 1. for each 
centimetre of precipitation. In spite of these differences 
from natural conditions, the conclusion can safely be 
drawn that the overall msulation of a man’s clothing, 
plus air, when he is wet through and exposed to a strong 
wind, will be extremely small——-and probably of the order 
of 0:3 Clo—which is the insulation value of air alone at 
a lower wind velocity (for example, of 5 m.p.h.). He is 
therefore in the same situation vis-à-vis total insulation 
as if he were nude at the same ambient temperature but 
at somewhat lower wind velocity. (The distribution of 
skin temperatures ın various body regions would, how- 
ever, be different, the trunk being warmer and the limbs 
cooler than in the nude subject.) 

The principal defect of the ‘Four Inns Walk’ clothing 
was the lack of insulation and protection from wind and 
wetting over the lower limbs. Even at rest in still air, skin 
temperatures over the legs and thighs were unduly low 
and accounted for the comparatively low mean skin 
temperatures. With wind and wetting, the skin tem- 
peratures over the lower limbs fell to 14° C, values at 
which rather severe muscle cooling would he expected-at— 
least in thin subjects?®?t, This finding afforded a possible 
explanation for muscular weakness as an early symptom 
in exposure’*.*?, Further investigations of this aspect are 
being undertaken. 

The evaluation of heat exchange. There are several un- 
certainties connected, with the evaluation of heat ex- 
changes by indirect calorimetry; among them are the 
estimation of evaporative heat loss and the evaluation of 
energy expenditure as mechanical work. 

Evaporative heat loss. In clothing experiments a rather 
wide discrepancy may be observed between the change of 
nude weight and clothed weight over a given period of 
time, and this was the case in the present experiments. 
There are reasons for doubting whether either of these 
measurements gives an accurate estimate of evaporative 
heat loss from the skin in cool conditions. We have 
therefore used Belding’s estimate of 6 kcal/m? h for evap- 
orative heat loss from the skin in clothed subjects*, and 
calculated respiratory heat loss from the measured 
volume of ventilation rather than attempting to calculate 
evaporative heat loss from weight changes. The second 
uncertainty in the evaluation of heat exchange is the 
estimation of energy expenditure as mechanical work. 
In bicycle ergometry we multiply the work performed by 
1/427 to obtain its thermal equivalent and deduct this 
value from metabolism in calculating metabolic heat 
production. A. similar procedure may be used to evaluate 
heat production in persons walking uphill, in which case 
one deducts from metabolism the thermal equivalent of 
the work done in lifting the body. On the other hand, 
in persons walking on the level, energy expenditure as 
external work is negligible?*; and in going downhill there 
may well be heat gain from dissipation of potential energy. 
No direct measurements of the latter have yet been made, 
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although the energy cost of so-called ‘negative’ work 
has been a subject of interest to physiologists for many 
ears. 

In hill walkers, variation in mechanical work associated 
with changing terrain appears to be more or less balanced 
by variation in the rate of progress and therefore of 
oxygen intake. Consequently, metabolic heat production 
may remain reasonably uniform in spite of variation in 
oxygen intake. In recent observations on hill walkers, 
the oxygen intake of men walking at their natural pace 
was 2-5 1./min on ascents, 2-0 L/min on horizontal ground 
and. 1-5 1./min on descents. If one deducts or adds 20 per 
cent for mechanical work during ascent and descent, 
respectively, the heat production for uphill, downhill and 
level sections seems to be much the same, that is, about 
2 x 6 x 60 = 600 keal/h. 

Fatigue and exposure. Although these experiments were 
conducted primarily for the purpose of determining Clo 
values, the results are also of interest in connexion with 
the physiology of hypothermia. The striking elevation of 
metabolism during standard exercise under cold stress 
affords a possible explanation of the early onset of fatigue 
ın exposure casualties. A simular finding was reported by 
Adolph and Molnar’. Results such as these suggest that 
within certain limits metabolism rises to a level necessary 
to maintain thermal balance and that this may be 
achieved (a) by increasing the work-rate, (b) by shivering, 
or (c) by other unexplained means. In severe cold stress 
the metabolic demand may be so high that only very fit 
persons can meet it over a prolonged period. 

A quantitative approach to this subject has been 
attempted in Fig. 2 by treating the tissues, the clothing 
and the air as thermal resistors in series along the pathway 
of heat flow from the central body mass to the sur- 
roundings‘’, thus: 
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Ta — Tp 


— g = lat Lor t+ Ip = H (6) 


A diffculty arises from the fact that evaporative heat 
loss from the skin is deducted from metabolism in cal- 
culating Ic, but not in the calculation of Ir. However, 
for cold conditions evaporative heat loss from the skin is 
small and H can be taken as being equal to metabolism 
minus respiratory heat loss so that H = 0-9 M. Fig. 2 
shows the relation of Er — Ta to meta- 
bolism for various values of XJ. 

The chart can be used to predict the 
final value of rectal temperature for any 
given combination of ambient tempera- 
ture, wind velocity, clothing insulation, 
tissue insulation and metabolism. 

The following examples will serve to 
illustrate the method of calculation: From 
the results in Table 2 and Table 1b, Ic: for 
wet clothing = 0-17 Clo, Ir during exer- 
cise = 0-51 Clo and I4 for gale force wind = 
0-10 Clo, so that XJ = 0:78 Clo. At an 
ambient temperature of 0° C and oxygen 
intake of 1-5 1./min, the equilibrium value 
of Tr is 28-5° C and hypothermia would be 
inevitable. On the other hand, if mean 
oxygen intake is 2:0 1./min, the Zp at 
thermal equilibrium will be 37-9° CÇ. 

For a person in wet clothing who is 
sheltering from the wind at 0° C, Ig: = 0:5 
Clo, Ir = 0-8 Clo (in thin subjects Ir may 
be as low as 0:55 Clo at rest and 0-35 Clo 0 
during exercise), and [4 = 0-4 Clo, so that 
Ll = 1-7 Clo. In order to prevent a 
rectal temperature falling below 37° C, 
oxygen intake must be 0-9 I./min or 36 
times basal. Whether or not a person can 
manage this over a long period will depend 
to a large extent on whether or not he was 
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exhausted on taking shelter. On the other hand, in dry 
clothing with waterproof over-garments, Ic: will be 1-5 Clo 
and XI will be 2:7 Clo and oxygen intake need be only 
0-56 1./min or twice basal. : 

The chart also brmgs out the fact that the effect of 
clothing and tissue insulation on rectal temperature is 
larger at high than st low metabolism; this means that 
relatively small varietions in Ic: or Ir become important 
at high rates of metabolism. For the same reason a person 
with average subcutaneous fat may be able to maintain 
a normal rectal temperature at a work-rate which will 
cause an unusually thin person’s rectal temperature to fall 
dangerously low. Thus for the subject of these experi- 
ments 2J for wet clothing and gale-force wind would 
be 0-78 Clo during exercise, and with oxygen intake of 
2 l/min and ambient temperature of 0°C, he would 
have a Tr of 37:8° C. For a thinner person with XJ of 
0-68 Clo, the corresponding Tr would be 33-0° C. 

Now in order to maintain his rectal temperature at 37° C 
the thin subject would need to raise his oxygen intake to 
2:24 1./min, which is an increase of 12 per cent. Such an 
increase is small compared with the sixteen-fold possible 
range between basal and maximal oxygen intake. On the 
other hand, the associated 12 per cent increase in T'e-T4, 
when Ta = 0° C, amounts to 37 — 4 = 33° C, which is 
the difference between normality and incipient hypo- 
thermia. Thus apparently trivial differences in metabolism 
or total insulation car. have disastrous consequences in the 
wet cold situation, in which exposure casualties commonly 
occur. 

Thus in summary: 


(1) The thermal insulation value of clothing worn in 
the ‘Four Inns Walk 1964’ (ref. 1) was 1-5 Clo units, which 
may be compared with 1-0 Clo for business clothing! and 
3:0 Clo for polar clothing assemblies®*. 


(2) The effects of exercise, wind and wetting on clothing 
insulation were studied. When the subject exercised 
in wet clothing in a 9-m.p.h. wind, clothing insulation 
fell to 0:17 Clo, whizh was 15 per cent of the control 
value for dry clothirg in still air with the subject at 
rest. 


(3) The thermal insulation of the body tissues was also 
determined and it was shown how apparently small 
changes in oxygen intake and insulation can have disas- 
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Fig. 2. Chart for predicting final body temperature (R) under given conditions of ambient 

temperature, total thermal insulation end metabolism. Ordinate shows difference between 
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trous effects on body temperature under conditions of 
severe cold stress. 
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OBITUARIES 


Prof. Saul Adler, O.B.E., F.R.S. 


SAUL AARON ADLER died in Jerusalem on January 25, 
1966, at the age of 70. He was the leading Jewish para- 
sitologist of this century, yet so modest that he was always 
astonished when honours came his way, or at the crowds 
which gathered to welcome him at airports on his frequent 
journeys throughout the world. 

Adler was born in the town of Karelitz in Russia ın 
1895, and five years later was taken to England where the 
family settled in Leeds. He went to school there and 
qualified in medicine during the First World War at the 
University of Leeds, at this time showing no clear signs of 
the brilliant future which lay ahead. Soon after taking 
his degree, he joined the Royal Army Medical Corps and 
served in the Middle East, which gave him his firs taste 
of tropical medicine. It was natural, therefore, that on 
demobilization he should take the Diploma in Tropical 
Medicine of the University of Liverpool and join the staff 
of the Liverpool School. He went out to the Sir Alfred 
Lewis Jones Research Laboratory at Freetown in West 
Africa, and became immersed in the study of the parasites 
in the local inhabitants and animals. He was under the 
guidance of Profs. Blacklock and Gordon, and he realized 
the debt he owed them until the end of his life. In 1923, he 
married Sophie Husden of similar Russian Jewish extrac- 
tion to his own, and they had two sons and a daughter, all 
of whom survive him. In 1924, he was called to Jerusalem 
by Chaim Weizman, at that time president of the Jewish 
Agency for Palestine, in order to develop the new Institute 
of Microbiology. He was soon appointed professor and 
was associated with the Hebrew University for the 
remainder of his life. 

Adler’s researches led him, however, far afield; his 
main subject of interest was leishmaniasis, in all its forms, 
and at every stage of its life-history. He investigated the 
disease around the Mediterranean basin and far into the 
Middle East; and, in later life, in Kast Africa, China, 
Brazil and Panama. In every phase of his investigations, 
he tried to start with the basic elements. Thus, a good 
experimental host for the parasite was lacking, so he 
sought a suitable animal, and found one in the golden 
hamster in the desert near Aleppo. He colonized it in his 
institute and, with typical generosity, distributed the 
progeny to laboratories everywhere. The invertebrate 
host of Leishmania was unknown when Adler began his 
research, although species of Phlebotomus were suspected. 
With O. Theodor, he made a profound study of these 
insects, beginning with the anatomy and physiology of 
their mouth parts and alimentary tract, continuing with 
observations on the behaviour of cultures of the parasites 
in the gut and their exit through the proboscis in the act 
of biting, and, finally, demonstrating transmission of 
L. tropica to volunteers by experimentally infected sand- 
flies. From the experimental host, and the invertebrate 
vector, Adler passed to work on the parasite itself, and he 
became convinced, after a lifetime of observations. of the 


~ 


multiplicity of species which exist in the genus Leishmania. 
Biological and clinical features of the disease had at first 
led him to this opinion, which, in the final years of his life, 
he was able to confirm by a serological reaction, the tech- 
nique of which he demonstrated to students in Israel, - 
Britain, Italy, Brazil and elsewhere, realizing that he had 
not mùch time left for establishing the unique usefulness 
of this test. ` 

A leishmanial stage ın the course of the life-cycle of 
Trypanosoma cruzi, the cause of Chagas’s disease, naturally 
aroused the interest of Adler and, on visits to Brazil, he 
became well acquainted with this infection. The disease, 
however, had another attraction for him, because his 
second great interest was Darwin and evolution; he had 
studied Darwin’s life and works in the greatest of detail 
(translating his Origin of Species into Hebrew), and, 
in 1959, he put forward the hypothesis that Darwin 
suffered and died from Chagas’s disease. He showed that 
Darwin must almost inevitably have become infected 
with T. cruzi on landing in a highly endemic area of South 
America in 1835 and that the chronic invalidism, ineluding 
angina, which followed was characteristic of the cardiac 
form of Chagas’s disease. Adler applied the subject of 
evolution to protozoa, and showed the operation of its 
laws not only in the species complex of Leishmania, but 
also in Trichomonas, insect crithidia, and in rodent malaria 
parasites. 

Malaria was another subject on which Adler’s original 
mind cast light. His first researches in West Africa were 
devoted to species of Plasmodium present in the local 
chimpanzees and lizards, and ıt was during his sojourn 
in Sierra Leone that he first used himself as a human 
volunteer, attempting without success to pass the parasites 
of the chimpanzee to man. He never ceased to carry out 
such experiments, which were more successful in leish- 
maniasis and relapsing fever; in fact, an infection of the 


` latter nearly killed him. From work on the parasites of 


apes, Adler changed in the later years of his life to a study 
of the plasmodia of rodents, and produced interesting 
adaptations of P. vincket in hamsters. He was convinced 
that this field in general offered possibilities of great 
promise to the geneticist. 

Adler was the recipient of many honours; he most 
prized his election as a Fellow of the Royal Society in 
1957; he appreciated the award of O.B.E. from his ‘second’ 
country, Great Britain, m 1946, and of the Israel Prize 
for Medical Science on his deathbed ın Jerusalem. Other 
honours included the Laveran Medal, the Gaspar Vianna 
Medal, the Chalmers Medal of the Royal Society of 
Tropical Medicine and Hygiene, the Order of the Cross of 
the Phoenix of Greece, and the honorary degree of doctor 
of science conferred on him by the University of Leeds in 
1965. Adler’s life was too short to enable him to carry out 
everything he would have liked to do. He had still much 
research before him in parasitology; like his father, he was 
a Hebrew scholar and wished to work on the Dead Sea 
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Scrolls; he could have made his name in pure mathematics, 
chess or literature. Adler created a schoo] of ardent fol- 
lowers in Israel; his influence was scarcely less in many 
other parts of the world, where his many friends and 
students deplore his passing. P. C. C. GARNHAM 


Dr. Maurice N. Hill, F.R.S. 


Tgr sudden death at Cambridge of Maurice Hill, on 
January 11, 1966, at the age of 46, has made the lives of 
many people the poorer. It is difficult to think where he will 
most be missed, so wide were his interests: whether it 
was as research scientist, supervisor of research students, 
devoted college man, tireless member of committees, or 
simply as a warm, lovable family man that he made 
most impact, is a question that fortunately does not 
need answering. However, it is certain that it was his 
warmth that was the key to everything. 

He was born on May 29, 1919, son of Prof. A. V. Hill, 
and, after schooling at Highgate, set out on an under- 
graduate career at King’s College, Cambridge, in 1938, 
which was interrupted by the Second World War. He 
left Cambridge in 1939 and was assigned to the Anti- 
Submarine Establishment at Portland; later he moved 
to the Establishment at Edinburgh that was developing 
methods of sweeping magnetic and acoustic mines. Here 
he made many friends, including Ben Browne, Edward 
Bullard, Leshe Flavill and Tom Gaskell, with whom 
much of his later work was done. 

When the War ended, Hill had definite plans to carry 
out research into marine geophysics at Cambridge, but he 
had first to complete his undergraduate training. He had- 
married Philippa Pass in 1944 and, having now a son, he 
took his degree as soon as possible, to move into the less 
restrictive world of academic research. He was to stay 
with the Department of Geophysics at Cambridge for the 
rest of his life. His Ph.D. was on the subject of marine 
seismic prospecting. It was a notable dissertation—he 
-had developed a new technique of geophysical exploration 
and it was soon to become the most valuable tool available 
to marine geophysicists. 

In 1949 he became an assistant in research and from 
that time he was able to devote himself fully to elucidating 
the nature of the Karth’s crust and upper mantie beneath 
oceans; it was soon realized that the relative thinness of 
the oceanic crust in comparison with the continental 
crust enabled us to learn much about the forces and pro- 
cesses at work in the mantle, and Hill ensured that 
British contributions to knowledge about ocean basins 
and what lay beneath were of high standard. The 
Challenger Expedition of 1950-53, which he helped to 
organize, was a spectacular example of this, but there 
were many other expeditions to specific oceanic features 
by means of which Hill, with his colleagues, gradually got 
the ‘feel’ of sub-oceanic geology. 
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Instruments for this purpose steadily developed—the 
precision echo-sounder, the towed magnetometer, the sea 
gravimeter, heat flow apparatus, improved corers, long- 
range seismic apparatus, ocean bottom seismometers, a 
reflexion seismic profier and a deep diving magnetometer. 
Hill was responsible for the evolution of many of these, 
and he and his growing number of research students put 
them to intensive use. 

It could well be said that 1963 was an annus mirabilia 
for Hill. Apart from being chief scientist on R.R.S. 
Discovery during the highly successful geophysical ven- 
tures in the Indian Gcean, he also saw published, under 
his editorship, The Sea—three very comprehensive 
volumes on physical end chemical oceanography and the 
underlying rocks. 

Apart from his continued assault on the Atlantic 
Ocean, in recent years he was much concerned to improve 
sea-going facilities for university research departments— 
he was largely instrumental in the conversion of a ship 
for university use; this will come into service later this 
year. 

He became a Fellow of King’s College in 1949 and 
during 1961-65 was director of studies in natural sciences 
there. In 1954 he was made assistant director of research 
in the Department of Geophysics and in 1965 became 
reader in marine geophysics. He was elected a Fellow of 
the Royal Society in 1962, and, in 1963, was awarded the 
Charles Chree Medal end Award of the Physical Society. 

And yet, effective scientist that Hill was, it was his 
humanity that left an indelible impression. The practical 
side of sea-going places greater demands on ascientist than 
mere intellectual distinction and cleverness. An ‘appar- 
ently paradoxical combination of the rugged and gentle is 
necessary, aS is more than average common sense and a 
deep understanding of people. AU these he possessed in 
great measure. It gces without saying that he was an 
admirable supervisor of research students to whose prob- 


lems, scientific and otherwise, he was always responsive. . 


Not for him the occasional formal interview with his 
students—-they used to occupy him full time, and he 


- would not have had it otherwise. He was aware that the 


strength of a science lies in a steady inflow of young re- 
search workers, and their well-being and happiness are of 
fundamental importance. To Maurice, the human element 
of science-—-the encouragement, sympathy, support, and 
even just the attentive ear—-was uppermost. 

One aspect of his life that was characteristic and which 
extended. beyond the bounds of science was his generosity. 
He and his wife were deeply concerned with the problems 
of anyone in need. It is impossible to guess how much 
charitable work he did—most of it was never revealed— 
but his giving was both munificent and imaginative. 

He was a man of many aspects, all of them genial: He 
will be remembered with affection far beyond the scientific 
community. D. Davies 


NEWS and VIEWS 


Experimental Pharmacology in the University of Strath- 
clyde: Prof. W. C. Bowman 


Dz. W. C. Bowman, at present reader in pharmacology. 
in the School of Pharmacy, University of London, has 
been appointed to a professorship in experimental pharma- 
cology in the University of Strathclyde. Dr. Bowman 

‘was @ student, research student and lecturer at the 
School of Pharmacy. After qualification he worked with 
Dr. (now Prof.) E. J. Zaimis on neuromuscular transmis- 
sion. He has been interested in the mechanism of action 
of neuromusculer blocking agents. Working with Dr. 
M. J. Rand, be found that triethylcholine produced a 


temporary effect in the cat and rabbit which closely 
resembled that seen in man in the case of the syndrome 
myasthenia gravis. He found that triethylcholine had a 
prejunctional site of action and suggested that the com- 
pound might be of use in the treatment of neurogenic 
spastic states. More recently he has been interested in 
the effect of adrenaline in potentiating the contraction of 
skeletal muscle and has investigated the effect of sympa- 
thomimetie amines on both innervated and chronically 
denervated skeletal muscles. Bowman has contributed a 
great deal towards the success of pharmacology at the 
School of Pharmacy, both as a teacher of undergraduates 
and of postgraduates. He has proved a most lucid and 
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stumuleting teacher and has enabled many students to 
achieve success in this subject. He has published many 
papers and has given communications and demonstrations 
to societies both in Britain and in the United States. 
He has become an international authority on this work. 
Dr. Bowman will take up his post at the University of 
Strathelyde on September 1. 


American Association for the Advancement of Science 


‘ DEAN Down K. PRICE, JUN., assumed office as president- 
elect of the American Association for the Advancement 
of Science on January 15. He is one of the few social 
scientists to hold this office, the most recent being the 
economist, W. C. Mitchell, in 1938. Smce 1958 Don Price 
has been Dean of the Graduate School of Public Adminis- 
tration of Harvard University, and has the broad back- 
ground necessary to guide the association, the wide 
objects of which are “‘to further the work of scientists, 
to facilitate co-operation among them, to improve the 
effectiveness of science in the promotion of human 


welfare ...’’. Don Price was a Rhodes scholar at Oxford 
from 1932 to 1935. : 
Aid to India 


In reply to a question in the House of Commons on 
February 17, the Prime Minister, Mr. H. Wilson, said 
that the Governments of the United- Kingdom, Canada, 
Australia and New Zealand, and of some non-Common- 
wealth countries, were already in close touch with each 
other and with the Government of India regarding the 
threatened famine in India. Britain had made an im- 
mediate and interim contribution in the form of an 
interest-free loan to India of £7:5 million. The Australian 
Government on February 17 announced a very large ship- 
ment of food to India, and the problem was, above all, 
one of port capacity and internal distribution; some very 
massive shipments of food were being organized. Replying 
for the Prime Minister on February 24, Mr. G. Brown 
added that the Government was in touch with the Indian 
Government about supplies of food which could be made 
available if they were needed. Discussions about further 
aid were still in progress. 


Anglo-French Co-operation in Oceanography 


In reply to a question in the House of Commons on 
March 3, the Minister of State for the Department of 
Education and Science, Mr. R. E. Prentice, said that 
details of the French Government’s intentions for under- 
sea research had not been made known to the British 
Government, but there had been unofficial exchanges 
between scientific organizations in the two countries, and 
the Secretary of State was prepared to consider any pro- 
posals that might be made. British oceanographers and 
geographers at research establishments of the Natural 
Environment Research Council and at universities had 
co-operated with French scientists in such research and 
would continue to do so. The Natural Environment 
Research Council was at present reviewing the future 
orientation of oceanographic research in Britain. Both 
Britain and France, along with other countries, were 
represented on the Inter-Governmental Oceanographic 
Commission. 

Research in Mental Health ` 

THE debate in the House of Commons on February 18 
on Mr. W. Hamling’s motion to transfer responsibility for 
the education and training of all mentally handicapped 
children from the Ministry of Health to the Department 
of Education and Science was noteworthy for the repeated 
reference to the need for more research in this field. Sir 
David Renton, commenting on the unevenness of scientific 
and social advance, pointed out that the great progress 
in antibiotic therapy had intensified the problem of 
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dealing with the mentally handicapped. Progress in 
detecting, preventing, and curing mental defects did not 
match the advances in antibiotics and obstetrics and 
there was immense scope for further research. Dr. E. 
Summerskill also referred to the growing magnitude of 
the problem and advocated the establishment of an 
Educational Research Council. At present, only about 
twelve people in Britain were investigating the learning 
processes of severely sub-normal! children, though Dame 
Joan Vickers paid tribute to the quality of some of this 
work. She herself suggested that the Ministries of Educa- 
tion, Health and Labour should set up an interdepart- 
mental committee to review the scale of the problem. 
Mr. J. Snow was concerned at the disparity between the 
scale of mental health research and the administrative 
action of the Ministry of Health in this field. He urged 
that more attention be paid to the problem of the autistic 
child. Lord Balniel strongly urged more support of 
research into the learning processes of backward children 
and referred to the work now in progress at the University 
of Manchester. Mr. L. Pavitt fully supported those who 
urged more research into the problems of the mentally 
handicapped, as did Mr. A. Mackenzie and Sir Edward 
Boyle, who added that the limiting factor to-day was the 
supply of trained workers for such research. On the pro- 
posed transfer of responsibility from the Ministry of 
Health to the Department of Education and Science, Sir 
Edward, like numerous other speakers, had reservations, 
while welcoming the motion generally. The Parliamentary 
Secretary to the Ministry of Health, Mr. C. Loughlin, 
replying on the debate, warmly welcomed the pleas for 
more research into mental health generally and promised 
to see that research was as far as possible extended, but 
he had reservations on the proposed transfer of responsi- 
bility, and the resolution was, by leave, withdrawn. 


Durban Museum and Art Gallery 


Tsx director of the Durban Museum and Art Gallery 
reports that during 1964-65 the Department of Local 
History was moved from the Old House to the refurnished 
Old Court House (Annual Report of the Durban Museum 
and Art Gallery for the Municipal Year 1964-1965. Pp. 18. 
Durban: Durban Museum and Art Gallery, 1965). The 
Old House was later altered and redecorated and will 
shortly be opened as a period house. Work on the displays 
in the Museum was devoted to the installation of the new 
geological exhibits and much time was spent in planning 
the rearrangement of the Hall of South African Birds. 
Collecting trips included one to Northern Natal and 
another to the eastern area of Cape Province. 


Oil and Gas Pipelines in Europe 


THE network of large pipeline systems established in 
Europe for the transportation of crude petroleum, refined 
products, and gas, has now reached an advanced stage in 
development, which has so far taken only about 12 years 
to reahze. During this comparatively short period, some 
1,700 miles of large diameter crude oil pipelines have been 
built in various systems, delivering more than 70 million 
tons of crude oil per annum to European refineries. Such 
are the projects now planned, some well under way, 
that within the next 2 years more than 500 miles of 
pipeline, capable of delivering a further 50 million tons 
of crude oil to Central Europe each year, will, it is 
anticipated, be completed. Implicit in this vast network 
are a number of ‘products pipelines’ designed for the 
speedy transference of a full range of refined petroleum 
products, including fuel oil, from strategically placed 
refineries to the major centres of consumption, and many 
more such lines are already being planned. In addition, 
the gas industry has already completed many hundreds 
of miles of high-pressure gas distribution pipelines; one 
result of this is to make obsolete the many small individual 
gas-produsing plants that previously existed. 
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Ly rong the most ambitious of these European oil pipe- 
nes is undoubtedly the Trans-Alpine Pipeline (commonly 
nown as TAL), from Trieste, at the head of the Adriatie, 
» Ingolstadt in South Germany, the centre of a large 
; finery complex; some details of this venture have 
already been recorded in these columns (Nature, 208, 
435; 1965). The largest pipeline at present operating in 
=Europe, completed in 1962, runs 782 km from L’Avera 
on the Mediterranean, northwards to feed refineries in 
Strasbourg, Karlsruhe and Mannheim. This pipeline is 
sponsored by the Société Du Pipe-Line Sud Européen 
(SPLSE), a consortium of major oil companies operating 
in France and Western Germany (including Compagnie 
Francaise des Pétroles---a French Government concern) ; 
by means of another system (Rhine Donau Ocelleitung, 
RDO), supplies are fed to other refineries in Bavaria. 
. Other notable lines are from Ludwigshafen to Wilhelms- 
< haven (Nord West Oelleitung, NWO); also the Central 
European (CEL) system serving Italy, Switzerland and 
Southern Germany. An informative article, with a good 
explanatory map of locations of existing and projected 
| pipelines and refineries, by R. E. Watkins, is included in 
< what is, most regrettably, the last issue of BP Magazine 
(British Petroleum Company, London. No. 18; winter 
--1965). This magazine first appeared in 1960 and it has 
_ consistently set a remarkably high standard in design, 
: illustration and presentation of subject-matter. 


No. 5030 


The San Mateo-Hayward Bridge, California 


A new bridge of unusual design is under construction 
which will eventually carry four to six lanes of traffic 
-across the southern part of San Francisco Bay, California, 
when it is completed in 1967. This bridge will incorporate 
nearly a mile of orthotropic spans in its 7-mile length. In 
this particular orthotropic design, the deck carries most 
of its own weight and this eliminates the need for the 
overhead steel supports and cables common to conven- 
tional steel bridges. Use is made of new high-strength 
steels, pressed into corrugated form; the resulting ribs 
possess enough strength to enable the deck to be seif- 
supporting over spans of up to 750 ft, the length of the 
central span in this new bridge. It is claimed that the 
orthotropic design for bridges offers advantages both im 
economy and speed of construction. A similar bridge has 
already been completed from Montreal to an island in the 
St. Lawrence River, the site of the 1967 World Exhibition. 
According to an article entitled “A Big Order” (The Lamp, 
Standard Oil Company (New Jersey), New York, 
47, 1965), all supporting towers of the San Mateo Bridge 
will be aluminium in colour, the body of the bridge being 
in gold. A remarkable ancillary feature of this construc- 
tion is the very large quantity of the protective coatings 
required for coating the steel of the structure. The Humble 
Oil and Refining Company (a subsidiary of Standard Oil 
Company (New Jersey)) is scheduled to supply 25,000 
gallons of undercoat (“Rust-Ban 191’) and 125,000 gallons 
of vinyl-based top-coat to protect all the steel. These 
protective coatings are being applied to the prefabricated 
steel sections in a specially constructed building 15 miles 
away from the site, to which the sections are afterwards 
transported by barge. 


Syntex Corporation of America 


Tame Syntex Corporation is internationally known for its 
pioneer research activities and manufactured products in 
_ the pharmaceutical industry. It operates through various 
-marketing subsidiaries, of which, in the United States, 
-Syntex Laboratories, Inc., with administrative and 
= research centres at Palo Alto, California, is the principal. 
- Other subsidiaries are located in Mexico (Syntex, S.A.), 
>in Canada (Syntex, Ltd.), while in England the group 
has now established its own marketing organization to 
cover Great Britain and most Commonwealth countries. 
To accelerate the dissemination of medical and marketing 
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information to distributors of Syntex products, new 


regional offices have been opened in London, Madrid and 
Milan, to augment the work of the centre previously | 


established in Zurick. Among the distributors of Syntex 


products are such well-known firms as Imperial Chemieal 


Industries, Ltd. (United Kingdom); Laboratories Cass- 
enne (France); Chemie Gruenenthal GmbH (West Ger- 
many, Austria and Switzerland); Instituto Farmacol- 
6gico Latino, S.A. (Spain); Recordati Laboratorio Farm- 
acologico S.p.A. (Itely}; and Tanabe Seiyaku Co.. Ltd. 
(Japan). According te the Annual Report of the Syntex 


Corporation for the Fiscal Year ending July l, 1968 


(Pp. 24. Panama: Syntex Corporation, 1965); sub- 
stantially increased sales resulted in net earnings of 
more than 10 millior dollars, the highest in the history of 
the Corporation. Sales for the United States. market 


constituted 46 per cent of total sales in the fiscal year- 


1965, Europe accounted for 29 per cent, Latin America 
for 14 per cent, and other countries 11 per cent. Of the 


drugs and other procucts with which Syntex is concerned 


may be mentioned steroids for treatment of inflammatory 
diseases, including the ‘Synalar’ group comprising com- 


pounds for treatment of skin conditions; drugs used in 
the area of reproductive physiology, consisting prima rly. : 


of several oral cortraceptives; steroid intermedi: 


and finished sex hormones. Animal health products fea : re 


strongly in another category of Syntex manufact 


During the year under review, a new form of ‘Synalar’ 


(fluocinolone acetonide) was introduced to veterinarians 
in the United States. designed for animal therapy. This 
was followed by the drug ‘Flucort’ (flumethasone), a new 
antiinflammatory corticoid used in treating various 
rheumatie, allergic end metabolic disease conditions in 
large and smal] animals. 


The California Bearing Ratio Test on Loess 


THE California bearing ratio test, one of the mainstays 


of soil mechanics and conventionally popular with | 
engineers, especially when concerned with highway 
aerodrome runway construction, has undergone 
critical modifications both in technique and interpr 





tion, since O. J. Porter first deseribed his original meth ds 3 


in two papers, “The Preparation of Subgrades” anc 





“Foundations for Flexible Pavements” (Proc. U. 5. ah a 


ways Res. Board, 18, Part 2, 1938; and 22, 1942, 
tively). Porter’s original text was essentially. i. : 


classification test, as we know it to-day. With the advent | 


of the Second Worlé War, the U.S. Corps of Engineers 
had to build many aerodromes and access roads under 


many different subgrade conditions, often in a very short 


space of time. From various flexible pavement design 
methods the California bearing ratio test was selected, 
and after a thorough examination of its merits and 
applications, the U.S. Corps of Engineers made some 
important changes in Porter’s original procedures. These 
were, briefly, the use of dynamic compaction instead of 
static compaction; tae compaction of soil to dry density 
and the use of the mcisture content expected during com- 
paction in the field hus the test became a measure of 
soil shear-strength, not just a classification test); a 
correction was also introduced for California bearing ratio 
load-penetration curves (initially concave-upwards). After 
1945, the test was universally adopted in highway con- 
struction work. In Britain, however. further amendments 
were made, such as dispensing with soaking procedure, 
and reversion to static compaction. It is clear from a 
timely paper by J. P. Blakeley entitled The California 
Bearing Ratio Test on Loess (National Roads Board: Road 


Research Unit. Bulletin No. 2. Pp. 18. Wellington, New 
Zealand, 1965) that further modifications of this test are: 


both desirable and ‘mrninent. 
trend towards the use 
surfacings is causing difficulty in the application of the 
California bearing rato test, and this method of pavement 
design will have to be modified to make rational allowance 


As he points out, the 
















of bound base-courses and stiffer. 
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for the all-important load-spreading properties of the 
pavement. The author divides his paper into two parts. 
The first part consists of a review of the California bearing 
ratio test, and the second deals with relationships between 
soil dry density, compaetion moisture content and 
soaked/unsoaked bearing ratio. The first part is an 
objective survey of the California bearing ratio test past 
and present. The second gives the results of considerable 
experimentation in terms of its title, conducted on one 
soil only, Heathcote Loess; but he finds that trends in 
the variation of bearing ratio values with moisture content 
and density should be true of a variety of soils. 


A Virus Disease in Crustacea 


Pror. C. Vaco, of the Laboratoire de Cytopathologie, 
Saint-Christol-les-Alés, has written to the Editor reporting 
the incidence of a virus disease in a crustacean. The virus 
diseases so far described in invertebrates have been either 
from insects or from Acaria. The present virus was 
observed in Macropipus depurator L. (Portunus depurator). 
Diseased animals collected on the French ‘Languedoc’ 
coast of the Mediterranean showed a slow development of 
paralysis; sometimes a slight darkening was observed at 
later phases of the disease. Inoculation of blood from 
diseased animals into healthy ones provoked these symp- 
toms. An infectious fraction was obtained from the 
suspension of homogenized muscle, heart and gland tissue 
by filtering them through 450-my ‘Millipore’ membranes 
and by alternate centrifugation at a maximum of 30,000 
r.p.m. An electron microscopic study of this fraction, 
after negative staining with phosphotungstic acid, 
revealed numerous paraspherical virus bodies, 50-60 mu 
in diameter (Fig. 1). The same viruses were also obtained 
from the tissue suspension by purification with trichloro- 
trifluorethane. Histological investigations of infected 
tissues and further analysis of the virus are in progress. 





Virus bodies isolated from paralysed Portunus depurator. 


) 
ee Negative staining with phosphotungstic acid ( x 30,000) 


Hot Springs and Fumaroles at Jebel Marra, Sudan 


D. Hammerton, of the Hydrob‘ological Research Unit, 
Faculty of Science, University of Khartoum, has written 
to the Editor as follows: “The volcano of Jebel Marra 
(3,024 m. latitude 24° 16° E., longitude 12° 58’ N.) in 
Darfur Province, Sudan, has hitherto been regarded as 
extinct. It consists of a well-developed caldera 3 miles in 
diameter with a central cone containing a deep crater 
lake. A larger, shallow lake occupies part of the eastern 
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floor of the caldera. While engaged on a biological in- 
vestigation of the two lakes in January, 1966, I made 
two discoveries which suggest that the voleano must be 
regarded as dormant. First, a series of hot springs, 
ranging in temperature from 65°-85° C, were found along 
the north-west in of the inner crater lake. The 
volume of flow is probably greater than can be accounted 
for by precipitation and it is suggested that the springs 
consist either of juvenile water or of water which leaks 
through the floor of the lake and is subsequently heated 
and forced to the su face. Secondly, exploration of the 
outer north-west slopes of the inner crater revealed the 
presence of a valley in which there are numerous fumaroles 
emitting hot gases under pressure. The whole valley was 
filled with a strong smell of sulphur dioxide, and numerous 
dead birds and insects were observed in the vicinity of 
each fumarole. Three adjacent valleys, though not ex- 
plored in detail, appeared to contain similar fumaroles. 
This record of fumarolic and hot spring activity is of 
considerable vulcanological interest in Africa because of 
the northerly position of the volcano. Detailed chemical 
analyses have been made of the waters of the lakes and 
of the hot springs in conjunction with biological studies, 
and the results will be published elsewhere.” 
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Research Facilities at Naples, Plymouth and Windermere 


How many workers in the biological sciences to-day are 
aware of the research facilities available at the Biological] 
Stations at Plymouth and Windermere and the Naples 
Zoological Station? The British Association for the 
Advancement of Science was actively concerned in the 
foundation of all three of these Stations, and its con- 
tinuous financial and moral support has entitled it to 
table space and the use of research equipment and other 
material at the Stations. The opportunity to use these 
facilities—in some respects unique—is open to teachers, 
senior students and research workers in universities, 
university colleges and other educational or research 
establishments who apply to the British Association. 
There is no limit to the time available to applicants at 
the Marine Biological Station, Plymouth, and the Fresh- 
water Biological Station, Windermere; but at the Zoo- 
logical Station, Naples, the Association is entitled to 
only one month's table space during any twelve months 
running from July 1 to the following June 30, and for 
administrative reasons applications should be submitted 
as long in advance as possible. Successful applicants in 
all cases will be offered a place, free of charge, in the 
laboratory in question, and the use of the equipment and 
material necessary for carrying out the programme of 
work involved. Applications should be addressed to the 
Secretary, British Association for the Advancement of 
Science, 3 Sanctuary Buildings, 20 Great Smith Street, 
London, 8.W.1, and should include a statement of qualifi- 
cations, the work in which it is desired to engage, and the 
dates for which the use of table space is required. Appli- 
cations will be submitted to a committee of the Association 
(and in the case of the Naples Station to a Committee of 
the Roya! Society) for approval. 


Scientific Research in France 


AN article in Le Progrés Scientifique (No. 91, December 
1965) analyses expenditure on research and development 
in France in 1963. Public expenditure was 4,508 million 
francs, of which 110 million francs was for space research 
and 1,453 million franes for military research. A further 
2,073 million francs was expended by private enterprise 
on industrial research, about 18-7 million francs by non- 
profit institutions and about 82-9 million francs was pro- 
vided by international organizations, making a total of 
6,249 million franes. Of this total, 2,267-5 million frances 
was spent in the State sector, 844-1 million frances in the 
educational sector, 3,103 million francs in the industrial 
sector, and 34-2 million francs by non-profit institutions; 
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3,347 million francs was spent on research and 2,901 
million francs on development. 


Scientists in Mexico 


Part 1 (A-G@) of the volume on Mexico in the series 
Scientific Institutions and Scientists in Latin America, 
issued by the Centre for Scientific Co-operation in Latin 
America of the United Nations Educational, Scientific 
and Cultural Organization and the Organization of 
American States, contains the information regarding 
scientists in Mexico which was contained wn the earlier 
three volumes issued in 1951, and in 1955 brought up 
to date and with many new ieferences (Pp. 372. Monte- 
video, 1965). 


Royal Geographical Society: Awards 


Tae Royal Geographical Society has announced the 
following medals and awards for 1966: Patron’s Medal, 
Prof. E. J. H. Corner, leader, Royal Society Expeditions to 
North Borneo and the Solomon Islands; Founder’s Medal, 
G. Hattersley-Smith, for glaciological investigations m 
the Canadian Arctic; Victoria Medal, G. R. Crone, 
librarian and map curator, Royal Geographical Society ; 
Murchison Grant, Prof. S. G. Davis, University of Hong 
Kong; Back Grant, Dr. S. Evans, Scott Polar Research 
Institute, Cambridge; Outhbert Peek Grant, Lieut. 
Commander M. K. Burley, leader, Combined Services 
Expedition to South Georgia; Gill Memorial, P. Haggett, 
University of Cambridge; Mrs. Patrick Ness Award, E. ©. 
Evans and J. P. M. Long, Welfare Branch, Northern 
Territory Administration, Government of Australia. 


University News: Belfast 


Dr. K. J. Ivry, at present reader in physical chemistry 
in the University of Leeds, has been appointed to the 
chair of physical chemistry. 


Bradford Institute of Technology 


Dr. A. BOTTOMLEY, at present Ford Foundation 
adviser to the Institute of Public Administration and 
Development of the Lebanese Government, has been 
appointed professor of economics. Dr. W. R. A. D. 
Moore, reader in high polymer chemustry at the Institute, 
has been appointed professor of polymer science. 


London 


Pror. A. C. Orrorp, at present professor of mathe- 
matics at Birkbeck College, has been appointed to the 
chair of mathematics at the London School of Economics 
and Political Science. Dr. G. R. Davis, resident mining 
consultant in Northern Rhodesia to the British South 
Africa, Co., has been appointed to the chair of mining 
geology tenable at the Imperial College of Science and 
Technology. Dr. P. J. Grant, at present reader in engin- 
eering science at the Imperial College of Science and 
Technology, has been appointed to the chair of nuclear 
power tenable at that College. 


Announcements 


Dra. N. P. Arren and Dr. O. Simpson have been 
appointed deputy directors at the National Physical 
Laboratory as from April 1. Dr. Allen, who joined the 
National Physical Laboratory as superintendent of the 
Metallurgy Division in 1944, will become deputy director 
(A), and Dr. Simpson, who joined the Laboratory in 1963 
as superintendent of the Basic Physics Division, will 
become deputy director (B). 


THs sixteenth annual meeting of the Société de Chimie 
Physique will be held in Paris during May 31—June 3. 
Further information can be obtained from Prof. G. 
Ermschwiller, Société de Chimie Physique, 10 rue Vau- 
quelin, Paris 5. ee 
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A COURSE on “Life in the Past”, arranged by the Joint 
Biology Committee, will be held in the University of 
London on May 21. Further information can be obtained 
from the Treasurer, Joint Biology Committee, 1la Lons- 
dale Gardens, Tunbricge Wells, Kent. 


AN international symposium on “Electron Microscopy 
and Cytochemistry” will be held in Leiden durmg May 30- 
June 4. Further information can be obtained from the 
Secretariat of the Syznposium, Laboratory for Electron 
Microscopy, 62 Wassenaarseweg, Leiden. 


A REVIEW symposcum on “Modern Applications of 
Thermoelectricity’? will be held at the Welsh College of 
Advanced Technology during April 20-22. Further 
information can be oktained from the Organizer of Short 
Courses, Welsh College of Advanced Technology, Cathays 
Park, Cardiff. 


A symposium on ““Traffic Safety—-a National Problem” 
will be held in Washirgton on April 28, during the second 
annual meeting of the National Academy of Engineering. 
Further information can be obtained from the Secretary, 
National Academy af Engineering, 2101 Constitution 
Avenue, Washington, D.C. 


A CONVENTION on “Thermodynamics and Fluid Mech- 
anics’’, arranged by the Thermodynamics and Fluid 
Mechanics Group of the Institution of Mechanical 
Engineers, will be he.d in Liverpool during April 13-15. 
Further information can be obtamed from the Institution 
of Mechanical Engineers, 1 Birdcage Walk, Westminster, 
London, 8.W.1. 


THE spring meeting of the Western States Section of the 
Combustion Institute will be held at the Denver Research 
Institute during April 25-26. The subjects under dis- 
cussion will be: fire rssearch; pyrolysis of solid fuels and 
oxidizers ; high-pressure, condensed-phase reactions; metal 
combustion. Further information can be obtained from 
the Secretary, Western States Section, the Combustion 
ee 16902 Bollmger Drive, Pacific Palisades, Cali- 
ornia. 


AN international symposium on ‘Generalized Ner- 
works”, arranged by the Microwave Research Institute 
of the Polytechnic Institute of Brooklyn, in co-operation 
with the Institute of Electrical and Electronics Engineers, 
the Optical Society of America and the Society for 
Industrial and Applied Mathematics, will be held in New 
York City during April 12-14. Further information can 
be obtained from the Symposium Committee, Poly- 
technic Institute of Brooklyn, 333 Jay Street, Brooklyn, 
N.Y. 


A SYMPOSIUM on ‘Advances in Polymer Characteriza- 
tion”, organized under the auspices of the Manchester and 
District Advisory Council for Further Education, will be 
held in the University of Manchester during April 20-21. 
The programme will clude sessions on: solution proper- 
ties and the determination of molecular weight distribu- 
tions; characterization of tacticity; properties of amor- 
phous polymers; crystallinity and crystallization. Further 
information can be >btained from the Registrar, Man- 
chester College of Sciance and Technology, Manchester. 


Tue fifth general meeting of the International Mineral- 
ogical Association will be held at Cambridge during 
August 30-September 3. The programme will include 
symposia on crysta. growth with special reference to 
minerals or bonding forces in mineral structures and on 
pyroxenes and/or amphiboles, and an evening session on 
problems of the quantitative measurement of reflectivity 
in ore minerals. Further information can be obtained. 
from the Local Secretary, International Mineralogical 
Association Meeting, Department of Mineralogy and 
Petrology, Downing Place, Cambridge. 
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EXTENDING THE USEFULNESS OF MATERIALS 


HE Materials Science Club held the third of its 1965 

series of technical meetings on December 14 and 
15 at the Atomic Energy Research Establishment, 
Harwell (see Nature, 206, 335; 1965). The meeting was 
divided into three sessions: the first was devoted princi- 
pally to recent advances and future prospects in diverse 
fields such as ferrous and non-ferrous metals, ceramics, 
concrete, glass, paper, plastics and praphite. The second 
session covered general trends of development in materials 
science with particular emphasis on the inter-relationship 
between different fields. After a brief introduction cover- 
ing the economics of new materials development, the final 
session was devoted almost entirely to a general discussion 
of the topics already covered during the meeting. 

Recent advances in particular fields. The first material, 
graphite, was surveyed by Prof. A. J. Kennedy (the 
College of Aeronautics, Cranfield). Conventional poly- 
crystalline graphites form a range of very varied materials 
the properties of which depend strongly on the origin of 
the cokes used as starting materials. The methods of 
preparation and purification of graphite can also pro- 
foundly affect the properties, as can be seen from the 
increase in density. That of conventional graphite lies 
in the range 1:5~1-9 g/ml.*, recrystallized material is raised 
to 2-1, and the highly oriented pyrolytic form (deposited 
from the vapour phase) has a value of 2:2. The highest 
figure, that for a single crystal of graphite, is 2-26. 

In principle, graphite is an outstanding material for 
high-temperature applications (with strength increasing 
to a maximum at about 2,700° C), and much effort has 
been devoted to developing new forms which might pay 
dividends in this respect. Graphites are characterized 
by a relatively high porosity——20-30 per cent is typical— 
and it is possible to achieve an improvement in mechani- 
cal and thermal properties by such techniques in impregna- 
tion and hot working. 

The pyrolytic graphites are highly anisotropic, a feature 
which has both limitations and advantages. The fact that 
they possess high strength parallel to the crystal planes at 
2,700° C, and that heat is rapidly and evenly distributed 
along the surface, makes their use in rocket engines and 
nose cones of considerable importance. The utilization of 
graphite in nuclear engineering and particularly in 
advanced gas-cooled reactors raises another singular 
feature of its behaviour, namely, its ability to reduce the 
internal stresses developed by irradiation through the 
mechanism of irradiation creep. The properties of 
graphite fibres, although they have only about half the 
mechanical strength of carbon fibres, are interesting, 
particularly at elevated temperatures. 

In the discussion, attention was centred on the nature 
of the voids in graphites which apparently are normally 
small intercrystalline spaces (5-10u). These, in addition 
to being able to be filled by impregnation, can also 
provide accommodation for creep. Delamination of 
graphite was found to occur because of the anisotropy of 
shrinkage resulting from the cone or circular type of growth 
exhibited in pyrolytic graphites. The high resistance to 
corrosion of graphitic materials was of value when used 
in the electrolysis of brine, and it was suggested that the 
particular orientation of graphite provided a system most 
capable of accommodating and resisting corrosion stresses. 

The second paper, on “Steel Plant Refractories for High 
Temperature Processes”, was given by Dr. J. N. Chesters 
(United Steels Co., Ltd., Rotherham). He began by 
summarizing the development of steel-making techniques 
from the original crucible process to the present-day 
electric arc furnaces. More than half the refractories 
produced in the world are consumed in steel-making 
furnaces. During the past decade there has been a radical 
change due in the main to the introduction of tonnage 


oxygen in the Bessemer-type of furnace. This has resulted 
in operating temperatures at least 100° C higher than 
normally used and concentrations of iron oxide many 
times those previously experienced. The use of high- 
current arc furnaces has also contributed to higher 
temperatures. Although material developments have 
arisen from work on atomic energy and rocketry, these 
have proved Jargely inapplicable to steel-making due to 
their instability under oxidizing conditions and their 
inadequate resistance to iron oxide. It seems that the 
development of suitable materials for furnace linings is 
very likely to come from the use of modified conventional 
materials; for example, in the use of denser materials of 
higher purity fired at unusually high temperatures. As a 
replacement for the conventional fire-clay and silica bricks, 
increased use has been made of basic refractories, particu- 
larly dolomite and magnesite. Many of these are used in 
the unfired state—frequently tar bonded—and it is in- 
creasingly certain that the carbon resulting from the tar 
plays a vital part in resisting slag attack. 

Even the densest of these dolomite refractories are, 
however, proving inadequate for the worst conditions, and 
the latest swing is towards increasingly pure magnesia 
either in the fired or unfired state. Bricks made from 
relatively pure magnesia, fired at high temperatures, are 
also possessed of unusually high thermal shock resistance. 
A further decrease in porosity would be likely to improve 
this performance still more. Another major development 
has been the use of high alumina, (85-98 per cent) bricks. 

In the discussion which followed, Dr. Chesters instanced 
many cases of anomalous behaviour in refractory furnace 
linings, and pointed out that very little was really known 
about the atmosphere inside the furnace and the precise 
mechanism of attack. In one case, for example, a layer 
of special high-resistance material set in dolomite was found 
to have distorted considerably more than expected. 
The question of whether or not a better performance 
was obtained with fired or unfired materials probably 
depended on the relative conductivities and the penetration 
of the slag melt into the refractory. Graphite had been 
used as a furnace-lining material in the United States, 
but it was known that graphite burns rapidly in the pres- 
ence of oxygen, and therefore some experiments had 
been done to reduce the oxygen concentration in the 
furnace atmosphere by replacement with nitrogen or 
steam. There was a suggestion that the considerable 
Increase in temperature in certain areas of the lining 
leading to rapid breakdown was due to the influence of 
plasma jets which, of course, were capable of generating 
extremely high temperatures. 

Mr. J. P. Proctor (Pilkington Brothers, Ormskirk) 
next gave a talk on “Glassy Materials”. Three types of 
compound are found in normal glasses: (a) network- 
forming compounds which are oxides of such elements as 
silicon, phosphorus, boron and germanium; (b) network 
modifiers which are essentially alkali metals such as 
lithium, magnesium, caesium and barium; (c) intermedi- 
ates such as the oxides of beryllium, aluminium, zine 
and lead. 

It was also possible to produce glasses containing 
fluorides, sulphides, tellurides, etc. In the laboratory at 
least, the properties of glass can be tailored to cover a 
wide range of specifications and the important factors 
in obtaining the desired result are: (1) chemical composi- 
tion, and (2) the thermal history—important aspects 
of which are the transformation temperature, the strain 
release temperature and the annealing temperature. 

Methods of improving the strength of glass include 
chemical toughening as exemplified by the replacement of 
small by large ions using diffusion processes. Strengths 
in the range 50,000-80,000 Ib./in.? can be obtained in this 
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way. All glass-like substances are prone to the process - an improved aluminium alloy, a material containing 5 


of devitrification but, by the use of controlled nucleation 
with elements like gold, silver or copper, the crystallinity 
can be controlled, and this technique, together with 
chemical toughening, can provide glasses with strengths 
in the range 100,000-250,000 Ib./in.*. 

Mr. Proctor showed how the use of silver halides in a 
glass of the sodium-boron-silicate type gave a photo- 
chromic substance which darkened on exposure to light. 

Questions on the properties of different glasses revealed 
that it was possible to produce complex structures made 
up of layers of different glasses. 

Some discussion followed on the use of slag/ceram com- 
pounds as building materials, and Mr. Proctor pointed 
out that it is necessary to control the crystallization in 
order to preserve strength. For this reason it was impos- 
sible to roll §-eucryptite glass without destroying the 
crystallites since any subsequent treatment always 
tended to alter the crystalline nature. It was apparently 
not possible to modify the surface properties of glass in 
order to reduce the amount of condensation which oceur- 
red in Britain’s humid climate ! 

Mr. R. W. Nichols (Reactor Materials Laboratory, 
CuJcheth), in his talk on “Recent Developments and 
Future Prospects for Ferrous Materials”, said that a 
growing understanding of the mechanisms available for 
strengthening metals, coupled with new production 
processes which permit greater freedom of composition, is 
enabling the development of structural steels with higher 
strengths than the mild steel which they are beginning 
to replace. One method of strengthening steel is the intro- 
duction of additives such as carbon or other alloying 
elements which act as obstacles to fracture propagation. 
The proportions of these additives must, however, be 
kept to a minimum in order to avoid affecting the tough- 
ness and welding characteristics of the steel. A striking 
example of alloying developments is the series of maraging 
steels giving weld strengths of 90 tons/in.? upwards with 
excellent weldability. 

The important requirement of steels for high-tempera- 
ture usage has involved work to determine the parameters 
controlling high-temperature strength and high-tempera- 
ture oxidation resistance. In addition to employing 
alloying techniques, considerable gains can be made 
by the more efficient use of existing materials, as a conse- 
quence of a better understanding of the limiting failure 
processes. Control of the grain size can, for example, be 
achieved by the use of aluminium (as AIN) and niobium 
(as NbC). Further improvements can be made by increas- 
ing the purity of steel—most important is the reduction 
of sulphur—and also by the use of hot rolling techniques 
to break up the carbides into smaller particles. 

After this paper it was decided to proceed without 
discussion to the joint contribution by Dr. A. R. Harding 
(Aluminium Laboratories, Ltd., Banbury) and Mr. R. W. 
George (Royal Aircraft Establishment, Farnborough) 
entitled “Aluminium and its Alloys”. This paper, 
incidentally, provided an encouraging example of a joint 
approach by supplier and user. Dr. Harding described 
the present stage of development of aluminium alloys, 
showing how their properties and application are already 
well exploited, and pointing out the importance of the 
economic factors in deciding what materials should be 
developed and how they should be produced. He then 
showed how the present development of conventional 
alloys is governed by the need to satisfy conflicting require- 
ments. Mr. George then discussed the improvement of 
fatigue properties in aluminium and its alloys and showed 
how increases in tensile strength obtained in the develop- 
ment of aluminium alloys have not been accompanied by 
proportionate increases in fatigue strength. From various 
metallographic studies it became increasingly clear that 
the plastic deformation resulting from cyclical loading can 
break down or destroy those micro-structura) features 
which confer tensile strength. In attempting to develop 


per cent magnesium was selected, since this alloy, although 
of low tensile strength, has a relatively high fatigue 
strength. Improvements in tensile strength were 
attempted by further alloying without interfering 
with the intrinsic fatizue-strengthening mechanism of the 
aluminium—magnesium matrix. Various aluminium- 
magnesium—copper and aluminium—magnesium—zinc-com- 
positions have been made and tested and an alumin- 
ium-zine composition was chosen as a working basis for 
further development. 

~Discussion on improvements in ferrous metals showed 
that again developments centred on the principle of 
limiting fracture by the use of additives, and by careful 
attention to control of grain size. The use of carbon, for 
example, could be tolerated provided the carbides formed 
were small and uniformly distributed; weaknesses were 
often encountered due to the lath-like shape of certain 
carbides. It was also observed that inter-metallics can 
occur as small brittlə particles in the matrix, and this 
leads to fracture. Pəarlite colonies can also contribute 
to fracture as these show weakness across the lamellae. 

There was a suggestion that in view of the endless series 
of papers describing work on aluminium containing 
4 per cent copper, very little progress has been made m 
commercial aluminium alloys over the past 10 years or 
so. Dr. Harding said that this surely indicated that 
aluminium—copper alloys cannot be extended into the 
more sophisticated requirements range and he felt that 
we had reached the maximum degree of improvement 
which can be achieved by purely empirical methods. It 
was time for science to have a look-in. Improvements im 
materials can be obtained by the trick of keeping some of 
the additives in solution so that they would be available 
for precipitation when the appropriate conditions were 
encountered. 

The first day’s discussions ended with a dinner attended 
by about fifty delegases at the Shillingford Bridge Hotel. 
After the meal the meeting was addressed by Dr. P. 
Murray (assistant director of the Atomic Energy Research 
Establishment). 

Dr. Murray summerized the advances made in reactor 
technology at Harwell since its formation. The in- 
creasingly severe operating conditions demanded by these 
advances had made necessary the creation of a whole 
range of new materials with highly specific properties. 
These developments had been shared by a number of the 
divisions at Harwell and had, in fact, represented a truly 
‘materials science’ approach to the solution of problems. 

A vigorous discussion followed Dr. Murray’s talk in 
which the economics of development on such a scale was 
often mentioned even to the extent of one member 
suggesting that the country and the tax-payer would be 
better served by closing down Harwell altogether ! 

The theme of “Recent Advances in Particular Fields” 
was continued at the start of the second day by a lecture 
from Dr. K. Newman (Imperial College of Science and 
Technology) on “Concrete”. He remarked that the most 
useful properties of concrete are its ability to be moulded 
easily into any shape in the fresh state, and its high com- 
pressive strength and durability in the hardened state. 
Its main disadvantages are its low tensile strength, which 
has led to the use of mild and high tensile steel as rein- 
forcement, and the considerable shrinkage it undergoes 
on drying out. Despite its widespread use little was known 
until recently about the structure of concrete and how 
this affects its physical and mechanical properties. The 
internal structures af hardened cement pastes, mortars 
and concretes were briefly described and their influence 
on stiffness, strength and the mechanisms of shrinkage 
and creep were explained. It was then apparent that 
considerable advantages can be gained in the use of con- 
crete as a structural material by providing even a moder- 
ate, reliable tensile strength and a significant reduction 
in shrinkage. Several methods of improving tensile 
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strength were proposed, including the use of aggregate of 
similar stiffness as hardened paste to reduce stress con- 
centrations, the formation of chemical bonds at the 
ageregate—paste interface, and the introduction of small 
pieces of steel wire, glass or other fibres to arrest crack 
propagation. Most of the adverse effects of shrinkage 
can be overcome by more sensible construction tech- 
niques. However, drying shrinkage can be reduced 

‘considerably by sealing the concrete in impermeable 
surface finishes, by the use of expanding cements, or by 
steam. curing at temperatures more than 180°C. A range 
of materials with properties between those of concretes 
and ceramics could be produced by autoclaving low water 
content, pressure compacted, concrete products. 

In considering methods of reinforcing concrete, Dr. 
Newman during the discussion indicated that a large 
number of different additives had been put into concrete, 
including organic reinforcement; the only criterion to 
emerge from these trials was that for satisfactory per- 
formance the reinforcing material should be stiffer than 
the material into which it is placed. The presence of a 
large number of small cracks also served to increase the 
strength of concrete by acting as fracture terminators. 

After this, Dr. H. Corte (Wiggins Teape, Research and 
Development, Beaconsfield) gave a talk on the develop- 
ment of paper and board. The early use of paper was 
confined almost entirely to writing and printing and it 
was only the application of mechanization, leading to 
increased production of cheap paper, which opened up 
new fields of application. These come into four main 
categories: (a) Packaging paper (such as disposable milk 
containers and multi-wall corrugated containers). (b) 
Sanitary papers (such as disposable incontinence pads). 
(c) Communication papers (such as ‘NOR’ paper and 
electrographic copying paper). (d) Special technical 
papers (such as the eighteen different functional papers 
which are used in and for the motor-car). 

In attempting to improve the performance of paper, 
three essential properties af the material must be borne in 
mind. These are: porosity, sensitivity to water, and 
strength. 

Paper has a random porosity with a considerable 
variety of pore sizes. This scatter can be a disadvantage 
in such applications as oil filters, etc. Control of porosity 
can be done by various techniques including coating, which 
is often done for other reasons and also by the closure of 
pores as in the preparation of vegetable parchment by 
sulphuric acid or chloride ions. ‘The mechanism of 
this latter technique is not yet fully understood but is 
being investigated. It is also possible to reduce porosity 
by means of resin impregnation. Multiple spark techniques 
ean also be used to impose a controlled porosity, and, 
finally, the porosity can be further reduced or eliminated 
by lamination with plastics or aluminium foil. The 
sensitivity to water depends mainly on the presence of 
hydrogen bonds, and two techniques are available for 
increasing wet strength. Either additives which form 
bridges can be used, or alternatively, the incorporation of 
plasticizers (as in the wrappings of sweets) can be effective. 
Paper tears essentially by delamination, and improvements 
to tear strength are achievable by coating with latices or 
by impregnation with epaxy resins. A more advantag- 
eous fibre distribution (felting) can also be used but the 
technique is difficult. i - 

Dr. J. P. Berry (Rubber and Plastics Research Associa- 
tion) next gave a talk on plastics. He began by indicating 
the close relationship between some of the materials 
called plastics impregnated papers by Dr. Corte, and 
visualized as paper reinforced plastics by himself! 
Plastics have many attractive properties but their complex 
mechanical behaviour poses problems in design. Inade- 
quate understanding of these .problems has tended to 
restrict the use of plastics to non-critical applications or 
has resulted in over-conservative and hence uneconomic 
design. In-selecting a plastic for a particular use it is 
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necessary to establish the factors which will render it 
unserviceable.” After this the mechanical properties will 
determine the dimensions of the fabricated component. 
By achieving an understanding of the properties and 
limitations of plastics, and in particular the effect of time 
and temperature, more efficient use can be made of existing 
materials in present applications, and extensions can be 
made to new applications. There also will exist the 
possibility of developing materials with special improved 
properties. 

In reply to a question on the use of paper fabrics, Dr. 
Corte pointed out that the principal difficulty was to 
achieve a satisfactory drape, and also indicated that the 
paper fabric-like non-woven materials were mostly com- 
posed of non-cellulose materials and were therefore expen- 
sive. Cheapness in ‘paper making’ depended on long runs, 
and the type of run used in textile production would be 
quite uneconomic. There was, however, a development 
in the United States of such disposable items made from 
paper as laboratory coats and hospital sheets. 

Several members raised the question of ageing, odour 
absorption and unattractive appearance associated with 
plastic domestic utensils. Dr. Davies pointed out that 
articles which were cheap were often ‘nasty’ and both he 
and Dr. Berry emphasized that improvements were 
continually being made to plastics, and that it was also 
necessary to educate consumers in the choice of suitable 
materials. There was some discussion on the similarity 
of paper and wood, particularly in the case of some resin- 
reinforced products which Dr. Corte showed. The differ- 
ence between wood and paper depended on whether or not 
the lignin was left in or removed from the product. 

General trends of development in materials science. This 
session began by a survey of ‘Fracture’ by Mr. S. F. Pugh 
(Metallurgy Division, Harwell). Mr. Pugh plunged straight 
into classical materials science by observing that Galileo 
was wrong in assuming that the strength of materials was 
independent of dimensions, and remarked that Leonardo 
da Vinci found after experiments with iron wires of differ- 
ent lengths that tensile strength was dependent on the 
length of the specimens. It was suggested that a longer 
specimen contained more dislocations. A knowledge of 
fracture mechanisms may help both in the development 
of materials with improved fracture rosistance and in 
improving engineering design techniques. Similarities 
and differences between the fracture characteristics of 
materials with as wide a variety of structures as mild 
steel and magnesium oxide were discussed. In developing 
a coherent science of fracture of materials, the subject 
can be divided in different ways accarding to the criterion 
adopted. So far there is no way of predicting which 
types of fracture a new material will suffer, because the 
critical factors are not known. Further investigations 
of fracture mechanisms are required, perhaps with more 
attention being paid to comparison of a given type of 
fracture in materials of widely different structure and 
physical properties. A complementary problem is in 
finding the relevance of the various fracture models to 
each particular type of fracture in each type of material. 
Mr. Pugh gave examples of the phanomenon of ductile 
fracture in glassy polymers subjected to prolonged 
stresses and said that a typical instance was to be found 
in stainless steel. He also dwelt on the use of reinforcing 
agents and, like Dr. Newman, indicated that it was often 
effective to set a crack to stop a crack, and instanced the 
poor bond between the reinforcing material and the resin 
in fibreglass as a means of providing a strong composite. 

In the discussion it was observed that as materials were 
produced which had greater strength, the problem of 
brittleness became more acute and much of the work on 
improvement of materials lay in the reduction of brittle- 
ness. A technique was the provision of a multitude of 
crack-inhibiting centres. These can be either voids (as 
in the case of graphites) or particles and voids as produced 
in refractories resistant to thermal shocks by the incor- 
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poration of ground-up bricks in the clay matrix. Soft 
reinforcements in materials like concrete would also 
achieve the same end. l 

Dr. C. Edeleanu (Imperial Chemical Industries Materials 
Group, Billingham) then spoke on the development of 
engineering materials. The factors which have to be 
considered when making the critical decision of what 
material to use in an engineering application are: (1) 
What materials are available. (2) Costs—not of the 
material itself, but of the whole job, including processing 
and fabricating. (3) The time hmit—whether or not the 
material can be developed and processed in the time 
available. (4) Human factors which include whether or 
not the material is pleasing in the particular application. 

All these factors, but particularly the last, entail close 
co-operation between the designer, the fabricator and the 
user. It is also essential to understand the real and not 
the alleged requirement of a product, since often the 
customer does not really know what he wants. It was 
pointed out also that in many cases important develop- 
ments occurred not in the material but in the development 
and use of economical ways of fabrication and production. 
Examples of this type of improvement emerged in the 
discussion particularly with reference to the manufacture of 
aluminium and the continuous process for steel fabrication. 

Mr. J. M. Hutcheon (Reactor Materials Laboratory, 
Culcheth), in his talk entitled “ʻA Plea for the Humdrum”, 
said that although the development of new materials to 
the full scale in a very short time is possible, it is very 
expensive, and can only be undertaken under very 
exceptional circumstances. In most countries, for most 
of the time, the requirement is that the investment in 
research and development be kept to a reasonable propor- 
tion of the gross national product. There is, however, 
still ample scope for the materials technologist to use his 
influence with the engineer to ensure that materials 
specifications are rationally related to the proposed use; 
to investigate also the causes of variability within 
what is nominally the same material, and to seek means of 
improving existing materials by relatively small changes 
in the manufacturing route. This shifts the balance of 
research and development responsibilities away from 
the user laboratories into those of the manufacturer. 
Rapid test procedures are required, together with the 
detailed examination of every stage of the manufacturing 
process, and it is possible that some central organization 
such as the Ministry of Technology should finance develop- 
ments. 

The speaker also pleaded that university graduates 
should work in operating plants. He also pointed out 
that the statements made in his talk underlined the 
necessity for co-operation between user and manufacturer 
at the earliest possible stage of a project. 

The final paper in this session was given by Mr. J. E. 
Gordon (Explosives Research and Development Estab- 
lishment, Waltham Abbey). The speaker wondered 
whether the practice of cheapening a material in order to 
extend its market was making the most economic use of 
Britain’s scarce research resources. Bessemer was said 
to have reduced the cost of steel by a factor of 5, but it is 
unlikely that the cost of mild steel could be reduced in 
the future by so much as 20 per cent. If this did happen, 
the value to the motor-car user, and perhaps the economy 
as a whole, would be no greater than a reduction of 1 
- per cent on petrol consumption. Reductions in the 
region of 25 per cent in petrol consumption could clearly 
be achieved by cutting the weight of the car. It is there- 
fore arguable that steel is too cheap and if it were more 
expensive manufacturers would produce more efficient 
designs. Cheap materials may be as doubtful a blessing 
as cheap labour. Improved materials development could 
produce two benefits: (a) a more efficient product by 
weight saving, or (b) cheaper fabrication, since the cost of 
fabrication is nearly always much greater than that of the 
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The former point is receiving much attention, but the 
latter needs further consideration. Mr. Gordon believes 
that we may be nearing the end of the road with regard 
to cheapening existing metel-working processes, and we 
must begin to think more about moulding and casting 
processes. Some attention should also be paid to two- 
component systems, and here one can either increase the 
strength while leaving the density constant, or leave the 
strength unchanged end reduce the density. This could 
be achieved with steels, but not with some of the intrinsic- 
ally lighter materials. An example would be the reinforce- 
ment of soft steel witn hard ceramics; also, the quantity 
of wood consumed per year is about 10° tons compared 
with 4 x 108 tons of steel. Wood is cheap and has a 
similar modulus to steel, it has low density but does have 
other disadvantages. Could not more use be made of it ? 
Plastics have too low a modulus to be used much as engin- 
eering materials, but might be modified. The use of very 
small quantities of reinforcement—less than 2 per cent-— 
was found to give startling increases in mechanical proper- 
ties. The discussion included remarks on the cost of 
training graduates, the type of training normally given 
to Ph.D. students and a suggestion that universities are 
far from being bands of learned men training intelligent 
machines. The only reason for research is to keep the 
teachers’ minds alert in their task of machine training. 
It was also suggested that different fabricating techniques 
should be combined to provide new components based on 
design requirements and it was also contended that the 
policy of planned obsolescence, so prevalent in motor-cars, 
should be extended to things like houses so that the 
owner of a plot of land can replace his house easily and 
cheaply every 10 yeazs or so. 

Economics of new materials development. It was in- 
tended that most of this session should be devoted to a 
general discussion of topics raised in the Conference as a 
whole, and by way of a curtain raiser Mr. F. Roberts 
(Chemical Engineering Division, Harwell) gave a short 
talk on the economics of new materials development. 
He emphasized the importance of correctly allocating 
costs in any manufacturing operation and suggested that 
the important factors were: (1) raw materials, (2) power 
consumption, (3) capital costs, (4) reject rate and rə- 
cycling costs, (5) degree of quality control (inspection), 
(6) scale of production (that is, (a) bench scale; (b) experi- 
mental or pilot scale; (c) large scale), (7) research and 
development charges. 

In considering raw material costs -it is necessary to 
consider the economic advantages of either starting with 
pure materials and ensuring they are kept elean during 
processing, or by starting with cheaper and less pure 
materials, and incorporating a refinement stage during the 
process. Turning to the question of continuous or-batch 
production, Mr. Rokerts emphasized that if continuous 
production were used it must be really continuous, since 
stoppages would inevitably affect the whole production 
system. : 

Finally, he emphasized the advantages of costing as 
early as possible in the development of the process. 

Dr. Chesters began the discussion by pointing out that 
although labour costs were often the target for economy 
they were in many cases a small fraction of the total bill. 
For example, in the Droduction of a ton of steel the total 
cost was £25, of whizh the main single item was £14 for 
scrap and only 7s. for labour costs. It is, therefore, better 
to improve techniques or to improve the quality and 
lasting power of such things as electrodes than to attempt 
to economize on labour costs. It was suggested that the 
number of different types of steels could profitably be 
reduced, but against this there was the position that the 
customer insisted or a variety to meet his own needs, 
and if this were not supplied would simply go to someone 
who was prepared tc make it for him. There was agree- 
ment, however, that often the customer did not know 
what he wanted, and that there was a need for a closer 
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investigation of requirements. Also, such matters as 
methods of test could easily be undertaken by joint 
user co-operation. If this co-operation were further 
extended and the users could be persuaded to do more 
research on requirements, it would then be possible to 
bully suppliers more successfully, and oblige them to 
provide new materials with properties which were really 
needed. 

Some discussion ensued on the differences between the 
development of a new material and a new product. In 
the former case the development was usually for a specific 
purpose, whereas in the latter, having made the develop- 
ment, it was often necessary to search for a market. 
There were dangers attending on the change of manufac- 
turmg processes from, say, batch to continuous operation, 
since the product often possessed different properties, 
and it had been found in the past necessary in some cases 
to start from different raw materials. 
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Some surprise was expressed at the lack of satisfactory 
composite materials, and this was attributed to the fact 
that scientific method had only recently been devoted to 
the development of composite materials. These were 
very often very expensive in the early stages and also the 
techniques were often time consuming. However, it was 
felt that considerable advances in composite materials 
would occur over the next few years. 

It is impossible to sum up in a few words a conference 
which covered such a wide field of materials and ideas, 
but a point which emerged very strongly—and which was 
commented on by a number of speakers—was the very 
keen interest displayed by lecturers and contributors to 
the discussion alike in economic matters. Even during 
a discussion on what the organizers felt would be purely 
technical matters, the conference was continually being 
reminded of the need to consider economics. 

W. A. Hotmes-WALKER 


IDENTIFICATION OF ELUTED COMPONENTS IN GAS CHROMATOGRAPHY 


N informal symposium with “Identification of Eluted 

Components’’ as the main theme was held by the 

Gas Chromatography Discussion Group of the lnstiıtute of 

Petroleum on September 23, 1965, at the Bodington Hall 

residence of the University of Leeds. The members were 

a welcomed to the University by Prof. H. M. N. H. 
ving. 

The first paper, presented by Dr. R. P. W. Scott 
(Unilever Research Laboratories, Colworth House), sum- 
marized recent work on the development of a chromato- 
graph that would operate intermittently, allowing a 15- 
min time interval to elapse after the elution of each peak. 

Experience in the separation of complex mixtures had 
shown that simultaneous low-resolution mass and infra- 
red spectra were needed to assign identities unequivocally 
to peaks. This being so, a single chromatographic run 
extending to as long as 24 h with each eluted componont 
being given the attention it deserved could result ultim- 
ately in a net gain in analysis time, particularly if com- 
pared with duplicate runs, one for high-speed low-resolu- 
tion mass spectrometry and the other for trapping and 
regeneration of samples for infra-red examination. 
Tailoring the gas chromatographic and infra-red equip- 
ment to meet the preferred approach was the subject of 
the presentation. 

Because of the time needed to make a normal infra-red 
scan, it was essential to be able to stop the chromato- 
graphic run for a 15-min period without adversely affecting 
the chromatographic resolution of components still in the 
column. This was found to be possible using a set sequence 
of stopping the carrier gas flow at the exit of the column, 
directly after trapping out a peak and releasing the column 
pressure at the inlet. Elution was re-started when 
required by opening the inlet and outlet valves and 
re-applying the column pressure evenly over a period of 
about 30sec. This procedure has found extended applica- 
bility for the analysis of flavours using a 60-ft. packed 
column having a performance of 30,000 theoretical plates. 

To obtain the desired mass of component in the infra-red 
cell a concentration step was required; this has been 
achieved by condensing each fraction on to a 10-cm 
column packed with 40 per cent ‘Carbowax 200 M’ at 
ambient temperature, from which it 1s automatically 
eluted rapidly at high temperature into the infra-red cell. 
A sixty-fold concentration is possible by this means. 
Simultaneously with the infra-red examination, a mass 
spectrum would also be obtained using a low-resolution 
mass spectrometer, such as ‘M.S. 10’, which would give 
similar resolution to the norma] fast-scan mass spectro- 
meters but at less than one-fifth of the cost. For infra-red 
spectra, a normal ‘SP.200’ infra-red spectrophotometer 


with a 15-min scan has been used for which 25 ug of 
sample was adequate, provided the cell was designed 
so that the sample was situated wholly in the hght path. 
A suitable heated cell, plated internally to minimize 
adsorption of sample and with a total volume of 25 ml., 
was described and the determination of the spectrum of 
eugenol which has a vapour pressure of 30 mm at the cell 
temperature of 150° C was cited as an example of its use. 

The whole sequence of events has been automated to 
such an extent that injection of the sample in the first 
instance is the only manual operation required. 

The next paper, presented by Mr. L. Davies (‘Shell’ 
Research, Ltd., Woodstock Agricultural Research Centre, 
Sittingbourne), dealt with the problems of identification 
encountéred in the determination of pesticide residues in 
crops, soils, etc., where the solvent extract can often 
contain. very much less than 1 p.p.m. of pesticide together 
with large amounts of co-extracted material. 

The electron capture ionization detector, which pos- 
sessed selective response to certam halogenated com- 
pounds at levels below 10-° g, had been used successfully 
with both planar and radial arrangements of anode to 
cathode using a d.c. mode of operation with oxygen-free 
nitrogen as carrier; undesirable ionization effects had 
been observed when using srgon. The halogen sensitive 
leak detector in its several forms (Associated Electrical 
Industries, Ltd.) was also useful as a gas chromatographic 
detector at the nanogram level although to achieve this 
sensitivity with accepts ble base-line stability the electrode 
potential required optimizing and the cell (types HA and 
J had been used) should be operated in a stream of nitro- 
gen. The electron capture and leak detectors were used 
to complement each other, in so far as when tied in series 
they exhibited differing relative responses to certain halo- 
genated compounds. This enabled some degree of 
certainty to be attached to identification and considerably 
reduced the possibility of mistaking a product of low 
electron affinity present in gross amounts for a trace of 
chlorinated compounds, as was possible when electron 
capture was used alone. Chromatograms illustrating this 
type of application were shown. While the linearity of 
response of the leak detector cell was about three times 
that of electron capture and the elements are inexpensive, 
a degree of electrical instability and the need for condi- 
tioning are features that have to be contended with. 
Mr. Davies pointed out, however, that the cells were being 
used for an application for which they were not designed. 

For non-halogenated organo-phosphorus pesticides a 
sodium thermionic detector, adapted from a flame ioniza- 
tion detector by fusing sodium sulphate to a platinum 
wire collector electrode, had been the subject of investiga- 
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tion. A response to nanogram quantities of organo- 
phosphate pesticide had been obtained by increasing the 
electrode temperature but this had resulted in rapid loss 
of selectivity and base-line stability; similar character- 
istics were found when other alkah metal salts were used 
and when the salt was introduced into the flame at 
various positions. Some reduction m the rapid loss of 
selectivity at high-sensitivity settings had been obtaimed 
by using a tube of thin platinum 1 mm in diameter filled 
with sodium sulphate as the ‘pick-up’ electrode. There 
was considerable scope for development of this detector 
and the leak detector for use as selective detectors in gas 
chromatography. 

Using the chromatograms obtained for a mixture of 
n-alkane, iso-alkane and alicyclic hydrocarbons, Dr. D. R. 
Deans (Imperial Chemical Industries, Ltd., Heavy Organic 
Chemicals Division, Billingham), in the third paper pre- 
sented, showed that superior separation of certain compon- 
ents difficult to separate could be obtained by using two 
columns of different type in series and backflushing part 
of the sample through the first column at some critical 
stage during the elution. The degree of separation which 
could be achieved was better than could be obtained by 
straightforward elution through either of the columns 
used alone or in series. In addition to this novel applica- 
tion of backflushing there was also its more conventional 
use in conjunction with pre-columns for isolating heavy 
components. Despite these apphcations, the technique 
was not widely used and Dr. Deans thought this was due 
to the mechanical difficulties of operating taps enclosed 
im ovens and the attendent contamination of sample with 
grease and increase in dead volume causing band spread- 
ing. These objections had been overcome by using a 
system in which a capillary 7-junction was used to con- 
nect the two series columns with one limb of the junction 
extending outside the oven to the control system. Similarly 
the controls for injection and backflush vent were outside 
the oven (for details see J. Chromatog., 18, 477; 1965). 

The combinations of columns (two packed, two capillary 
or packed and capillary in series), of liquid-phase type on 
the columns, of cutting and of treating the backflush (to 
vent or back to the column system) were innumerable. 
Fractions or compounds monitored out of the stream at 
some intermediate stage could be subjected to in-line 
reaction using micro-reactors or pyrolysis units. A 
fascinating example of this type of application was de- 
scribed in which the identification of the components of a 
complex mixture of heptenes, for which pure compounds 
for use as references were not available, was achieved by 
hydrogenating monitored peaks and re-chromatographing 
them against the more readily available saturated hydro- 
carbon reference compounds. Operation of the various 
systems described was considered to be very simple in 
practice and a switching unit had been constructed for 
connexion to any existing chromatograph allowing all 
possible schemes of operation to be used. 

Mr. M. B. Evans (Natural Rubber Producers’ Research 
Association) described his work concerned with the role 
of the solid support in retention measurement. One 
aspect which had been investigated was the apparent 
increase in polarity of non-polar liquid phases when used 
under conditions where oxygen is not rigorously excluded 
from the column. The retention characteristics of a wide 
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range of solute types on freshly prepared squalane columns 
to which known weigh:s of high molecular weight alcohols, 
aldehydes and ketones had been added were compared 
with retentions on a squalane column which had been 
deliberately oxidized at 100° ©; for the columns with 
added oxygenated compounds there was evidence to show 
that retention indices are linearly dependent on oxygen 
content, whereas for oxidized columns there was an initial 
drop ın retention for polar solutes (also a pronounced 
reduction in peak tailing) followed by an increase. It was 
suggested that the initial drop observed was due to the 
first formed strongly polar compounds deactivating the 
surface and the values at the minimum of the curve corre- 
sponded to the retension index due to true partitioning 
in the squalane. 

Evaluation of a number of glycols as support deactiva- 
tors led to the conclus:on that diglycero] was most efficient 
and its use had enabled improvements in peak symmetry 
and reduced solute isomerization and decomposition. 
Detailed investigation of the effect of diglycerol-treated 
support on the retention of weakly polar solutes by 
dinonyl phthalate and squalane phases showed retention 
to be almost independent of the ratio of liquid phase to the 
diglycerol deactivator; the retention of polar solutes such 
as alcohols was found to display marked dependence 
similar to that observed when squalane was oxidized. 

It was considered feasible that the extent of the initial 
high retention of pclar solutes when low liquid phase 
loadings were used could be a measure of the support 
activity. The evaluation of a wide range of support 
material using squalane as the liquid phase and a wide 
range of solutes at constant sample size provided con- 
vincing evidence that support activity could be measured 
in this manner and indicated that a commercially available 
silane-treated product was the least adsorptive of those 
investigated. It was also considered that an evaluation 
of the support could be made by the reversed procedure 
of assessing the extert of the deactivation of polar groups 
of the liquid phase by the support at constant proportion 
of liquid phase, thus the highest retention index for a 
polar solute should ke given by the least active support. 
This was confirmed experimentally using polyethylene 
glycol liquid phase on the same range of supports as were 
used for the other investigation. 

The final paper of the symposium was presented by 
Dr. J. EF. K. Huber (University of Amsterdam) under 
the title “Two-Dimensional Gas Chromatography”. He 
discussed factors relevant to the identification of compon- 
ents using two columns having different liquid phases as 
coatings. After listing the various forms of retention 
by which a solute could be characterized, Dr. Huber 
examined in some detail the factors affecting the accuracy 
of such data, among which were effects due to interfaces, 
pressure, flow changzs and non-linearity of the partition 
isotherm. The results obtained by sample injection into 
two different types of column could be correlated by com- 
bining relative peak area values and known retention 
values although one source of error was the presence of 
masked peaks. With two columns combined so that 
fractions of the effluent from the first column were injected 
into the second colamn more definite results could be 
obtained as well as enrichment of a trace relative to a main 
component. C. GQ. Scorr 


URBAN TRAFFIC PROBLEMS 


MEMORANDUM issued by the Ministry of Trans- 
port/Scottish Development Department deals with 
the principles of applying traffic engineering techniques 
to urban road traffic problems*. It is designed to enable 


* Ministry of Transport/Scottish Development Department. Advisory 
Memorandum on Urban Traffie Engineering Techniques. Pp. xt +92. (London: 
H ALS 0., 1965.) 7s. 6d. net. 


suitable short- to medium-term solutions to be found for 
urgent traffic problems, while providing a useful guide to 
the wide range of traffic engineering methods and tech- 
niques, many of which must be used in formulating the 
long-term traffic solutions which will be incorporated in 
comprehensive land use/transport plans. It does not 
attempt to give guidance on the surveys needed for 
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preparing these plans. The shorter-term traffic solutions 
should not be looked at in or by themselves, however, 
but should be viewed so far as possible in relation to 
parking policies, to the needs of environmental as well as 
traffic management and to the likely ultimate pattern of 
town roads. Together they constitute the broad approach 
to the problem of traffic in towns; in particular, any 
short-term proposals which would determine road widths 
or alignments for a long time ahead should be carefully 
considered in this wider context. 

The memorandum. includes a report on a preliminary 
reconnaisance to identify the nature of traffic problems, 
the information available on traffic data, accidents and 
land-uses, and the extent to which further information is 
needed. This is followed by a section on methods of 
taking traffic censuses, origin and destination surveys, 
surveys of public transport, measurements of speed, 
parking surveys and of collecting accident data. In the 
third section, the processing and presentation of survey 
information ready for some formulating scheme are 
considered, and in the fourth, the design of short-, medium- 
or long-term schemes to meet the needs of both traffic and 
road safety. The fifth section considers methods for 
comparing the advantages and disadvantages of alterna- 
tive proposals, including the economic assessment of road 
improvements, and, in the sixth section, investigations 
needed to verify the adequacy of the measures taken and 
to reveal any need for further measures are discussed. 
Finally, the value of quantitative assessment of traffic 
problems and improvement schemes, the need to study and 
train engineers in the methods of meeting traffic require- 
ments and to take advantage of new, or little-used, tech- 
niques are considered. 


SOCIAL INFLUENCES ON 


HE November issue of Educational Research (8, No. 1) 
contains five separate papers on various aspects of 
the influence of social factors on the measured intelligence 
quotient (I.Q.). Taken together, they are of outstanding 
public interest. One paper is entitled “Further Evidence 
on the Effect of Date of Birth on Subsequent School 
Performance”, by R. Freyman, and is based on a study 
of: (a) 3,419 children born during 1952-55 from eight 
streamed junior schools in different parts of Middles- 
brough; (6) 4,120 children born during 1953-55 from 
seven streamed secondary modern schools, four grammar 
schools and two other selective secondary schools; (c) 364. 
junior school children attending remedial reading groups; 
(d) 312 children referred to the child guidance service; 
and (¢) 156 children attending the day special school for 
educationally subnormal (E.S.N.) children. Among the 
children in streamed junior schools, of those born during 
the period September to December, 39-7 per cent were in 
A classes, 25:8 per cent in B, and 22-4 per cent in C, 
while of those born in the period May to August, 28-2 per 
cent were in A, 36-6 per cent in B, and 43-7 per cent in 
C classes. These differences were statistically highly 
significant, along with the finding that the percentage in 
the A stream increased with length of schooling. 
Similar results were obtained from all the children 
attending secondary schools. Of those born during 
September to December, 36 per cent were in selective 
schools and 28-4 per cent ın secondary modern schools, 
whereas, of the ones born during May to August, 32:3 
per cent were in selective schools and 36-1 in secondary 
modern schools. Again, a larger proportion of younger 
than of older children obtained low and average marks. 
Of the children in remedial reading groups, 46-7 were 
born during May to August, and 27:8 per cent during 
January and April periods, a discrepancy which was 
wider still among those referred to the educational 


NATURE 


March 26, 1966 


New methods of meeting traffic problems, such as new 
types of signal-controlled pedestrian crossings, “give way 
to traffic from the right” signs at roundabouts, the use of 
vehicle presence detectors, tidal traffic working and area 
traffic control, are likely to come increasingly into use as 
their possibilities are explored, with also increasing 
application of pedestrian segregation, channelization, 
urban motorways, and grade-separated systems. Short- 
term measures may offer much relief of congestion at little 
cost, and waiting restrictions, banning of right turns, or 
one-way systems often increase road capacity by 20 per 
cent or more. Improvements of 20 to 50 per cent can 
often be effected at signal-controlled junctions, by 
rephasing and simplifying the traffic pattern, by restricting 
certain movements, or by small carriageway widenings at 
the signal approaches, as well as through increasing use 
of the more flexible modern traffic signal controllers to 
meet peak-hour demands. 

With medium-term measures, the emphasis should be 
on junction improvements, provision of roundabouts, new 
signal-controlled junctions and widening roads, particu- 
larly at junctions or bottlenecks. In narrow streets 
lay-bys for buses or delivery vehicles can be of great value 
in promoting a freer fiow. ‘Traffic engineering techniques 
can help longer-term measures which require programming 
in order of priority. Im determining priorities and in 
designing various schemes for new or improved roads and 
junctions and general road layout, to meet the future 
requirements of a town, it is emphasized that in estab- 
lishing environmental areas and freeing them of unnecessary 
traffic, the traffic on the primary road network will be 
increased, and the network must therefore be designed 
to take heavier flows. 
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psychologist because of backwardness in reading. The 
children attending the local E.S.N. school produced less 
clearly cut differences. 

From his survey, Freyman concludes that the date of 
birth exerts a significant influence on a child’s school 
grading, and that at junior level, streaming in schools 
tends to perpetuate differences due to date of birth. The 
disadvantages of the children born during May to August 
were greatest in those referred because of difficulties in 
reading; and “secondary psychological symptoms such 
as lack of confidence and emotional maladjustment were 
often displayed”. 

It might be thought that these discrepancies arise 
because children born in September to December are 
almost 8 years old when transferred from infant to Junior 
schools as compared with the 7 or 7 and 4 months age 
of those born in the summer. But in itself, that factor, 
although real, can be allowed for; it does not account 
for the whole of the difference, which seems to be determ- 
ined by some specific condition, not simply delayed mental 
development; and Freyman calls for a new educational 
deal for children born during the summer, which might 
include longer time in the infant school and more flexible 
forms of educational organization. 

In his paper on “Date of Birth and Scholastic Per- 
formance’, D. A. Pidgeon is concerned with the same 
kind of theme while carrying the discussion somewhat 
further. He makes the point that children who have had 
more schooling will have learned more and in examina- 
tions are likely to give better results; but in addition, 
children born in summer usually remain the youngest in 
their group throughout the junior school, a situation 
which imposes additional stress. Supporting evidence 
comes from Sweden. 

It is a moot point whether, as a whole, the innate 
intelligence varies as between children born at different 
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times in the year. This question can be approached only 
through tests, which at school age give results similar to 
those already indicated. To some extent it may be 
clarified through appropriate tests carried out on children 
of pre-school age. But at present, many children are 
handicapped for life through being born during summer 
months and having to fit into the teaching year. 

Pidgeon thinks that the abolition of streaming would 
remove one obvious and distasteful effect, but “‘while 
classes consist of younger and older children, the younger 
may continue to suffer in other ways”. To him, the only 
true solution would be the individualizing of learning, 
along with a change of approach from present class 
teaching methods. T 

In the next two papers, interest shifts to educational 
performance between different kinds of children and in 
different types of secondary schools. W. H. King writes 
on ‘Differences in Mathematical Achievement Related to 
Types of Secondary Schools and their Geographical 
Locations”. This is part of a much larger study based 
on comparisons between children attending schools in 
South-East England and others in the twin cities St. 
Paul—Minneapolis, Minnesota. A special sampling tech- 
nique was used on 58 secondary schools representing all 
the different English types, and in each the unit of 
` testing was a complete form. 

In addition to questionnaires completed by teachers 
and students, three standardized tests were used: Mathe- 
matics Test 1 by MacFarlane Smith; Co-operative 
Sequential Tests—Mathematics STHP Test; and Raven’s 
Progressive Matrices, 1956 edition. 3,134 children had 
scores on all three tests. Taking grammar, technical, 
secondary modern, and comprehensive schools in order, 
on Raven’s test the mean scores were 49:81, 49°72, 44°18 
and 45°76; on the STEP test, 37:13, 33°44, 24-22 and 
26°62; and on the Maths 1 test, 83°83, 80°28, 55-69 and 
57°96. Contrasting pairs of schools were also tested. On 
Raven’s test the differences were not great but they were 
very marked with the other two, particularly the Maths 1 
test. 

In all these tests, the grammar school scores were the 
least variable, the differences widening progressively in 
secondary modern, technical, and comprehensive schools, 
and especially because of wide differences in mean scores, 
with considerable overlap between schools. It is clear 
that comparisons between mean scores in different types 
of secondary schools are of little value. Nevertheless, it 
was estimated that two-thirds of the high ability group 
came from grammar schools, while three-quarters of 
children of low ability were to be found in secondary 
modern schools. Still, ‘‘no one type of school has a mono- 
poly of students in the high or low ability category”. 

In his conclusions, King directs attention to the very 
wide gap-in scores between children in grammar and 
technical schools on one hand and secondary modern 
ones on the other, suggesting that the causes, motivations 
and levels of aspiration are not linked solely with differ- 
ences of ability. These points urgently need attention; 
and the research has uncovered a problem of raising the 
achievements of the lower ability group in secondary 
modern and comprehensive schools without lowering it in 
grammer and technical schools. Particularly in the two 
mathematical tests, the findings were disappointing. 
Clearly, in relation to mathematics, the minds of many 
children are not being fully stretched. That conclusion 
may also apply to the United States public schools with 
which the project is linked, where the students’ scores 
again are relatively low. 

King does not go on to discuss the social influences 
which might account for these differences. Instead, in a 
paper on ““Meritocratic and Social Class Selection at Age 
Eleven”, D. F. Swift approaches intelligence tests on 
school children from another angle. Drawing on the work 
of Floud, Banks and Halsey, he states that “‘in developing 
industrial societies, the educational system is replacing all 
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others as an avenue of social mobility”. His own research 
was carried out in tha North of England, covering 132 
families, and was designed to compare the attitudinal 
environment of the home with the ability of the children, 
making use of the 11+ allocation procedure. The group 
under test represented a 10 per cent sample of all families 
in two Local Education Authority Divisions. Taking 
parental occupational groups, under the State School 
Sampling Frame, I to VI, the 278 children who passed at 
age eleven plus were distributed in the order 108, 78, 62, 
13, 13 and 4, while by contrast, of the 922 children who 
failed, the corresponcing figures were 98, 120, 290, 44, 
157 and 213. Grouped by social class, 60 per cent of the 
middle class children passed, and 40 per cent failed, as 
against 11 per cent of working class who passed while 
89 per cent failed. Again, middle class children had a 
mean score of 117 in verbal reasoning, 122 in English, 
and 117 in arithmetic, as against working class children, 
whose scores in these respective subjects were 100, 103 
and 101. 

On these results, ostensibly, the British ideal of equality 
of opportunity is bemg met, but present psychological 
knowledge recognizes the importance of motivation in 
test performance. Had borderline cases been taken into 
consideration, one-half of the working class children but 
only one-tenth of those of middle class would have been 
rejected for grammar schools. 

Swift then goes on to consider what should be the basis 
for the ‘meritocratic’ system of selection. It seems to him 
that because of similarities between value-orientations 
of middle class and school life, “‘the use of middle class 
children as a base group is justified’; but any scheme for 
the organization of talent-producing institutions would 
need to be based on research covering large numbers in 
many different areas. And it is important to bear in mind 
that perspectives must be concerned with the contribution 
of education to allocations in society, for which the first step 
would be to establish how far education was important 
in the total process of meritocratie or social class selection. 

The longest and nost far-reaching paper is by O. 
Ferron, on “The Test Performance of ‘Coloured’ Chil- 
dren”. He is working at Najala University College, 
Sierra Leone. He drews on the findings of many surveys 
of which the following may be taken as. representative. 
Many early 1.Q. testsin the United States tended to show 
that white children were superior to Negro and Red 
Indian ones and that children of North European stock 
were superior to those coming from South Europe. In 
1926, Hirsch measursd the I.Q. of immigrant children, 
and found that the mean score of British Canadians was 
93°8, French 85°3, Negroes 84:6 and Portuguese 82:7. 
But in the same year, Helmer devised tests which con- 
tained subject-matter relating closely to the life of Red 
Indians, in accordanee with which when compared with 
them white children were definitely inferior. On the 
other hand, Rohrer attributed the low scores of Red 
Indians in other tesss to such factors as differences in 
social and economic status, differences in cultural environ- 
ment, language differences, differences in test motivation, 
and inaccuracies in estimating chronological age. 

Another worker in the field was Pyle, who found that 
Chinese children attending public schools were superior 
to American ones in rote learning, but inferior in tests 
involving logical relationships and in speed of learning 
generally. Then, in 1930, the University of Hawaii pub- 
lished the results of testing 4,500 children in the United 
States and Hawaii—where differences in social status 
between Chinese, Japanese, Portuguese, Puerto Ricans 
and Filipinos have been much reduced—which indicated 
that when differences in environmenta] opportunities are 
not too great, differences in intelligence performance could 
be expected to be correspondingly small. 

Early work on African children produced results show- 
ing that they were markedly inferior to the Whites. For 
example, Fick, in 1939, concluded that Zulu children 
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aged 10-14 were from four to five years behind children 
of European descent on American Army Beta tests, and 
Oliver, on work initiated in 1932, concluded that in East 
Africa only 14 per cent of Africans reached or exceeded 
the European mean. But results like these stimulated 
interest in environmental factors, such as illiteracy among 
parents, and extremely low standards among teachers 1n 
primary schools, together with the very poor equipment 
of native African homes. 

Ferron goes on to point out that in Africa the gap 
between white and non-white children can be reduced by 
the use of non-language tests, but the cultural ways of 
life and patterns of child rearing are significantly different, 
as also are cultural modes and traditional attitudes; but 
he thinks that “it would be far more constructive to 
continue with the use of Western type tests, since African 
aspirations are in the direction of a western technological 
civilization”. Indeed, comparisons between British and 
African test performance can be justified in that they 
show where emphasis should be placed in the matter of 
environmental deficiencies. As a result of an investigation 
which he began in Freetown in 1960 and completed in 
Zaria in 1964, he concluded that the test quotient of an 
African group is to a large extent dependent on the 
degree of assimilation of western culture. He emphasizes 
that for African children, “the difficulty of passing from 
one world to another as the child grows older, of hving 
in two worlds simultaneously, and of acquiring the newly 
imposed and rather unrealistic symbols of success and 
status, represents a struggle for survival with which the 
biological struggle of the survival of the fittest can bear 
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no comparison, for even those who survive the former 
appear to be emotionally, psychologically and intellectu- 
ally maimed for life’. But he does not despair of the 
future, although until a simultaneous attack is made on 
many fronts, progress will continue to be slow; and the 
effort should be spread over the whole educational field, 
from birth onwards. In this campaign, the chief impedi- 
ments at the present time appear to him to be found. 
(a) in the school, because of a mechanical approach to 
teaching in the early years particularly, in the teacher’s 
relative lack of facility in the use of the English language, 
through discouraging the child from asking questions and 
exploring his environment, severe and capricious corporal ` 
punishment, along with mental rigidity, and an attitude 
of dogmatic authoritarianism; (b) in the home, because 
of birth injuries and incidence of subsequent malnutrition 
and disease, certain early child-rearing practices that are 
in the nature of traumatic experiences, the nature of the 
emotional relationships between adults and children, 
illiteracy, mainly of the mother, and lack of appropriate 
stimulation in the home and neighbourhood environment, 
and lack of definite teaching on the part of older children 
and adults; and (c) in government action through lack 
of proper physical surroundings in home and school, and 
relative lack of stimulation from mass media of instruction. 

Because colour prejudice and discrimination against 
coloured people are not so severe in Britain as in the 
United States, Ferron thinks that a useful link and 
exchange of ideas might be established between research 
workers in Britain and in other parts of the world. 

R. WEATHERALL 
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EMISSION BAND SYSTEMS OF Ag, PRODUCED IN DISCHARGE 
By Pror CHOONG SHIN-PIAW, WANG LOONG-SENG and LIM YOKE-SENG 


Department of Physics, Nanyang University, Singapore 


N recent years, use has been made of King’s furnace by 
several workers in their studies of the band spectra of 
silver and other high boiling-point metals. As a result, 
five band systems of the diatomic silver molecule have 
now been found. They are: (1) the system 224100-5200 
first studied by Ruamps? in emission, and later by Kleman 
and Lindkvist?, both in emission and in absorption; (2) 
the system 22750-2850, by Ruamps® and by Joshi‘ in 
absorption; (3) the system 22640-2700, by Ruamps 
and by Maheshwari in absorption; (4) the system 
442560-2620, by Ruamps in absorption; (5) the sys- 
tem 42460-2560, by Ruamps and by Maheshwari also 
in absorption. According to the vibrational analyses 
of these workers, these five band systems have a common 
lower electronic state of vibrational frequency 192-4 cm-t. 
It is generally beleved that this lower state is the ground- 
state of Ag, More recently, two of us$, making use of 
quartz absorption tubes in their investigations of the 
atomic and molecular spectra of silver, were able to 
o the visible band system at as low a temperature as 
„100° C. 

Following our work on the absorption spectra of silver, 
attempts have been made to obtain emission band systems 
of the metal in discharge. This discharge tube was made of 
fused quartz. It was composed of a central stem of length 
about 20 cm and bore of 8 mm, two shorter and larger 
end stems with flat windows, and two side-tubes enclosing 
cylindrical aluminium electrodes of rather great heat 
capacity. After having introduced a few decigrams of 
- spectrally pure fine grains of silver through a detachable 
window of the stem and having distributed them evenly 
along the central stem, the discharge tube was set along 
the collimator axis of a Hilger medium-size quartz spectro- 
graph. The central stem was then wound about with a 
nichrome heating coil, and wrapped in turn with asbestos 


cloth, so that its temperature could be raised electrically 
for vaporizing the silver therein. A platmum—platinum 
rhodium thermocouple, previously attached to the side 
of the central stem, served to indicate the temperature 
during heating. In performing an experiment, the dis- 
charge tube was connected to a pumping and feeding 
device for introducing pure neon at a pressure of about 
1 mm of mercury which served for carrying an electric 
discharge. Preliminary tests showed that: (1) the 
temperature of the central stem should be raised to 1,100° 
C and preferably to 1,200° C to get sufficient amounts of 
silver vapour for the discharge; (2) the side tubes, in 
which electrodes were enclosed, should be surrounded by 
solid carbon dioxide in order to get md of the troublesome 
OH bands in the emission spectrum; (3) the average life 
of the heating coil was about 6 h at 1,110° C, but it rarely 
exceeded 2 h at 1,200° ©. A high-tension transformer 
furnishing a power of 150 W was used to run the discharge 
tube. Exposures ranging from 5 to 20 min were found 
sufficient to record the band spectra on Ilford ‘HP3 
Hypersensitive Panchromatic’ plates. Iron are served 
as the comparison spectrum. 

Under our experimental conditions, six emission band 
systems attributable to the diatomic molecules of silver 
have been found. Five out of the six systems are pre- 
viously known in absorption, and one of them also in 
thermal emission. The new system is situated in the 
region 43150-3630. Vibrational analysis of the old 
and new systems reveals some interesting and important 
facts. 

Visible system 24100-4700. About thirty bands 
have been observed in the region 44100-4700, and they 
are all degraded to the red. Most of the bands are found 
to group into well-marked sequences. With the disper- 
sion used, which was about 50 A per millimetre in this 
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region, no rotational structure of the bands was observ- 
able. All the bands, except those belonging to the last 
three sequences on the long wave-length side of the region, 
can be represented fairly well (+ 4 em-!) by the formula: 


y = 23,005 + EZG + z) = oao F 2)] 


m [1930 n z) 5 0-6( 0" T 5) | 


In this formula, v represents the wave-number per 
centimetre of the band-heads, v and v” the vibrational 
quanta, in the upper and lower electronic states of the 
molecule. It results from the foregoing formula that the 
fundamental frequencies of vibration at the upper and 
lower states are w = 152 and az; = 193 cm-1, respectively, 
and the origin of the system 18 ve = 23,005 em-* (Vo= 
22,984 cm). Within the experimental error, these 
molecular constants are in good agreement with those 
found by Kleman and Lindkvist for the system 214100— 
5200. Hence the system produced in absorption and in 
thermal emission and our system produced by discharge 
are one and the same system. According to these workers, 
the lower electronic state of the system was the ground- 
state of Ag, and so they designated this system as 
system (4 — X). We shall see that whether the lower 
state of this system is the ground-state is still open to 
question. 

In our emission system, the v” progression corresponding 
to v = 0 comprises eight bands. Now, in following this 
progression it is found that the vibrational quanta 
AG’ decrease at first very slowly, but drastic changes 
occur at AGS, AG and AG. Indeed, the values 
of the first and fourth vibrational quanta are AGT, = 
191:8 and AG = 190 em~, while those of AGS, AGa 
and AGs as inferred from our observed data, are about 
236, 239 and 217 cm-t respectively ; in other words, 
there are deviations of whole bands from the regular 
course of a band progression. Moreover, band-heads, well 
visible in the other sequences of the system, become 
vague in the sequence Av = —4 and practically disappear 
in Av = — 5, Au = — 6 and Av = — 7. Beyond Av = 
— 7, a continuum sets in, which continues to as far as 
4800 A. No doubt, we have here an example of vibrational 
perturbation and predissociation. A similar example was 
observed by Choong? in the case of a band system of the 
molecule of TeO. 

Although the banded region of the system stops in the 
vicinity of 4700 A, we have found eleven weak and compli- 
cated bands in a region succeeding the continuum men- 
tioned in the foregoing paragraph. The wave-lengths of 
these bands are: 

4807 0, 4811-4, 4861-4, 4884-4, 4915 1, 4917-1, 

4957-6 4072-2, 4904-4, 5016 3, 5024 4 A. 
These bands cannot fit into the foregoing formula. 
They may be due to polyatomic molecule of silver or 
impurities. 

Ultra-violet system 23150-3630. The remarkable 
feature of this new system is that it consists of two 
strong wing-like bands, and patches of weak continua 
and flutings which link with the wing tips of the bands. 
The wings are found to originate from the lines of wave- 
lengths 3280-7 and 3382-9 A, that is, the first doublet 
lines of the principal series of silver, and are almost 
symmetrical with respect to the corresponding lines. 
Under the specified conditions of ‘experimentation, the 
span of the 13280-7 band and that of the 13382-9 band 
are about 140 A and 80 A respectively. 

The production of a continuous spectrum that joins 
on to the long- or the short-wave-length side of an emission 
line has been known for a number of cases, and the pheno- 
menon was first investigated in detail by Oldenberg® 
in the fluorescence spectrum of mercury vapour to which 
inert gases at high pressure had been added. In our case, 
it seems fairly certain that the wings are arising from a 
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transition between sn unstable upper statetand’ an’ un- 
stable lower state of Ag, resulting from Ag(?Py)25;3) ‘+ 
Ag(?Si;2). In regard to the patches of-weak continua and 
flutings, they might be due to weakly bound molecules of 
Ag, or AgNe. 

It may be of interest to point out that the doublet lines 
in question, produced in absorption? under neon at & 
pressure of 30 cm of mercury and at a temperature of 
about 1,200° C, wers found to have a broadness of the 
order of 3 A only. On the other hand, the same doublet 


- lmes, produced by a silver arc in an atmosphere of air, 


were found to be strcng and to take the form of wing-like 
bands similar to the bands obtained in discharge. In 
the light of the present investigation, it may be said that 
unstable Ag, resulting from Ag(*P;, 2) 3,2) + Ag(?S1;2) must 
exist In prominent abundance in a silver arc. 

Ultra-violet system- 32750-2880. Twenty-one bands 
have been observed in the region 2A2750-2880. They 
are all degraded to tre red and their heads can be repre- 
sented in good approximation (+ 4 cm-') by the formula: 


v = 35,646 + [ 1802’ + z) 5 38o $ 5) | 
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From this formula ıt may be seen that the values of we 
and wg are 180 and 207 cm~ respectively, and the value of 
ve 189 35,646 cm-! (vq = 35,631). It should-be poimted 
out that, according to this result, none of the upper and 
lower electronic states are in common with those of the 
known systems of Ag.. The wave-lengths of the observed 
band heads, their estimated intensities, and the corre- 
sponding vibrationa. quantum numbers are listed in 
Table 1. 


Table 1 
A I PEI A I ov" 

2756 8 1 40 2825-4 8 1-2 
27614 2 51 2828-6 5 23 - 
27884 4 3:0 2839-8 4 92 
2771-7 3 41 2842 7 5 13 
2780 1 8 20 28456 4 D4, 
2792-8 10 1:0 2849 3 2 35 
2796-0 5 21 2856-4 1 03 
2806°5 8 00 2861 9 2 25 
2809 6 7 11 2868-7 2 38 
2812-5 5 22 28733 i 04 
2822-5 8 0i 


Ruamps? designated the absorption system 112750- 
2850 as system (B-Z) of Ag,, and suggested the values 
of its main moleculer constants as: ve = 35,8273 cm-t! 
(Yoo = 35,8061), w = 151:3 and we = 192-4 cm. Now, 
out of the nineteen bands observed by him, there are, 
within 0-5 A, thirteen stronger ones having wave-lengths 
the same as ours. Hence his system and ours are undoubt- 
edly one and the same system. The discrepancy in mole- 
cular constants appears to be due to the choice of the 
value of va; that is. the (0,0) band. We find that with 
our choice the irregularity in the values of the vibrational 
quanta AG” is muck less. From our results we believe 
that the fundamentalfrequency of vibration of the ground- 
state of Ag, is wg = 207 cm~, and not 192-4 cm~! as is 
generally believed. 

Three far ultra-violet systems. The three far ultra-violet 
absorption systems of Ag, observed in the regions 112640- 
2700, AA2560--2620 and 2460-2560 and designated 
by Ruamps® as systems (C—X), (D-X) and (H-X) are 
also found in discharze but with much fewer bands. Our 
emission bands attrikutable to the so-called system (C—X) 
are: 

2645 4(1,0), 2656-5(0,0),. 2658-0(1,1), 2660-3(2,2), 2661-7(3,3), 

2663-2(4,4), 2665 2(5,5),-2666-8(6,6), 2668°7(7,7), 2674 9(10,10). 

Our emission bands ettributable to the system (D~—X) are: 
2562-4(0,0), 2564-2(1,1), 2566 0(2,2), 2568-0(8,8), 2570:0(4,4). 

Our emission bands sttributable to the system (H~X) are: 
2481-9(1,0), 2485-2(2,1), 2488-1(8,2), 2490°6(0,0). 
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Besides the aforementioned bands of Ag,, eight persist- 
ent bands of SiO have been detected as very weak bands 
in the region 442290-2590. Of course, lines of silver and 
neon were also present in the working ranges of the 
different systems. Fortunately they were not present ın 
great number. 

In conclusion, our work on the emission band systems 
of Ag, reveals: (1) the existence of one new system in 
the region 243150-3830; (2) all the known absorption 
systems have their counterparts in emission; (3) the 
fundamental vibrational frequency of Ag, is 207 cm~ and 
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not 192:4 cm~ as is generally believed; (4) the existence - 
of vibrational perturbation and predissociation in the - 


emission system 2A4100—4700. 


1 Ruamps, J., O.R. Acad. Sci., Paris, 238, 1489 (1964). 

* Kleman, B., and Lindkvist, S., Ark. Fys., 9, 385 (1955). 

3 Ruamps, J., Ann. Phys. (Paris), 4, 1111 (1959). 

4 Joshi, M. M., thesis, Allahabad University (1958), 

s Maheshwari, R. C., Ind. J. Phys., 87, 41 (1963). 

t Choong Shin-Piaw and Wang Loong-Seng, Nature, 204, 276 (1964). 
7 Choong Shin-Piaw, Ann. Phys. (Paris), 10, 173 (1988). 

s Oldenberg, O , Z. Physik, 47, 184 (1928); 55, 1 (1929). 


MONTE CARLO MODEL OF A FRACTURE PROCESS 


By Pror. C. C. HARRIS 
Henry Krumb School of Mines, Columbia University in the City of New York 


URING the course of an mvestigation of the role of 
energy in comminution!, a model of an elementary 
random fracture process was investigated with the view 
of illustrating some of the probability aspects of size 
reduction. Particles are subjected to events in which 
stresses are applied and released successively. The mag- 
nitude of the stresses and the specific energy (energy per 
unit volume of particle) which they generate are statistic- 
ally distributed. In the simplest case, the particles are 
identical and they fracture if the specific energy, E, 
equals or exceeds a certain threshold level, Hy. After 
fracture, the fragments leave the stress field under con- 
sideration for a subsequent operation and the stresses are 
brought to bear on a fresh particle. If fracture doas not 
occur during an event (that is, Æ < Ep) the strain energy 
1s assumed to be dissipated and the particle remains in 
the stress field until fracturo occurs. In reality, E; is also 
distributed statistically, but for the present ıt will be 
assumed constant. Also it would be more realistic to 
postulate that some breakage occurs with values of F just 
below Hy, but is insufficient to reduce the size of the 
particle significantly; catastrophic failure occurs when 
E > E;. If Hy; 1 near to the maximum value of Æ, the 
curve frequency of fracture versus energy requirement 
will be severely skewed in a positive direction, indicating 
much wasted energy; the form of this relationship was 
required. 

It is assumed that the specific energy imparted by the 
events is distributed rectangularly and takes integral 
values from 1 to 10 arbitrary units, each integer occurring 
in a random sequence with equal probability. Tables of 
random numbers (counting zero as 10) provide values of 
E. The energy consumed until a particle fractures is given 
by the sum of N digits along rows or columns between 
two values of E > Hy and including the second value. 
Tabulation of results showed number of events necessary 


N 
to cause breakage, N; E; and XE. An extract from 
tables is: 9037486311 5 5 8, which for Hy = 8 
tabulates as: 


N 
N Ff DYE 
1 9 9 
1 10 10 
d 4 8 22 
7 8 29 


2,240 consecutive digits? were treated in this manner, 
producing 650 fractures; the total number of eights was 
227; of nines, 216; of zeros, 207. Because the prob- 
ability of occurrences of any digit is 0-1, each is expected 
to appear 224 times in a sequence of 2,240; thus, the 
particular extract of the random number tables sampled 
in this work was somewhat deficient in 9’s and 0’s. The 
entire assembly of data analysed into frequency, according 
to number of events and energy input to cause fracture, 


is shown in Fig. 1. Also given are theoretical and experi- 
mental averages; in all cases the agreement is good. 

By evaluating the various permutations of digits 1 to 
9 and 10 in summing to give integers 8, 9,10 .. . the 
probability of the entries in Fig. 1 can be calculated. In 
particular, the sudden decrease in frequency of occur- 
rence when particles require eleven energy units for 
fracture can be confirmed; this is because at least two 
events are now necessary to cause fracture. The expecta- 
tions of 10, 11, 12 and 13 are, respectively, 0-121 x 672 = 
81-4, 0-0331 x 672 = 22-2, 0-03641 x 672 = 24:5, and 
0-040051 x 672 = 26-9. These are near to the values 
obtained by the Monte Carlo procedure; improved ex- 
pectation estimates can be obtamed by using the ex- 
perimental value 650 instead of 672. In the same manner, 
the other expectations can be obtained, but the calcula- 
tions become unwieldy as energy requirements increase; 
however, it is clear that the probabilities for the higher 
values of N are vanishingly small, being of the order of 
10-7. The two-stepped lines give the limits for the forma- 
tion of integers from the sum of N digits. The upper line 
is given by 10 + 7 (N-~-1), while the lower line is 8 + 
(N~—1); the average, 9 + 4 (N~—1), provides a good fit 
to the experimental averages of N. 

The analysis in Fig. 1 illustrates the reason for the 
uneven nature of the frequency versus energy distribu- 
tion; 16 is composed of the sum of a series of simple 
distributions, each for a particular value of N. If Æ was 
graded into smaller intervals, the curve would be expected 
to smooth out. The analysis has been extended by dividing 
the data into three sets depending on whether the coup 
de grace was delivered by an 8, 9 or 10; these are generally 
simular with only local random differences. Such a 
detailed analysis would be of importance in relating 
energy input to fragment size, because the strength of 
the dispatching blow will determine the resulting size 
distribution. 

It is to be emphasized that this aspect of the com- 
minution process is not primarily concerned with the 
production of fine material, but rather with coarse size- 
reduction. Here, for maximum effect, the objective 
should not be to bring to bear as much stress as possible, 
but rather to limit the stress to that only just necessary 
to cause fracture; general considerations show that, as 
expected, more effective energy utilization would result 
if the spectrum of Æ were reduced below and above Ep. 
It is of interest that in slow compression, which is a 
relatively efficient comminution process, W is steadily 
increased to Hy as a maximum value. 

As already pointed out, the results of the present 
model can be calculated from elementary probability 
theory. A number of refinements can be suggested which, 
while providing a more realistic model, would, however, 
make direct calculation too involved. (a) Increase the 
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intervals by which Ẹ progresses. An obvious procedure 
would be to cover the range 1-100 arbitrary units; this 
should smooth the frequency-energy distribution curve. 
(b) Incorporate fatigue into the particle characteristics; 
for example, they might fracture after, say, the tenth 
event irrespective of the magnitude of the blow sustained. 
Or, alternatively, Ey may diminish with each unfruitful 
event. (c) The strength of the particles may be distributed 
randomly; this can be obtained by allotting values of Hy 
from a second table of random numbers. (d) The dis- 
tributions may be other than rectangular. (e) If fracture 
does not occur during an event, only a portion of the 
strain energy may be dissipated. In all these cases 


Fracture frequency related to cnergy and number of events. 


Frequency versus energy is tabulated at the top of the diagram 


effective solution would require a digital computer to 
carry out essentially the same procedure as that described 
here. s 

Finally, although this model was devised in order to 
investigate an elemertary comminution process, it appears 
appropriate to systeris, inanimate and animate, where the 
fundamental unit responds only when the magnitude of 
the externally applied stimulus reaches a threshold value, 
both of these values being distributed statistically. 


1 Harris, C. C., Trans. Inst Min. Metall , March (1986). 


* Abromowitz, M., and Szegun, I. A. (eds.), Handbook of Mathematical 
Functions, National Bareau of Standards, Applied Mathematics Series, 
No 56, 991 (Government Printing Office, Washington, 1964). 


PALAEOGEOGRAPHY OF THE TORRIDONIAN APPLECROSS GROUP 
By GEORGE E. WILLIAMS 


Sedimentology Research Laboratory, Department of Geology, University of Reading 


HE Precambrian Torridonian sediments overlie the 

Lewisian Gneiss along the north-west coast of 
Scotland from the Inner Hebrides to Cape Wrath (Fig. 1). 
Strata are low-dipping, often nearly horizontal. 

The sub-Torridonian gneiss surface. Detailed work in 
the Cape Wrath area reveals that, with rare exceptions, 
the sub-Torridonian surface is thoroughly decomposed 
to depths of 3 m and closely parallels the major bedding 
planes of the overlying sediments. Local etching and 
exfoliation of the surface suggest that the weathering 
occurred in Torridonian times. From Quinag southwards, 
however, the unconformity is highly irregular and the 
gneiss little weathered. At Quinag, arkoses overlap a 
hill at least 300 m high, and at Loch Maree the pre- 
Torridonian relief reached about 600 m (ref. 1). 


Torredonian stratigraphy. The Torridoman has been 
divided into three groups! (Table 1). 
Table 1. MASOR DIVISIONS OF THE TORRIDONIAN 


Group Approximate Lithology 
thickness in m 
(3) Aultbea 900 to 1.400 ın Sandstones, flags and grey shales 
Group Coigack passing down into red sandstones and 


grey flags with shaly partings. 
(2) Applecross 450 at Cape Wrath; Red arkoses and conglomerates with 
Group 1,800 to 2,400 in the numerous pebbles of quartz, quart- 
Gairloch-Torridon zite, Jasper, chert, felspar porphyry, 


area, etc. Occasional red shales. Loca! 
basal breccias 
(1) Diabaig 15 at Oulnag; Sandstones and grey mudstones with 
Group 150 at Gairloch; rippled sandy lenticles. Basal breccias 
3,000 in Skye: and boulder beds of local origin. 


In Skye, dark grey sandy shales 
and buff grita passing down into 
epiictic grits with occasional purple 
and green shales 
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Except in Skye, the Diabaig Group generally occurs in compared with ordinary shallow-water marine sediments, 
the low-lying areas between pre-Torridonian hills and including intertidal deposits?. The group gradually 
mountains. The breccias probably represent locally thickens from 150 m at Gairloch to 3,000 m in Skye?3, 
derived screes'. The mudstones at Diabaig have been No Diabaig sediments occur north of Quinag. 


Cape Wrath 
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Fig. 1. Locality map, showing general geology and palaeocurrent directions 
determined from the Applecross Group 


N.W. 


extrapolation upcurrent. 


The Applecross Group contains sub- 
rounded to rounded pebbles, tabular con- 
glomerates, large-scale trough and planar 
cross-stratification, channel-forms, occasional 
small-scale ripplemarks and rare desiccation- 
cracked red shales. The sediments are com- 
parable with those of modern braided 
streams? and alluvial fans’. The group 
thickens from 450 m at Cape Wrath to 1,800- 
2,400 m m the Gairloch—-Torridon area. 
Mean grain size gradually decreases south- 
wards. Concomitantly, maximum diameter 
of the pebbles decreases from about 180 mm 
at Cape Wrath to 50 mm at Applecross}. 

The upper Aultbea Group at Cailleach 
Head, comprising grey, occasionally desicca- 
tion-cracked shales and interbedded rippled, 
cross-stratified and laminated sandstones, 
suggests a shallow (intertidal ?) environment 
not unlike that postulated? for the Diabaig 
mudstones. The lower Aultbea sandstones 
may represent the transition from braided 
stream to shallow marine environment. 

It is generally accepted that the three 
groups form a conformable sequence. How- 
ever, at Stoer (grid ref. 042330) thick-bedded 
Applecross conglomerates and arkoses overlie 
atypical Diabaig red sandstones and shales 
with shght angular unconformity, the lower 
beds having been tilted slightly to the north- 
west prior to Applecross deposition. The 
contact is marked by a line of sandstone 
boulders derived from the underlying rocks. 
Hence the Diabaig Group includes strata 
much older than the Applecross sediments. 

The age of the red breccio-conglomerate 
at Stornoway is uncertain’. However, the 
poorly consolidated nature of the deposits 
and boulders of Torridonian-like pebbly 
arkose in the basal beds at Swordale suggests 
a post-Torridonian age. 

The Applecross Group. Detailed investi- 
gation of the unconformity and sediments 
northwards from Quimag suggests that 
this area holds the key to the regional 
palaeogeography of the Applecross. 

At Cape Wrath the sediments are best 
divided stratigraphically into five facies 
(Table 2). The progressive upward fining 
and concomitant change of bedding charac- 
ter suggest a change in the depositing 
streams from conditions of predominantly 
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Fig. 2. Section showing the relationship between retreating mountain front, pediment, suballuvial bench and encroaching 


aliuvial fan 


March 26, 1966 


rapid or shooting flow of the upper flow régime to those 
of predominantly tranquil flow of the lower flow régime’. 
Facies 5 is similar to the type Applecross sediments south 
of Loch Torridon. The vertical variations in the Cape 
Wrath sequence thus seem to refiect the lateral variations 
within the group as a whole. 

Palaeocurrents. Palaeocurrent data from the Applecross 
Group are strongly unimodal. Each current direction was 
taken as the arithmetic mean of the azimuths of numerous 
trough axes exposed on nearly horizontal bedding surfaces. 
Regionally, the current pattern (Fig. 1) is more complex 
than has hitherto been assumed’. Although mean deriva- 
tion from the north-west or west-north-west is now con- 
firmed, the radiating arrangement of the currents suggests 
two large, coalescing fans. Coalescence appears to occur 
in the Coigach-Handa area, where the lower beds have 
been derived from the north-west and upper beds from 
the south-west. 

Palaeogeography. Lithology, sedimentary structures and 
palaeocurrents suggest a piedmont or alluvial fan environ- 
ment for the Applecross Group. 

The flat, weathered gneiss surface beneath the sedi- 
ments north of Quinag is interpreted as a buried pediment 
or suballuvial bench. This was formed at the foot of a 
north-westerly retreating elevated source area and pro- 
gressively buried by the encroaching alluvial fan 
(Fig. 2). 

All facies boundaries are diachronous 
and parallel to the suballuvial bench 
surface, dipping gently away from the 
base of the mountain front. The result- 
ing upward fining of the sediments 
above the bench reflects the radial 
variation on the fan surface. As long 
ago as 1915, Lawson? postulated this 
relationship between an elevated source 
area, its flanking pediment and alluvial 
fan apron, and the planar rock surfaces 
commonly observed beneath dissected 
alluvial fans in south-western United 
States. 

Relative uphft of the gneiss immedi- 
ately north-west of Qumag probably S 
initiated pediment formation and alluvia- 
tion. It is noteworthy that north- 
east~south-west normal faulting is com- 
mon in this area. 
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was mainly away =rom the fan median. Progres- 
sively finer sediments accumulated downslope, probably 
as the channel ani overbank deposits of braided 
streams. 

Preliminary calculations based on slight vertical varia- 
tions in palaeocurrens direction suggest: (1) the apex of 
the fan migrated approximately 40 km west-north-west- 
wards during deposizion of the Cape Wrath sequence; 
(2) a mean angle of slightly less than 1° between suballuvial 
bench and fan surface. Transport distances for each facies 
can also be calculated by this method. 

Fig. 3 shows the relationship between the sedimenis 
astride the suballuvial bench and the remainder of the 
Applecross. This accounts satisfactorily for the lateral 
and vertical variations within the group, the palaeo- 
currents, the sudden change in structure of the sub- 
Torridonian surface, and the absence of Diabaig sediments 
north of Quinag. 

Disturbed bedding of the Applecross Growp. Disturbed 
bedding is abundant in facies 5 at Cape Wrath and the 
Applecross sediments south of Quinag. Structures in- 
clude: (1) undulose and hazy bedding planes; (2) convolute 
bedding; (3) overturned and deformed cross-strata; (4) 
large-scale cuspate and diapiric structures. These struc- 
tures probably formed im situ by the shifting and re- 
arrangement of quicksands’. 


oe 


j-<— 
/Mountainous region with 
lakes ,estuaries etc buried 
/ by alluvial fan deposits 


Alluvial fan deposits 
astride suballuval 
bench 





As the suballuvial bench must be 
intimately associated with the source 
area of the sediments, its weathered 
profile has been extensively studied. 
In the weathered gneiss, from 50 to 
100 per cent of the plagioclase felspar 
has been altered to serieite and illite, 
haematite has partly replaced biotite, 
and hornblende has been entirely altered 
to sericite and chlorite. Microcline is 
only slightly weathered. It is clear 
that such a weathering of the Lewisian 
Gneiss could have supplied the micro- 
cline-rich arkoses and haematitic, illite- 
rich siltstones and shales constituting 
most of the Applecross Group. It 
also accounts for the almost total 
absence of locally derived basal breccias 
north of Quinag. The deep weathering of 
the bench and the abundant evidence for 
fluvial deposition of the sediments above 
suggest a warm, humid climate. 

It seems likely that frequent sheetfloods 
on the upper portions of the fan deposited 
the tabular conglomerates of facies 2. The 
interbedded arkoses of this facies suggest a 
channel environment, occasional point-bar 
deposits indicating that stream migration 
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Fig. 3. Suggested palaeogeography of north-west Scotland in late Torrdonian times 
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Table 2, SUBDIVISIONS OF THE APPLECROSS GROUP AT CAPE WRATH 
Geological - Approximate 
BUrvey Facies Main characters thickness 
divisions! nm 
(5) Contorted Cross-stratified and tabular pink 90+ 
sandy* and grey arkoses; subordinate red 
i facies fine sandstones and silty shales, 
p” rare gravelly bands with pebbles up 
to 50 mm in diameter. Channel- 
forms common. Ubiquitous dis- 
turbed bedding. Occasional small- 
scale ripplemarks. 
(4) Cross-bedded Cross-stratified and tabular pink 90-120 


and grey arkoses, with occasional 
shale and conglomerate bands. 
Channel-forms. Disturbed bedding 
common near top of division 
Occasional small-scale ripplemarks. 


sandy facies 


(3) Cross-bedded Dominantly croas-stratified red 00 
P gravelly facies felspathic gravels and arkoses; 
interbedded tabular gravels and 
conglomerates Channel-forms 
Disturbed bedding and ripplemarks 
rare. 


(2) Tabular Flat-bedded red conglomerates 100-150 
pebbly facies up to 4 x 200+ m tn section, 
grading down into or alternating 
with cross-stratified red felapathic 
gravels and arkoses. Channel-forms. 

(1) Cross-bedded Cross-stratified and tabular red 0-30 


t cobbly facies conglomerates, felspathic gravels 


and arkoses. Cobbles up to 180 mm 
in = diameter. Channel-forms 
common, 


* Wentworth grade scale terms used, except gravel (2-4 mm). 


Thus quicksands probably were abundant on the outer 
portions of the Applecross alluvial fans. Water infiltrat- 
ing into the coarser materials at the heads of many modern 
alluvial fans moves down the fans under hydrostatic head, 
often rising as springs at the fan marginst®11, By analogy, 
it is suggested that the bedding disturbances of the 


NATURE 


March 26, 1966 von 209 


Applecross Group occurred in quicksands downslope from 
the water table-fan surface junction. The large diapiric 
and cuspate structures may have been caused by rising 
springs. 

Bands and patches bleached light grey are common in 
the upper 120 m of the Cape Wrath sequence and have 
been noted in the Applecross to the south. Evidence 
suggests that the bleaching occurred shortly after deposi- 
tion of the sediments. A moderately reducing environ- 
meni seems likely, possibly promoted by a high, fluctuating 
water table. 

The connexion between the Torridonian groups and the 
Moine Schists shown in Fig. 3 is based on Sutton and 
Watson’. The proposed lines of facies variation run 
obliquely to the present elongated outcrop of the Torri- 
donian. Correction for post-Torridonian faults may alter 
these regional trends slightly. 

Further work is necessary before the palaeogeographic 
picture is complete. However, it is hoped that this pre- 
liminary report has demonstrated the important connexion. 
between geomorphic processes and contemporaneous 
sedimentation. 

I thank my colleagues for helpful discussion and 
advice. 


1 Peach, B. N., et al., Afem. Geol. Surv. U.E. (1907). 

2-Allen, P., ef al., Geol, Mag., 98, 261 (1960). 

> Sutton, J., and Watson, J., Proc. Geol. Assoc., 76, 251 (1964). 

t Doeglas, D. J., Sedimentology, 1, 167 (1962). 

è Bhssenbach, B., Bull. Geol. Sec. Amer., 65, 175 (1954). 

€ Gwinn, V. E., J. Sed. Pet., 34, 656 (1964). 

7Phemister, J., British Regional Geology (1960). 

* Lawson, A. O., Univ. California Bull. in Geol., 9, 23 (1915). 

* Selley, R. C., et al., Geol. Mag.,100, 224 (1963). 
10 Thornbury, W. D., Principles of Geomorphology (Wiley, New York, 1954). 
11 TS C. A., Geomorphology (Whitcombe and Tombs, Christchurch, 


12 Maycock, I. D., thesis, Univ. Reading (1962). 


DEPOSITIONAL ENVIRONMENT OF BRITISH LIASSIC IRONSTONES 
CONSIDERED IN THE CONTEXT OF THEIR FACIES 
= RELATIONSHIPS 


By Dr. A. HALLAM 


Grant Institute of Geology, University of Edinburgh 


LTHOUGH the petrology of the economically 
exploitable oolitic iranstones in the British Lias 
has been intensively investigated and their conditions of 
, formation repeatedly discussed’, a number of outstanding 
problems still remain. It is believed that some of these 
can be resolved by studying the ironstones in the context 
of their facies relationships. It will be shown in addition 
- how this approach facilitates the interpretation of early 
Jurassic palaeogeography. 

The ironstones are typical minette ores and consist 
characteristically of chamosite ooliths, sometimes altered 
to limonite, in a sideritic and chamositic matrix, although 
numerous minor variants occur. For full petrographic 
details Taylor’s monograph! on the lithologically similar 
Northampton Sand ironstone (Middle Jurassic) remains 
indispensable. 

As indicated in Table 1, ironstones are widely distributed 
in the British Lias, being missing only from the Hettangian 
and Carixian stages. All are well known except the 
Ardnish Ironstone near Broadford, Skye, a 2 ft. band 
which was only recently discovered’. The most important 
ironstones in western Europe are the minette ores of 
Lorraine, ranging in age from Upper Toarcian to Bajocian 
(that is, ‘Aalenian’); others occur in the Lower Sinemurian 
and Carixian of north-west Germany and the Carixian 


of Bornholm. Thin beds containing chamosite or limonite 
ooliths oecur widely and include two in the Hettangian 
of Baden-Wiirttemberg, the Psilonotenbank and Oolithen- 
bank. It is evident, therefore, that in north-west Europe 
as a whole conditions suitable for minette formation 
occurred locally throughout the Lias. 


Table 1 
Stage Seotiand Yorkshire Midlands 

Toarcian Raasay Rosedale 
Domerian or Upper i 

Pliensbachian Cleveland Maristone 
Carixian or Lower 

Phensbachian 
Sinemurian Ardnish Frodingham 
Hettangian 


Facies Relationships 


The extent to which the Liassic ironstones represent 
condensed deposits has not always been fully appreciated 
in discussions of their origin. As indicated in Fig. 1 the 
lateral equivalents of the ironstones in sandstones or 
shale are substantially thicker. Even this does not give 
an adequate picture of the extent of condensation, since 
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allowance must be made for post-depositional compaction 
of the shales. Furthermore, although the Yorkshire coast 
Liassic succession is one of the thickest in Britain, it still 
only signifies a moderate rate of sedimentation. Thus 
the Toarcian shales of the Nordoldenburg Trough in 
north-west Germany are some 400 m thick®, about the 
same as the whole Liassic succession in Yorkshire. 

Stratigraphical control for the correlations given in 
Fig. 1 is good and there is no likelihood of major non- 
sequences except possibly in the case of the Raasay 
Tronstene. (This last case has been allowed for so far as 
possible by correlating the ironstone only with the 
commune sub-zone of the bifrons Zone, though it may weil 
span a much longer period of time®.) On the other hand, 
it is likely that brief periods of erosion alternated fre- 
quently with periods of slow deposition. 


YORKS 





[2 °lootine ironstone 


ES Shale TR Sandstone 


Fig. 1. Diagram to illustrate the condensed nature of colitic Iironstones 
compared with their lateral equivalents In shale and sandstone: A, 
Frodingham; B, Maristone; C, Raassy 


Brockamp” has observed that the German ironstones 
often occur at the boundary between sandstones and 
shales; a comparable association is characteristic of 
British Liassic ores. Both the Frodingham and Cleveland 
ironstones pass laterally into silty and sandy shales and 
the Rosedale and Marlstone ironstones pass laterally 
into fine sandstones. The lateral equivalents of the more 
poorly exposed Raasay and Ardnish ironstones are not 
known, but both beds occur in a sequence of silty and 
sandy shales. 

Jn considering the general problem of iron enrichment 
in the sea-water or bottom sediment it is misleading to 
restrict attention, however, to the chamosite/limonite 
oolites. This is made evident by examining the facies 
relationships of the Cleveland Ironstone on the Yorkshire 
coast. Abundant ammonites allow a detailed correlation 
from the ironstone in a fairly normal, partly oolitic 
development near Staithes to its lateral equivalenta fow 
miles to the south-east of a thicker sequence of silty /sandy 
shales with thin nodule bands of non-oolitic siderite 
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mudstone (Fig. 2). Is cannot be seriously supposed that 
the chemical constitution of the sea-water differed appre- 
ciably over such a snort distance. Therefore it follows 
that the concentraticn of iron in the beds to the north- 
west, sufficient to make an exploitable ore, is the result 
of local physical conditions (a higher terrigenous sedi- 
mentation rate to the south-east in quieter and probably 
slightly deeper water). Although, considering the shales 
in bulk, the iron content is considerably diminished, it 
has been concentrated in the nodules owing to diagenetic 
segregation. 
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Fig. 2. Correlation of ths spinatum Zone on the Yorkshire coast, based 
on Howarth (ref. 21). “he Cleveland Ironstone at Staithes comprises 
the Main and Pecten seams 


Obvious as the foregoing deduction may appear, it is 
nevertheless significant since the facies of silty/sandy 
shales with sideritic nodules is much more widespread 
in the Lias than ths chamosite oolites. For example, in 
Yorkshire this facies begins just below the base of the 
Carixian and contirues up to the top of the Domerian. 
There is a return to normal non-silty calcareous facies 
in the lower part of the Toarcian but the silty/sandy 
ferruginous facies returns in the Upper Toarcian. 

In the Midlands and South-west England, in contrast, 
the Lower Lias is largely free of ferruginous beds, the most 
notable exception being the Lower Sinemurian Froding- 
ham Ironstone in ncrth Lincolnshire. However, the Lower ` 
Domerian, that is, the zone preceding that containing the 
Marlstone and Cleveland ironstones, is marked by a great 
spread of silty shales with sideritic nodules over most of 
this region. Apart from the local occurrence of dia- 
chronous sandy beds in parts of the south-west, the 
‘Toarcian marks a return to normal calcareous clay 
deposits. 

British Liassic rocks can in fact be divided into two 
distinctive associations which may be termed the ‘cal- 
careous’ facies and ‘ferruginous’ facies. The former is 
the more widespreal and consists of argillaceous deposits 
and limestone. Smooth-textured shales, clays or marls 
with strongly sub-srdinate detrital quartz of silt grade 
and subsidiary layars and nodule bands of fine-grained 
argillaceous limestane were probably deposited in slightly 
deeper and quieter off-shore waters. Shallower near-shore 
deposits, as seen in Glamorgan, the Mendips and the 
Inner Hebrides, contain a higher proportion of limestone, 
which includes ooftie and bioclastic varieties. 
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The argillaceous rocks of thé ferruginous facies are 
typically rich in detrital quartz of silt to fine sand grade 
(on the Wentworth Scale). This givés them a distinctive 
rough texture, while the abundant muscovite flakes 
produce a characteristic glint. The associated sideritic 
nodules corréspond to the calcitic nodules in the cal- 
careous clays just as the chamosite oolites may be thought 
of as the equivalents of the calcareous oolites. Calcareous 
nodules may also occur, however, though not in intimate 
association with the sideritic. 

Sandstones are subordinate in both facies, although 
commoner in the ferruginous; they are almost invariably 
fine grained. Whereas those in the calcareous facies are 
well sorted, in a calcitic cement (for example, in the 
Lower Broadford Beds of the Skye area) the sandstones 
in the ferruginous facies are of several types. One type, 
well exemplified by the sandstones at the Carixian— 
Domerian boundary in Yorkshire, is well sorted and clean- 
washed, with a calcitic cement as in the calcareous facies. 
Other sandstones, though possessing a calcitic cement, 
contain limonite associated with the quartz grains (for 
example, the Upper Broadford Beds sandstones of the 
Skye area). A third type, strictly confined to the ferru- 
ginous facies, consists of intimate mixtures of clay and 
fine sand. The lithological contrast allows the recognition 
of mottling exhibiting several varieties of trace fossil 
including Chondrites, Diplocraterion, Rhizocorallium and 
Thalassenoides. Good examples include the topmost 
Sinemurian and the topmost Toarcian beds on the York- 
shire coast, and much of the Pliensbachian in the Inner 
Hebrides. 


Bearing of Facies Relationships on Hypotheses of 
Ironstone Formation 


The abundance and diversity of benthonice fossils m 
dominantly argillaceous sediments signifies a widespread 
sedimentary environment of quiet but shallow-water 
marine conditions in the British area during Liassic 
times, and implies that the associated landmasses were 
of very subdued relief. In the context of this environ- 
mental picture the occurrence of mixed sandy, silty and 
argillaceous rocks is likely to signify the proximity of 
fivers. Tidal and longshore currents are of course capable 
of transporting sand by traction considerable distances 
from river mouths but the deposits that result from such 
transportation are normally well sorted~-mud and fine 
silt having been winnowed out. The mixed sand, silt 
and clay deposits that occur in the ferruginous facies have 
evidently been buried before any major winnowing action 
could occur. Such mixed deposits, lacking any trace of 
Jamination because of the activity of burrowing organisms, 
are characteristic of the distal parts of pro-delta régimes 
of the present time!!#, In support of this interpretation, 
fossil driftwood appears to be more abundant in the 
ferruginous than in the calcareous facies of the Lias, due 
. allowance being made for variations in rates of sediment- 
‘ation. We must now consider the bearing of this inter- 
pretation on the various hypotheses of ironstone forma- 
tion. 

The orthodox views of mimette ore formation all 
assume derivation of iron by continental weathering, 
although opinions differ on the mode of transportation 
and concentration on the sea bed. A radically different 
hypothesis has been proposed recently by Borchert?*:44, 
who believes that the conventional mterpretation has 
several insuperable difficulties and argues that certain 
deposits on the sea floor, possibly far from land, them- 
selves acted as sources of won. Though Borchert’s ideas 
were received with some scepticism in the discussion 
following the reading of his paper ın London", they were 
treated sympathetically by Dunham‘ as being possibly 
valid in the case of certain Liassic ironstones. 

Jt will be convenient to consider Borchert’s hypothesis 
first. He envisages three depth zones in the sea with 
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distinctive chemical characteristics and bottom deposits. 
The deepest is the hydrogen sulphide zone, characterized 
by anaerobic bottom waters and sediments consisting of 
pyritic bituminous mud. The shallowest is the oxygen 
zone, with a rich bottom fauna, where lmonitic ooliths 
form in agitated water. Between these is the carbonic 
acid zone, rich in carbon dioxide, where the bottom 
deposits consist of sideritic muds; iron is supposed to be 
mobilized from the deposits of this zone. Part of the iron 
is carried by marine currents into shallower water where it 
contributes to the formation of-lmonite. Part is carried 
towards the hydrogen sulphide zone, where it encounters 
silica dissolved in alkaline water liberated from the bi- 
tuminous mud; as a result chamosite forms. 

A major difficulty’ of Borchert’s interpretation is that 
the depth zones and chemical reactions are hypothetical 
so far as marine conditions are concerned. There is no 
evidence, for example, of a widespread carbon dioxide 
zone in seas of the present day where the deeper water is 
anaerobic. Apart from this, however, these are ample 
grounds for rejecting his hypothesis for the Liassie iron- 
stones. 

The necessary association of ironstones and bituminous 
shales at the same stratigraphic horizon exists nowhere in 
western Europe. On the contrary, there is a clear negative 
correlation, since laminated bituminous shales, such as 
occur in parts of the Hettangian and Sinemurian of 
South-west England and the Lower Toarcian of a much 
more extensive area, invariably belong to the calcareous 
facies. Borchert actually argues for deep-sea stagnation 
and bituminous facies on the grounds that, in the absence 
of polar ice caps during periods of ironstone formation, 
deep oceanic circulation would be far more sluggish than 
to-day. lLiassic deposits occur in the Mediterranean 
region (Ammonitico Rosso facies) which were probably 
laid down in deeper water than anything in north-west 
Europe; they are, however, strikingly deficient in organic 
matter and are not especially rich in iron. 

The evidence from facies associations lends support in 
fact to the conventional view of iron derivation, with 
ferruginous deposits forming close to river deltas. We must 
now examine briefly certain ideas on the site of ironstone 
deposition and the transportation and concentration of 
the iron, in so far as they are pertinent to the Liassic 
ores. 

It has been suggested that ironstones formed close to 
old shorelines!**. This is not necessarily so. The un- 
equivocal shoreline deposits of Glamorgan and the Men- 
dips are in calcareous facies and include normal oolites 
and skeletal limestone, as do the near-shore deposits of the 
Lower Broadford Beds in Skye. In contrast, none of the 
oolitic uzronstones are obviously associated with an old 
shoreline, though because of mnadequate exposure this 
cannot be decisively ruled out. Jt has been pointed out, 
moreover, that certain Asiatic rivers have been observed 
to carry wron-bearing sediments far into the open sea’. 

Another common belief is that the ironstones did not 
form in the open sea but in some sort of near-shore lagoon. 
To be meaningful, the term lagoon should be restricted to 
partly isolated regions of abnormal salinity, or at least 
regions protected from strong wave- or tide-induced 
water disturbance. The Liassic ironstones contain abund- 
ant benthonic fossils including many stenohaline types, 
with no suggestion of abnormal salinity. There is in 
addition abundant evidence from the rocks themselves 
of strong water agitation. 

Two different solutions have been proposed to account 
for the rarity of detrital quartz grains in what are evidently 
shallow-water deposits that have been subjected to agi- 
tation sufficient to transport such grains. Hemingway’, 
influenced by an approximation in the Yorkshire Lias 
on three occasions to a cyclic sequence of shale-sandstone— 
ironstone, has related the sedimentation to erosional 
cycles on the land. As the latter became peneplaned, 
mechanical erosion diminished so that finally only chemical 
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A derivatives including iron were transported and de- 
~ posited in shallow restricted arms of the sea. This hypo- 
thesis fails to account for the frequent lateral passage of 
Ironstones into clastic rocks and is clearly incompatible 
with the interpretation adopted in this article. Some 
sort of ‘clastic trap’!® seems a more plausible explanation. 
That is, some iron was transported slightly beyond the 
limit of deposition of the bulk of the terrigenous sediments. 
We turn now to how this might have been achieved. ~ 

The problem of the transportation and concentration 
of iron to form exploitable ores is singularly acute because 
of the lack of modern analogies. As is well known, chamo- 
site is apparently forming nowhere in recent marine 
sediments and siderite is rare, while the concentration of 
dissolved iron in sea-water is negligible. The most com- 
monly held belief is that the iron was transported in rivers 
in the ferrous state protected by organic colloids and 
jater deposited on entering the alkaline environment of 
the sea. Carroll? has recently put forward a different 
suggestion, pointing out that ferric oxide can travel to 
the sea as particles coating the surface of clay micelles 
and can be removed by a lowering of the redox potential 
to negative values, which converts the ferric iron into 
the more soluble ferrous form. She argues that chamo- 
site may be formed in such a reducing environment by 
the interaction of iron released in this way with kaolin- 
ite. 

It seems quite probable that siderite could form as a 
result of the process Carroll describes, iron released from 
clay minerals within silty pro-delta muds reacting with 
carbonate ions in the interstitial water and afterwards 
segregating to form nodules. In support of this, there is a 
clear association of siderite with clay in the Lias. Those 
sandstones in the ferruginous facies which have been 
winnowed free of clay particles, such as the Marlstone 
‘sandrock’ in Leicestershire and the davoe-margaritatus 
Zone sandstones of Yorkshire, are cemented by calcite 
not siderite, suggesting that ron has been removed with 
the clay. 

Unfortunately Carroll’s interpretation does not solve 
the problem of chamosite concentrations. All the normal 
Liassic clays studied by me consist dominantly of illite, 
kaolinite being markedly subordmate. Yet chamosite is 
the most abundant clay mineral in the ironstones. The 
influx of large quantities of illite, just as with detrital 
quartz, evidently diluted the available iron to such an 
extent that exploitable ore could not form. Therefore 
in & sense we are back where we started. It ıs hard to 
resist the conclusion that some iron was carried, perhaps 
as a colloidal solution or suspension, beyond the area 
where most of the terrigenous sediment was deposited. 
It could only concentrate on the sea bottom in areas of 
extremely slow sedimentation, probably off-shore shoals. 
Chamosite presumably formed authigenically in a reducing 
environment within fine-grained sediment but was evi- 
dently stable ın slightly oxidizing conditions, as testified 
by the rich benthonie fauna Presumably ıt was carried 
to the surface by burrowing organisms and ooliths pro- 
duced as a result of water agitation. Planktonic organisms 
such as diatoms could well have contributed to both 
the iron and silica required for the formation of chamo- 
site, since opaline silica ıs readily soluble within sedi- 
ments. 

As regards the difficulty concerning the lack of modern 
analogies, one should bear in mind the following point. 
Because the world to-day has abnormally high relief 
terrigenous sedimentation rates on the continental shelf 
in the vicinity of river deltas are probably a good deal 
higher than in the shelf sea that covered north-west 
Europe in the early Jurassic. The concentration of iron 
coming from rivers need not have been appreciably 
higher than to-day, so long as sedimentation rates were 
slight. A comparison with the phosphate deposits that 
have formed recently off southern California may be 
apposite; these seem to owe their origin essentially to a 
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conjunction of two faztors: (a) a slow rate of sediment- 
ation, (b) phosphate enrichment in sea-water due to 
upwelling. The significant point is that even In areas of 
upwelling phosphate concentration remains low compared 
with many other ions. ; ae 

The well-known fact that iron concentrations 1n rivers 
are generally much higher than in the sea suggests that 
much may be deposited not far from the deltas. It would 
be instructive if stucies could be made comparing the 
interstitial water composition of certain pro-delta and 
river-distant sediments. 


Interpretation of Jurassic Palaeogeography 


Distinction of the calcareous and ferruginous facies, 
and recognition of the probable association of the latter 
with river deltas, brings out with unexpected clarity 
important regional similarities and differences in the 
Enghsh Lower and Middle Jurassic. South-west England 
and Yorkshire show parallel contrasts during this time. 
The former area, remained consistently within the cal- 
careous facies, deeper water clays and calcilutites passing 
upwards stratigraphically into shallower water calcareous 
oolites. The Yorkshire Lias exhibits the first hints of a 
river delta near the base of the Carixian. Following a 
major marine transgression in the Lower “Toarcian*®, 
when the calcareous acies temporarily returned, the pro- 
delta facies spread once more. In Middle Jurassic times, 
owing to shallowing 2f the sea as in the south-west, the 
delta itself began to cover the area. The Midlands form 
an intermediate area. In the Middle Jurassic, several 
oscillations are seen between calcareous facies (Inferior 
and Great QOolite limestones) and ferruginous/deltaic 
facies (Northampton Sand ironstone, Lower and Upper 
Estuarine Series), bound up possibly with the periodic 
migration of delta distributaries. 

Major rivers evidently did not enter the sea in the area 
of South-west England, except locally for a short time 
during the Toarcian. It is tempting to suggest that the 
Yorkshire delta spreed from a river draining the Scandina- 
vian landmass (thers is no good evidence supporting a 
Pennine landmass at the time, as shown in some palaeo- 
geographic reconstructions). The main evidence favouring 
this is as follows. Tae only early Mesozoic remnants in 
Scandinavia are deltaic and ferruginous shallow marine 
deposits of Rhaetic and Lower Lias age. Also, most of the 
sandy deposits that spread into the north-west German 
Basin in Bajocian times came from the north or north-east". 
Now that boreholes are being drilled below the North 
Sea off north-east England one may tentatively venture 
the prediction that they may show the Lias in this area 
to contain a higher proportion of sandy and ferruginous 
deposits than in Yorkshire. 
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DISTRIBUTION OF CAESIUM-137 IN THE HUMAN ORGANISM AND IN 
THE HUMAN FOETUS* 


By A. KAUL, U. NAY, Pror. B. RAJEWSKY, Dr. W. STAHLHOFEN and F. UNNEWEHR 
Max Planck-Institut fur Biophysik, Frankfurt am Main 


OR some years the distribution of the fission product 
caesium-137 within the human and animal organism 
has been studied by several investigators!. Much of this 
research has been aimed at finding the ratio of caesium-137 
activity in soft tissue to that in bone. During the past 
few years, different ratios have been established by 
different groups of workers. Moreover, Yamagata et al.* 
and Anderson et al.5 measured the content of caesium-137 
in rib bones as a function of the age of the individual. 
The results obtained by these authors revealed that the 
specific activity of caesium-137 per g bone ash is at a 
minimum at the age of puberty. Oberhausen®, however, 
published data on whole-body caesium-137 related to 
potassium indicating an increase of body caesium-137 
from 6 years of age up to the age of puberty and showed 
that it was constant from that time on. 

From results of whole-body counting of adult foetuses, 
McDonald et al.” suggest that there is a placental discrim- 
ination for caesium-137. This is surprising, since no 
placental discrimination is known for potassium. 

Because of the different results published by several 
authors concerning the activity ratio of caesium-137 in 
soft tissue to that in bone, the caesium-137 activity as 
a function of age and the behaviour of the placenta for 
caesium, we measured the distribution of caesium-137 
within the human and animal organism. We also determ- 
ined the caesium-137 activity of samples of human bone 
and tissue for different age groups. In order to discover 
whether or not the placenta is a barrier for caesium we 
analysed foetal, placental and soft tissue of adults. The 
parameters to which the content of caesium-137 is related 
are fresh weight and content of potassium, since caesium 
is known to follow to a certain extent the metabolic 
pathway of its periodic relative potassium. 

After chemical processing, the caesium-137 activity 
was measured by both a low-level beta-ray counting tech- 
nique and by gamma-ray spectrometry. With the latter 
method the limit of detection was 5 x 10-1" c. caesium- 
137, but activities as low as 3 pe. could be detected by 
the anti-comcidence method’. 

The samples were wet-ashed in all cases, since caesium 
_ is reported to be volatile at temperatures higher than 
450° C (ref. 9) and to be incorporated into the glaze of 
porcelain crucibles during dry-ashing’. The analytical 
recovery and the recovery of activity were 85 per cent in 
a pilot experiment using caesium-137 spiked apatite. 

The preparates mounted for counting did not contain 
analytically determinable amounts of potassium. There- 
fore, no interference with the low beta-ray counting rate 
of caesium due to traces of potassium was to be expected. 
The content of potassium in tissue was determined by 
means of flame-spectrometry™*, All analytical reagents 
used in these measurements were redistilled in a quartz 
apparatus prior to use. < 

From investigations performed by Hood and Comar?! 
the distribution pattern of caesium-137 in the animal 
organism following a single administration is known. To 
examine the distribution pattern following continuous 
ingestion of fall-out caesium, we measured the specific 


* Paper presented at the Eleventh International Congress of Radiology, 
Rome, September, 1965, 


caesium-137 activity in the stag. From these investi- 
gations the ratio of the activities of femoral bone-marrow : 
femoral compacta and muscular tissue adjoining the femur 
was shown to be 1: 2, 9: 26 (ref. 8). In reindeer a similar 
ratio was found for the activity in femoral bone marrow 
to the activity in muscles by Miettinen and Paakkola®. 

About 6 years ago, Yamagata'-* reported that human 
ribs and muscles contain the same level of caesium-137 
activity. Some results indicated an even higher activity 
in human bones than in muscles. About 3 years later, 
the muscular activity of caesium was reported by Harrison 
et al.4 to be 3~4 times the activity found in bones separated 
from their marrow. Our measurements revealed that the 
activity of caesium-137 in skeletal muscles is 15 times 
the content in marrow-free bones. The content in ribs 
was 2~3 times the activity in femora’. 

In our investigations we dealt chiefly with the rectus 
femoris, the addition of the sartorius and vastus medialis 
muscles occasionally. Femora were carefully cleaned 
from their bone-marrow and both parts were processed 
separately. The activity ratio between marrow and com- 
pacta was 1: 1-2 (ref. 8). 

As mentioned earlier, the specific activity of caesium- 
137 in ribs was found by Anderson and Gustavson® to 
decrease from birth to puberty and to rise again in the 
later years of life. The rising slope in later life was con- 
firmed by Yamagata}-*. These results could not be con- 
firmed by our measurements covering samples of soft 
tissue as well as femur and ribs taken from 5-10-month 
foetuses, still-borns and adults up to an age of 80 years. 
As may be seen from Fig. 1, the caesium-137 activity 
related to potassium in liver is 130 pe./gK and in brain 
50 pe./gK in all stages of development. Since the standard 
deviation is at least 50 per cent due to the relatively small 
amount of foetal tissue being available, there is no sig- 
nificant difference between foetal and adult tissue. This is 
also true for the other organs being analysed. 

‘In the upper graph of Fig. 2, the content in femoral tissue 
is shown, to be 200 pc./gK, being also independent of age. 
In the lower graph of Fig. 2, the content of caesium-137 
in bone is plotted against the non-mineral substance of 
bone (representing the amount of potassium in bone). 
With this correlation the specific activity of caesium-137 
found in foetuses, children and adults are of the same 
order of magnitude. The factor of 2 is probably not sig- 
nificant owing to the relatively small’number of foetuses 
analysed. 

As to the question of placental transfer, the specific 
caesium-137 activity correlated to the content of potas- 
sium was assessed in the muscular tissue of adult women, 
in placental tissue and in foetal muscular tissue. The 
ratio between these three parameters as shown in Fig. 3 
was unity within the biological variability. 

It may be concluded from the results that: (1) The 
results of Yamagata! as well as those of Harrison et al.* 
showed the specific caesium-137 content of human 
muscular tissue to be 1-3 times that of bone tissue 
(Table 1). Our results, however, show that the specific 
caesium-137 content of muscular tissue is about 15 times 
that of compact bone. In the stag, the caesium-137 
content in muscular tissue is also significantly higher than 
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Table 1. ACTIVITY BATIO oF CAESIUM-187 (BONE/MUSOVLAR TISSUE) 
MEASURED IN HUMAN AND ANIMAL ORGANISM 
Activity ratio 

Author bone : muscle tissue Organism Remarks 
Yamagata ef al, 21 Human Observed in 1960 
Harrison e al. 1 : {2-3} organism 190862783 
Own values 1:15 1963/64/85 ; 
Hood et al. 1:13 ~ Rat 28 days after injection 
retfeld 1:30 
Own values 1:9 Stag Continuous uptake of 


fall-out °’Cs with diet 


Table 2. SPEOIFIO CARSIUM-137 CONTENT IN DIFFERENT ORGANS RELATED 
TO MUSOULAR TISSUB (=1-0) 


Hood et al. Bretfeld Own values 
Organ (ratt) {rat*} (man }) 
Muscular tissue 10 1:0 10 
Liver 0-22 0-32 0 65 
Brain 0:29 0°21 0°25 
Compacta 0 08 0-033 G03 


* 28 days after single injection. 
+ Continuous uptake of fall-out ’7Cs with diet. 


that of bone tissue, though this ratio is somewhat lower 
than in man (Table 1). In cases of a single injection of 
caesium-137 into rats, results similar to ours for the dis- 
tribution of caesium between muscular tissue and bone 
were published by Hood et al. and recently by Bretfeld*™. 
The results indicate a 13-30 times higher caesium-137 
content in muscular tissue than that found in bone 
(Table 1). Besides this, the results show the activity 
ratio to be constant between the twentieth and seventieth 
days after injection. The conditions of a single injection 
may, however, be different from those of a continuous 
intake of caesium-137 in food. In order to find out whether 
or not both cases are comparable, we are undertaking 
animal experiments with continuous long-term feeding of 
caesium-137. 

(2) For the distribution of caesium-137 between other 
organs such as liver and brain, our results indicate a 
specific caesium-137 content in brain of 25 per cent of 
that of muscular tissue and are in rather good agreement 
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Fig. 2. Specific caesium-137 content of muscular tissue (top) and marrow- 
free bons (bottom) as function of age 
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Fig. 3, Specific caesium-137 content of muscular tissue of mother and 
foesus and of placenta 


with the results of animal experiments (Table 2). Though 
2—3 times higher in man, the specific caesium-137 content 
in liver is also significantly lower than that in muscular 
tissue in man as well as in rat (Table 2). 

(3) Contrary to results found by Anderson’ and Yama- 
gata et al.1-5, no change with age in the specific caesium-137 
content in different tissues including muscle and bone was 
observed in our cases. 

From the fact that the specific activity of caesium-137 
related to potassium: in soft and bone tissues of adults 
is on the same level as the activities found in foetuses, 
it might be concluded that there is no significant placental 
discrimination for ceesium-137 in the activity range un- 
der discussion. This conclusion is supported by the ob- 
servation that the specific activity in muscular tissue 
taken from mother and foetus and the activity of the 
placenta proved to be on a comparable high level. 

This work was supported by the Bundesministerium 
des Innern, Federal. Republic of Germany. We thank 
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POLONIUM-210 ACTIVITY IN THE LUNGS OF CIGARETTE SMOKERS* 


By Pror. B. RAJEWSKY and Dr. W. STAHLHOFEN 
Max Planckeinstitut fur Biophysik, Frankfurt am Main 


N order to contribute further information on the natural 
radiation burden applied to the human body, we 
measured the *!°Po content in different parts of the lungs 
of human cigarette smokers and non-smokers. These 
n vestigations became necessary, since in 1964 Radford 
and Hunt} were able to demonstrate that a considerable 
portion of 32°Po, naturally occurring in tobacco, is inhaled 
with cigarette smoke. The average activity of #}°Po 
assessed in some brands of cigarettes in our laboratory is 
summarized in Table 1. The determination of »°Po was 
performed in the following way. The tobacco samples 
were wet-ashed using nitric, hydrochloric and perchloric 
acids. Then ?4°Po was enriched by a co-precipitation with 
BiS, and subsequent separation by silver-plating?, The 
processed samples were counted in a methane flow counter. 
The background of « counts in the proportional counter 
is of the order of 2—3 counts per h. On average, 50 per 
cent of *1°Po present in one cigarette was detected in the 
main smoke stream, 15 per cent in the cigarette-ash and 
35 per cent was measured in the butt. For filter cigar- 
ettes the maximum *!"Po activity detected in the filter 
was 5 per cent. It can thus be seen that a filter has no 
noticeable protective effect against polonium inhalation: 
These results are in good agreement with the measure- 
ments of Radford and Hunt! and the findings of Hulls. 
According to Radford and Hunt! the main smoke stream 
amounts to approximately 50 per cent of the total smoke. 
Based on this value and on bur measurements, the *!°Po 
activity inhaled on average per cigarette is of the order of 
0-1 pe. This means that, for an individual smoking 20 
cigarettes a day, the daily *!°Po inhalation rate is 2 pe. 


Table 1. PoLontumM-210 CONTENT IN VARIOUS BRANDS OF CIGARETTES 


2i Po 20Po con- OPH 
content/g 210P6 tontun 210 Po content/ 
Tested brand of cigarette content/ of the content/ total 
cigarette tobacco cigarette cigarette butt smoke 
(10-2 (10-* (10-4 (10-* (1078 
c jg) c./cig.) cjasheg) c./butt) c./tot. ms.) 
‘Prince of Wales’ 45 4°2, 63 17 19 
(filter) (0°17 in the 
filter tip) 
‘Rothandle’ (Pfalz) 5:0 6:0 72 1:9 3'4 
‘H B’ (filter) 4] 41 5'3 1:7 19 
(0-21 in the 
filter tip) 
‘Lucky Strike’ 34 Bed 5 1:2 16 
(United States) 
‘Lucky Strike’ 32 3-2 5-7 1-1 15 
(United States) 


The inhalation rate, due to polonium occurring in the 
open air, was estimated by Jacobi‘ to be 0:02 pe. per day. 
This activity is only one-hundredth the value being inhaled 
by a moderate smoker. This is the reason why consider- 
able differences are to be expected between the *°Po 
activities to be measured ın the lungs of smoking and non- 
smoking individuals. ” 

The 210Po activities found in different parts of the lung 
tissue of both smoking and non-smoking individuals are 


* Paper presented at the Eleventh International Congress of Radiology, 
Rome, September 1965. 


Table 2. LUNG TISSUE LEVELS OF POLONIUM-210 IN SMOKERS AND NON- 
SMOKERS 


Lung Bronchial 
parenchyma Epithelium tree Bifurcation 
210Po9 210P 5 2Po 29Po 210P9 gar- Ageof 
econtentig content/g content content/g content/g ettes subject 
wet tissue wet tissue (10+ wet tissue wet tissue per (a) 
(10-45 (10-24 pe. jem?) (10775 (10-35 day 
¢./g) c./g) c.g) ¢./g) 
Cigarette smokers 
141 — — 8'6 — 30-40 21 
78 — — 47 — 20-40 42 
25 — — om $1 30-40 55 
3°4 — — awe 4:1 40 61 
6-0 153 18 88 36 40 33 
77 1-4 10 51 — 20 40 
BL 2-2 3 3-2 = 40 32 
78 1 1 5i — 40 67 
— — — 10:5 — 30 63 
12-0 2°3 5 120 — 40 50 
vo 45 7 32 6:2 30-40 31 
18-5 8-3 il 20-8 — 40 52 
28 7-5 8 50 — 30 64 
57 7-0 11 54 68 30-40 60 
Total average values: 
T8 5 8 77 47 s 
Non-smokers (average values) 
, 25 — — 20 1:2 


summarized in Table 2. For these analyses, the parenchy- 
mal tissue, the bifurcation and the bronchial tissue were 
dissected prior to measurement. The lung tissue dis- 
sected from heavy smokers was shown to contain three to 
four times the *!°Po activity found in the lungs of non- 
smokers. 

In nine lungs of smokers, the "Po activity was also 
measured in the epithelium of the bifurcation, the second- 
ary bifurcation and parts of the trachea, using a chemical 
procedure of wet ashing and subsequent chemical separa- 
tion by silver plating?. The specific *°Po activity of the 
epithelium was about ten times the value assessed in the 
remaining lung tissue. As the area of the epithelium is 
known from the section, the specific activities are also 
given per square unit. As can be seen from Table 2, the 
values range from 1 to 18 x 10-4 pe./cm*. 

The measured ***Po activities in the epithelium are 
close to the limit of detection, due to the small amounts 
of sample material available. Long sample and back- 
ground counting periods were therefore necessary. Here 
the average total error was + 30 per cent, whereas in all 
the other cases of ##°Po counting in lung tissue, the error 
was only + 15 per cent. 

The measured specific *°Po activities of the epithelium 
both per g wet weight and per square unit are smaller than 
the activities published by Radford and Hunt?. Accord- 
ing to these authors, the activity in an upper part bronchial 
bifurcation, dissected from 73-year-old heavy smokers, 
is reported to be 0-03 pe. per square unit, a value which is. 
on average, 40 times higher than our own activities. Con- 
cerning the specific activity correlated with wet weight, 
our values are also on & lower level than the activities 
published by Radford et al.5, who found activities up to 
1-25 pe. per g wet tissue in the epithelium of the segmental 
bifurcation dissected from smokers. 


Nee, 
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Our activities per square unit measured ın the epithe- 

of the bifurcation, the secondary bifurcation and in 
the lower part of the trachea are in good agreement with 
Jacobi’s theoretical calculation of the #**Po activity in 
the epithelial tissue, making allowance for the ciliary 
movement and for transfer of #4°Po from the alveolar zone 
into the bronchial treet. The bronchial content for the 
segmental and terminal region is reported by him to be 
of the order of magnitude of 10-4 pe. per square unit. 
This calculation is based on the assumption that the rate. 
of inhalation would be 2 pc. *4°Po per day, that the bio- 
logical half-life of this nuclide in the lung would be 5 days, 
and that its deposition rate within the total respiratory 
tract would be 80 per cent with half this value depomted 
in the alveolar zone. According to Jacobi, the specific 
210Po activity in alveolar tissue ıs 6 x 10-15 c. per g wet 
tissue, and this activity is ın good agreement with our 
findings for the specific *#*Po activity, measured in the 
parenchymal tissue. 

Hill investigated the distribution of «- ray tracks in 
vacuum-dried epithelium samples dissected from the 
bronchial bifurcation of smokers. These measurements 
were performed using the stripping film method and 
showed no noticeable differences in the enrichment of 
a-ray tracks®, This means that the distribution pattern 
of *}°Po in bifurcation places shows no evidence of inhomo- 
geneities. In other words, there is an equal distribution of 
21°Po in the epithelium. His values were of the same order 
of magnitude as the theoretical values given by Jacobi, 
that is, 10-4 pe./om? (ref. 6). 

Jacobi‘ also calculated the burden applied to the human 
respiratory tract by naturally occurring radiation. He 
made special allowances for the dose absorbed in the range 
of the layer of so-called basal cells because this layer of the 
bronchial epithelium is especially important in carcino- 
genesis. For this calculation, the a-ray activity was 
assumed to be distributed homogeneously in the middle 
layer of the mucous layer situated over the bronchial 
epithelium. The calculation of the distribution pattern 
of the depth dose in the bronchial epithelium was based on 
the a-ray absorption within the mucous layer and on the 
stopping power of tissue as a function of a-ray energy. 

According to Miller? and Altshuler®, the thickness of the 
upper mucous layer is 10% in the zone of the trachea and 
somewhat less in the region of the terminal bronchi. 
The average distance of the layer of basal cells from the 
mucous layer is 60-90 within the trachea and 20~40u 
in the region of the terminal bronchi. The distribution 
pattern of the «-depth dose emitted from *1°Po demon- 
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strates that «-rays do not reach the critical layer of basal 
cells within the trachea, the main bronchia or the lobate 
bronchia, and therefore do not affect this layer at all. 
The critical regions far *}°Po are the terminal-, the sub- 
segmental- and the segmental-bronchia. 

On this basis, we calculated the «-ray dose absorbed in 
the critical zones usirg the activities determined in our 
laboratory. For this, the area activity of 71°Po determined 
in the bifureation zone was assumed to be identical to the 
activities in the region of segmental or terminal bronchi, 
and the **°Po activity was presumed to lie in the mucous 
layer. The calculated values are summarized in Table 3. 
The average dose-rate for the basal cell layer is 41 mrem 
per year or 1:0 rem pver 25 years, respectively, in the 
subsegmental bronchi; and approximately 79 mrem per 
year, or 2-0 rem over 25 years, respectively, in the terminal 
bronchia. These values are small compared with the 
dose-rate given by Redford and Hunt, which is 165 rem 
over 25 years at the minimum. 


Table 8. ALPHA DOSkeRATH IN BRONCHIAL EPITHELIUM 


Dose-rate 
Object Average activity (mrem/a) 
(ne./em*) QF=1 
Basal cels of subsegmental bronchi 8x 10-4 41 (average) 
8&8 (maximum) 
Basal cells of terminal broncai 8x10% 79 (average) 
150 (maximum) 


The *4°Po dose-rate based on our measurements for 
bronchial epithelium is small compared with a dose-rate 
in the range of 1~2 ren per year originating from the decay 
of naturally occurring radon and thoron and their short- 
lived daughter-produsts. This dose-rate was calculated 
by Jacobi in the basal cell layer of segmental and subseg- 
mental bronchi*. This would seem to show that carcino- 
genesis caused by ichalation of ?°Po with the tobacco 
smoke is rather unlikely. 

We thank Dr. Unnewehr, Dr. Rossenbeck and Dr. 
Dauber for their valcable help in dissecting pathological 
material. This work was supported by the Bundesmini- 
sterium des Innern, Federal Republic of Germany. 
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RADIOSENSITIVITY OF IMMUNOLOGICALLY ACTIVATED CELLS 


By Dr. M. C. BERENBAUM 
Surgical Unit, St. Mary’s Hospital Medical School, London 


N investigations have shown what appear 
to be clear-cut differences in the radiosensitivity of 
the immune response before and after exposure to antigen. 
Whole-body irradiation strongly inhibits the response if 
it is administered before the antigen and is relatively 
ineffective if given afterwards!?., Radiosensitivity may 
fall sharply within a few hours of giving the antigen? or 
more slowly over some days?. With few exceptions? the 
production phase of the response has been found to be 
radio-resistant. These marked changes in the radio- 
sensitivity of the response have Jed to the assumption 
that the cells mediating the response also change in radio- 
sensitivity, but this does not necessarily follow. 

Consider a model (Fig. 1) in which, before exposure to 
antigen, a few cells produce antibody at levels below the 
threshold of detection, the number of such cells being 
kept constant by a balance of a low mitotic frequency with 


a relatively long life. On antigenic stimulation, the cells 
increase rapidly, reising the level of serum antibody 
above the threshold of detection (Fig. 14). Let the 
radiosensitivity of she cells remain constant so that a 
given dose of radiation destroys or inactivates the same 
fraction of cells whenever it is given in relation to the 
time of giving the antigen. Let the half-life of such 
irradiated, antibody-producing cells be short compared 
with the half-life of serum antibody. 

If irradiation ocenrs before administration of antigen, 
the surviving cells may be envisaged as multiplying 
relatively slowly to restore the original number. Irradia- 
tion long before immunization allows time for complete 
restoration and thə immune response will be normal 
(Fig. 18). The shorter the interval between irradiation 
and immunization the less recovery will have occurred 
(Fig. 1C). In this simple model let the responses in such 
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cases differ from the normal only in the number of cells 
taking part, so that the curves describing the rise and fall 
in cell numbers and antibody levels will be normal in 
shape but displaced downwards (Fig. 1C). This results 
in & lower peak antibody titre and, because of the threshold 
below which antibody is not detectable, in apparent 
prolongation of the induction period and slowing of the 
nae at which antibody rises once it has passed the thres- 
old. 

When irradiation occurs late in the production phase 
serum antibody has already reached a high level (Fig. 1F). 
The number of antibody-forming cells falls rapidly after 
irradiation, the survivors continuing to rise and fall at 
the rates prevailing normally. If the surviving fraction 
is small, the rate of antibody production is at first neglig- 
ible. The level of serum antibody therefore falls with 
approximately its characteristic half-life until production 
by surviving cells or their progeny becomes appreciable, 
The effects of irradiation after administration of antigen 
may therefore be partly masked by the relatively slow 
fall in the level of antibody already present im the serum. 
At least up to the time when peak titres are reached, the 
greater the interval between immunization and irradiation, 
the greater the contribution of already-formed antibody 
to subsequent levels (Fig. 1D—F). 

The lower part of Fig. 1 shows the effects on peak titre, 
length of induction phase and rate of increase of antibody 
above the threshold when radiation is given at different 
times before or after the antigen in this model. These 
have been derived by inspection from the curves in the 
upper part of Fig. 1. It is seen that all these parameters, 
which are commonly used as indices of the radiosensitivity 
of the Immune response, would change markedly during 
the response, even if there were no change at all in the 
radiosensitivity of the cells concerned. 

For simplicity this model ignores effects on precursor 
cells not forming antibody and any radiation effects other 
than cell destruction. Moreover, it takes no account of 
possible homoeostatic mechanisms governing the number 
of cells producing antibody that might tend to counteract 
the immunosuppressive effects of radiation. A model so 
oversimplified cannot be expected to account quantita- 
tively for experimental findings and there are important 
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Fig. 1. Model of an immune response with constant cellular radiosen- 
sitivity, ---~--~—-— , Log No. of antibody-forming cells; l 
serum antibody titre; a |, injection of antigen; r |, irradiation; é, 
threshold for detection of serum antibody. A, Normal response; B-—F, 
responses with irradiation at different times in relation to administration 
of antigen (note that the fallin the log No. of cellsis the same throughout}. 
In the lower part of the Figure the horizontal axis (on the same scale as 
that in the upper part) shows the time of irradiation before or after ad- 
ministration of antigen, Indicated by a |. The vertical axes show, re- 
spectively, peak titre, length of Induction phase and the primary rate of 
increase in antibody above the threshold. These curves, therefore, which 
have been drawn through pomts derived by inspection from the curves 
in A—F, show what effect irradiation at different times would have on 
these parameters of the immune response in this model 
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Fig. 2. Effect on numbers of haemolysin-forming cells of irradiation with 

450 r. on days ~1, +1, +3, +6 or +20. a |, injection of antigen; 

ri, irradiation; e, controls, ---~---- , day — 1 group, 

re eeaeee , day +1 group; A , day +3 group, 

ee ee a , day +6 group; , 

day +20 group. Curves drawn through geometric means of each 
group, 5—10 mice per day per group 

















qualitative findings not accounted for; for example, the 
adjuvant effect of radiation in some circumstances. 
However, the overall similarity of the curves generated 
by the model to those found experimentally'* suggested 
that it would be worth investigating directly the radio- 
sensitivity of antibody-forming cells at different stages 
of the immune response. The following experiments were 
therefore performed. 

Male A2G mice were injected intraperitoneally with 
0-2 ml. of a 10 per cent suspension of formolized sheep 
red cells in saline. Groups of mice were killed at intervals 
and the numbers of haemolysin-forming cells in their 
spleens counted by Jerne’s method‘. Mice were irradiated 
either one day before giving the antigen or 1, 3, 6 or 20 
days afterwards with 450 r. (65-75 r./min, 220 kVp, 
15 m.amp, 0-5 mm copper and 1 mm aluminium added 
filtration, target distance 34-5cm). The results are shown 
in Fig. 2. It appears that this dose of radiation causes a 
rapid fall in the number of antibody-forming cells when- 
ever it is given. There is no evidence of an increase in 
radio-resistance after the antigen has been given, even 
late in the production phase of the response. 

In view of the possibility that cells producing 198 
haemolytic antibody might be atypical in radiosensitivity, 
further experiments were performed in which the numbers 
of cells forming haemagglutinin were counted. A modifica- 
tion of Zaalberg’s method’ was used; 1-ml. portions of 
spleen cell suspensions and 0:25 per cent sheep red cell 
suspensions in cold tissue culture medium ‘199° were 
mixed and stood overnight in the refrigerator in 13 x 
150 mm ‘Pyrex’ test-tubes. These were then rotated at 
28 r.p.m. for 10 min at room temperature in a plane 33° 
from the horizontal and the number of agglutinates 
counted in a Fuchs—~Rosenthal chamber. The results are 
shown in Fig. 3. Again, radiation causes a rapid fall in the 
number of antibody-producing cells and there is no 
evidence that radio-resistance rises after the antigen 
is given. 

There are two notable differences between the curves 
obtained here and those predicted by the model. First, 
irradiation a day before giving the antigen causes a smaller 
fall in cell numbers than irradiation after the antigen has 
been given. This finding is unexpected and difficult to 
explain. Secondly, cell numbers terd to rise toward 
control levels after the initial post-irradiation fall. This 
suggests the operation of homoeostatic mechanisms. 
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Fig. 3. Effect on numbers of agglutinin-formimg cells of Irradiation 
with 450 r. on days ~1, +2, +6 or +20. a | ,:njection of antigen; 








r |, trradiation, , controls; --~~+— , day —1 group, 
A— A , day +2 group; at te, day $6 
group; -— , day +20 group Curves are drawn through 


the ‘geometric means of each group, 5 mice per day per group 


It is not possible to determine the surviving fraction of 
cells from simple inspection of the curves because part of 
the fall in cell numbers may have been due to damage to 
precursor cells which, in any event, were not forming 
antibody and were therefore not counted. However, if 
the proportion of cells functioning at the lowest point 
of the post-irradiation fall is assumed to be the surviving 
fraction, most of the curves obtained here would suggest 
that the fraction surviving & dose of 450 r. is about 0-5- 
1 per cent. 

Now, when immunologically competent cells are irradi- 
ated before antigenic stimulation, the fraction surviving 
a dose of 450 r. is estimated variously as 0-4 per cent®, 
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0-041 per cent’, 0-6 per cent? and 0-3 per cent®. There 
does not, therefore, appear to be good evidence of a 
material change during the immune response in the radio- 
sensitivity of the cells that mediate the response. 

These results do not exclude the possibility that cell 
radiosensitivity may change to some extent at different 
stages of the response, especially at stages not examined 
in these experiments. They suggest, however, that the 
marked fluctuations in radiosensitivity found when 
certain end-results of the immune process are investigated 
may, to some degree, be experimental artefacts due to the 
delay with which changes in cell population are reflected 
in serum antibody ləvels and to the impossibility of 
following changes in serum antibody below the threshold 
of detection. 

Many agents differ rom radiation in the timing of their 
immunological effects, being relatively ineffective if 
given before the antigen and most effective if given some 
l-4 days afterwards”. If the interpretation given here 
is correct it follows that cellular sensitivity to such agents 
cannot remain constant throughout the response but 
must change markedly. This possibility is under investiga- 
tion. 

I thank the Medical Research Council and British 
Empire Cancer Campaign for Research for financial 
support, Dr. E. A. Wnght for irradiation facilities and 
Miss D. Lyall for helo. 
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EVIDENCE FOR THE INVOLVEMENT OF IONIZATION IN THE 
POLYMORPHISM OF A PHOSPHOLIPID 


By Dr. J. J. WREN and DANUTA S. MERRYFIELD 


The Lyons Laboratories, London 


HETHER a neutral «-phosphatidylethanolamine 
molecule exists as the zwitter-ion (I) or as the un- 
ionized tautomer (II) has been of interest for some timet. 
In a solution, both tautomers: 
H,C.0.CO.R. H,C.0.CO.R 


| 
HC.O.CO.R HC.O.CO.R 


| (+) 
H.C.0.P0.0.CH,.CH,.NH, 


| 
: H,0C.0.P0.0.CH,.CH,.NH, 
O(—) OH 
(I) (IT) 
should presumably co-exist at equilibrium, but in a 
crystal, only one tautomer might be expected. However, 
although numerous infra-red spectra of solid «-phospha- 
tidylethanolamines have been published, which have been 
interpreted to indicate the existence of at least three 
polymorphs’, none gives a clear indication of tautomeric 
state. We have now prepared p1i-«-(dipalmitoyl)- 
phosphatidylethanolamine in a crystalline form which, 
from infra-red spectroscopic evidence, appears to consist 


of the un-ionized tauzomer (II). Other polymorphs appear 
to contain the zwitter-ionic tautomer (I), perhaps in com- 
bination with the ur-ionized. 

van Veen and Verkade’ were the first to point out that 
discrepancies between spectra of «-phosphatidylethanol- 
amines could be ettributed to polymorphism. They 
published the infra-red spectra of two forms of the 
dipalmitoyl compound, which they termed A and B 
polymorphs. Later. Chapman and co-workers** 5 agreed. 
with the findings of van Veen and Verkade, but reported 
also a C polymorph which is formed at temperatures 
above the melting-point of the hydrocarbon chains; this 
means that the C polymorph is liquid-crystalline. 

Starting with commercial preparations of DL-«-(dipal- 
mitoyl)phosphatidy-ethanolamine, we have crystallized 
various specimens cf which the spectra agree well with all 
three published typ3s. However, we also obtained many 
spectra similar to the ‘B-spectrum’® but in which certain 
absorptions—most notably a peak near 1,550 cm-}-— 
were weakened. Gas chromatography showed that the 
spectral differences were not due to differences in fatty 
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acid composition, which was approximately 90 per cent 
palmitate in all samples. However, on thin-layer chroma- 
tograms of silica gel G developed! with chloroform- 
methanol—acetic acid-water (65:15:10:4, by volume) 
all the specimens gave two major zones in the region where 
«-phosphatidylethanolamine was expected to be. (There 
were also minor zones of higher and lower Rr which were 
apparently formed by palmitic acid and lysophosphatidyl- 
ethanolamine respectively.) Attempts to distinguish 
between these zones with numerous spray reagents failed. 
But infra-red analysis of materials obtained by prepara- 
tive layer chromatography showed that the slower zone 
(Ry 0-67) was formed by «-phosphatidylethanolamine, 
whereas the faster (Rr 0:78) was formed by the §-isomer. 
The identity of 8-(dipalmitoyl)phosphatidylethanolamine 
was confirmed by comparing its chromatographic be- 
haviour and infra-red spectrum (Fig. 9) with those of an 
authentic specimen obtained from the late Dr. Malkin’s 
collection’. (Specimens were obtained from this collection 
through the courtesy of Prof. Wilson Baker.) Some other 
workers have also observed two major zones on thin-layer 
chromatograms of commercial «-phosphatidylethanol- 
amine preparations®»*. Our evidence indicates that some 
preparations, claimed to consist of either the pi-a- or 
the L-«-isomer, contain up to 30 per cent of the ‘unnatural’ 
B-isomer, which is very disturbing in view of the wide- 
spread use of these preparations for biochemical and bio- 
physical studies. : 

When the commercial preparations were subjected to 
column chromatography on silicic acid, using 12 per cent 
methanol in chloroform as eluent, they gave partly 
resolved peaks of (in order) the B- and a-isomers, and late 
fractions contained the «-isomer in a high state of purity. 
As the fractions were stored at —20° C and the solvent 
slowly evaporated, crystals were formed which gave the 
infra-red spectrum shown in Fig. 1. This contains no 
peak at all near 1,550 cm~. An alternative and more 
rapid method for obtaining crystals with the same spec- 
trum was to prepare a near-saturated solution in boiling 
chloroform, add a trace of ammonium hydroxide, cool to 
—20° C with shaking, and desiccate the crystals that 
separated over phosphorus pentoxide. Crystallization 
from chloroform or ethanol by more conventional methods 
usually caused the appearance of a small peak near 1,550 
cm-', the spectra resembling Fig. 10. However, cooling a 
highly concentrated, boiling solution in ethanol gave 
crystals with the spectrum shown in Fig. 2. This spectrum 
was also observed after crystals with the other spectra 
(Figs. 1 and 10) had been briefly heated to 140° C and 
cooled to room temperature. 

It appears that the spectra published by van Veen and 
Verkade? represent impure polymorphs. Following their 
nomenclature, we attribute Fig. 2 to polymorph A and 
Fig. 1 to polymorph B. Hence, van Veen and Verkade’s 
‘A-spectrum’ represents polymorph A contaminated with 
B and their ‘B8-spectrum’ represents polymorph B 
contaminated with 4A. Whereas Chapman and Collin’ 
reported that Dui-«-(dimyristoyl)phosphatidylethanol- 
amine was relatively stable in the C polymorphic form 
at room temperature, this was not true of our purified 
dipalmitoyl compound. At 140° C a microcrystalline 
film of our compound gave a spectrum characteristic? 
of the O polymorph, but after being left for only 1 h to 
cool to room temperature it gave the spectrum of the A 
polymorph (Fig. 8). We were only able to obtain crystals 
of the C polymorph with some stability at room tempera- 
ture by slowly evaporating a solution in pure dioxan 
(see Fig. 5). 

Storage for a week at — 196° C, or for 30 min at other 
temperatures up to 126° C, did not change the spectrum 
(taken at room temperature) of either the A or the B 
polymorph. These findings appear to conflict with those 
of Chapman’. 

When some of the B-isomer was deliberately added to 
the «- it again became impossible to crystallize the B 
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polymorph in pure state, and when an equal quantity was 
added it was only possible to obtain crystals with the 
spectrum of the A polymorph. This may partly explain 
why all previously published? 4-15 spectra of crystalline, 
saturated «-phosphatidylethanolamines appear to repre- 
sent mixtures of polymorphs. Other possible explanations 
include the presence of different impurities, the use of 
other crystallization techniques, and the use?4:12,13,16 of 
the potassium bromide disk technique for infra-red 
spectroscopy: this is notorious‘ ??% for producing arte- 
facts. However, our evidence does not preclude the 
possibility that true polymorphs other than A, B and C 
may exist, nor that these could be hybrids of A and B. 
(That the A and B polymorphs have similar stability 
might favour the existence of hybrids.) 

The A and B polymorphs gave satisfactory analyses for 
carbon, hydrogen, nitrogen and phosphorus, were readily 
interconvertible by the methods described, and gave the 
same spectrum (Fig. 6) after dissolving in tetrachloro- 
ethylene. Spectra taken on Nujol mulls (Figs. 1 and 2) 
were indistinguishable from those taken on microcrystal- 
line films (Figs. 7 and 8). 
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Crystallization from pure chloroform in the presence of 


No. 5030 


« deuterium oxide, or exposure of the B polymorph to 


deuterium oxide vapour for 10 days, produced deuterated 
B polymorph (see Fig. 3); when this was exposed to water 
vapour the spectrum shown in Fig. 1 was restored. The 
A polymorph underwent deuterium- or hydrogen- 
exchange roughly ten times more slowly than the B, and 
tended to yield deuterated B polymorph as well as deuter- 
ated A. (Another physical difference observed was 
that the A dissolved in chloroform more rapidly than the 
B.) Deuterated A polymorph (see Fig. 4) was best 
obtained by heating deuterated B polymorph. 

The spectra depicted in Figs. 1 and 2 show substantial 
differences which cannot be ascribed merely to differences 
in the packing of hydrocarbon chains. Moreover, many 
absorptions that are not common to both spectra are 
shifted by deuteration, thus clearly implicating the polar 
parts of the molecules. 

The NH;‘* group gives rise to at least two peaks, 
attributed to deformation modes#®-*1, in the region 
1,485-1,660 cm-?. For example, the spectra of glycine 
polymorphs**, «-phosphatidylserines**, and «-phospha- 
tidylethenolamine solutions (see Fig. 6)"*, all show such 
peaks, one occurring fairly near 1,640 cm-t and another 
near 1,550 em. The NH, group normally gives rise to 
only one peak in this region, usually?*-7? above 1,600 cm-', 
so that a peak near 1,550 cm-t in the spectrum of a 
pure «-phosphatidylethanolamine should indicate NH,‘ 
groups specifically. This conclusion is supported by Baer 
and Blackwell’s finding** that N-methylated a-phospha- 
tidylethanolamine derivatives give no such peak. 

The absence of any peak near 1,550 em~! in Fig. 1 is 
evidence that our B polymorph contains no NH, 
groups, and, hence, that it consists of the un-ionized 
tautomer (II). Broad-based absorption in the N—H 
stretching region and peaks at 1,645, 810 and 746 cm-, 
all sensitive to deuteration, are consistent with the presence 
of NH, groups**°; and peaks at 2,550 and 1,015 cm~! can 
be attributed respectively to the stretching”! and deforma- 
tion**.5 vibrations of POH groups. In the spectrum 
(Fig. 3) of the deuterated B polymorph, the appearance of 
a peak at 2,195 cm- and a shoulder at 1,275 cm- can be 
attributed to ND, stretching!® and deformation*®?” 
vibrations, respectively, and a shoulder at 2,000 cm~! and 
a peak at 735 em~! to POD vibrations; enhancement 
of the peak at 965 cm- may result®*-?? from the shifting 
of a C—N stretching vibration from near 1,015 cm-~. 


‘Since deuteration changes the pattern of peaks near 


1,080 cm-t attributable’ to POC groups it appears that 
these are hydrogen-bonded. However, deuteration does 
not perceptibly change the peak at 1,730 cm~ and shoulder 
at 1,745 cm- attributed to C=O stretching vibrations. 
The peak is at anomalously low frequency for phospho- 
lipids and if, as it seems, this is not due to hydrogen 
bonding, it may be due to nucleophilic interaction between 
l 
R l a 


amino and carbonyl groups, visualized H,N: C= 
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Analogous |interpresations of the spectra of the A 
polymorph (Fig. 1) and its deuteration product (Fig. 4) 
indicate the zwitter-ionic tautomer (I). However, several 
features of these spectra (such as peaks attributable to 
POH and POD stretching) suggest that the un-ionized 
tautomer may also be present, perhaps in equal quantity. 
Since the shapes of the peaks near 720 cm-t, assigned to 
CH, rocking vibrations, are different in Figs. 1 and 2 
(also in Figs. 7 and 8, which were obtained without Nujol), 
we conclude that the hydrocarbon chains are packed 
differently in the A snd B polymorphs. This accords 
with some results obtained by X-ray diffraction®»**. 
(It appears that the designation A was applied to the same 
polymorph independently by workers using X-ray*® and 
infra-red? methods.) 

The spectrum of the liquid-crystalline C polymorph 
(Fig. 5) shows less firs structure than those of the A and 
B polymorphs but, as expected, more than that of the 
solution (Fig. 6). Peeks near 1,550 cem- indicate that the 
C polymorph and the solution contain at least some 
zwitter-ionic tautomer. 

Since the crystallina state of phospholipids in biological 
membranes is thougkt to be of vital significance??? the 
question may be raised whether its involvement with 
ionization could facilitate ion transport. 
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INHIBITION OF DNA SYNTHESIS BY ULTRA-VICLET LIGHT UNDER 
CONTROLLED TEMPERATURE 


By Dr. J, E. CLEAVER 


The Massachusetts General Hospital, Boston 


HE dose response curve for the inhibition of DNA 

synthesis by ionizing radiations!~’ or by ultra-violet 
light®? has in most cases been claimed to be a complex 
multiphasic curve. In the case of the in vitro experiments 
this curve has been interpreted in terms of two com- 
ponents; one component, the S,, predominates at the 
lower doses, and the other, the S, predominates at the 
higher doses‘. In many cases, however, irradiations 


- have been performed at room temperature (20°-25° O), 


and the subsequent incubations with labelled precursors 
of DNA performed 3+ the normal incubator temperature 
of 37°C. In other ceses the precise temperature conditions 
have not been stased (Table 1). In the experiments 
for which the temperatures have not been stated, it is 
probable that the irradiations would have been performed 
at room temperature and the subsequent incubations at 


wy 
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37° O. ‘This is because it is unlikely that the effort would 
be made to perform irradiations at 37° C and this pro- 
cedure then left unmentioned. In two cases!®1, however, 
care was taken to ensure a uniform temperature of 
37° O throughout the irradiation and labelling proced- 
ures, and the resulting dose-response curve was not 
multiphasic but followed a simple one-hit curve. These 
results of Smith!’ and of Manasek et al.44 make it possible 
to explain the multiphasic curve which has been obtained 
using ionizing radiations as an artefact arising from the 
temperature changes during the experiments. On account 


~ of this possibility it is necessary to determine the dose 


response curve for the inhibition of DNA synthesis by 
ultra-violet light under controlled temperature conditions. 
The result of this determination is described in the follow- 
ing paragraphs. 

Cultures of both mouse L strain and human amnion, 
FL, strain were used in these experiments. L strain was 
grown, in Kagle’s basal medium supplemented with 10 
per cent bovine serum and the FZ strain in nutrient mix- 
ture F10 supplemented with 20 per cent calf serum (all 
growth media and sera were obtained from Grand Island 


‘ Biological Co.). Eagle’s medium is thymidine-free but F10 


contains thymidine at 3 x 10-§ moles/l. In order to 


prepare *H-thymidine (7HTdr) solutions of known specific 


activity, "HTdr was added to Hagle’s medium or to speci- 
ally prepared Tdr-free F10. Monolayer cultures were 
grown. on quartz coverslips which formed one window of 
small culture chambers similar to those described first by 
Perry et al.12. Cultures in the exponential phase of growth 
were irradiated through the quartz coverslip without 
disturbing their normal environment of growth medium 
which was at the optimum pH, and fully oxygenated. 
The ultra-violet light source was a 15-W General Electric 
germicidal lamp, and a constant flux of approximately 
20 ergs/mm?/sec at 2537 A was used throughout the 
experiments. All the irradiations and all the subsequent 
incubations in *HTdr were performed in a warm room at 


Table 1. TEMPERATURE CONDITIONS OF IRRADIATION AND INCUBATION IN 
EXPERIMENTS TO DETERMINE THE DOSE-RESPONSE CURYE FOR THE INHIBI- 
TION OF DNA SYNTHESIS 27 vitro 


Reference Cell type Dy. Temperature conditions 
Ionizing Sı Sa Irradiation Incubation 
radiations (krads) (krads) 
* Berry et al. Bhriich ascites 
ref. 1) - anoxic 10 30 —t 37° C 
* Berry et al. Ehrlich aseltes 
(ref. 2) (anoxic) 10 30 —t 87° C 
Ehrlich ascites 
(oxygenated) 0-5 13 —t 37°C 
Human bone 
marrow 05 18 —t 37° C 
° erie ae '3) inches me a 0-5 13 f t 
& ref. ymphocytes . — — 
Jasinska and Rat bone 
Michalowski marrow 6-5-1 16 25° C 87° C 
eet 19) Ehriich ascites 005-1 10 25° C 37° 
* Lajtha et al. Human bone 
(ref. 4) marrow 0-5 13 —f —t 
Maass and Yoshida 
Künkel (ref. 5) sarcoma 05-1 380 —f —t}t 
Manasek e al. Hamster spleen monophasic 
(ref. 11) lymphocytes 7 37° C 37° C 
Hamster spleen 
lymphocytes 4 28 20° C 87°C 
Painter (ref. 6) HeLa 0-6 2 —f —} 
Painter and 
Rasmussen 
(ref. 7) HeLa 0-5 30 25° C 37° C 
Smith (ref, 10) 
(X-rays and HeLa monophasic 37° C 37° C 
a particles) 90 
Mouse 14 37° C 87°C 
fibroblasts 25 aj 
Ultra-violet 
light Si Ss 
(ergs/ (ergs/ ‘ 
mm mm- 
Cleaver (ref. 9) L strain 1,100 30,000 26° C 87° C 
Rasmussen and 
Painter (ref. 8) HeLa 200 1,000 —ft 37° C 


r t Pours not stated in original paper, assumed to be room tempera- 
ure, 20°-25° C. 

t Temperature not stated in original paper, assumed to be incubator 
temperature, 37° 6 

* All references marked thus originate from the same research group and 
the data cited may in some instances be from the same experiment. 

Where the Ds, values are not stated in the original papers, approximate 
estimates have been made from the poblisned diagrams, In the case of ultras- 
violet light the approximate Da, values are incident flux, not absorbed dose. 
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Fig. 1. 
violet light. 
2:5 ue. jml., 8 
experiments. The dotted Hne represents the 
ng L strain cells, in which frradiation was at room temperature, 20° C, 
and jabelling at 37° C. This curve has been taken from a previous publication 
(ref. 9) in which a different dose rate (47 ergs/mm*) anddifferent *“HTdr con- 
centration (5 ue./ml., 2 el wee Bea to those used in the experiments 
escri ere 


37° C. Controls were maintained on every quartz cover- 
slip by shielding a region completely from the incident 
light. Immediately after the irradiations the culture 
chambers were opened and the medium replaced with 
culture medium containing “HT dr (Schwartz Bioresearch). 
The *HTdr was used at 2-5 uc./ml., 3 c./mmole (Fig. 1), 
2-5 uec./ml., 0-36 c./mmole (Table 2) for the L strain, and 
at 1:25 uc./ml., 3 c./mmole for the FL strain. After 
allowing the cultures to continue growth for 10 min in 
labelled medium they were rinsed in Earle’s balanced salt 
solution. and fixed in acetic acid—alcohol (1:3) and then 
air dried. All the cultures were treated with 2 per cent 
perchloric acid at 4° C for two periods of 1 h to ensure 
complete removal of the acid-soluble pool. It was 
assumed that the *H-labelled material which was not 
removed by this fixation and acid hydrolysis had been 
incorporated into DNA?14, Autoradiographs were then 
prepared using Kodak ‘N7B3’ liquid emulsion and after 
exposure at 4° © for periods of 2-26 days these were devel- 
oped with Kodak ‘D19’, fixed, washed and afterwards 
stained through the emulsion with Ehrlich’s haematoxylin. 
Grain. counts were made over fifty labelled cells in both 
the irradiated and control regions of each culture, cells 
being regarded as unlabelled if there were five grains or 
less over the nucleus. The average grain count/labelled 
cell was taken as a measure of the amount of 3HTdr 
which had been incorporated into DNA. during the label- 
ling period in that region of the culture. For short 
labelling times of the order of 10 min, the average grain 
count can then be taken as a measure of the average rate 
of DNA synthesis at the time of labelling. Cultures 
labelled under identical conditions, but with the auto- 
radiographs exposed for different periods of time, gave 
control grain counts/labelled cell/day exposure which 
were distributed with a standard error of 10 per cent. A 
similer standard error has also been obtained in earlier 
experiments using Kodak ‘410’ emulsion’®. : 

Table 2. RATIOS OF AVERAGE GRAIN COUNTS IN IRRADIATED TO CONTROL 

CULTURES AS A FUNCTION OF INCUBATION TIME IN *HTdr 
(2°5 we./ml., 0-36 c./mmole for L strain; 1:25 ue.jml., 8 c,/mmole for FL strain) 


expressed as a percentage 
Incubation time 0 min l 2h 3h 4h 
L strain (400 ergs/mm?) 45 29 22 21 20 
FE strain (400 ergs/mm*) 37 27 14 19 8 
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A series of cultures were irradiated with a total flux of 
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a ultra-violet light that ranged between 400 and 4,000 


"y. 


ergs/mm?, labelled with *HTdr for 10 min and fixed. 
Gram counts on autoradiographs of these cultures were 
determined in the manner already described. The results 
are shown in Fig. 1, and it can be seen that the responses 
of the two cell types, which have been determined under 
almost identical conditions, can be represented by the 
same dose-response curve. (The difference between the 
concentrations of °HTdr solutions used for labelling the 
two cell types is insufficient to make differences in pool 
sizes a significant factor in these results17:18.) It was found 
by Jasinska and Michalowski!® that the inhibition of 
DNA synthesis m rat bone marrow cells and in ascites 
cells by X-rays could also be represented on a single dose- 
response curve, when. both cell types were used under the 
same conditions. It is consequently possible that the 
differences in the Dy, values (Tabie 1) which have been 
obtained by different workers is due to differences in 
experrmental techniques rather than differences between 
cell types. One factor which is particularly important 
in this respect is the duration of the labelling period after 
irradiation, as the following discussion will indicate. 

The incorporat:on of *7HTdr into tissue culture cells in 
the exponential phase of growth proceeds at a constant 
rate for several hours and this results in a linear increase 
in the average grain count in autoradiographs as a function 
of the incubation time'*. After irradiation with ultra- 
violet light the rate of DNA. synthesis is not constant, 
but varies in a manner which depends both on the total 
flux and the time elapsed after irradiation®. This results 
In & non-linear increase in the average grain count in irrad- 
iated cultures as a function of the incubat:on time. Con- 
sequently, the ratio of the average grain counts in the 
irradiated to the control cultures, which can be used as a 
measure of the irradiation effect, will depend on both the 
total flux of ultra-violet light and the time for which the 
cultures are incubated in *HTdr between irradiation and 
fixation. In Table 2, this dependence is illustrated for 
the case of mcreasing mcubation time in *HTdr, for both 
the cell types, after a single exposure to ultra-violet ight. 

It can be seen from Table 2 that the longer the incuba- 
tion time in °*HTdr after irradiation, the greater is the 
relative reduction in average grain counts and the higher 
the apparent sensitivity. This is probably a major reason 
for the lower D,, values obtained by Rasmussen and 
Painter? than those obtained by Cleaver’, for example 
(Table 1). In the former experiments incubation times of 
up to 2 h were used, whereas times of only 10 min were 
used in the latter. 

This dependence of the D,, values on the duration of 
incubation in labelled precursors makes it difficult to apply 
target theory to the results of these experiments, and of 
the experiments referred to in Table 1. In those instances 
in which target theory has been applied, the values 
obtained for the target dimensions and molecular weight 
can only be regarded as very rough approximations?:!°, 

No difference was noted between the fraction of cells 
that were labelled in the irradiated and control regions 
of either cell type, even in autoradiographs which were 
deliberately over-exposed. These observations differ 
from those of Rasmussen and Painter? in which they 
observed that almost 100 per cent of the population in 
cultures of HeLa and of Chinese hamster cells were labelled 
after ultra-violet irradiation. This phenomenon of almost 
100 per cent labelling has been interpreted in terms of a 
repair system which operates after irradiation with ultra- 
violet light®. The results described here indicate. how- 
ever, that this repair mechanism does not operate in every 
type of mammalian cell, and is absent from both L and 
FL strains. 

Since, in these experiments, no change in the fraction 
of labelled cells was detected, and the labelling time was 
too short for there to be any significant redistribution 
of the populations of cells in the various phases of the 
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cell cycle during the expersments, the results shown, in, 
Fig. 1 are taken as representative of the. response of 
DNA synthesis in S phase cells to ultra-violet light at 
37° C over the dose range indicated, in both cell types. 

The dose-response turve which has been obtained in 
the experiments dese-ibed here appears to be genwnely 
multiphasic when desermined under carefully controlled 
conditions of exponential growth and uniform tempera- 
ture. A comparison between this dose-response curve 
and the one previously reported, for which irradiations 
were performed at room temperature and labelling at 
37° © (9, Fig. 1), indicates that both procedures result in 
essentially the same dose-response curve. The results 
obtained for ultra-violet light are in contrast to those 
obtained for ionizing radiations by Smith!® and by 
Manasek et al., These workers found that if both 
irradiation and labelling were performed at 37° C, the 
dose-response curve Hllowed a single one-hit curve. The 
dose-response curve cbtained when ionizing radiations are 
used may then be multiphasic only when irradiation and 
subsequent labelling are performed at different tempera- 
tures, whereas a multiphasic curve may be obtained after 
irradiation with ultra-violet light irrespective of tempere- 
ture conditions. 

These observations make it necessary to consider at 
least two main problsms: 

(1) The temperatare conditions during irradiation 
and labelling do not seem to affect the shape of the dose- 
response curve for irradiation with ultra-violet light, 
whereas these conditions may affect the curve obtained 
when 1onizing radiations are used. One possible explana- 
tion for this difference is that irradiations with ultra- 
violet light are brief; the highest flux in Fig. 1, for example, 
corresponds to only about 3-5 min irradiation. If cells 
are grown and labelled at 37° C, the precise temperature 
durmg irradiation is then unimportant. This is because 
there is insufficient time for the growth rate of the cells 
to respond to a brief change in temperature during the 
period of irradiation Irradiation with X-rays, however, 
involves periods of 30 min and longer, which is sufficiently 
long for the growth rate of the cells to respond to tempera- 
ture changes. Consequently, during irradiation at room 
temperature with ionizing radiat:ons the growth rate of 
the cells will fall from the normal rate at 37° C, and the 
radiation sensitivity may then be different from that of 
cells maintained at 27° C throughout. 

(2) The second prcblem is that of finding an explanation 
for the precise shape of the multiphasic dose response 
curve obtained using ultra-violet light. A similar multi- 
phasic curve has bean obtained in a number of in vivo 
experiments with ionizing radiations®*°-32, and in these 
cases temperature effects do not seem to afford a possible 
interpretation. Although many explanations have been 
offered for the shepe of the dose-response curve, no 
definitive experimerts have made it possible to choose 
between them, and m the case of in vitro irradiation with 
ionizing radiations temperature effects must be added to 
the list of possible explanations which have been discussed 
in detail elsewhere?-?:4,5 920,22, Temperature changes 
may not be the conrplete explanation for the shape of the 
dose-response curve, however, because a biphasic curve 
has been obtained by Mak and Till** from experiments in 
which cell cultures were maintained at 37° C throughout 
the experimental procedure. 

A final point should be made, however, concerning the 
relationship between the dose-survival curves following 
irradiation with iorizing radiations or ultra-violet light 
and the dose-response curves for the inhibition of DNA 
synthesis by these radiations. The value of the D, 
dose for the survivel of cells irradiated in the S phase is 
about 200 rads, in she case of X-rays, or about 40 ergs/ 
mm, for the flux of altra-violet light®4. If these values are 
compared with the D3, values shown in Table 1 for the 
inhibition of DNA. synthesis, it is apparent that the 
dose range over which significant inhibition is observed 
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is one over which the surviving fraction will be much less 
than 1 or 2 per cent. Consequently, the major portion 
of the dose-response curve for the mhibition of DNA 
synthesis represents the residual DNA synthesizing 
ability of cells which are unable to recover from the 
effects of irradiation. This pathological condition may 
involve different processes to those which are involved in 
DNA synthesis in undamaged, viable cells. Such processes 
may involve, for example, the initiation of new growing 
points for the polynucleotide chains”? or end addition of 
labelling molecules to the sites of damage*s, - 

This work was supported by grants GM 11427-03 and 
CA 07368-02, from the National Institutes of Health, 
U.S. Public Health Service. 
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PROLONGED WHOLE-BRAIN REFRIGERATION WITH ELECTRICAL 


AND METABOLIC RECOVERY 
By Pror. ROBERT J. WHITE, Dr. MAURICE S. ALBIN, Dr. JAVIER VERDURA 
and GEORGE E. LOCKE 


Section of Neurosurgery, Cleveland Metropolitan General Hospital and Western Reserve University, School of Medicine, 
- Cleveland, Ohio 


HERE is good evidence that the physical pheno- 

menon of temperature reduction in itself confers 
protection on certain organs}? during protracted periods 
of circulatory arrest, presumably by markedly curtailing 
intrinsic metabolic activity. While the brain im situ 
appears to enjoy this protection to a limited degree at 
moderately lowered temperatures® 4, its response as an 
intact organ to extended periods of ischaemic refrigeration 
. at temperatures approaching 0°C is not known. It is 
true that small tissue aggregates of brain incubated at 
0-5° C for up to 24 h have been shown to be capable of 
resuming measurable, although reduced, metabolic activity 
on rewarming’. Unfortunately these and all în vitro 
studies of cerebral metabolism are limited because 
damaged tissue (in the form of slices or homogenates) is 
used’, and because the experimental conditions neces- 
sarily prevent use being made of the intrinsic circulation 
of the tissues®. 

This article reports some experiments designed to 
examine the recovery properties of the whole brain 
following prolonged storage at 2:0 + 1:0°C without 
circulation. The intrinsic cerebral circulation was utilized 
for rapid cooling, for rewarming and to provide metabolic 
support for the brain. During the period of refrigeration, 
the blood volume of the brain was filled by a non-cellular 
solution. 

The canine brain, exposed within an isolated head 
preparation, was selected for the experimental model. 
The following parameters were examined: electrical 
activity, oxygen consumption and carbon dioxide produc- 
tion, and topographical appearance of the brain. 

Dogs were anaesthetized with sodium pentobarbital 
and endotracheally intubated through a tracheotomy 
permitting mechanical ventilation following immobiliza- 
tion with gallamine triethiodide. Intra-arterial pressure 
measurements were made from a femoral artery. After 
mechanically fixing the head and body, all the muscles of 
the neck were surgically divided in a continuous ring at 
C, and the individual spinal muscles were scraped from 
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the bony surface of Ca. The jugular veins and the carotid 
sheath structures were preserved. A laminectomy of C, 
and C, was performed, the dura opened and the anterior 
spinal arterie(s) destroyed. Both vertebral arteries were 
obliterated in their canals m C,, leaving only the carotid 
arteries to provide circulation to the head. AN scalp 
tissues were ablated and the entire dorsal surface of skull, 
except a thin bony strip over the sagittal sinus, was 
removed, The sagittal sinus was cannulated with a small 
polyethylene tube. 

The isolated head preparation was differentially cooled 
folowing heparimization (2 mg/kg) utilizing a simple 
perfusion circuit incorporating a pre-calibrated Mark 
pump and a Mayo heat exchanger interposed between a 
cannulated femoral artery and bilateral metal ‘T?’ can- 
nulae in the carotid arteries. When intracerebral tempera- 
tures reached 20°C, the entire head was encased in @ 
plastic reservoir filled with ice water to increase the 
efficiency of cooling. Within 20 min, and invariably 
before cardiac activity had ceased, brain temperatures of 
6°-8° C had been achieved. The spinal cord was ligated 
and divided and the spinal column separated at C;. 
The carotid arteries, previously closed behind the can- 
nulae, were divided and the jugular veins and vagi 
severed. The isolated cephalic preparation was im- 
mediately perfused by means of its carotid cannulae with 
250 c.c. of ice-cold heparinized Ringer’s lactate solution, 
thus removing the remaining cerebral blood volume and 
rendering the cortical surface a pale white colour. The 
brain temperature was simultaneously reduced further 
to 3° C. The arterial cannula system was closed, the dura 
was opened over the brain and the isolated head was 
completely immersed in a special reservoir containing 
Ringer’s lactate solution at 2° O. Two canine preparations 
were used for each of the following ischaemic refrigeration. 
periods: 2, 4,12 and 18h; 1, 2, 8 and 15 days. 

At a predetermined time, the isolated preparation was 
removed from the reservoir and connected by means of 
its cannula system to a large donor animal previously 
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Fig. 1. Lateral view of the cerebral cortex of dog; (A) Normal morphology of 

of brain surface following cooling and R penance ‘washout’ of blood volume (intracerebral temperature 3° C just 
blood in cortical arteries duri 

rewarming perfusion (intracerebral temperature 24° 

veins of brain stored for 15 days with its pre-storaged (normal) appearance In (A) 


refrigeration). (C) The first appearance 
ization during fate 


anaesthetized with sodium pentobarbital and endo- 
tracheally intubated. The same simplified perfusion 
equipment was interposed between a cannulated femoral 
artery of the donor animal and the ‘T’ cannulae in the 
carotid arteries of the isolated head. The brain was 
gradually rewarmed by perfusing its cerebral circulation 
with donor blood at a temperature approximately 5° C 
higher than the intracerebral temperature. This tem- 
perature differential was consistently adjusted in an 
upward direction by altering the temperature of the 
donor blood during its passage through the heat ex- 
changer. At intracerebral temperatures of 20°C, six 
electrodes were positioned in brain and connected to a 
Grass ‘Polygraph’ with electroencephalogram preampli- 
fiers. Periods of 30-40 min were required to rewarm the 
brain to more than 30°C; at this temperature, blood 
samples were simultaneously removed from the arterial 
line and the jugular vein or the sagittal sinus for measure- 
ments of Po, and Poy. 

Arterial pressures were continuously monitored within 
the aorta of the donor animal and the extracorporeal 
perfusion line. Temperatures were recorded from the 
oesophagus of the donor animal, from the perfusion line 
distal to the heat exchanger, and from the brain by means 
of suitable thermo-probes. Precalibration of the Mark 
pump provided satisfactory control of perfusion flows 
which, for cooling, were gradually reduced from 120-100 
c.c./min to 40-50 ¢.c./min. For rewarming, the rate of 
flow was gradually increased, depending on the brain 
temperature and the pressure in the perfusion line. At 
the beginning, the flow rate was of the order of 40-50 c.c./ 
min, and was increased to 150-200 c.c./min as brain tem- 
peratures reached 30°C or higher in order to maintain 
perfusion line pressures of between 100-150 mm mercury 
systolic. 

In all storage preparations, including the two re- 
frigerated for 15 days, excellent revascularization of 
brain was observed during rewarming perfusion (Fig. 1). 
The anatomical differentiation of cortical arteries and 
veins was readily apparent as the pale white colouring of 
the cool brain gave way to the more normal appearance of 
the cerebral cortex with active perfusion by warm donor 
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cortex and vasculature prior to cooling. (B) Cadaveric a pearance 
before ischaemic storage 


ng initial donor perfusion rewarming. (D) prear, 20 pe cerebral revascular- 
) cortical 


- Note similarity of morphology of the surface, arteries and 


blood (Fig. 1). Cerebral oedema became manifest in each 
brain during the rewarming cycle, gradually developing 
with increases of temperature above 20°C. Oedema was 
most pronounced in those brains stored for the longest 
periods of time. The onset of brain oedema could be 
delayed or temporarily reduced by introducing small 
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Fig. 2. Electro-cortical brain activity from paired frontal, parietal and 

occipital surface elec cooling 0 and on 

after 4 h of ny porneeem storage. Note isoelectric activity in 

leadsat23°C. On rewarming, the tracings at 34° C show reduced activi 

in the frontal and occipital lobes. The parietal lobes, on the other 

contain good activity of about 10 c/s at 30-50-mV amplitude with some 
large slow spikes of 150-mV appearing 
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amounts of urea (750 
fusion line, (Presumably the urea led to an acute inerease 
in the osmolality of the perfusion blood, thus produeing a 
diffusion gradient across the blood-brain barrier.) 

With brains stored for 2 h and 4 h, cerebral electrical 
activity was restored at intracerebral temperatures of 
22° C or more (Fig. 2). Prolonged maintenance perfusion 
of the rewarmed brain (34° C) for more than 6 h invariably 
resulted in the disappearance of electroencephalographic 
activity and the development of irreversible cerebral 
oedema. Brains refrigerated for periods of time between 
“oof and 12 h were not examined, and no recognizable 

“eerebral electrical activity has been recorded from brains 
stored for 12 h or more. Furthermore, pupillary light 
reflexes could easily be elicited, and persistent rhythmic 
gasping observed in the isolated heads refrigerated for 
2h and 4h; these were not observed after 12 h or more 
of ischaemic hypothermia. 

The resumption of metabolic activity by the refrigerated 
brain was indicated by the development of significant 
arterio-venous O, and veno-arterial CO, differences on re- 
` warming. Isolated heads stored for 12 h or less (4 h and 
7 2h) averaged A-Vo, and V-Aco, differences of 5-1 vol. 

per cent and 4-1 vol. per cent respectively at 34°C. 
Since samples were taken from the jugular vein, these 
values are indicative of cephalic and not of pure cerebral 
metabolism. Brains stored for longer periods (18 h, 1, 2, 
8, 15 days) demonstrated substantially identical values 
“for A-Vo, and V-Aco, differences, which averaged 2-6 vol. 
per cent and 2-3 vol. per cent respectively when measured 
at 30°C. These values are based on sagittal sinus blood, 
and thus they represent oxygen consumption and carbon 
dioxide production after rewarming across the brain alone. 













thi whe 





‘hile it can scarcely be argued that the brain is 
n rewarmed after prolonged hypot: : 









these investigations indicate that the intrir 
of brain remains intact, even after 15 days of. 
permitting reconstitution of an active, functioning cere- 
bral arterial and venous circulation. Brains refrigerated 


elements are preserved. 
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PROGESTAGEN INHIBITION OF NORMAL SEXUAL BEHAVIOUR IN 
THE MALE GUINEA-PIG 


By Pror MILTON DIAMOND 


Department of Anatomy, University of Louisville School of Medicine, 
Louisville, Kentucky 


IKE the female of many species, the female guinea- 
4 pig, when injected with androgen, is easily induced 
todisplay male-like sexual behaviour’. High progesterone 
levels, however, resulting from pregnancy, pseudo- 
pregnancy or exogenous sources will protect the female 
from this ‘induced masculinization’?*. These findings 
raise questions as to possible effects of progesterone on 
normal males. Will progesterone or synthetic progestagens 
inhibit masculine sexual behaviour in the male as well as 





in the androgen-treated female? How do the effeets of 


progestagen treatment compare with those of castration ? 
These questions are of practical, as well as theoretical, 
interest in view of present-day tests of progesterone and 
progesterone-like substances as male contraceptives’. 
With non-standardized indices of behaviour some reports 
indeed indicate that progesterone can affect sexual 
performance*. 

To answer these questions, sixty-one mature male 
guinea-pigs 6-12 months old kept in individual cages were 
observed and tested with an oestrous female for a 10-min 
period each week. Observations were continued through 
three 10-week periods constituting respectively a control 
phase, an experimental phase, and a recovery phase. 

During the control phase, all subjects were tested and 
handled in a similar fashion in order to obtain a base line 
of sexual performance for each animal. The experimental 
phase made it possible to observe the immediate effects of 
the various treatments. To prepare for this phase (within 


6 h subsequent to the tenth test of the control phase), 
animals were assigned to one of six groups. Animals 
assigned to three of these groups were castrated. Beginning 
the following day, each subject in group 1 (progesterone- 
intact) was given two 25-mg injections of progesterone in 
cotton seed oil with 10 mg injections daily thereafter 
throughout the experimental phase; group 2 (MPA- 
intact) was given the same dosage of the synthetic pro- 
gestagen ‘Depo-provera’, a brand of medroxyprogesterone 
acetate (MPA); group 3 (progesterone-castrate) was given 
the same dosage of progesterone; group 4 (progesterone- 
TP-castrate) was given the same dosage of progesterone 
with the simultaneous addition of 5 mg of the androgen 
testosterone propionate (TP) on the first day and 1 mg 
daily thereafter. This dosage of TP has been shown to be 
sufficient to maintain precastration levels of sexual activity 
in male guinea-pigs? and permits consideration of be- 
havioural effects due to the interactions of hormones in 
known proportions. This would not be possible in intact 
animals with individually varying androgen output. 
Groups 5 and 6 served as intact and castrate controls 
respectively. Animals in these groups were given two 
initial 0-5 ml. and subsequent 0-2 ml. daily injections of 
cotton seed oil, the injection vehicle. Tests during the 
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recovery phase indicated the nature and duration of post- 


treatment behaviour characteristics. 


During this phase 


all injections of progesterone and MPA were discontinued | 


and the castrate groups (3, 4 and 6) received replacement 
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dosages of testosterone propionate, 5 mg on the first day 
and 1 mg daily thereafter. The intact groups (1, 2 and 5) 
received equivalent dosages of the injection vehicle. 
Injectates were uniformly prepared to contain 50 mg 
hormone/ml. oil. All mjections were given intramuscularly 
daily and administered alternately into the right and left 
gluteal and hamstring regions. 

The behaviour characteristics recorded included sniffing, 
nuzzling, mounting, intromission and ejaculation. Each 
of these components contributed a weighted value to a 
total sex score. (These behaviour components and scoring 
procedures have already been described elsewhere*’.) 

The differences among the groups were statistically 
significant. During the experimental phase all groups 
except control-intacts showed marked and significant 
declines in sexual activity (Table 1). For most groups, an 
immediate decrease was evident. Between the final test 
of the control phase and the first test of the experimental 
phase (an interval of 1 week; 100 mg of progestagen) the 
sex score of the control-castrate group declined from 4-7 
to 1-7, that of the progesterone-castrate group from 5-2 to 
1-4, that of the progesterone-TP-castrate group from 4-7 
to 1-8, and that of the intact group receiving MPA declined 
from 5:2 to 1-4. The progesterone-intact group dropped 
less, but significantly, from 6'3 to 3-4. At the end of the 
following week return toward control levels was seen, but 
after that, through the remainder of the experimental 
phase all groups except the control-intact showed a down- 
ward trend in their level of sexual activity. 


Table 1. HoRMONAL INHIBITION OF MALE SEXUAL BEHAVIOUR 


Sex score 
I IT TII Significance* 
Group N Control Experi- Recovery Phase I Phase IT 
phase mental phase versus versus 
phase Phase 1f Phase JIT 
Control-intact 14 4-9 43 39 NS. N.S, 
Progesteronec-intact 11 55 2-9 36 0-005 0 025 
MP A-intact 8 4-1 2-1 24 0-01. N.S, 
Control-castrate 10 51 1-9 3°6 0-005 0 025 
Progesterone-castrate 7 6'1 16 88 0-01 0-01 
Progesterone and 
TP-castrate 11 4°8 21 24 0 005 N.S. 


* Wilcoxon matched-pairs signed-ranks test, 


Over-all findings from intact and castrate control groups 
were as expected; no significant effects due to the placebo 
were seen in intact animals, but castration significantly 
reduced sexual activity. In the critical experimental 
groups it was obvious that both progesterone and the 
synthetic progestagen, MPA, are capable of inhibiting 
normal masculine sexual behaviour to an extent com- 
parable with castration. The effect of castration and pro- 
gesterone combined produced the largest drop m activity 
but this was not statistically more injurious to libido than 
was either treatment alone. The results gained with the 
castrate group receiving simultaneously androgen and 
progesterone showed that 1 mg of testosterone daily was 
generally insufficient to overcome the inhibiting effect of 
10 mg of progesterone daily. 

The decline in sexual behaviour scores generally 
reflects a decrease in incidence of the higher components 
of the male sexual pattern, that is, mounting, intromission 
and ejaculation. Ejaculation frequencies were most 
markedly affected. 

In all experimental groups at least a 50 per cent reduc- 
tion was found in the frequency of ejaculation. Groups 
injected with progesterone or medroxyprogesterone acetate 
experienced a decrease in ejaculations of more than 75 
per cent. 

During the recovery phase, the cessation of progestagen 
treatment, replacement therapy with TP, or both were 
followed by a significant return toward control phase 
levels of sexual behaviour (Table 1). In the progesterone- 
intact and the progesterone-castrate groups a rise toward 
normal levels of sexual activity was evident within a 
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week. Cessation of treatment with MPA was not followed 
by a sımilar recovery until the last 3 weeks of the investiga- 
tion. Thus, although both progesterone and MPA are 
capable of inhibiting male sexual activity, the effects of 
progesterone seems relatively slow to appear and quick to 
disappear, while the effects of MPA develop quickly and 
persist longer. 

No group display2d as high a level of sexual performance 
during the recovery phase as it had during the control 
phase. This may not be unexpected for the progestagen- 
treated animals where a longer interval for recovery might 
be needed. Concerning the control males, Grunt and 
Youngs, Antliff and Young! and Jakubczak? also previously 
noted a decrease in the sexual behaviour scores of normal 
guinea-pigs during long-term experiments. They suggested 
that this is possibly related to advancing age. Analysis 
and comparison of the components of the sexual pattern 
for the recovery period with those found during the con- 
trol phase reveal that these differences are qualitative as 
well as quantitative. While the low frequency of mounting - 
seen during the experimental phase returns toward 
control phase levels, the frequency of intromission and 
ejaculation remains low. These latter behaviour compon- 
ents have been shown to be more labile than mounting 
when tested in respect to such factors as age? and castra- 
tion and androgen therapy*®1. A differential sensitivity 
in the neural tissues mediating these behavioural patterns 
has been postulated. 

Histological stucies of the testes of the intact groups 
1, 2 and 5 were conducted within a week following the end 
of the recovery phase. In addition, the last day of the 
experimental phase, testes were removed from 3 sets of 
2 males each, treazed in a manner identical to the three 
intact groups. Thus comparisons of gonads immediately 
after the experimental treatment and after recovery were 
possible without disturbing the actual experimental 
animals during the test sequence. 

The testes of males treated with progesterone for 10 
weeks showed few histological differences from controls. 
Nevertheless, the mean weight of the testes obtained from 
the progesterone-treated males was 2°79 g while that 
from the control males was 3:99 g. A substantial de- 
créase in testes weight due to progesterone has also been 
reported for humens‘. Despite this weight loss, as in 
humans’, the tubular contents and interstitial cells appear 
unaffected by therapy except for a decrease in the absolute 
number of mature sperm. This is in contrast to findings 
in the rabbit® and ram}*, where general disorganization 
and degeneration af tubule contents have been reported. 

Testes from malss treated for 10 weeks with MPA, on 
the other hand, ars severely affected. The mean weight 
of the testes from this group was 1-25 g; less than half 
that of the controis. Under the microscope these testes 
showéd general disorganization of the tubules and a lack 
of mature spermatozoa. Occasional tubules were spared, 
however, and all stages of spermatogenesis could be seen. 
Mature spermatozca could be found in the epididymides 
of all animals. Following the recovery phase of 10 weeks 
no significant differences in testis weight or histological 
appearance were discernible between the groups. Ericsson 
and Dutt}? report similar effects of MPA on the ram testis. 

These data indicate that progesterone and MPA are 
both capable of temporarily reducing the level of sexual 
performance in the male guinea-pig. It is not clear from 
these results where these progesterones act to bring about 
this inhibition. The seeming lack of serious effect of pro- 
gesterone on the testes found in these experiments (and 
reported elsewhere for humans‘) implies that we are deal- 
ing either with a pituitary feed-back problem or a direct 
nervous system effect. Additional experiments will be 
needed to clarify this point. 

In view of its ability to inhibit androgen-induced 
masculine behavicur in the progesterone-rich female*:$ 
as well as in the male, progesterone is thus seen to be 
capable of affecting sexuality in both sexes so that 


1324 


androgen is ineffective in its role _of activating the neural 
tissues mediating masculine sexual behaviour patterns, 
With recent findings!*-45, confirming the unique part 
played by androgen in the differentiation of the hypo- 
thalamus with respect to structuring both male and 
female sexual behaviour, it is perhaps not surprising that 
a single hormone, progesterone, is capable of antagonizing 
an androgenic action in both sexes. 

Progesterone, testosterone propionate and ‘Depo- 
provera’ were supplied through the generosity of Dr. 8. S. 
Stubbs of the Upjohn Company, Kalamazoo, Michigan. 
Appreciation is extended to Barbara Tullis, Herbert Cook 
and Milton Palanker for assistance at various times during 
the course of this study. 

This investigation was supported by a U.S. Public 
Health Service research grant from the National Institutes 
of Health. 
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BEHAVIOURAL SIGNIFICANCE OF HYPOTHALAMIC 
TEMPERATURE-SENSITIVE CELLS 


By Dr. H. J. CARLISLE* 
Departments of Psycho logy, and Physiology and Biophysics, University of Washington, Seattle 


HE existence of thermally sensitive neurones in the 

hypothalamus has been inferred since the classic 
demonstration that heating the pre-optic region in the cat 
produces the appearance of sweat on the foot pads and 
panting’. Furthermore, electrical stimulation of this 
region leads to cutaneous vasodilatation and a decrease 
in rectal temperature? These neurones, considered 
physiologically important in the central control of body 
temperature, have been shown to be sensory by single-unit 
investigations in which an increased frequency of firing 
accompanied local hypothalamic heating and a decrease 
accompanied cooling®. A change in the temperature of 
the blood perfusing the hypothalamus might thus pro- 
vide @ stimulus for activation of thermoregulatory 
mechanisms‘, 

It has not been clear, however, whether sensations of 
warmth or coldness accompany activation of these cells. 
Such perceptual alterations might be revealed in a number 
of ways>:®, but the participation of cutaneous receptors is 
hard to rule out. Vasodilatation, which accompanies 
hypothalamic heating, and vasoconstriction, which accom- 
panies cooling, would be expected to affect cutaneous 
temperature. 

In recent investigations of behavioural temperature 
regulation, rats were trained, in a cold environment, to 
press & lever to obtain radiant heat’. The rate of response 
in these investigations varied inversely with the ambient 
temperature. This technique has been used in the 
present investigation in conjunction with hypothalamic 
heating to establish a situation in which temperature- 
dependent behaviour can be observed while hypothalamic 
and peripheral temperatures are clearly separated. 

Bilateral heating coils and a thermistor were chronically 
implanted by stereotaxic means in the hypothalamus of 
six rats. The maximal diameter of each heater was 
1-0 mm, and the distance between heaters 1-5-3-0 mm. 
Heat was generated by the passage of direct current while 
the degree of hypothalamic heating was monitored by a 
thermistor ( VECO 32A7) placed less than 1 mm from 
one heater. In some eases, subcutaneous thermistors 
were also placed at the nape of the neck. Electrical 
connexions were made with Winchester plugs, the sockets 
of which were fixed to the cranium after implantation of 
heaters and thermistor. 


* Present address: Department of Psychology, University of California, 
Santa Barbara, U.S.A. 


The unrestrained animals were placed in a temperature- 
controlled chamber and coupled to the recording equip- 
ment with flexible cables which permitted heating and 
recording over extended periods. The rats were trained 
to respond to cold ambient temperatures by pressing a 
lever that turned on an infra-red heating lamp. The 
intensity and duration of heat re-inforcement obtained for 
a single lever-press could be varied by the experimenter 
as desired. Training was continued until stable rates of 
bar-pressing were obtained (at least three sessions of 
7 h each). The hypothalamus was then heated by way 
of the heating coils while the animal pressed the lever 
to obtain peripheral radiant heat. 

Four animals with anterior hypothalamic-preoptic 
placement of heaters showed a decrease in the rate of 
responding when this region was heated to 40-0°-40-5° C 
for 20-30 min. The percentage decrease in rate of 
responding during the initial heating period, in comparison 
to the period immediately before heating, was 48, 63, 72 
and 89 per cent for these rats. Increased rate of respond- 
ing during hypothalamic heating was never observed. 
Two animals with more posterior placements (level of the 
paraventricular nuclei) showed no consistent behavioural 
effect during central heating. 

When the experiment was repeated during subsequent 
sessions a diminished effectiveness of central heating was 
observed. That is, hypothalamic heating produced a 
decrease in rate of responding for peripheral heat, but not 
to the extent previously seen. This may be attributed 
to tissue damage as a result of heating®, or to experience 
in this situation. 

An activation of heat-loss mechanisms was evident in 
addition to the behavioural effect of central heating. 
Hypothalamic temperature fell below the pre-heating 
level on cessation of central heating, indicating a decrease 
in whole-body heat content. This decrease could not be 
entirely due to the diminished rate of responding, since 
the magnitude of the heat-loss was greater than when the 
animal was exposed to the same ambient temperature 
with no opportunity to obtain peripheral heat (during 
the extinction period). 

These results are illustrated in Figs. 1 and 2, which 
were obtained from the animal having the most marked 
effect from central heating. Fig. 1 shows the suppression 
of responding during the period when the hypothalamus 
was heated to 40-5° C. Hypothalamic temperature fell 
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to 342° C on cessation of heating, a decrease from the 
pre-heating value of 38-3° C. The amount of heat lost 
to the environment during hypothalamic heating should 
be compared with the amount normally lost when tem- 
perature-regulating mechanisms are intact. It should be 
noticed that during extinction, when the heat lamp was 
disconnected from the circuit, hypothalamic temperature 
decreased only 0-4° C in the first 20 min. The temperature 
decrease during hypothalamic heating was 4:1° C for a 
comparable period. Hypothalamic heating therefore 
increased heat loss more than tenfold over that observed 
during exposure to the same ambient temperature. 
From previous investigation®, it can be inferred that the 
extent of heat loss observed in this experiment was due 
to peripheral vasodilatation and a decrease in heat 
production. 
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Fig. 1. Suppression of responding for peripheral heat during local hypo- 
thalamic heating (black bar). Th, Hypothalamic temperature. Ambient 
air temperature, 0° O. Reinforcement, 2 sec at 200 W. Average tem- 
perature during hypothalamic heating is 40-5° C. Rate of responding is 
indicated by the slope of the curve in the lower record. The dotted line 
indicates the point at which the heat lamp has been disconnected (extinc- 
tion period). Note that, although the lower time seale is expanded in 
length, it corresponds with the upper scale 


Immediately after the heating period, the rise in 
hypothalamic temperature is too fast to be due to heat 
reinforcement alone and must therefore reflect a reinstate- 
ment of peripheral vascular -tone and metabolic heat 
production. A rebound effect is evident in that hypo- 
thalamic temperature rises to 39:5° C at 70 min after 
cessation of heating, a level higher than that observed 
normally. The animal groomed and sniffed at various 
parts of the cage during heating, and a number of bar- 
presses were apparently made inadvertently during this 
activity. There was no sign of discomfort as judged by 
the behaviour of the animal. 

When the experiment was repeated over a period of 
several days, the effect of hypothalamic heating on 
behaviour diminished, as shown in Fig. 2. Hypothalamic 
heating still decreased the rate of responding but not to 
the extent previously seen. Subcutaneous temperature 
fell steadily, reaching 29:8° C at the end of the 30 min 
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Decrease in rcte of responding for peripheral heat during local 


Fig. 2. 
hypothalamic heating. 1, Subcutaneous temperature; Ta, tempera 

measured by thermistcr placed between heat lamp and the animal (each 
reinforcement proun a sharp increase in epee which then falls 
slowly unti the next reinforcement). Ambient temperature, 0° C. 
Reinforcement, 2 sec at 200 W. Average temperature during hypo- 


thalamic heating is 41-0° C. The lower time scale refers to the lower 


records and, although expanded in length, corresponds to the upper 
record also 


heating period. ‘he rate of fall of subcutaneous tem- 
perature, and the inal low value attained, would seem to 
contradict a strang thermal drive contribution from 
cutaneous recepto-s during hypothalamic heating. Rate 
of responding should actually increase during the heating 
period to compensate for falling peripheral temperature 
if these receptors are influential. 

The relatively large size of the heaters produced 
hypothalamic damage, and central heating may have 
further increased the amount of this damage. Neverthe- 
less, the animals maintained normal body temperature in 
a neutral environment, and worked for heat in a cold 
environment. Heater implantation and hypothalamic 
heating, therefore, did not preclude either temperature 
regulation or adaptive responsiveness. It is concluded 
that, under the zonditions used here, an animal may 
respond as though the environment were warm if the 
hypothalamus is warm, even though deep body and 
subcutaneous temperatures may be low. 

This work was supported by a fellowship and a grant 
from the U.S. Public Health Service.. I thank <A. C. 
Brown for advice. 
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INFECTIVITY OF GROSS AND RAUSCHER LEUKAEMIA VIRUSES 
AND THEIR NUCLEIC ACIDS 


By Dr. ESTHER F. HAYS and PAUL F. ALPERT 


Laboratory of Nuclear Medicine and Radiation Biology, Department of Blophysics and Nuclear Medicine, and Department 
of Medicine, School of Medicine, University of California, Los Angeles 


WO reports)? have demonstrated infectivity of ribo- 

nucleic acid extracted from tissues infected with 
mouse leukaemia viruses, the Graffi agent and the Maloney 
virus. The present investigations were undertaken to 
reproduce these observations using the viruses of Gross 
and Rauscher; however, they failed to do so. Cell-free 
extracts of neoplastic tissue from mice with leukaemia 
induced by Gross and Rauscher viruses- were found to 
reproduce the disease in moculated mice, while nucleic 
acids extracted from the same neoplastic tissues did not 
result in disease. 

The mice used in these experiments were from AKR/J 
and C3HeB/FeJ inbred strains maintained in this labora- 
tory. The Gross virus used was passage A. This was 
supplied by Dr. Ludwik Gross of the Bronx Veterans 
Administration Hospital, Bronx, New York, in the form 
of a C3H mouse with virus-induced leukaemia, and has 
been maintamed in our laboratory by inoculation of 
suckling mice with extracts prepared by Gross’s method? 
without filtration. The preparations for virus inoculation 
and nucleic acid extraction were from animals developing 
lymphoma after the fifth such passage. 

The Rauscher virus (P-805) was generously supplied by 
Dr. Frank J. Rauscher of the National Cancer Institute. 
It was from a crude 10 per cent extract of spleens collected 
from BALB/c mice 28 days post-intraperitoneal inocula- 
tion of virus. This material was shipped in the frozen 
state and stored at —70° C until used. Animals with 
Rauscher disease for use in these studies were inoculated 
when 1-2 days old with P-805 virus in an undiluted form. 
All the tissue extracts containing Rauscher virus were 
prepared by Gross’s method? without filtration; nucleic 
acid preparations were made from the same animals with 
disease developing after inoculation of the original spleen 
extracts obtamed from Dr. Rauscher. 

Homogenates of tissues from animals with either 
Gross virus-induced leukaemia, or Rauscher disease, 
were used for extraction of the nucleic acid. The deoxy- 
ribonucleic acid (DNA) was prepared by the method of 
Kirby* with cold phenol and p-amino salicylic acid. To 
minimize nuclease activity 5 x 10¢ M versene (disodium 
ethylenediamine tetraacetate) was added to the tissue 
homogenate and the whole procedure, was carried out at 
< 4°C. Toremove the ribonucleic acid (RNA) from these 
preparations, 100 per cent isopropyl alcohol was added to 
the phenol extract to give a 20 per cent alcohol content 
by volume. This precipitated the RNA. After centrifuga- 
tion for 1 h at 16,000g, the sedimented RNA was removed 
and the alcohol content of the supernatant was raised 
to 37:5 per cent to precipitate the strands of DNA. The 
DNA was redissolved and precipitated two or more times 
and dissolved in saline or phosphate buffer for inoculation. 
The final material used for injection contained DNA in 
concentrations of 800 ug/c.c. as measured by the di- 
phenylamine reaction. RNA contamination was 140 
ug/c.c. as measured by the orcinol test. The control 
material was made by treating this solution with DNase 
(20 ug/c.c. for 20 min) at room temperature. 

The RNA was prepared by the cold phenol method of 
Gierer and Schramm’. The final RNA concentrations in 
these inocula were 900-1,000 ug/ce.c. The control inocula 
were incubated with RNase (20 ug/c.c.) for 20 min at 
room temperature. These RNA preparations had no 
measurable DNA contamination. 

The cell-free extracts were administered intraperitone- 
ally in -1-0-2 ml. amounts in 1-3-day-old mice of both 
strains. The nucleic acid preparations were given by 


three routes: (1) intraperitoneal (0-2 ml.) in animals 1-3 
days old; (2) intrathoracic in 0-05 ml. amounts in 1-2- 
day-old animals; (3) intracerebral in 0-02 and 0-03 ml. 
volumes in new-born and 22~-29-day-old animals. 

Extracts of tissues from animals with Gross virus- 
induced leukaemia inoculated into suckling C3HeB mice 
produced at 2-4 months of age a lymphoblastic leukaemia 
in 100 per cent of the animals. Pathologically the virus 
disease resembled closely the spontaneous AKR lym- 
phoma; the thymus was always involved as were the liver, 
spleen, lymph nodes, Peyer’s patches and kidneys. The 
lymphoid tissue was in most instances completely replaced 
by lymphoblasts and cellular infiltrates were seen in the 
liver and kidneys. Transplantation of these virus-induced 
leukaemias was accomplished m isogenic strains. Adult 
C3HeB mice inoculated with viable cells developed 
leukaemia in 3-4 weeks. 

Rauscher virus preparations when inoculated intra- 
peritoneally into 0-1 c.c. amounts into suckling AKER 
and C3HeB mice produced disease in 100 per cent of the 
animals in 15-31 days. This disease was like that described 
by Rauscher? and was characterized by hepatospleno- 
megaly but no striking lymph node enlargement. The 
animals were all anaemic with marked anisocytosis, poikilo- 
cytosis and basophilia of the red cells. The peripheral 
blood nucleated cell count was 25,000-—100,000/mm*. The 
differential count revealed many nucleated red cells in 
all stages of development as well as undifferentiated cells 
which were fragile and frequently smudged on the cover- 
slip blood film. Microscopically the spleens were infiltrated 
with these same cell types in almost equal numbers, that 
is, erythroid precursors and undifferentiated cells. The 
immature cells resembled reticulum cells. The spleen 
also contained large areas of haemorrhagic necrosis. The 
lymphoid tissue of the spleen was virtually absent. The 
liver was heavily infiltrated with the erythrocyte pre- 
cursors and reticulum cells; again each infiltrate was 
composed of equal percentage of both cell types. Lymph 
nodes were usually normal but some showed infiltrates of 
the abnormal cells found in the liver and spleen. The 
thymus demonstrated marked cortical atrophy. Morpho- 
logically the disease could be called an erythroid leukaemia. 

However, when transplantations were carried out with 
viable cells obtained from the liver and spleen, and using 
isogenele strain combinations, 10’ cells inoculated sub- 
cutaneously in suckling mice, or by either route in adult 
animals, did not result in local tumours or generalized 
disease. This was in marked contrast to similar cell 
transfers made in adult animals with Gross virus-induced 
leukaemic cells, where all the inoculated adult animals 
developed local tumours after subcutaneous inoculations 
and generalized disease 21-30 days after intraperitoneal 
inoculation of 10? cells. 

The nucleic acids were prepared by the methods already 
described from tissues of animals with Gross and Rauscher 
virus-induced leukaemias. As can be seen from the results 
summarized in Tables 1 and 2, inoculation of mice with the 
nucleic acid did not result in disease. Cell-free extracts 
of the same tissues used for nucleic acid extraction were 
given to suckling mice as a bioassay for the presence of 
virus in the tumours. All these extracts had potent 
oncogenic properties as indicated in Table 3. In each 
instance the disease produced was characteristic for the 
virus inoculated. All the animals given nucleic acid 
and their controls were killed 7 months later, a time well 
beyond the latent period of disease produced by these 
viruses when administered to suckling mice. 
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Table i. RESULTS OF INOCULATION OF DNA EXTRACTED FROM TISSUES 
OF ANIMALS WITH GROSS AND RAUSCHER VIRUS-INDUCED NEOPLASMS 


No, 5030 


Mouse strain Material inoculated* No. neoplasms/No. mice 
AKR DNA (Rauscher) 0/22 
AKR DNA (Rauscher) 0/20 
+ DNase 
C3HJeB DNA (Rauscher) 0/18 
C3H fe B DNA (Rauscher) 0/23 
+ DNase 
CIH fe B DNA (Gross) 0/41 
C3HJeB DNA (Gross) 0/39 
+ DNase 


Š inoculations made intracerebrally at 22-30 days, or intrathoracically at 
1- ays. 


Table 2. RESULTS IN INOCULATION OF RNA EXTRACTED FROM TISSUES OF 
ANIMALS WITH GROSS AND RAUSCHER VIRUS-INDUCED NEOPLASMS 


Mouse strain Material inoculated* No, neoplasms/No. mice 

AKER RNA. (Rauscher) 0/29 
AER RNA (Rauscher) 0/30 

, + RNase 
C8HieR RNA (Rauscher) 0/18 
C8HeB RNA (Rauscher) 0/16 

+ RNase 
C8H/eB RNA (Gross) 0/60 
C8H/eB RNA (Gross) 0/23 

+ RNase 


* The inoculation routes were intracerebral at 1 or 25 days intrathoracic at 
1-3 days and intraperitoneal at 1~3 days. 


Table 8. RESULTS OF INOCULATION OF CELL-FREE EXTRACT OF TISSUES 
OF ANIMALS WITH GROSS AND RAUSCHER VIRUS-INDUCED NEOPLASMS 


Material No. neoplasms/ Latent period 
Mouse strain inoculated* No. of nuce (days) 
AKR Rauscher 20/20 7-28 
C3H eB Rauscher 9/9 12-21 
C3HieB Gross 9/9 90-150 


*All inoculations were given intraperitoneally to 1-2 day old mice. Al 
extracts tested were from tissue used to make the nucleic acid preparations 


The findings of these investigations demonstrate the 
high degree of infectivity of cell-free extracts of tissues of 
animals with both Gross and Rauscher viral leukaemias, 
when inoculated into suckling mice of the AKR and 
C3HeB strains. The disease produced is characteristic 
for each virus. These agents are representative of two 
distinct classes of leukaemia virus based on the type of 
disease produced. The Gross virus results in a lymphoid 
neoplasm with cellular homogeneity which has a 2-4- 
month latent period and when it develops is readily 
transplanted by cells to susceptible hosts. The Rauscher 
disease (developing 2—4 week after inoculations) is character- 
ized by a proliferation of erythroid and reticulum 
cells which are seen in the spleen, liver and peripheral 
blood. This disease ıs not transmitted by cells in that cell 
inoculation of adult mice does not result ın local tumour 
formation, or generalized disease. The phenomenon of 
lack of development of solid cell-transmitted tumours is 
similar to observations in Friend virus-induced leukaemia, 
which closely resembles the Rauscher disease, where it was 
found that successful grafting only occurred late in the 
disease when the liver and spleens were massively infil- 
trated with leukaemic cells’. The lack of transplantability 
of cells of the early disease suggests that the initial disease 
characterized by the dual infiltrate is a pre-neoplastic 
state characterized by a cellular reaction to infection 
with the virus rather than a true neoplasia. 

Nucleic acids extracted from these same neoplastic 
tissues did not produce disease in inoculated hosts. This 
lack of infectivity of nucleic acids could have been the 
result of nuclease activity during preparation, or after 
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administration of the nucleic acids or to a physical altera- 
tion of the nucleie acid molecule resulting from the 
extraction procedurs per se. The intracerebral route was 
used to minimize nuclease activity, and confidence in the 
phenol method of extracting infective nucleic acid from 
virus-infected tumour tissues was gained from results 
of previous experiments where DNA prepared from 
polyoma virus-induced tumours was shown to be highly 
oncogenic when acministered to suckling mice by the 
intrathoracic route’. Despite this finding, a fundamental 
alteration of these viral nucleic acids resulting from their 
extraction by phenol would seem to be a likely explana- 
tion for the observed loss of infectivity. The large helical 
RNA, much less stable than polyoma DNA, was probably 
broken into smaller fragments which were not infectious, 
for as Rubin® has suggested, the avian and murine leukae- 
mia viruses are probably large RNA viruses. 

These observations of loss of infectivity in nucleic acid 
preparations indicate a similarity of the Gross and 
Rauscher viruses 5o the larger, more complex animal 
viruses (poxviruses, herpes viruses and myxoviruses) 
from which infectious nucleic acid has not been com- 
pletely extracted. In the case of myxoviruses, Maassab?° 
has reported extraction of infectious RNA from influenza 
virus-infected cells, but not from preparations containing 
only virus. His work, however, has not been confirmed. 
Careful studies of Rous sarcoma virus by Weil et al. 
could not demonstrate infectious RNA. This virus is a 
large RNA virus which like the leukaemia viruses is 
formed at the cell membrane’. A difference between the 
Gross and Rauscher viruses and those of Maloney and 
Grafi, from which infective nucleic acid has been extracted 
with methods similar to those reported here, is demon- 
strated by this investigation. The positive results of 
these two investigators might be explained by slight 
differences in the technique used ın the extraction, or by 
contamination of their preparations with virus. 

Cell-free extracts of tissues of mice with leukaemia 
induced by Gross and Rauscher viruses were found to be 
highly effective in producing the specific disease character- 
istic for each vrus when administered to suckling 
C3HeB/FeJ mice. Nucleic acids extracted with phenol from 
the same neoplastzc tissues failed to cause disease. These 
results suggest that the nucleic acid of these two classes 
of mouse leukaem:a viruses is not phenol extractable. 

These studies were supported by a contract between 
the Atomic Energy Commission and the University of 
California. 
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ATTEMPTS TO INDUCE LEUKAEMIA BY INCUBATION OF MOUSE THYMUS 
CELLS WITH LEUKAEMIC CELL NUCLEIC ACID 


By Dr. ESTHER F. HAYS 


Laboratory of Nuclear Medicine and Radiation Biology, Department of Brophysics-Nuclear Medicine, 
and Department of Medicine, School of Medicine, University of California at Los Angeles 


REVIOUS investigations carried out in this Laboratory 
have shown that nucleic acids extracted from cells 
of leukaemic AKER mice and inoculated into new-born 
animals resulted in an increase of the incidence of leu- 


kaemia of host type in (AK#&xC3H) F, hybrid mice}. 
Investigations usng labelled DNA? have shown that this 
macromolecule cen traverse the cell membrane in vitro, 
and Weil’ has shown in vitro incorporation of viral DNA 
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into cells, utilizing hypertonic treatment to alter membrane 
permeability. The present study was undertaken to add 
to the previous in vivo investigations by attempting to 
produce im vitro leukaemic transformation of normal 
thymus cells. Two approaches were undertaken: (1) 
incubation of normal cells with leukaemic cell nucleic 
acid and inoculation into neonatal hosts of a low in- 
cidence leukaemia strain; (2) incubation of normal cells 
with leukaemic cell nucleic acid in hypertonic medium 
and inoculation into thymectomized adult animals with 
regenerating thymus grafts. The latter approach was 
used because of the well-known but poorly understood 
relationship of the thymus !to the development of spon- 
taneous leukaemia in mice. Ib was reasoned that the 
regenerating graft might be populated with the inocu- 
lated, nucleic acid treated cells, these cells then being in 
an environment more conducive to leukaemogenesis. 

Most of the mice used in these studies were from in- 
bred colonies of C3HeB/Fe and AKR/J mice maintained 
in this laboratory. However, the host animals in the 
second experiment were AK f/J females obtained directly 
from the Jackson Memorial Laboratory, Bar Harbor, 
Maine. The animals were fed Wayne ‘Lab-Blox’ and 
‘water ad libitum and housed in plastic boxes with white 
pine shavings. The leukaemia incidence in our AKR/J 
colony is 70-80 per cent. No leukaemias have been 
observed in the O3HeB/I'e mice which were routinely 
kept under observation until they were 14 months 
old. 

The nucleic acids were extracted from the spleen, 
lymph node and thymus cells of leukaemic AKR and 
normal C3HeB mice by a modification of Kirby’s cold 
phenol p-aminosalicylic acid method described pre- 
viously*. The preparations contained both deoxyribo- 
nucleic acid (DNA) and ribonucleic acid (RNA) in con- 
centrations of 500-1,000 ug/ml. of DNA and 100-200 
uef/ml. of RNA. 

In the first experiment, suspensions of adult thymus cells, 
thymus cells of 5-6 day-old mice, or 10-19 day embryos 
were prepared by trypsinization from miceof the C3HeB/ Fe 
strain. The cells were suspended in 5-10 c.c. of medium 
199 or Hagle’s medium. They were placed in 15 ml. 
culture tubes or 60 mm Peiri dishes. In some of the 
initial experiments horse serum or foetal calf serum was 
added to a final concentration of 10 per cent. Serum was 
not utilized in later experiments because of the possi- 
bility of its nucleases inactivating the added nucleic 
acid. 0-5 ml. of nucleic acid was added to these cell 
suspensions at zero time. The experimental cells were 
incubated in nucleic acid extracted from leukaemic 
tissues of AKR mice and the control cells were incubated 
in nucleic acid from normal lymphoid tissue of C3HeB 
mice. The incubation time was 5-24 h at 37° in an in- 
cubator with 5 per cent carbon dioxide in air. The cell 
suspensions were agitated from time to time. At the end 
of the incubation period the cells were injected intra- 
venously and, in a few instances, intraperitoneally into 
new-born C3HeB/Fe mice. In each instance approxi- 
mately 1-2 million cells were inoculated. Eosin tests 
for viability (utilizing the principle that viable cells do 
not stain with dilute solutions of eosin) showed that 
more than 90 per cent of the cells were viable after 4—5 h 
of incubation and 50 per cent of the viable after 18-24 h. 
The animals were killed when 14 months old and only 
animals living longer than 6 months, the usual lowest 
age of onset of spontaneous AKR leukaemia, were in- 
cluded in the experiment. 

The second experiment was of somewhat different 
design. The recipient animals and all the tissues used 
were from AKR strain mice. The test animals were 
thymectomized using ‘Nembutal’ and ‘Fluothane’ anaes- 
thesia. when 5-6 weeks old, and a week later were grafted 
subcutaneously with both thymuses from 1-3-day-old 
AKER mice. The incision for grafting was made in the left 
groin and the grafts were inserted by a subcutaneous 
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tunnel on to the left anterior chest wall. The thymic 
lobes were placed in Tyrode’s solution with 100 v./e.c. of 
penicillm and streptomycin prior to grafting. Ether 
anaesthesia was used for the grafting procedures. All 
the host animals were females; the donor thymuses were 
from both sexes as were the incubated cells. 

When mice grafted with neonatal thymus were killed 
at 2-day intervals, it was found that the thymus under- 
went an initial regression with disappearance of cortical 
lymphocytes. There was a return of the lymphocytic 
population at 11-14 days of age. After 19 days the graft 
resembled normal thymus. On the tenth day after thymus 
grafting, a time when the graft had been shown to be 
reconstituting its lymphocyte population, the thymectom- 
ized and grafted mice were inoculated intravenously 
with normal thymus cells from 3-week-old AKR mice. 
The 0-25 ml. inoculum consisted of 1-8 million cells; one 
group of mice was given cells which had been incubated in 
hypertonic buffer containing leukaemic cell nucleic acid 
and the second group of animals received cells which were 
incubated in hypertonic buffer without nucleic acid. The 
method of incubation followed closely that of Weil’, 
and was as follows: the cells were teased from the whole 
organ in Tyrode’s solution. They were gently centrifuged 
and the supernatant decanted. Hypertonic sodium 
chloride (0°55 M) in 0-03 M tris buffer at pH 7-8 was added 
to the cells which were then centrifuged at a low speed. 
The supernatant was decanted and 1 ml. of the nucleic 
acid solution (1 : 10 dilution from our original preparation) 
was added. The cells were mixed with the nucleic acid 
and incubated 15 min in a water bath ai 37°. At the end of 
incubation 9 ml. of Tyrode’s solution was added; the 
solution was then mixed, centrifuged, and re-suspended 
in 2-3 ml. of Tyrode’s solution for inoculation. The 
hypertonic treatment increased the eosin permeability 
from 5-10 per cent to as much as 100 per cent in some 
instances. Because the hypertonic treatment in the 
first experiment resulted in an increased number of eosin- 
permeable cells, all succeeding cell suspensions contained 
mixtures of cells incubated in both hypertonic and isotonic 
medium. Whether eosin permeability meant death in 
all these instances is questionable, for when the hypertonic 
incubated cell suspensions were placed in the refrigerator 
for 5-10 min the number of eosin permeable cells 
decreased. 


Incubation of C3H Cells with AKR Leukaemic Cell 
Nucleic Acid—First Experiment 


In this experiment 59 animals received cells incubated 
with AKR leukaemic cell nucleic acid. One of these 
animals developed a lymphoma when 10 months old. This 
animal had received 10° cells, 90 per cent eosin-negative, by 
the intravenous route at about 24 h after birth. These 
cells had been incubated for 5 h in the leukaemic nucleic 
acid prior to inoculation. The suspending medium was 
Eagle’s with 10 per cent horse serum. The lymphoma was 
characterized by massive enlargement of peripheral 
nodes, spleen, and liver. There was no enlargement of the 
thymus or mesenteric nodes. Microscopically the tumour 
was a reticulum cell sarcoma. There were 56 animals 
receiving cells incubated in normal C3H lymphoid cell 
DNA. No lymphomas were seen in this group. ` 


Incubation of Normal AKR Cells in Leukaemic Cell 
Nucleic Acid in Hypertonic Medium—Second Experiment 


The design of this experiment was to determine if 
nucleic acid from leukaemic cells could effect a leukaemic 
transformation of normal isogenic thymic cells. It was 
assumed that if this occurred it would happen during, 
or shortly after, the time of incubation and the trans- 
formed leukaemic cells would produce disease as does 
a leukaemic cell transfer, that is, within 2 months, and 
that the regenerating thymus would provide a suitable 
environment for these cells. Leukaemiec transformation, 
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.. however, did not occur. All the experimental animals 


were completely normal 2 months after the cell inocula- 
tions. 

Observation of the animais up to the age of 12 months 
revealed some interesting and unexpected findings. The 
normal spontaneous incidence of leukaemia was strikingly 
reduced in the experimental mice. Fourteen mice were 
thymectomized, isografted with neoratal thymus, and 
inoculated 10 days later with a 3-week-old thymus cell 
suspension which had been incubated in leukaemic 
nucleic acid in a hypertonic medium. Four of these 
animals (28 per cent) developed lymphocytic leukaemia 
when 9-12 months old. The disease was morphologically 
identical to the spontaneous AKR disease and involved 
all the lymphoid organs. In three animals the graft was 
also involved and in the fourth it was completely normal. 
The remaining ten mice in this group were killed when 
12 months old and no evidence of lymphoma was found. 
The grafts were viable and norma] in appearance and were 
5-10 mm in diameter. A second group of thirty mice 
were prepared in the same way but given a mixture of 
cells incubated with nucleic acid in hypertonic and isotonic 
medium. Three of these animals (10 per cent) developed 
typical lymphocytic leukaemia involving the graft as 
well as other organs. The remaining twenty-seven mice 
when killed at 12 months of age were completely normal 
with normal-appearing thymus grafts. The animals in 
both these groups had complete thymectomies. 

A third group of mice were also thymectomized, and 
graited with neonatal thymus. Ten days later these 
animals received thymus cells from 3-week-old animals 
incubated in hypertonic and isotonic medium without 
nucleic acid. None of these animals developed lymphoma 
and all were completely normal when killed at 12 months 
of age. The thymus grafts were all fully viable, and of 
normal morphology, and the thymectomies were complete. 

Thirty-four intact AKR control mice were raised at the 
same time and under the same conditions as the experi- 
mental mice. Twenty-four, or 70 per cent, of them 
developed thymic lymphomata at a mean age of 11-2 
months (range 6-12 months). The animals were observed 
until 12 months of age. These results are summarized in 
Table 1. 


Table 1. INCIDENCE oF LYMPHOMA IN THYMECTOMIZED-GRAFTED AKR 
MICE GIVEN 3-WEEK-OLD IsOGBNEIO THYMUS OBLLE 10 DAYS POST-GRAFTING * 


No. of No. of N 
Treatment of cells mice lymphoma Age of onset in months 
Incubated with nucleic 
acid In hypertonic 14 4(28%) 9,10, 12,12 
medium 
Incubated with nucleic 7 
acid in hypertonic 30 8(10%) 9, 11, 11, 
and isotonic medium 
Incubated in hypertonic 
and isotonie medium 81 0 
Intact controls 34 24(70%) 8-12 mean 11-2 


* All animals either died of lymphoma or were killed when 12 months old. 


An analysis of the type of inoculum given these 
animals is presented in Table 2. As already mentioned, 
@ portion of the cells was mixed with dilute solutions of 
eosin just before inoculation and cells staining with this 
dye were considered not to be viable. In the first group 
of experiments (inocula 1 and 2) the cells were all stained 
with eosin after the hypertonic treasment, hence in the 
subsequent inocula thymus cells incubated in DNA in 
isotonic solution were added to provide some viable cells. 
Two of six and two of eight mice developed late lympho- 
mata after the inocula, which did not contain any 
‘viable’ cells by the eosin test. Two of thirteen animals 
developed the disease when given a mixture of ‘viable’ 
and ‘non-viable’ cells, incubated in leukaemic DNA. 
In the 31 mice receiving inocula 5, 6 and 7, which did not 
contain nucleic acid but consisted of varying cell doses 
and ‘viabilities’, no lymphomata were seen. 
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These investigations show that in vitro incubation of 
normal isogenic thymus cells with nucleic acid extracted 
from leukaemic tissaes of mice with spontaneous disease 
does not result in a direct leukaemic transformation of the 
cell or in a transformation to a precursor cell of leukaemia. 
If direct transformation had occurred in both of these 
studies one would have expected leukaemia development 
within 2-3 months after inoculation of the ‘transformed’ 
cells. Ifthe nucleic acid incubation had effected a change 
to a precursor cell in the C3HeB/Fe mice in the first 
experiment the development of late leukaemias occurring 
after 6 months of age might have been seen. The one 
reticulum cell sarcoma developing is of interest since no 
others have been seen in the C3HeB mice, but certainly 
one cannot make any statements relating it to the 
neonatal inoculatior of nucleic acid-treated cells. 

The hypertonic treatment of the cells utilized in the 
second experiment nas been shown by Weil? to result in 
effective im vitro iccorporation into cells of DNA from 
polyoma virus. Therefore we can assume that the NA 
entered these cells but did not have any. direct biological 
effect as measured by the studies utilized. 

The suppression of the incidence of leukaemia in the 
AKR mice m the second study is of considerable interest. 
These animals were thymectomized, isografted, and then 
inoculated with normal thymus cells treated in a hyper- 
tonic medium with and without nucleic acid. The results 
show a general suppression of leukaemogenesis in the 
nucleic acid and control groups, therefore it is unlikely 
that the nucleic acid incubation was responsible for the 
lack of development of leukaemia. The leukaemias seen 
in the animals receiving cells treated with nucleic acid 
may well have been due to the lack of viable cells in the 
inoculum. This paint will be discussed later. 

It is an establshed observation that thymectomy 
results in a striking decrease in the incidence of lympho- 
cytic leukaemia ir AKR strain mice’. Subcutaneous 
isografts of 4-week-old thymus into thymectomized 058 
mice, another strain with a high natural leukaemia incid- 
ence which is reduced by thymectomy, have been shown to 
restore the incidence to that of intact controls*. Such 
studies on AKR mice have not been reported, but in 
experiments utilizing intact F, hybrid mice where the 
dam was of the AK È strain, subcutaneous grafts of 1-week- 
old AKE thymus into these (AKR x C57BL)F, mice 
resulted in an incidence of lymphoid leukaemia of 20 
per cent compared with 9 per cent in the controls’. In 
(C3H x AKR)F, hybrid mice, not thymectomized but 
grafted with 4-5-week-old AKR thymus, the lymphoid 
leukaemia incidencs was 60-9 per cent as compared with 
27-7 per cent in the control animals’. These observations 
indicate that the presence of an AKE thymus promotes 
leukaemogenesis and strongly suggest that subcutaneous 
grafts of this orgen should restore the high leukaemia 
incidence in thymectomized AKR mice. In our experi- 
ments, however, tkis was not the case. Isogenic 1~3-day- 
old thymus was used for grafting the thymectomized 
hosts, while in the aforementioned reports thymus grafts 
from older mice were utilized. However, the histological 
changes observed postgrafting in our studies were like 
those observed by Law® for subcutaneous grafts of thy- 
muses from 4-5-week-old AKR donors as well as like 
these described by Dukor et al.* occurring in the subcutane- 
ous isografts of new-born thymus in thymectomized 
hosts. Miller" also has shown that in virus-inoculated 
mice, in which thymectomy abolishes leukaemia develop- 
ment, grafts of neonatal thymus in 4-5-week-old recipi- 
ents result in the same high percentage of leukaemias as 
seen in virus-inoculated, intact controls. These observa- 
tions make it unlikely that the age of the thymus graft 
played an important part here. 

Another possibility might be that the grafting post- 
poned the age of onset of leukaemia and that, if the animals 
had been observed longer, a high incidence might have been 
seen. There is, however, no support for this in the experi- 
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ments in which AKR (ref. 8) and C58 (ref. 6) grafts were 
used and in which the time of onset of Jeukaemia occurred 
earlier than, or at the same time as, that of the controls. 
An explanation of the inhibition of leukaemogenesis 
seen in the isografted cell-inoculated mice might be that 
an altered pattern of regeneration of the thymus graft 
was promoted by the inoculation of viable cells on the 
tenth day after grafting and that this resulted in suppres- 
sion of leukaemia development. The phenomenon of 
altered regeneration of the thymus has been observed in 
irradiated C57BL mice given intravenous inoculations 
of viable bone marrow cells". The animals treated in this 
manner had a much lower incidence of leukaemia than did 
irradiated mice of the same strain'*. It was also found to 
be true in the case of subcutaneous grafts of thymus in 
thymectomized, irradiated mice, that is, the thymectom- 
ized, irradiated C57BL mouse when grafted with isogenic 
thymus subcutaneously has a considerably higher leukae- 
mia incidence than the thymectomized, irradiated and 
thymus isografted mouse that has also been given intra- 
venous doses of bone marrow cells from a single femur 
of an isogenic animal. Therefore, the reduction of 
leukaemia incidence is the result of an altered and probably 
more rapid regeneration of the thymus presumably pro- 
moted by the prompt regeneration of the irradiated 
haematopoietic tissue by stem cells in the marrow inocu- 
lum. 
Table 2. CELL VIABILITY AS DETERMINED BY PERMEABILITY TO EOSIN IN 
THE VARIOUS INOCULA 
Percentage of Lympion 


Treatment of Ino- No. of cells unstained ice 
celis cula inoculated cells* inoculated 
Incubated with 1 6x 108 on Zero 2/6 
nucleic acid j SUCCESSIVC Zero 
in hypertonic 2x 10° days Zero 
medium 
2 3x 10° Zero 2/8 
Incubated with 3 2x 10° 75% 2/13 
nucleic acid 
in hypertonic 
and isotonic 
medium 4 1x 105 35% 1/17 
Incubated in 5 4-7 x 10° 75% 0/14 
hypertonic 
and isotonic 6 8 x 10° 80% 0/9 
medium 
7 2-7 x 108 20% 0/8 


+ Cells placed in a dilute solution of eosin and counted under the micro- 
scope prior to inoculation. 


In the experiments reported here, as is shown in Table 2, 
the leukaemia incidence was lowest in the animals receiving 
the inocula with the greatest numbers of viable cells, on 
the tenth day after grafting. Dukor et al? have shown 
that the regeneration of the thymus after subcutaneous 
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grafting was accomphshed initially by donor cells, but at 
the end of the second week the donor cells began to be | 
replaced by host cells. Complete hast cell repopulation 
was accomplished by day 21. Inocula of additional 
viable thymus cells in our experiments, then, were given 
at the time when regeneration of the original graft was 
nearly complete and when the host cells were beginning to 
repopulate it. This could have resulted in an altered 
pattern of regeneration of the thymus, one not compatible 
with leukaemogenesis. These observations suggest that 
the sequence of events occurring in the thymus under 
these experimental conditions differ in some important 
way from those occurring naturally in the AKE thymus. 
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Nucleic acids extracted from leukaemic tissues of AKR 
mice were incubated in vitro with cells of mce of a low 
incidence leukaemia strain (C3HeB/e) and inoculated 
intravenously into new-born mice of the same strain. 
Similar nucleic acid preparations were incubated with 
normal AKR thymus cells in vitro in a hypertonic medium. 
These cells were then inoculated intravenously into 
thymectomized adult AKR mice with regenerating thymic 
isografts. No early Joukaemias were seen in either group, 
indicating that direct nucleic acid-mediated leukaemic 
transformation did not occur. The absence of late leukae- 
mias in the C3HeB mice also indicated that there was no 
transformation to a precursor cell of lenkaemia when the 
cells were incubated with leukaemic cell nucleic acid. 

The marked depression of leukaemia incidence observed 
in thymectomized, isografted AKR mice inoculated with 
AKR thymus cells could have been dus to a more prompt 
thymic graft regeneration resulting from the administra- 
tion of viable thymus cells. 

These studies were supported by «4 contract between 
the U.S. Atomic Energy Commission and the University 
of California at Los Angeles. 
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MICRO-AEROBIC CAPABILITIES IN LAND PLANTS: OBSERVATIONS ON 
SURVIVAL AND GROWTH OF PLANTS SUBMERGED IN FRESH 
AND SALINE WATERS 


By Dr S. M. SIEGEL, C. GIUMARRO and O. W. DALY 


Union Carbide Research Institute, Tarrytown, New York 


NVESTIGATIONS in this laboratory have shown that 

seed germination and seedling growth of many common 
vascular land plants occur with little or no oxygen?-‘. 
In a number of cases, the rates of germination or seedling 
growth at reduced oxygen pressures have exceeded the 
rates in air. In the course of this investigation, it was 
recognized that the vigour of micro-aerobic plant growth 
may reflect a similar micro-environment of the seed and 
pre-emergent seedling in Nature. Air compositions 
beneath the soil surface, for example, may be radically 


different in their partial pressures of oxygen and carbon 
dioxide (Po; Pco,) and in respect to the presence of 
hydrogen and methane from those above the soil surface®®. 
The extent of such differences will depend on the structure, 
water table, drainage, and organic matter of the soil, 
and on the microflora and fauna present. 

Among the factors which determins the Po, of the 
soil, the presence of water is of major importance. Po, 
will vary from that in relatively more aerobic, well- 
drained soil through heavier, poorly drained substrata, 









ik marsh and swamp-lands, to free- standing fresh, 
sh, or sea-waters. Even shallow waters can be 
aerobic or nearly so. Thus, Wetzel’ showed that 5 cm 
ow the surface of a pond which he investigated, the 
xygen level at no time exceeded 0-21 vol. per cent and 
-o most of the year ranged from 0-0 to 0-01 vol. per cent. 
<< The bottom mud, only 15 em in depth, was always an- 
= aerobic and rich in hydrogen sulphide. 

Vascular plants native to aquatic habitats are usually 
treated as a group apart which requires a buoyant medium, 
perhaps as a consequence of loss in lignifying capacity. 
However, plants such as Eledea and Salvinia can live 
in such water, which serves primarily as a substraturn and 
the atmosphere of importance is the gas phase which they 
contact. Others, Typha and Alisma, for example, may be 
< rooted in anaerobic bottom sediments, extend through 
=e micro-aerobic liquid phase, and emerge into the gaseous 
atmosphere", 

Within the context of the foregoing discussion, the 
existence of micro-aerobic capabilities among vascular 
plants native to mesic or xeric conditions raises questions 
about the commonly held theories relating excess water 
'- and poor aeration to plant damage’! and suggests that 
» even submergence should not be a barrier to the survival 
_ and distribution of many species. 

- General observations on germination and growth. Aerated 


water at 20°~30° C, and 1 atm. pressure, saturates at 


Co about 0-8 vol. per cent oxygen; oxygenated water con- 
tains approximately 4 vol. per cent. In order to facilitate 
comparisons, we have generally treated subrner ged 
systems as analogues of plants in air. That is, the ambient 
fluid phase, whether liquid or gaseous, is the ‘atmosphere’ 
into which the plant, resting on a supporting surface, 
extends. 

Submergence trials were generally carried out in 
6-1. battery jars approximately 30 cm in depth. Aeration 
or oxygenation was carried out using sintered glass tubes. 
Dissolved oxygen was determined by a Beckman im- 
mersible oxygen electrode. No other special conditions 
or techniques were used. 

Determinations of nitrogen, phosphorus, sulphur and 
ash were carried out by Micro-Tech Laboratories, Skokie, 
Illinois; halogen analyses were run by Schwarzkopf 
Laboratories, Long Island City, New York. Other 
analyses were carried out in this laboratory using routine 
procedures. 

Preliminary experiments showed that several species 
germinated well when submerged in aerated water 
(oxygen about 0-8 vol. per cent), but in stagnant water 
{oxygen < 0-1 vol. per cent) only rice showed appreciable 
activity (Table 1). Of the species tested, only the beet 
required an oxygen-saturated medium. Cucumber and 
rye germinate well in a gaseous anaerobic medium, but 
not at all when submerged**. Failure of gas phase 
anaerobes to perform when submerged could be in part 
a result of accumulation of bicarbonate (carbon dioxide} 
under stagnant conditions. 


Table 1. GERMINATION PERCENTAGE OF SUBMERGED SEEDS AFTER 6 DAYS 
Species Oxygen vol. per cent 

<Q] 0-8 4 
Beat (Beta vulgaris) 0 2 4} 
Cucamber (Cucumis sativus) 8 100 Gt 
Marigold {Tagetes s 8p. } 0 56 100 
Rye {Serale cereale) 0 100 100 
Rice (Orgza sativa) 90 R9 83 
Barley (Hordeum vulgare) 0 66 
Pole bean (Phaseolus vulgaria) 0 72 oe 
Lettuce {Lactuca sativa) 0 68 — 


It appears from our limited number of experiments 
_ that the ambient medium per se is a factor in anaerobiosis, 
< that a low volume percentage of oxygen in water is suffi- 
< eient for many submerged species to grow, and that rice 
isan example of a true sub-aquatic anaerobe. 
A comparison of growth in gaseous and aqueous 
‘atmospheres’ was made on rye seedlings (Table 2). 
After 10 days in argon (oxygen < 0-005 per cent) the 
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seedlings produced 10-20 mm shoots, some with primary 
leaves emerging from: the coleoptiles. A gas-phase optimum 
oxygen level which was sub-atmospheric was evident. 
In the aqueous phase an optimum was also evident, yab 
at a decidedly lowər oxygen level. Clearly the ‘opera-. 
tional’ range of oxygen levels for the growth of rye S 
lowered and narrowed quite markedly in aqueous - ee 
contrasted with gaseous systems. 











Table 2. COMPARISON OF RYE GROWN IN APPROXIMATELY Hot VALENT. 
VOLUME PERCENTAGES OF OXYGEN IN AIR AND WATER GGS 
Oxygen concentration Shoot papat after 10. days (mm): 
Vol. per cent ‘A rosphere’ Pe eee 
Saou” Aqueous a : RS 
<l 15 E ee 
0-8 (air-saturated water} BA Toscer: 
+0 (oxygen-saturated E 
water) 136 38 
20-9 (air) of) omy 


Root initiation m Coleus blumet cuttings has boen 
compared. Air controls were set up with 4-6 em plants 
extending out of 3 cm of water, whereas submerged 
whole plants were beneath approximately 20 6m of 
aerated or stagnant water. By the tenth. day, 10-12 
roots per plant were present in controls, 5-7 in aerated 
water, and none im stagnant water. - 

Other experiments have shown shoot aoak in bulbs 
of Narcissus but, unexpectedly, | comparable responses 
were observed in ‘submerged specimens whether aerated 
or not, 

Constitution of asr-grown and submerged rye. Winter 
rye was selected for extended comparative investigations 
of the submerged state. The selectio ye wai 
by its tolerance to unusual or exotic en onme 
cae a 

About one huncred plants each of 10-day 
grown and aerated underwater-grown. rye. 
divided for microscopic and chemical anal 
microscopic examimation was carried out’ 
free-hand sections cf leaves (Table 3). Th 
both epidermal and internal (mesophyll). ei 
in the submerged group; that a distinct cutie 
noticeable, if present at all; and that intercelh 
were not noticeab:y different in magnitude, 
merged plants had somewhat reduced numbers 
plasts per cell. The enlarged state of leaf cells sug 
a higher degree of succulence, or a ‘waterlogged’ conc 
When samples of submarine rye were transplantes 
ordinary conditions in air, they showed a prc 
tendency to collapse within a few days, ‘and: ge 
lacked the mechanical integrity of- air-grown - plants em 
This change was nct, however, a result of “waterlogging’ m 
as their dry matter content shows (Table 4), 






















Table 3. OVERALL GROWTH AND CELLULAR COMPARISONS: ATR VERSUS 
AERATED UNDERWATER-GROWN RYE AT 10 Days 


it b pii 

Measurement Air-grown Submerged (percent) 
Shoot height (mum) 90 2 12 75 + lp 82 
Root height (mm) 72 + 10 100 + 17 189 
Epidermal cell diam. (4 

Upper 298 + 1:2 50-5 + 10-0 169 

Lower 26-4 + 15 39-0 + 2-8 148 
Epidermal hair cell 

Length (a) 1096 + 16-1 136-0 + 14-7 124 

Width (u at mid-potrt) 95 + 10 104 + 12 109 

Nucleus (u diam.) F + OG T4 + OS 137 
Mesophyll eel! diam. (j«- 27:3 + 20 383-4 4+ Bp 122 
Chloroplast (No. /cell) 292 + 80 224 + 2:9 7 


We found that submerged plants were richer in organie 
nitrogen, phosphorus and sulphur, The biochemical 
significance of this difference is not yet known. Increased. 
protein nitrogen has, however, been noted previo 
bean plants grown in 5 per cent oxygen®... In eo: 
such differences, tae linear rates of growth © 
and submerged plents are comparable. The a 
organic materials have been limited to. the comp nents. 
listed in Table 5, The chlorophyll. content. is slightly. 
reduced in submerged plants, but less so than the number 
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Table 4. ANALYTICAL COMPARISONS: Dry MATTER AND ELEMENTARY 
CONSTITUENTS IN AIR VERSUS AERATED UNDERWATER RYE AFTER 10 Days’ 
GROWTH 
Anal Air S Sub s d ( ais t) 
-grown ubmerge cen 
Dry SEE or cent) ay 
Shoot 8:5 7'8 92 
Root 78 85 109 
Total N (mg/g 
wt.) 
t 47-2 58-09 125 
Root 22-2 33:8 152 
Organic P (mg/g 
dry wt.) 
hoot 54 6-9 128 
Root 4-6 6:8 148 
—— S (mg/g 
z wt.) 
hoot 4-2 oh 131 
Root 1-3 2:7 200 
Ash (mg/g 
dry wt.) 
Shoot 60-5 113:5 187 
Root 275-3 173-2 63 


Table 5. ANALYTICAL COMPARISONS: ORGANIC COMPONENTS IN AIR VERSUS 
AERATED UNDERWATER-GROWN RYE AT 10 Days 


a b bja 
Air-grown Submerged (per cent) 





Analysis 
Chloro of ha 
( g dry wt.) 
a 50 4+5 oo 
b 2-4 2:2 oe 
Total 7-4 6-7 9l 
a: ~ aeir dee ; 
g wt. 
giS 
Cellulose 366 270 7 
Non-cellulosic 
polysaccharides 200 154 77 
Root 
Cellulose 406 510 123 
Non-cellulosic 
polysaccharides 167 129 77 
Glucose 
(mg/g dry wt.) 
hoot 581 71-0 122 
Root 400 17-7 44 


of chloroplasts per cell. The chlorophyll a : 6 ratio is un- 
changed. 

Microscopic examination also suggests that the cell 
walls of air and submerged groups differ. In the shoot, 
only a slight reduction in cellulosic and non-cellulosic 
constituents is evident, but in the root, there is a shift 
to a higher proportion of cellulose relative to total dry 
matter and total cell wall. The glucose content of the 
submerged shoot is also increased (perhaps a reflexion 
of reduced wall synthesis) but is quite reduced in the 
root, perhaps as a consequence of increased cellulose 
synthesis. 

Tissue spot tests (Table 6) show that submerged tissues 
are poorer in catalase and richer in peroxidase than those 
grown in air, a response also found in comparing beans 
grown in air and 5 per cent oxygen’. 


Table 6. HISTOCHEMICAL ‘Spor’ TESTS ON WHOLE AIR AND AERATED 
UNDERWATER-GROWN RYE SEEDLINGS 


Reagents Test R nse 
Air- Underwater- 
grown grown 
M/10 hydrogen peroxide Catalase +++ + 
M/100 rogen i aa Peroxidase Ka ++4 
M/100 pyrogallo 
Saturated ammonium  ortho-diphenols +) ~ 
; neon ne i 
r cent phloroglucino 
Ta hydrochloric acid 
(a) In fresh tissue Lignin + precursors a + 
(b) In alcohol- 
extracted tissue Lignin (polymer only) + - 
1 per cent ,enrgtra ba 
phosphate + potassium 
tri- tean e + + 
Potassium tri-iodide Sta + - 


Fresh tissues, especially roots, show a positive lignin 
test, but the phloroglucinol colour reaction is also given 
by coniferaldehyde and related precursors (monomers)*. 
The precursors are soluble in alcohol and in water, and 
after extraction, submerged tissues are negative, but the 
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solution is phloroglucinol-positive, indicating the presence 
of unpolymerized precursor. Ultra-violet tra of 
extracts made with cold 4 per cent sodium hydroxide 
confirm that there is more soluble phenol in submerged 
roots. Again, the response of submerged rye resembles 
se Bd other species grown in sub-atmospheric oxygen 
evels*. 

Roots of both groups can convert glucose-1-phosphate 
into amylose (phosphorylase-positive), but the submerged 
roots are devoid of starch. 

Preliminary experiments also showed that rye seedlings 
grow nearly as well in aerated 1-3 per cent sodium 
chloride solution as in distilled water (Table 7). Increased 
salinity is partially reflected in altered fresh weight, and 
reduction in non-halogen-containing dry matter. Work 
in progress also shows that solutions of 1 per cent sodium 
bromide and sodium iodide can support reasonably good 
seedling growth. In addition to accumulation of appreci- 
able water-soluble halide ion, these plants contained up 
to several hundred p.p.m. of water-insoluble—presumably 
organically combined—chlorine, bromine or iodine. 
Plants have also been grown submerged in solutions of 
calcium, magnesium and potassium salts. 
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Table 7. EFFECT OF SODIUM CHLORIDE ON GROWTH AND DRY MATTER IN 
SUBMERGED AERATED RYE 
Sodium chloride 
(weight per cent) 
Measurement (10 days) 0 1 3 


Length (mm) 
Shoot 97 110 75 
Root 80 71 64 
ee wona /plant) t) 110 170 140 
)ry matter wt. 
i moe 135 109 105 
JSR 13-8 15-5 


rganic 
Inorganic (-chlorine) 
Chloride i 02 42 5-5 


The results of these and related experiments will be 
detailed separately when completed. 

Survival of air-grown plants under water. So far, sub- 
merged growth initiated by way of seed germination has 
been considered. The tolerance of air-grown and air- 
adapted plants might conceivably fall below that of 
seedlings actually grown under these novel conditions. 
Although a direct comparison has not been made, several 
species have been tested for survival in aerated water 
(Table 8). In order to heighten the contrast, a number of 
zerophytes were included, and two of these, both Euphor- 
bia species, showed the highest tolerance. After 9 monthe 





` 
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Fig. 1. Comparison of ryè grown from seed in air (left) snd 
s aerated water after 10 days 
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Fig. 2. Euphorbia hermentiana after 2 months’ submergence in aerated 
water 


of continuous submergence, E. hermentiana (Fig. 2) 
was still essentially unchanged except for the appearance 
of new leaves as much as 2 cm in length above the water 
line and many new roots varying from 4 to 40 cm in 
length within the sand substratum. The same species 
can also produce leaves, but no roots, when allowed to 
remain unplanted and unwatered under ordinary labora- 
tory conditions. 


Table & TOLERANCE OF SELECTED PLANTS TO SUBMERGENCE IN AERATED 
ATER 


Condition after various submergence periods 
Species (Months) 


Euphorbia hermentiana 
Euphorbia rylophylloides 
us 


Pitt tte ow 


no surface microbial 


—, Colour hangos, necrosis, and microbial growth marked. 
! Root growth still evident after 1 month. 
Both root and leaf growth evident. 


° on Normal turgor, colour; no sign of necrosis: 


It is of interest that E. hermentiana tolerates gas phase 
anoxia well, and shows appreciable viability for periods 
of up to 2 months in atmospheres rich in normally noxious 
gases such as ammonia", 

For comparative purposes, the tolerance to submergence 
of several invertebrates was tested. The earthworm, 
Lumbricus terrestris, remains continuously active in aerated 
distilled water for at least one week, dies within hours 
under stagnant conditions, and survives in 1-3 per cent 
sodium chloride solutions for 3 days. The millipede, 
Iulius, which is relatively tolerant of low oxygen levels 
in the gas phase dies’ in 1-5 days in aerated water, but 
remains active for more than 3 days in oxygenated water. 
The beetle, Passalus sp., and the spider, Miranda aurantia, 
die within hours in oxygenated water. 

Von Brand reports species of nematodes, gastrotrichs, 
rotifers and oligochaetes capable of surviving periods of 
2-4 months under anaerobic or near-anaerobic con- 
ditions™*, In contrast, other obligate water forms, the 
molluses and echinoderms, show little tolerance to anaero- 
bic or micro-aerobic conditions, surviving for hours 
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generally, rarely for several days. Crustaceans show 
hie better performance, as do aquatic insect 
arvae. 

The biological significance of submergence studies. In 
some respects, the experiments described and discussed 
above are highly artificial, and perhaps somewhat surreal- 
istic, in so far as they apparently place ordinary land plants 
and ‘ordinary’ (simulated) aquatic or marine conditions 
together in unnatural or unreal combination. This is 
not true for rice, of course, but applies to rye, Euphorbia 
and most other forms used. This criticism is misdirected, 
to some extent, simce many mesic and even xeric en- 
vironments are subject to periodic flooding or submergence 
by fresh or brackish waters. There is thus an autecological 
aspect to these experiments, inasmuch as they offer an 
explanation for the tolerance which some species show to 
submergence, even in saline waters. 

Further ecological significance may be derived from a 
comparison of the nicro-aerobic capabilities of specified 
land forms and thei- actual distribution in poorly aerated 
soils or shallow standing waters. Typha, as noted earlier, 
fits such considerations well, as does rice, but rye and 
Euphorbia do not occur naturally in environments which 
they could apparently tolerate. This suggests that such 
forms are not excluded from water-logged soils or other 
watery environmenss per se. The analysis of the factors 
responsible for their distribution is beyond the scope of 
this article, whereas the elimination of an often-invoked 
factor—soil oxygem supply—is. 

Beyond the ecolegical and micro-ecological areas, this 
investigation has a bearing on the general fields of stress 
physiology and exe-biology. In order to define, at the 
various levels of bio-organization, the extreme parameters 
of survival, one no% only has licence, but is required, to 
venture into orgamism-environment combinations that 
have no close natural counterpart. In the present case, 
plants normally associated with a two-part system— 
supporting substratum plus gaseous atmosphere—are 
placed in an analogous situation in a liquid ‘atmosphere’. 
This work emphasizes further that a hardy species will 
show high performance under a multiplicity of stress 
conditions. That is, stress tolerance is not necessarily 
a matter of specific ‘fit’ into or selection for a particular 
condition, but may also be a reflexion of a general state 
of plasticity of the genome. Again, both rye and 
Euphorbia qualify as competent multi-stress forms 
whereas a species such as Coleus has low tolerance toward 
extremes of atmospnere, temperature, and their combina- 
tions. 

From an experimental physiological-biochemical point 
of view, the plant in its submerged environment can be 
treated uniquely m terms of growth regulation and 
metabolism. A new mode of application to the ‘aerial’ 
plant of hormones, nutrients and metabolites is now 
possible. Translocation—transpiration—stomatal relations 
and cuticular exehange processes must be totally 
altered. 

Evidence suggesting that the ‘norms’ of regulatory 
processes are changed with modified Po, (ref. 17) has been 
extended with observations on geotropism. Although 
the coleoptile is invariably orientated in an ‘upward’ 
direction, many roots are randomly disposed relative to 
gravity when rye is germinated under water. In an 
extreme case, a 100-mm negatively geotropice shoot was 
accompanied by several positively geotropie roots of 
5-20 mm and one negatively geotropic root more than 
250 mm in length. Cucumber seedlings showed even more 
striking disturbances, including geotropic reversals. 

The metabolic effects of submergence are clearly indi- 
cated by the changes in chemical composition in rye, 
many being reminiscent of the effects of growth in a 
micro-aerobic gas phase. 

The cultivation of land forms under water is thus a 
reasonable extensien of and useful addition to previous 
environmental approaches centred about the gas phase. 
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VERTEBRATE EPIDERMAL MELANIN UNIT 
By MAC E. HADLEY and WALTER C. QUEVEDO, jun. 


Division of Biological and Medical Sciences, Brown University, Providence, Rhode island 


ELANIN pigmentation of mammalian epidermis 
involves the formation of melanin granules within 
melanocytes and their transfer to malpighian (receptor) 
cells, The total intensity of epidermal pigmentation is 
related to the qualitative and quantitative attributes 
of melanin granules within both types of cells. The elose 
integration of melanocytes and malpighian cells in pig- 
mentation of mammalian skin has been stressed in the 
concept of the ‘epidermal melanin unit’ developed by 
Fitzpatrick and Breathnach’. The ‘epidermal melanin 
unit’ has been defined as a melanocyte with an associated 
pool of malpighian cells, the size of which may be variable. 
In this view, factors which influence any component in. the 
‘epidermal melanin unit’ might be expected to modify the 
function of the entire systern. For example, ultra-violet 
light may act to stimulate melanogenesis, not by a direct 
action on melanocytes, but rather, indirectly, by in- 
ducing proliferation of malpighian cells, thereby provid- 
ing more vehicles for melanin transport’. 

Genetic mechanisms appear to influence the size of 
mammalian ‘epidermal melanin units’ by their effects 
on melanocyte morphology. Dilute black (ddBB) murine 
melanocytes have shorter melanotie dendritic processes 
than more highly branched non-dilute (DDBB) melano- 
cytes. Owing to the reduction in dendritic processes, the 
dilute melanocytes appear to maintain contact with 
fewer malpighian cells and accordingly have fewer vehicles 
available for melanin transport than comparable non- 
dilute melanocytes’. 

The ‘epidermal melanin units’ of mammals may overlap, 
with two or more melanocytes sharing some malpighian 
cells in common, or they may be discrete with no apparent 
overlap in their populations of epidermal cells. The over- 
lapping of ‘epidermal melanin units’ is determined by 
the morphology of melanoeytes and their population 
density. 

As yet, there has been no attempt to extend the concept 
of the ‘epidermal melanin unit’ to other classes of verte- 
brates. Based on the definition provided by Fitzpatrick 
and Breathnach, it would appear that such units not 
only are present in mammalian skin but also exist in the 
skin of certain reptiles‘ and amphibians®. Their general 
occurrence elsewhere among vertebrates awaits clarifica- 
tion. This communication documents the existence of 
‘epidermal melanin units’ among amphibians and stresses 
the importance of the comparative approach to an under- 
standing of epidermal cell~melanocyte interactions in 
pigmentation of the skin. 

Although there are numerous conflicting reports on the 
part played by epidermal melanocytes in colour changes 
in amphibians, our investigations indicate that under 
appropriate conditions the responses of the epidermal 
melanocytes of certain amphibians are entirely predict- 
able*. This information is derived largely from investiga- 
tions on the leopard frog, Rana pipiens, but similar investi- 
gations on several other species of amphibians (for 
example, Xenopus laevis and Diemyctylus viridescens) 
have yielded comparable results. | 

When adult Rana pipiens are placed on a white back- 
ground and illuminated from above, there is an aggrega- 


tion of melanin granules within epidermal melanocytes ; 
this is in contrast to the dispersion of melanin granules 
found in the epidermal melanocytes of frogs placed on a 
black background under similar lighting conditions. {n 
vitro investigations also indicate that the distribution of 
melanin granules within epidermal melanocytes is in- 
fluenced by some of the agents (for example, caffeine, 
commercial ACTH, ‘Pituitrin’) with known action on 
pigment mobilization within dermal melanophores’. How- 
ever, melatonin is a noteworthy exception; though 
effective in causing melanin granule aggregation in the 
dermal melanophores at extremely low concentrations it 
has no demonstrable influence on the epidermal melano- 
cytes even at extremely high concentrations. 

The epidermal melanocytes of frogs possess the dual 
capacity to synthesize melanin granules for transport by 
epidermal cells and to mobilize melanin granules intra- 
cellularly in a manner adaptive to the colour of the 
background. The population of epidermal cells actively 
receiving melanin granules from an epidermal melanocyte 
is determined by the extent to which melanin granules 
are distributed throughout its highly branched processes. 


In animals adapted to a neutral background, or as captured 


in the field, fewer epidermal cells receive melanin granules: 

from a given epidermal melanocyte than in animals ~ 
adapted to a black background. In contrast, the melano- 
cytes of frogs adapted to a white background release — 





less melanin and the newly released melanin granules are —. 
frequently restricted to those epidermal cells immediately 

adjacent to the melanocyte perikaryon which contains the —_ 
aggregated melanin granules. In frogs adapted to a neutral a 
background, regions of the epidermis where the density of © S 


epidermal melanocytes is low are characterized by many 
‘epidermal melanin units’ which are discrete, having little 
or no functional overlap. Each melanocyte may possess 
its own distinctive constellation of epidermal cells for. 
pigment transport; a halo of non-pigmented epidermis 
often separates the individual units (Fig. 14). 

When frogs are adapted to a black background for an 
extended period of time, functional overlap of ‘epidermal 
melanin units’ is observed in regions of the epidermis 
previously characterized by discrete ‘epidermal melanin 
units’ (Fig. 1B). This results when melanin granules are 
dispersed throughout the more distal regions of the 
branched processes of the melanocytes and consequently 
are distributed to a greater number of epidermal cells. 
This overlapping of functional units results in the seeding 
of previously non-pigmented epidermal cells with melanin 
granules; some epidermal cells receive melanin granules 
from the dendritic processes of more than one epidermal 
melanoeyte. ; 

Environmental and, consequently, hormonal stimuli 
appear to determine the effective population of epidermal. 
cells for melanin transport within an ‘epidermal melanin 
unit’ by influencing the distribution of melanin within 
the dendritic processes of the melanocy 
clearly demonstrated in animals adapted te 3 
ground for extended periods of time. Owing to the peri- 
nuclear aggregation of melanin, few melanin granules pass 
into the dendrites and less melanin is found outside the 
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confines of the epidermal melanocyte. Therefore, in 
epidermal regions where ‘epidermal melanin units’ nor- 
mally overlap, discrete units may now be found and are 
seen to be separated from other ‘epidermal melanin units’ by 
pigment-free epidermal cells (Fig. 10). These results are 
clearly the reverse of those found in dark-adapted animals. 

Our investigations indicate that there is a direct rela- 
tionship between the distribution of melanin granules 
within melanocytes and the rate of melanogenesis. The 
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Fig. 1. Photomicrographs of the ‘epidermal melanin units’ of frog (Rana 


pipiens) epidermis: A, Little functional overlap among ‘epidermal 

melanin units’ in skin adapted to a neutral background; B, ‘black- 

adapted’ skin with ‘epidermal melanin units’ exhibiting functional 

overlap; C, ‘white-adapted’ skin illustrating perinuclear aggregation of 

melanin granules within melanocytes and absence of functional overlap 
among ‘epidermal melanin units’ ( x 600) 
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dispersion of melamn granules within melanocytes is 
associated with a high rate of melanogenesis and release 
of melanin granules for transport by epidermal cells. 
The aggregation of melanin granules within epidermal 
melanocytes is associated with a lower rate of melano- 
genesis and little transport of melanin granules within 
epidermal cells. The patterns of melanin transport 
within the epidermis suggest an intermediate rate 
of melanogenesis waere there is partial dispersion of 
melanin granules, Thus, it is possible that the hormones 
which regulate the distribution of melanin granules 
within melanocytes may also regulate melanogenesis. 
This finding confirms the earlier suggestion of Babak* 
that morphological colour change (quantity of pigment) 
in vertebrates is of necessity dependent on physio- 
logical colour change (distribution of pigment). The 
dispersion of melanin granules by hormones increases 
the opportunity for transfer of melanin granules to epider- 
mal cells. Therefore, the rate at which melanin granules 
are carried away from melanocytes may also be a decisive 
factor in determining the rate at which they are synthe- 
sized. It remains >o be established whether hormones 
act directly on the melanocyte or indirectly through the 
epidermal cells among which the melanocyte resides. 

Lerner and co-workers’ have postulated that hormones 
may influence melamogenesis within mammalian melano- 
cytes by initial act-ons on the intracellular distribution 
of melanin granules. The rapid darkening of human 
subjects treated with melanocyte-stimulating hormone 
suggests that the dispersion of melanin granules within 
melanocytes may precede the onset of new melanin 
formation’. Snell?®, in a number of recent publicetions 
on mammalian pigmentation, has provided cytological 
evidence on the action of certain hormones on melanocyte 
morphology, melanin synthesis, and the release of melanin 
granules to surrounding malpighian cells. Snell has 
suggested that mammalian epidermal melanocytes react 
to these hormones in a manner similar to the dermal 
melanophores of anwhibians. At present, there is no clear 
evidence that hormenes bring about a reversible mobiliza- 
tion of melanin graaules within mammalian melanocytes. 
The findings in amphibians reported herein suggest that 
such an action may well be demonstrated and indicate 
the importance of further work in this area. 

Traditionally, the term melanophore has been used to 
designate a pigment-retaining cell with the capacity to 
disperse or aggregate its melanin granules’'. The term 
melanocyte has generally been restricted to the neural 
crest-derived, melanin-forming cells of mammals and birds; 
melanocytes frequently secrete melanin granules into 
surrounding cells aad until recently have been considered 
to lack ‘melanophore action’. The ‘epidermal melano- 
cytes’ of amphibians possess both capacities and indicate 
the need for a re-examination of this facet of pigment cell 
terminology. The vertebrate ‘epidermal melanin unit’ is 
a useful addition to pigment cell nomenclature and 
should lead to new light being shed on the integrated 
action of the diverse cell types associated with integu- 
mentary coloration. 

This work was supported in part by a Public Health 
Service grant from the National Cancer Institute and a 
training grant fram the Division of General Medical 
Sciences, U.S. Pudlie Health Service. 
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INTRA-CELLULAR SITE OF EPIDERMAL KERATIN SYNTHESIS 


By Dr. G. C. PRIESTLEY and Dr. P. T. SPEAKMAN 


Department of Textile Industries, The University, Leeds, 2 


T present it seems likely that the component mole- 

cules of fibrous proteins are biosynthesized in the 
same way as other proteins, in the sense that they have 
specific amino-acid sequenees and molecular weights’. 
Experiments with many small proteins suggest that 
immediately after synthesis they spontaneously assume 
their native, three-dimensional arrangement?. As a result 
of the relative positions of positively and negatively 
charged, polar and non-polar side-chains, the native 
structure is the most stable in the physiological conditions 
inside or outside the living cell. The native structures of 
the components of fibrous proteins usually involve more 
than one protein molecule, each in a specific configuration 
and a definite position with respect to the others. Ex- 
amples are the three chains of the tropocollagen molecule’, 
the triplet of «-helices forming the protofibril of wool 
keratin’, and the component molecules of myosin®. It is 
difficult to imagine that these native structures arise 
spontaneously when the eomponent molecules come 
together in vivo. In the light of the available evidence of 
the mechanism of fibrous protein synthesis, and the 
preliminary examination of epidermal keratin biosyn- 
thesis described here, we suggest that fibrous proteins 
acquire their native structure at the time of synthesis. 
If the component molecules could be synthesized at the 
same place within the cell, and if the moment of starting 
and the rate of synthesis of the components could be 
controlled, then the native fibrous protein might well 
be the result. Our present experiments are designed to 
discover the intracellular machinery which synthesizes 
epidermal keratin and perhaps gives it its native structure. 
It may be larger and more elaborate than the polyribo- 
somal aggregates found to synthesize small protem 
molecules. 


Epidermal Sub-cellular Particles and Macromolecules 

The skin on the ventral surface of the sheep’s ear is 
relatively free from hair follicles. This makes the separa- 
tion of dermis and epidermis easier and means that our 
examination of epidermal keratin synthesis is not con- 
fused by concurrent hair keratin synthesis. After the 
animals were killed about ten ears were kept in ice for 
about 2 h. The ears were cleaned with mild detergent, 
0-5 per cent sodium deoxycholate (DOC) at room tempera- 
ture, or wiped with cotton wool soaked with ether. 
Slivers of epidermis plus some dermis were cut with a 
razor and floated, epidermis upwards, on 0:01 per cent 
trypsin (Seravac Laboratories, once crystallized) in 
isotonic buffer (Oxoid ‘Dulbeceo 4’) adjusted to pH 7-8, 
for 30-45 min at room temperature. After this time the 
epidermis could be separated from the dermis, which was 
rejected, and washed in isotonie buffer. This and sub- 
sequent operations were carried out at 0° C. The epidermal 
preparation consists of dividing cells, which are the 
lowest layer, cells filling with epidermal keratin fibrils, 
and the fully hardened stratum corneum’. The prepara- 

OTL hed quickly in hypotonic buffer (107 M 
ethyDaminomethane (iris), 10-* M potassium 








ck le, 15x 10-? M magnesium chloride, pH 7-4) (ref. 7) 
and then allowed to swell for 5 min in 1:5 ml. of the same 
buffer. The preparation was homogenized by three stokes 


of the loose pestle and one of the tight in a Dounce homo- 


genizer, and then centrifuged for 5 min at 1,250g to remove 
unbroken cells and tissue. The supernatant was made 
0-5 per cent in DOC to remove ribosomes and ribosomal 
aggregates from the smal] amount of endoplasmic retieu- — , 


lum in epidermal cells, and if possible to prevent. them 
from adhering to lipid droplets which contaminate’ the 
preparation. Fig. 1 shows the schlieren pattern 10 min 
after this supernatant from slow centrifugation had 
reached 50,740 r.p.m. in the Spinco model E- ultra- 
centrifuge. The pattern shows, from left to right, the 
lipid layer at the meniscus, a sharp peak due to epidermal 
macromolecules, proteins and nucleic acids, and then _ 
two small peaks caused by ribosomal sub-units and: 

sharper single ribosome peak. = 





Characterization of Ribosomes E 
The sedimentation coefficients of ribosomes and ribo- 
somal sub-units are affected by the presence of maero- ` 
molecules which alter the viscosity of the solution, and 
by temperature. Ribosomes and sub-units were prepared 
free from contaminating macromolecules by a method 
used by Earl and Korner’. All operations were carried 
out at 0° C. Epidermis was prepared as before, and washed 
three times by decantation after slow centrifugation with 
0-2 M sucrose, 0-05 M tris, 0-005 M magnesium acetate 
adjusted to pH 7:6. The preparation was homogenized _ 
in the same buffer by five strokes of the loose pestle, and — 
the homogenate was centrifuged for 10 min at 11,0009 _ 
in a Spinco SW39 swinging bucket rotor in order to 
remove unbroken cells and tissue, nuclei, mitochondria 
and membranes. DOC was added to a final concentration 
of 0-5 per cent, and 4-25 ml. of this supernatant were 
carefully layered on to 5 ml. of a buffered, strong sucrose 
solution (1-0 M sucrose, 0-02 M tris, 0-1 M potassium 
chloride, 0-04 M sodium chloride, 0-005 M magnesium 
acetate, pH 7-6). Ultracentrifugation im a model E, 
C rotor at 105,000g for 4 h caused the ribosomes and. 
sub-units to sediment through the lower, strong sucrose —. 
solution, while the macromolecules remained in the upper 
layer. The upper layer was removed using a Pasteur — 











Fig. 1. Cell-free preparation from epidermis: schlieren pattern 10 min i 
after reaching 50,740 rpam. Bar gugie, 46°; 4° C. Sedimentation left to 
right 
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Then the lower layer was removed, and the 
^ pellet gently washed with an approximately isotonic 
buffer (0-02 M tris, 0-1 M potassium chloride, 0-04 M 
sodium chloride, 0-005 M magnesium acetate, pH 7-6) and 
re-suspended in the same buffer by carefully and repeatedly 
filling and emptying a hypodermic syringe with the solu- 
tion. Ultracentrifugation in an analytical cell at 37,020 
rp.m. at two low concentrations of ribosomes allowed 
measurement of the sedimentation coefficients at 20° C, 
and s° was calculated assuming 1/s is proportional to con- 
centration. The result, s? = 74 Svedberg units, is con- 
sistent with other mammalian ribosomes. 
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Incorporation Experiment 


Epidermis was prepared as before and washed four 
times in isotonic buffer to remove trypsin. The pieces 
were then incubated at 37° C m 10 ml. Glaxo tissue culture 
medium 199 for about 30 min. The preparation was 
concentrated into about 1 ml. of medium by centri- 
fugation at 1,250g for 2 min. Then, still at 37° ©, 30 uc. 
of a carbon-14 labelled mixture of amino-acids (protein 
hydrolysate-“4C from Chlorella vulgaris, Radiochemical 
Centre, Amersham) were added ın 0-3 ml. isotonic buffer. 
After 1 min excess cold isotonic buffer was added to stop 
amino-acid incorporation and to wash off excess labelled 
amino-acids. All subsequent operations were carried ont 
at 0° C. Washing was repeated three times. The prepara- 
tion was then washed quickly in hypotonic buffer, allowed 
to swell 5 min in the same buffer, and then homogenized 
in 2-5 ml. of the buffer. The homogenate was centrifuged 
5 min at 1,250g, DOC was added, and 1 ml. was layered 
on to a 25 ml. linear sucrose gradient, 5-20 per cent sucrose 
dissolved in hypotonic buffer, in a cellulose nitrate tube. 
A. further 1 ml. of the supernatant from homogenization 
was treated with 1 ug. ribonuclease (B.D.H.) for 10 min 
at 0° C, and layered on to a second gradient. After 
centrifugation for 90 min at 24,000 r.p.m. Spinco model 
L-2, SW25 rotor, the tubes were punctured with a 
hypodermic needle, and fifty-drop (about I ml.) fractions 
were collected. The fractions were diluted to 3 ml. and 
their optical densities were measured at 260 my using 
a Unicam SP500 spectrophotometer. Carrier protein 
(0-25 mg egg albumen in 0-5 ml. 4 N potassium hydroxide) 
was added to each fraction, and after 10 min the fractions 
were made 5 per cent in trichloroacetic acid ın order to 
precipitate the protein. The precipitates were filtered off 
on ‘Millipore’ filters, the filter papers gummed to planchets, 
and the radioactivity of each fraction was measured using 
an end-window Geiger—Miiller counter (Ericsson Tele- 
phones, Ltd.). Fig. 2 shows the result of the experiment 
without added ribonuclease. The optical density peak 
at about fraction 21, due to single ribosomes, had little 
radioactivity associated with it. In neither the optical 
density nor the counts per minute curves is there evidence 
of small polyribosomal aggregates usually found in rapidly 
dividing cells or in cells synthesizing small protein mole- 
cules. After 90-min centrifugation at 24,000 rp.m. an 
aggregate of five ribosomes would be expected to appear 
in about fraction 10. The pellet was washed from the 
bottom of the cellulose nitrate tube; as before, carrier 
protein in potassium hydroxide was added, and total 
protein was precipitated by trichloroacetic acid. On a 
‘Millipore’ filter the count of this precipitate was 365 per 
min. At present we are trying to discover the signifi- 
cance of the radioactivity in the pellet (i) by investigating 
the effect on ıt of different tumes and speeds of centri- 
fugation of the supernatant from homogenization before 
layering on to the sucrose gradient; (1) by collecting the 
pellet on a cushion of concentrated sucrose at the bottom 
of the sucrose gradient? instead of washing it from the 
tube; (11) by fractionation of the pellet on sucrose gradients 
at lower speeds and for shorter times. When ribonuclease 
is added to the homogenate before density gradient 
centrifugation it has little effect on the result shown in 
Fig. 2 or on the radioactivity found in the pellet. 
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Fig. 2. Optical density and radioactivity of fractions from density 
gradient centrifugation cf a homogenate from epidermis which had been 
incubated with carbon-14-labelled amimo-acids 


Discussion 


The active units :n the reticulocyte cell cytoplasm for 
the synthesis of heemoglobin sub-units are aggregates 
of four, five, or six ribosomes linked by a messenger-RNA. 
strand’, In rapidly dividing cells, for example fibroblasts 
in culture dividing to form a monolayer on glass, similar 
small polyribosomal aggregates are the site of protein 
synthesis!!?, When the monolayer ıs complete, and rapid 
cel] division has ceased, protem synthesis continues and 
the main product is now probably collagen!?. Poly- 
ribosomes can no bnger be detected in the cell homo- 
genates. In vivo experiments confirm that collagen is not 
formed at small palyribosomal aggregates, but in sub- 
cellular fractions with s-values greater than 400, which are 
insensitive to ribonuclease treatment?®. In adult rat 
heart, muscle, small polysomes have been shown to be the 
site of protein synthesis’. However, the synthesis of 
heart muscle protein in chick embryo appears to be 
similar to collagen synthesis. Small polysomes are not 
detected; protein synthesis appears to occur in large 
ribonucleoprotein complexes which are disrupted by 
proteolytic enzymes’. 

There 1s evidence, therefore, that the fibrous proteins 
of muscle and collagen may be synthesized at large 
ribonucleoprotein complexes. We suggest that the native 
structure of fibrous proteins may arise as a result of con- 
current synthesis of more than one polypeptide chain at 
these complexes. We are continuing to investigate the 
possibility that epidermal keratin may also be syn- 
thesized at a large ribonucleoprotein complex. 

This work is supported by the International Wool 
Secretariat and the Wool Textile Research Council. 
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LETTERS TO 


ASTRONOMY 


Evidence that the Dark Areas on Mars are 
Elevated Mountain Ranges 


In the communication under the above title’, Dr. 
Wells makes a good point in reference to Lowell’s con- 
clusion regarding Martian topography. It agrees in 
part with the phenomena I have often observed, namely, 
that the migration of portions of some maria and gradual 
shading off of some low-cloud or frost areas implies very 
gradual slopes?. But even in the case of abrupt topo- 
graphic differences, I think Lowell was over-optimistic 
in his value of 2,500 ft. It must be remembered that the 
maximum phase occurs at about twice the oppositional 
distance. At that time the terrain slopes away from the 
observer at about 45°. Furthermore, the colour contrasts 
of both maria and deserts show a marked drop at about 
half the radius from the centre of the planet’s disk, 
apparently from the Martian atmosphere. There is also 
the troublesome factor of irradiation. Mars has some 
twilight effects, further lessening the contrast. The total 
of these effects and the limitation of detail under the best 
‘seeing conditions’ makes an abrupt topographic difference 
of 20,000 ft. or less impossible to detect. 

I cannot reconcile the statement that the dark areas are 
elevated land. On the contrary, our observations show 
that the formation of localized clouds on Mars is a common 
occurrence, not a rare one. Many desert areas behave this 
way, such as: Elysium, Hellas, Isidis-Neith, Aeria, Edom, 
Nix Tanaica, Nix Olympica, Ogygis, and some other 
‘islands in the south’. In addition, there are some other 
areas exhibiting less whiteness and persistence. Meteoro- 
logically, the aforenamed regions must be the high-eleva- 
tion areas and this is the basis for my topographic mapping 
of Martian desert-relief. The white areas strongly avoid 
the maria. Radiometric measurements show the maria 
to be warmer, which could be due to lower reflective power 
alone, but it is of the right sign to favour lower topo- 
graphic altitude. The temperatures of our dark mountain 
forests are certainly lower than those of the brighter 
lowlands. 

Recently, I presented evidence for the absence of folded 
mountain ranges on Mars®. Such mountains are of geo- 
synclinal origin, in which erosional sediments are deposited 
into sedimentary rocks. There are good reasons why such 
conditions never prevail on Mars. On the other hand, 
the desert areas which are observed to whiten must 
represent plateaux. While most of these are round or oval 
in outline, at least two (Elysium and eastern Aeria) are 
definitely angular, suggesting fault-block terrain. 

The relatively small number of minute white spots sug- 
gests that volcanism has operated on a much lesser scale 
than on the Earth. To my mind, and as I suggested in 
1950, the round dark oases represent asteroid impact 
oraters, which are much more numerous than the small 
white spots’. Fifteen years later this was confirmed by 
the Mariner 4 pictures. 


Cryo W. TOMBAUGH 


New Mexico State University Observatory, 
Box Y, University Park, 
New Mexico. 
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THE EDITOR 


Dr. TOMBAUGH’s communication raises some interesting 
points about the topography of Mars. In view of the 
brevity of my earlier communication! I could only mention 
the most salient features of the proposed model for the 
dark maria. A more detailed discussion is now in prepara- 
tion for publication. 

One can scarcely doubt the rarity of Martian cloud 
phenomena if a comparison is made with some standard, 
say, one week’s cloud occurrence on Earth. It 1s of inter- 
est to note that only one possible indication of the presence 
of a cloud was recorded by Mariner 4 although, admittedly, 
less than 1 per cent of the Martian surface was photo- 
graphed. 

Furthermore, the phenomena in the desert areas to 
which Dr. Tombaugh refers are quite different from those 
I gave as examples of lee-wave clouds. He has listed 
areas of possible hoar frost deposits on the surface which 
could imply elevated plateaux. (In my previous report 
I gave one example each of a possible mountain and 
plateau revealed by surface deposits of snow or hoar 
frost.) It is questionable that these areas participate in 
surface frost formation as frequently as has been observed. 
A powerful means of distinguishing between surface hoar 
frost and white clouds is by use of the polarimeter. For 
the past decade such observations at the Pic-du-Midi 
and Meudon have revealed that atmospheric clouds are 
as frequent a cause of brightening, particularly in the 
equatorial regions mentioned. The few instances that 
Dr. Tombaugh and others? have mentioned need not, of 
course, imply that all the bright areas (nearly three-quarters 
of Mars is bright desert area) are elevated. Since dust 
storms are considerably widespread occurrences, it would 
seem more natural that low areas would be dust covered 
and bright. Hence if the dark maria are depressions, 
why do they exhibit themselves at all? One would think 
that they would have been filled with dust and obliterated 
long ago. Application of Opik’s® ‘rejuvenation’ theory at 
this point would find even more stringent demands. 

Figs. 29-31 of a recent publication by Dollfur* show the 
initial developments of the great dust storm of 1956. The 
dust clouds formed and spread along the bright regions 
between the dark maria without transgressing the bound- 
aries, Later, of course, most of the maria became envel- 
oped in some of the dust clouds. This phenomenon is 
certainly not consistent with the maria as depressions. . 

It may be that Dr. Tombaugh’s “white areas strongly 
avoid the maria”, but the white clouds (atmospheric 
phenomena) to which I have referred behave otherwise. 
They form at the interface of a bright and dark area, 
although they remain over the bright region and do not 
seem to penetrate the boundary into the mare. It was 
this peculiar ‘stabilization’ that caused me to suggest 
the similarity to lee-wave clouds on Earth. These Martian 
clouds are stationary but not unduly persistent, dissolving 
after several hours to re-form again the next day. One of 
the finest examples of these phenomena is depicted in 
Plates 33 and 34 in an article by- Dollfus®, where he 
describes them as: ‘‘.. . of the same nature as the bright 
formations observed at the top of the mountains surround- 
ing the polar cap... and are probably also due to surface 
elevations”. The bright formations in the polar regions 
to which Dollfus refers are “. . . bright, small clouds 
[which] appear in late spring each day at the same loca- 
tions’, - 

In view of the mounting interest in the wind-blown 
formation theory of the dark maria beginning with 
McLaughlin’, amended by Kuiper®, and re-modelled by 
Rea’, it appears that the interpretation of the dark maria 
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as elevations is finding increasing favour. At a recent 
symposium?*, Rea stated: “. . . the idea that the dark 
areas are depressed I find difficult to accept. Specifically, 
I know of no good evidence suggesting the dark areas arc 
depressed’. 

The radiometric measurements mentioned by Dr. 
Tombaugh are worth considering; nevertheless, the 
difference in temperatures between the dark and bright 
areas is what would be expected on the basis of albedo 
differences alone provided, of course, that the thermal 
inertia, of both regions is low and of comparable magni- 
tude. The evidence derived chiefly from Sinton’s" scans is 
still somewhat tenuous since they were averages of a few 
observations and not throughout an entire Martian 
year. Hence, it is not definitely known whether the dark 
areas maintain their higher temperatures over the com- 
plete Martian orbit or merely during the interval at 
oppositional passage. Observational bias would naturally 
disappear if the data extended over enough oppositions to 
make a statistically complete orbit. 

Finally, I did not suggest any mechanism of mountain 
formation on Mars. To what extent crustal folding did 
or did not play a part does not preclude the existence of 
mountains. There are a considerable number of tectonic 
mountain ranges on the Moon. 

To conclude, I find it strange that Dr. Tombaugh can- 
not believe the dark areas to be elevated when he himself 
states: ‘‘. .. the migration of portions of some maria... 
inoplies very gradual slopes”. One can see that the nature 
of the topography of Mars is for the present of a highly 
speculative character and will remain so until the advent 
of orbiting reconnaissance probes. 
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The Radio Source Cassiopeia A 


Tam high-resolution observations of the radio source 
Cassiopeia A by Ryle, Elsmore and Neville! show for the 
first time details of the structure of the source that suggest 
an interpretation of a feature of the nebulosity connected 
with the source the significance of which was not clear. 
The nebulosity is essentially a circular shell with an outer 
radius of 2-0 min of arc, but it shows a flare in position 
angle 70° that extends to a distance of about 3-8 min of 
arc from the centre’. The long streaks of nebulosity 
plotted by Ryle et al. at the east side of the source (g = 
23h 21m 21s; 8 = + 58° 33°5’ and «a = 23h 21m 3l1s; 
§ = + 58° 33-1’) are the brightest features of the flare. 
They and the fainter details of the flare extend radially 
while the features of the shell show no strongly preferential 
direction. 

The diffuse fast-moving condensations that form the 
shell are all inside of the shell shown by the source. The 
only filament plotted by Ryle et al. on the outer edge of 
the radio shell (x = 23h 21m 0s; 8 = + 58° 31:1’) doos 
not belong to the expanding shell, but is one of the semi- 
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stationary filaments. The only part of the expanding 
nebulosity that extends beyond the radio shell is the flare; 
its outward motion islarge, as one would expect, but could 
not be measured because all details are quite diffuse and 
change their shape rapidly. Relatively small negative 
radial velocities show that the flare moves in a direction 
at an angle of about 80° from the direction of vision, 
almost in the plane cf the sky. 

The contour map cf the source shows a gap in the radio 
shell exactly comcident with the flare. If the shell 
structure of the source results from the compression of the 
surrounding interstellar medium by the expanding 
material, both the gap and the flare can be interpreted as 
due to locally very low interstellar density. Ifthe material 
ejected in the direct-on of the flare encounters very low 
density only, compression will be negligible and the 
ejected material will move outward with negligible de- 
celeration. 

Two models are tc be considered for the interpretation 
of the nebulosity: a) one shell was ejected with high 
velocity which still persists almost unchanged in the flare 
while the rest of the nebulosity has been slowed down to 
its present velocity of expansion; (b) two shells with 
different velocities were ejected. The flare is a surviving 
part of a shell of material ejected with high velocity. 
In all other directions, this shell has encountered inter- 
stellar material of higher density, has compressed it and 
thus has formed the radio shell. A second shell of material 
ejected with lower velocity has followed the fast shell 
which has swept up the interstellar material so that the 
slow shell moves without deceleration. The circular 
shell of the nebulostsy is the result of the slow ejection; 
its velocity of expsnsion has remained essentially un- 
changed. 

Model (a) requires that the circular nebulosity has been 
slowed down considerably. In that case the age of 256 
years estimated on the assumption of constant velocity of 
expansion® is too high. To explore the size of the error, 
we assume that the velocity v, of the decelerated shell of 
radius r decreases £s: 


Vs = Vof(l + bri) 
Integration gives: 
vat = re + b(n + 1) (2) 


The original velocity, still shown by the flare, is v. If 
rs is the radial extent of the flare, T' = rrjv, is the true 
age; t = Tsju is ths age determined on the assumption 
of expansion with constant velocity. Elimination of 6 
from equations (1) and (2) leads to: 


r = Tilin + 1) — nreirs] (3) 


For the simple modal of a shell slowed down by sweeping 
up of interstellar material of constant density with con- 
servation of momertum’“, n equals 3 and the true age 
required by model (2) is then 110 years. The distance of 
3,400 p.s.c., determined from the present velocity of 
expansion and transversal motion of the circular nebulos- 
ity, remains uncharged and stays in agreement with the 
observations of the 21 cm-absorption lines. The velocity 
of expansion of tke flare, assumed to bo the original 
velocity of all ejected matter, becomes 34,000 km/sec. 
A velocity of this order has not been observed in any 
supernova; it seems excessive and makes the one-shell 
model (a) unattract-ve. 

The two-shell model (b) leads to a more acceptable inter- 
pretation. It admits constant velocity of expansion of the 
circular shell. The age of 256 years remains valid, the 
velocity of expansion of the slow shell is 7,400 km/sec 
and the velocity of expansion of the fast shell becomes 
14,500 km/sec, comparable to the velocity of expansion 
of 12,000 km/sec observed in the supernova in NGC 4303 
(1961) (ref. 5). 

This supernova is an unusual object. It is clearly not a 
supernova of typeI. It has some similarities to supernova 
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of type II, but differs so much from typical supernovae 
of that type that Zwicky’ suggests that it is a supernova 
of a new type III. Its early spectrum is continuous and 
blue, as are the spectra of type II supernovae, but it 
remains in this phase for several weeks, much longer than 
supernovae of type II. The decline of the light from the 
maximum is much slower than in supernovae of type II, 
and the levelling-off of the light curve, shown by most 
supernovae of type II, occurs much later and after a 
much greater decline. The line spectrum that eventually 
emerges is similar to that of supernovae of type II, except 
for the much larger velocity of ejection. The slow initial 
changes of light and spectrum suggest that the ejected 
mass is much larger than that ejected by supernovae of 
type II. No information is available on the detailed 
structure of the emission lines; it is thus not possible to 
judge whether more than one shell was ejected. In some 
supernovae of type IT, multiple absorption Imes show the 
presence of two or three shells. 

The information now aveilable on the structure of the 
source and of the nebulosity seems to be consistent with 
the interpretation that the two-shell model (b) is acceptable 
and that Cassiopeia A is the remnant of an unusual super- 
nova similar to the supernova in NGC 4303 (1961) rather 
than the remnant of a typical supernova of type II, 
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COSMOLOGY 
Why is the Sky Dark at Night ? 


Bonp? has pointed out that with certain very general 
assumptions, notably the cosmological principle, 1t can be 
inferred from the observed darkness of the night sky that 
the universe is either young or expanding. Harrison? has 
discussed the same question from a somewhat different 
point of view. He considered evolving world models 
populated by stars of fixed luminosity and finite age and 
concluded that “‘the night sky is dark simply because the 
stars are so widely separated from each other...; ... the 
radiation level is affected only in a comparatively slight 
way by whether the universe 1s expanding or contract- 
ing... ”. Although Harrison’s argument is mathematic- 
ally correct, his models are somewhat unrealistic. The 
present communication shows that the darkness of the 
night sky actually has a number of distinct causes, among 
which the one given by Harrison may not be especially 
important. 

It can be shown that the density of radiation ın a uniform 
and uniformly expanding universe of zero spatial curvature 
ıs given in the grey-body approximation (absorption 
coefficient independent of frequency) by the formula 

bo fa 


E, = fesas ai | z E2 j(t)at + By =) (1) 
i 


where Æ, represents the mean energy density of radiation, 
S(t) is the cosmic scale factor, j(¢) 1s the volume emission 
coefficient (integrated over frequency) and 7 is the inverse 
absorption probability per unit time, assumed to be inde- 
pendent of frequency. The suffixes 0 and 2 refer respec- 
tively to the present epoch and to an arbitrary ‘:nitial’ 
epoch. The integral in equation (1) has the following 
interpretation. In the absence of absorption, the density 
of radiation emitted during the time interval (t, + dż) 
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would have been reduced at time ta by the factor (S/S,)*, 
owing to dilution resulting from the cosmic expansion and -~ 
to the redshift. The exponential factor represents the 
probability that a photon emitted at time $ will survive 
until time é,. The second term on the right side of (1) 
comes from the initial radiation field. 

In @ static universe, S, 7, and 7+ are all constant. and 
we have: 


E,* = Ey [ae Ki; ed Fo t(1 a e-Tit), 7 = bo = li (2) 


When T < ~, E = jT. When T > 1, E, = jr, which i8 
Olbers’s result, since in a universe populated by stars, 
t = (noc)-1, where n is the number density of stars and 
c is the geometrical cross-section of a star; thus in this 
case E, = Es, the radiant energy density at the surface’ 
of a star. 

In a steady-state universe tł; = — 0, S; = 0, Jj andr 
are constants. S(t) = exp (t/T), and we may set ft, = 0. 
We then have: 


4 \q-2 
Bo= dol n+ =| 


If T € +, Hy = 1/4 gf. 
Olbers’s result, Hy) = jt. 

Finally, in an evolving universe, 4; = 0, S ~ ^” as 
¿—> 0, and E8: — constant as t,->0. In the model 
discussed by Harmson’®, j ~ n ~ S and t ~ n> ~ D. 
Since 5S is an increasing function of ¢, it 1s clear that under 
these assumptions the major contribution to the integral 
in (1) comes from values of ¢ not very different from te- 
Thus, as Harrison emphasized, this case is qualitatively 
similar to the static case. But the assumption that the 
ratio of luminosity to mass is constant in an evolving 
universe is highly artificial. Both the lifetime and the mass- 
to-luminosity ratio of a star decrease rapidly with increas- 
ing mass. As we go backward in time, we should accord- 
ingly expect to find an ever-increasing proportion of high- 
luminosity stars and hence an ever-increasing value of 
the quantity (7S*). If this quantity were to increase faster 
with decreasing t than S-(t), the qualitative similarity 
between the evolving case and the static case would be 
destroyed. 

For sufficiently small values of ¢, a nearly uniform 
distribution of fully or partially 1onized gas must prevail. 
The dominant contribution to the emission coefficient 7 
will then be from free—free emission, so that 7 ~ n? ~ S°. 
This emission has been studied in detail by Miss Kaufman’. 
At radio wave-lengths it contributes much more to the 
background sky brightness than does stellar radiation. 
It can easily be found that the contribution to the back- 
ground radiation density from free—free emission 18 given. 
in the grey-body approximation by: 

E, (free—free) == T (4) (81/8o)4717, (4) 
where the suffix 1 refers to the epoch at which the charac- 
istic absorption time r is just equal to the age of the 
universe: 


(3) 


If 7S t, we agam recover 


T = tt) = 4 (5) 


Formula (4) shows that the brightness of the night sky 1s 
finite for the reason given by Olbers: the radiating 
material is opaque, whence the factor j,7,. The night sky 
is dark because of the expansion, which is responsible for 
the factor (S,/S,)*. 

To sum up: the intensity of the background radiation 
field is limited by quite distinct physical effects in the 
three cosmologies considered here. In a static universe 
1t 1s lmmited (under present conditions) by the finite life- 
time of the stars. In a steady-state universe the darkness 
of the night sky is a direct consequence of the cosmic 
expansion. In an evolving universe, the situation is more 
complex. The stellar contribution to the background 
radiation field is limited in part by the finite lifetimes of 
sters and in part by the cosmic expansion. At radio 
wave-lengths, free—free emission at an early stage in the 
cosmic expansion may be the most important contributor. 


$ 
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The intensity of this radiation is lumated partly by opacity 
and partly by the cosmic expansion. In addition, a 
vestigial radiation field, represented by the second term 
on the right side of (1), may be present. Arguments in 
favour of such a field have appeared in the recent 
hterature. 

This work has been supported ın part by the National 
Science Foundation. 

DAVID LAYZER 


Harvard College Observatory, 
Cambridge, Massachusetts. 


1 Bondi, H., Cosmology (University Press, Cambridge, 1952). 
4 B E. R , Nature, 204, 271 (1965); Mon. Not. Roy. Astro Soc ,181,1 


+ Kaufman, M., Nature, 207, 736 (1965). 
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GEOPHYSICS 


Collision-induced Absorption in the Earth’s 
Atmosphere 


Mosr of the absorption which occurs in the atmosphere 
in the infra-red region is due to the minor constituents 
such as water-vapour, carbon dioxide and ozone. The 
major constituents oxygen and nitrogen possess no dipole 
moment so that their vibrational and rotational energy 
states cannot be excited directly by absorption of radia- 
tion. However, dipole moments are induced during col- 
lision processes; transitions due to these can be seen in 
very long absorbing paths such as are present in the 
atmosphere. This report shows that absorption in the 
solar spectrum near 4'2y is due to collision-induced absorp- 
tion by nitrogen, and presents a short discussion of the 
importance of the rotational collision-induced bands of 
oxygen and nitrogen ‘in the radiation budget of the 
atmosphere. 

Wulhamson and Houghton! considered collision-induced 
absorption in the atmosphere and showed that, providing 
temperature variation of the absorption coefficient can 
be neglected, the transmission + of a slant path at zenith 
angle 0 extending from the top of the atmosphere down 
to the level where the pressure is p atmospheres (1 atmo- 
sphere = 10° dyne cm-*) is: 


= exp (1 sec ĝ 





where k is the absorption coefficient expressed in ecm- 
(atm.)-*, c is the volume fraction of the absorbing gas 
present in the atmosphere (0-8 for nitrogen), and H is the 
atmospheric scale height (+= 8 km), The absorption due to 
collision-induced processes is not only dependent on the 
amount of absorber ın the path, but also on the frequency 
of collisions; the p* term in the exponent arises from 
these two factors. 

The fundamental! vibration frequency of nitrogen les 
at 2,331 cm~ so that the centre of the band is completely 
obscured by the v, band of carbon dioxide centred at 
2,349 em-!. The carbon dioxide band terminates on its 
short wave-length side in the band head at 2,397 cm~ and 
it is therefore possible that, if the nitrogen band is suffici- 
ently broad, absorption due to it will be seen at a higher 
frequency than 2,397 cm-t. The solar observations sum- 
marized by Farmer and Todd? and the horizontal path 
measurements of Berry, Farmer and Lloyd?! show that 
there is some absorption there which has not been ac- 
counted for. In order to test whether in fact this is the 
case, some measurements on synthetic nitrogen and carbon 
dioxide atmospheres have been carried out in the labora- 
tory using a 15 m multitraversal sample cell in which path 
lengths of up to 1 km can be obtained. 

Fig. 1 shows a laboratory spectrum. for 720 atm. cm of 
nitrogen containing a small amount of carbon dioxide 
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(0-5 atm. cm). The spectrum was taken at a total pressure 
of I atm. The S-brench of the nitrogen collision-mduced 
band can be clearly seen on the high-frequency side of the 
carbon dioxide band. From a series of measurements 
made on nitrogen at pressures up to 2 atm. the transmit- 
tance + of a path of .ength / was shown to be of the form: 
Tt = exp (—kp’l) 
which is consistent with the ‘pressure squared’ behaviour 
for collision-induced absorption. The absorption co- 
efficients determined from these measurements are in 
good agreement with the values obtained recently by 
Gush‘ and by Reddy and Cho$ at higher pressures. Using 
the coefficients obtained in this way, spectra were computed 
for the conditions of observations which have been made 
in the Earth’s atmosphere. Fig. 2 shows solar spectra 
taken from sea-level (curve A) and from 5:2 km altitude 
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Eig. 1. Laboratory spec-rum of nitrogen with carbon dioxide impurity. 
Nitrogen, 720 atm. cm; carbon dioxide, 05 atm. cm; total pressure 1 atm. 
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(curve B) (p ~ 0-5), together with a horizontal path 
spectrum at 5-2-km altitude (curve C) measured over a 
path of 8 km length (that is, a path containing the same 
number of molecules as a zenith path from the same base 
altitude). It can be seen that there is a significant differ- 
ence in absorption from 2,400 to 2,500 cm~ when all 
the nitrogen present in the atmospheric path is at the base 
altitude pressure (comparing curves A and C). Further- 
more, the increase in the distortion of the shape of the solar 
spectrum produced by the nitrogen, as the base altitude is 
lowered, is also evident (comparing curves A and B). 
The dotted lines indicate the computed contribution to 
absorption by nitrogen under the conditions of the 
two solar spectra. 

The other collision-induced bands which occur in the 
atmosphere are the fundamental vibrational band of 
oxygen at 1,556 cm-', and the rotational bands of oxygen 
and nitrogen which extend downwards in frequency from 
about 300 em-? with their centres at about 100 cm-t. The 
vibrational band of oxygen was observed by Crawford, 
Welsh and Locke’. It is completely obscured by the v, 
band of water-vapour. Jt contributes very slightly to 
radiative exchange in the upper troposphere (see ref. 1). 

The rotational bands have been observed by a number 
of workers, most recently by Bosomworth and Gush?, At 
the wave-length of the atmospheric window at 29 em- 
(see ref. 8), they account for 22 per cent absorption in a 
vertical path of atmosphere from sea-level; this is almost 
entirely due to nitrogen. Otherwise, so far as the lower 
atmosphere is concerned, they are completely obscured 
by the rotational band of water-vapour. If the water- 
vapour content higher in the troposphere is very low, these 
rotational bands can have a small effect on the radiative 
budget, adding to the radiative cooling there by up to 
0-1° C day-! at 500 mbars and 0-03° C day-! at 200 mbars. 

We thank Mr. T. M. McCormick and Mr. J. B. A. Selby 
(E.M.I. Electronics, Ltd.) for assistance with the measure- 
ments and computations described here. 


C. B. Farmer 


Infra-Red Research Department, 
E.M.I. Electronics, Ltd., 
Feltham, Middlesex. 


J. T. Houcrron 


Clarendon Laboratory, 
University of Oxford. 
1 wee E. J., and Houghton, J. T., Quart. J. R Met Soc., 91, 330 
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t Gush, H. P. (personal communicstion). 

5 Reddy, S. P., and Cho, C. W., Canad. J. Phys., 48, 2331 (1965) 

* Crawford, M. F., Welsh, H. L., and Locke, J. L., Phys. Rev., 75, 1607 (1949). 
7 Bosomworth, D. P , and Gush, H. P., Canad. J. Phys., 48, 729 (1965). 

* Farmer, ©, B , and Key, P. J., App. Opt , 4, 1051 (1965) 


Correlation of Dust and Ozone in the 
Stratosphere 


Tu vertical distribution of dust and ozone was meas- 
ured on a series of five balloon flights over Minneapolis, 
Minnesota. The ozone detector was of the chemilumin- 
escent variety, while the dust detector was a modified 
version of the one described previously by Rosen!. Both 
detectors were flown on the same balloon but were elec- 
trically and mechanically separated. 

The results show that above the dust maximum (5 km 
above the tropopause) there is apparently no appreciable 
correlation of dust and ozone; that is, the ozone profile 
can have considerable structure, but the dust profile is 
always relatively smooth. A thin dust layer of significant 
concentration was never observed in this region. Pittock? 
has described a persistent dip on the ozone concentration 
at 2] km and suggested that it was due to the destruction 
of ozone by a thin volcanic dust cloud. Such an explana- 
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Fig. 1. The dust and ozone distribution over Minneapolis, Minnesota, 
on December 22, 1965. The dust concentration refers to particles larger 
than 0:25 in diameter 


tion seems rather unlikely in view of experimental evid- 
ence. 

The region between the dust maximum and the tropo- 
pause is characterized by layers rich in both dust and 
ozone. An example of this phenomenon is shown in 
Fig. 1. These layers were named ozone rivers by Kroening 
and Ney’ before it was known that they also contain dust. 
The life of these rivers is probably much too short for the 
dust to have any noticeable effect on the ozone concen- 
tration. 

I thank John Kroening for use of his ozone data before 
publication. This work was supported by the Office of 
Naval Research. 

JAMES M. Rosen 


School of Physics and Astronomy, 
University of Minnesota, 
Minneapolis, Minnesota. 
1 Rosen, J. M., J. Geophys. Res., 59, 4673 (1964). 
2 Pittock, A. B., Nature, 207, 182 (1965). 
* Kroening, J. L., and Ney, E. P., J. Geophys Res , 67 1867 (1962), 


PHYSICS 


Airborne Observations of Natural Radioactivity 


UNDER the above title Warburton, Fookes and 
Watt? have described some measurements performed in 
June 1959 in Austraha with a scintillation detector at 
altitudes up to 3-6 km. The day-to-day variations found 
by the authors “were surprisingly large and were found 
to occur mainly in the atmosphere between the ground 
and temperature inversion layers’. They concluded that 
it was probably mainly radon and its decay products 
which were detected and attributed their y-counting to the 
y-rays from lead-214 and bismuth-214, estimating that a 
record of 8 c/s corresponds to 10-0 ¢./em® of radon of a 
uniform concentration. 

I should like to direct attention to the following two 
pomts: (1) the reaction of the probe by Warburton et al. 
on cosmic rays; (2) the results of the direct determination 
of the radon content of free atmosphere at different alti- 
tudes made as early as 1928 by Wigand and Wenk?. In 
fact the curves produced by Warburton et al. for the count 
rate versus altitude have an almost identical course from 
2-5 km upwards which agrees fairly well with the assump- 
tion that at these heights the probe used registers mainly 
the cosmic rays. This conclusion is corroborated by the 
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results of Wigand and Wenk who found the following 
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@ range of values in a series of ee measurements: 


IE 


adon content 
Altitude (kin) Raion c. jcm?) 
0 35-1 5 428-28 
20 -23 0-24 


The regular course of the curves reproduced by War- 
burton et al.! from 2'8 km upwards is in agreement with 
Wigand and Wenk’s finding that practically no radon 
exists above 2-5 km. With regard to their short life-time, 
it is unlikely that lead-214 and bismuth-214 could ascend 
from lower altitudes to those explored by Warburton 
et al. and be detected by scintillation counter. 

The large variations in counting at lower altitudes, and 
mainly under the temperature inversion layers, agree 
with the findings of various authors before the Second 
World War, that at such atmospheric conditions the 
radon content varies erratically and sometimes presents 
exceptionally high values near the inversion layers'. 


F. BRHOUNEK 


Faculty of the Technical and Nuclear Physics, 
Prague 1. 
? Warburton, J. A., Fookes, R. A , and Watt, J. S , Nature, 207, 181 (1965). 
* Wigand, A., and Wenk, F., Ann. d. Phys. (4), 86, 657 (1928). 
> In Compendium of Meteorology, edit. by Malone, T. F., 155 (Boston, 1951) 


On the Combination of an Electron Spin 
Resonance Spectrometer and a Multichannel 
Analyser 


In a recent communication, Kent and Mallard? pointed 
out that the versatility of an electron spin resonance- 
spectromoter can be considerably improved by combining 
it with an analogue digital converter and a commercial 
multichannel analyser as they are commonly used in 
nuclear spectroscopy. We have used a similar piece of 
equipment, and have already presented a preliminary 
report?. The basic technique was introduced by Klein 
and Barton’. It should be noted that any real improve- 
ment is based on the fact that the noise seen in electron 
spin resonance-spectra is not ‘white noise’. That is to 
say that the probability for a certain frequency to occur 
in the noise-spectrum is not equal for all frequencies, 
but is enhanced for lower values’, It is therefore clear 
that no higher sensitivity can be achieved if the time 
constant of the amplifier and the recording time are en- 
hanced above a certain limit being about 100 sec for the 
time-constant*. The sensitivity is restricted, for example, 
by instabilities of the whole equipment. This applies to 
relatively long times of measurement. If the recording 
time is short, a sampling procedure as described by Kent 
and Mallard? is not expected to bring any improvement if 
the time-constant is correctly adjusted. Thus the sub- 
division of one measurement into ten single ones appears to 
offer no advantage and the same result may be obtained by 
Increasing the apparatus time constant or by repeating 
ten times the recording of the whole spectrum at a higher 
speed. The basic law of communication theory, namely, 
that any improvement in signal-to-noise ratio requires 
an Increase in time of measurement, cannot be overcome 
by any of these methods. 

We have used an ‘AHG’-electron spin resonance- 
spectrometer (12-cm magnet) in combination with a 
self-designed analogue-digital converter and a com- 
mercial “Intertechnique’-400-channel analyser. In order 
to ensure correct superposition of the spectra, the start 
of each measuring cycle is triggered by a signal from a 
nuclear magnetic resonance magnetic-field meter, shaped 
by a special circuit, to the flow-time input of the analyser. 
Thus it was possible to superpose more than 1,000 single 
spectra yielding an improvement in signal-to-noise ratio 
by a factor of more than 30. 

In preliminary experiments we were able to detect 
10-7 M Mn?+ in aqueous solution. A more detailed account 
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of our device and tke measurements carried out will be 
published elsewhere. J. KIEFER 


Institute of Biophysics, H. NEUBACHER 
University of Giessen, Germany. 
1 Kent, M., and Mallard, J. R., Nature, 207, 1195 (1965). 
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Electrochemical Methods in Biology, Jena, April 1965 (to be published 
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? Klein, M. P., and Barton, $., W., Paramagnetic Resonance, edit. by Low, W., 
698 (Academic Press, 1363), "Rev. Ser. Instrum., 34, 754 (1963). 
‘Schneider, F. (personal communication). 


We agree in principle with the conclusion of Kiefer 
and Neubacher on tk» multi-sampling method. However, 
this was not the main pomt of our communication— 
this sort of work has been introduced before by Klein and 
Barton; our interest lay mainly in the other versatile 
features that we described. We have, however, some com- 
ment to make, following this note by Kiefer and Neubacher. 
They say that the same result (as the multi-samp)ing 
method) is obtained by (i) increasing the apparatus time 
constant, or by (ii) repeating 10 times the recording of 
the whole spectrum st a higher speed (with single samples 
per channel, and, we presume, with a shorter time constant). 

We assume by (i) that they also mean that the duration 
of the sweep shoulc be increased as the time constant 
has already been se-ected as optimum for the spectrum 
involved and any in2rease in the time constant, without 
a proportionate increase in sweep period, would result in 
distortion of the speztrum. The advantage of this would 
then appear to be obscure since to achieve the same result 
one would need to take a longer time. 

Statement (ii) appears to be merely a reiteration of 
our statement that N sweeps of a spectrum, with 10 
samples of signal and noise per channel per sweep, repre- 
sent 10N faster swæps. We admit our error in failing 
to add the important point that we meant ‘faster sweeps’. 
It has been our experience that, whenever the sensitivity 
of instruments has been in dispute, the contenders fre- 
quently fall into the trap of failing to state all the con- 
ditions under which the sensitivity was measured, such 
as time constant, sweep speed, and so on. It would appear 
that we also have fallen into this trap on this occasion. 

We found on our machine that, as we stated in our 
original communication, interference from 50 c/s ripple 
coherent with the analyser channel periods tended to 
obscure information. so that, if we performed 10N fast 
sweeps, the 50 c/s rinple would be accentuated 10N times, 
whereas by performing N slower sweeps with 10 multi- 
samples, this does not occur. We would, however, hasten 
to add that the mulsi-sampling method has no advantage 
over single-sampling methods when enhancement of 
signal-to-rioise is related to the result of just one sweep 
performed in the same time at the same time constant. 
We hope that we have now made this point clearer. 

M. KENT 
J. R. MALLARD 
Department of Medical Physics, 
University of Aberdeen. 


Asymmetric Nuclear Fission and the Liquid 
Drop Model 


In a previous article? we directed attention to the 
resemblance between curves representing the division of 
electrically charged liquid drops and mass yield curves for 
nuclear fission. 

More recently, we have become aware of fission yield data 
which further illustrate this resemblance. ‘The two sets 
of curves in Fig. 1 are a photograph of original drawings. 
We reproduce, on the left, the fission yield obtained by 
Gibson? for fission of plutonium-239 induced by bom- 
bardment with deuterons of various energies, and, on the 
right, Fig. 5 of our previous paper!. In the latter we had 
plotted the fracticnal energy change, Hy, versus the 
fractional volume change, Vy, for the division of a surface- 
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Fig. 1. On the left, fission yield for fission of plutonium-239 induced by bombardment with 


deuterons of various energies, on the right, the fractional energy change, Ey, plotted against the 
fractional volume change, Vy, for the division of a surface-charged drop 


charged drop. A Vy value of 0-5 corresponds to sym- 
metric division. The parameter y is defined as: 

y = Q7/16nR 
where Q is the charge on the drop, R the radius and y the 
surface tension. 

It is remarkable that curves based on energy con- 
sıderations in the division of a surface-charged drop 
resemble the experimental fission yield curves so closely 
in shape and form for ‘y’ values between 0-7—1-1, and 
deuteron. energies between 15-0-23:4 MeV, respectively. 
In making this comparison we assume a relation between 
the ordinates (energy and cross-section) and between the 
ubscissae (drop volume and mass number). 

The traditional liquid drop model considers the nucleus 
as a drop of incompressible fluid with a spherical shape 
at equilibrium and with a uniform and constant volume 
charge. The process of fission is thought of as a com- 
petition between the long-range Coulomb forces through- 
out the volume of the drop and surface forces representing 
the effect of non-saturation of the short-range attractive 
forces at the nuclear boundary. Quantum mechanical 
effects, such as tunnelling and shell structure, are not a 
part of this model. 

It has become customary in the hquid drop model to 
introduce a fissionability parameter « which is defined as: 
x = 3(Ze)*/40nR50 
where Ze is the nuclear charge and @ the nuclear surface 
- tension. Thus the parameter x for the volume-charged 
drop is analogous to the parameter y, already noted, 

for the surface-charged drop. 

Central to the following argument is the difference in 
behaviour between a volume-charged drop of fixed-charge 
density and a surface-charged drop for which instantaneous 
charge redistribution is allowed. 

A simple approach to binary division is made by con- 
sidering the final Coulomb and surface energy of the 
system. It has been shown? that for a volume-charged 
drop, independent of the value of v, the final energy will 
be a minimum when the drops formed are of equal radius. 

As the minimum final energy of the system predicts 
symmetry, attempts have been made to explain the 
asymmetry of nuclear fission by a computation of the 
energies of the saddle shapes which are intermediates in 
the fissioning process. The usual method is to represent 
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small deformations of the drop by 
an expansion of its radius, R, m | 
terms of Legendre polynomials. ` 
Frankel and Metropolis‘ computed 
symmetrical deformations on the 
‘Eniac’, with expansion of R up to 
and including the tenth Legendre 
polynomials. The effect of the 
introduction of asymmetric terms 
in their calculation was that the 
energy .increased, and they con- 
cluded that for x > 0-65 the saddle 
configuration 1s a purely symmetric 
deformation. More recently, Cohen 
and Swiatecki® found the saddle 
shapes stable against asymmetry 
down to x = 0:394. 

It appears, therefore, unlikely 
that the saddle shape energies will 
provide an explanation of asym- 
metry on the basis of the present 
volume-charged drop model. How- 
ever, from the point of view of our 
argument, the consideration of the 
saddle shapes as such has an addi- 
tional significance. 

Suppose there is for some value 
of ‘x’ an asymmetric shape at the 
saddle pomt. Such @ shape must 
be the precursor for the asymmetry 
of the fragments. Implicit in this supposition is the neces- 
sary conclusion that in its final state the system is not at 
the energy minimum, the reason being that for a volume- 
charged drop, as already pomted out, drops of equal 
radius correspond to the energy minimum for a binery 
division. 

We return now to the division of a surface-charged 
drop. In this case a pair of asymmetric droplets! repre- 
sents the lowest final energy state for any value of y < 1. 
Furthermore, the experimental evidence (Fig. 2, ref. 1) 
shows that the degree of asymmetry of the saddle shapes 
is approximately the same as that of the final droplet 
pair. In this instance, it 1s not a necessary conclusion 
that the system cannot attain the lowest final energy state. 

At the point of separation during the division of a 
surface-charged drop, the two droplets are connected by 
a thin neck (Fig. 3, ref. 1), and are at the same electrical 
potential (ref. 1). On the other hand, the division of a 
volume-charged drop leads to the formation of two droplets 
which have the same charge to mass ratio whatever their 
relative size. Hence, for volume charge, only droplets of 
the same size have the same potential. 

It is suggested that a liquid drop model of the nucleus 
in which charge redistribution is admitted will account 
for the asymmetry of nuclear fission as such. Furthermore, 
this model predicts the change of asymmetry as a function 
of the energy of the bombarding particle. The degree and 
mechanism of charge redistribution are matters for further 
investigation. 

S. A. Rycx 
University of Victoria, 
Victoria, British Columbia, Canada. 
*Ryce,S A, and Wyman, R. R., Canad. J. Phys., 42, 2185 (1964). 
* Gibson, W. M., thesis, Univ. Calf. Berkeley, Rep. No. UCRL 8493 (1956), 
3 Bohr, N., and Wheeler, J. A., Phys. Rev , 56, 426 (1939). 
t Frankel, 5 , and Metropolis, N., Phys Rev., 72, 914 (1947). 
5 Cohen, 8., and Swiatecki, W. J., Ann. Phys, N.Y., 22, 406 (1963). 
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Superiority of Atomic Mass per Nucleon 
as a Parameter for Nuclides rather than the 
Conventional Packing Fraction 
THE reswis of the calculations undertaken by Prof. 
Durnford! are very interesting, and enable him to claim 
“uniqueness of the mass-surface relative to iron-56’’. 
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Actually, what Durnford has brought to hght is the 
ambiguity of the packing fraction as a parameter. ‘This 
ambiguity can be avoided simply by using the atomic mass 
per nucleon (m/A) as the parameter for nuclides instead 
of the packing fraction, thereby freeing the calculations 
from any dependence on particular standards of atomic 
masses. Incidentally, {Fe competes with $NI for the 
minimum mean nucleon mass value’. 

The superiority of the mean nucleon mass as a para- 
meter 1s especially emphasized by plotting (m/A) for a 
nuclide against its atomic number Z and denoting each 
point by its neutron excess number E = N,— Z=A — 
2Z (ref. 3). Points of equal Æ then form straight or 
"1soexcess’ lines, which break off and start again with new 
slopes at magic numbers in N and Z. The magic numbers 
occurring here are first of all those discussed fully by 
Mayer and Jensen‘, and a set of as many again, which could 
be called sub-magic numbers, and which are easily fitted 
into the Mayer-Jensen shell structure. 

The plotted points fall on the isoexcess lines with an 
accuracy of within 2 x 10-§ atomic mass units per nucleon 
—this being far more accurate than that of any mass 
formula so far available’. 

Since the aforementioned system of atomic masses was 
introduced’, ıt has been used to correct and predict the 
atomic masses of a number of nuclides to the mentioned 
accuracy. 

A sample plot of isoexcess lines appears in Fig. 1. 
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Electric Breakdown in Non-virgin Gases 


ALTHOUGH the mechanism of the electric breakdown of 
atomic and molecular gases at low pressure is well under- 
stood}, most investigations have been confined to gases 
in the virgin state—that is, when the atoms or molecules 
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are in potential energy states corresponding to the 
ambient temperature and pressure. However, the collision 
processes involved are substantially altered if the gas 
contains species wish large potential energy, such as 
excited atoms or mclecules at room temperature. 

Recent obseryaticns on nitrogen show that the break- 
down potential is reduced by <10 per cent when a small 
number of excited molecules of nitrogen (N,*) is added 
to the virgin gas at pressures of about 1-10 mm mercury. 
To avoid contamination, a long glass tube 4 em in diameter 
is filed with spectroscopically pure nitrogen and the 
breakdown potential at 15 Mc/s is measured with external 
electrodes at one end of the tube while at the other end, 
at a distance of up to 60 cm, N,* with a long free-life 
(order 1 sec) is prcduced by an independent auxiliary 
discharge. By a səries of experiments’, other factors 
which could be respcnsible for the reduction in breakdown 
potential have been excluded such as umpurities, pick-up, 
diffusing electric charges, light and thermal changes. 
The reduction observed depends on the strength of the 
auxiliary discharge, -ts distance from the region measured, 
and on the pressure. A similar effect has been observed 
in exploratory experiments in hydrogen. 

_ The presence of active molecular species carrying poten- 
tial energy of several eV has been demonstrated by a 
new detection metnod: N,* interacting with a metal 
oxide can reduce its order by one. For example, the 
white-yellowish tricxide of molybdenum is changed to 
the lead-grey dioxide. This and other metal oxides, 
such as vanadium pentoxide and tungsten trioxide, were 
exposed to N,* diffusing from the auxiliary discharge. 
The time was recorded after which a clearly observable 
colour change occurred when the powdered oxides are 
placed at different distances from the auxiliary discharge. 
These experiments confirm that potential energy carriers 
diffuse relatively slowly down the tube. From the chemi- 
cal energy balance and by assuming that the colour 
change corresponds to a certain thickness of the de- 
oxidized layer, a lower value of the concentration of 
excited particles cen be estimated. This is compared 
with the concentration necessary to account for the reduc- 
tion in breakdown potential by pre-excitation. The 
de-activation of N,= by spontaneous radiation is strongly 
forbidden and that by collision with nitrogen molecules 
is a rare process*. Since N,* is produced in a relatively 
weak discharge, nitrogen atoms can be taken to be 
absent‘, 

It is concluded that the reduction in breakdown field is 
due to the presence of a distribution of vibrationally 
excited molecules :n the ground state or in a higher 
electronic state’. These molecules possess virtually lower 
ionization potentials than nitrogen in the ground state, 
possibly with larger ionization cross-sections. Also in 
nitrogen a very small fraction of the electrons have 
energies above ionfation energy and the population of 
excited molecules produced before breakdown is small, 
whereas in a pre-exc-ted gas their population is considerably 
increased so that a large fraction of electrons previously 
unable to ionize can now contribute to ionization by 
collision. 
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Effect of Arsenic Pressure on Dislocation 
Densities in Melt-grown Gallium 
- Arsenide 


In the course of an investigation into the growth of 
gallium arsenide crystals ın a horizontal Bridgman 
apparatus, it was found that the dislocation density at the 
centre of the cross-section of ingots increased with increas- 
mg arsenic vapour pressure in the ampoule during growth. 
The crystals were grown by moving the charge contained 
m @ sand-blasted silica boat through a temperature 
gradient of about 10° C cm- at a rate of 0-5 cm h- (ref. 1). 
No seed crystal was used. Using the data of Honig*, the 
arsenic pressure was estimated from the temperature of a 
thermocouple at the coolest point of the sealed growth 
ampoule where the excess arsenic condensed. Dislocations 
wore detected by etching A faces of (111) oriented slices 
with a mixture of two volumes of water, one volume of 
mitric acid and one volume of hydrochloric acid after 
grinding with 15p alumina and polishing with a mixture 
of two volumes of water, three volumes of nitric acid and 
one volume of hydrofluoric acid. 


Temperature of coldest point (° C) 


606 610 615 


be ag 


Dislocation density (units of 104 om) 
pork 


0 


650 700 750 


Arsenic pressure (torr) 


800 


Fig.1. Dislocation density as a function of arsenic pressure. Each point 
is the mean of five observations 


The results obtained are shown in Fig. 1 and suggest 
that vacancy condensation to form dislocation loops*4 
is probably one mechanism responsible for the introduc- 
tion of dislocations into melt grown gallium arsenide. 
Work on the phase diagram of the system5-* suggests that 
material with maximum melting point is in equilibrium 
with about 720-torr pressure of arsenic. In accord with 
this, when pressures less than 650 torr were used, traces of 
constitutional supercooling were seen, suggesting the 
presence of excess gallium in the melt. At pressures 
greater than 800 torr, blow holes formed, as would be 
expected if the melt contained excess arsenic. The mono- 
tonic increase of dislocation density is difficult to account 
for in terms of strains due to residual constitutional 
supercooling. However, if a vacancy mechanism is 
responsible, the use of the Schottky product shows that 
minimum total concentration of vacancies would occur at 
the stoichiometric composition. Since the dislocation 
densities shown in Fig. 1 increase monotonically with 
pressure, it seems either that gallium vacancies alone are 
important in the formation of dislocations or that the 
compound is arsenic rich near its melting point so that 
gallium vacancies predominate, as is known to be the case 
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at 1,000° C where the solid extends from 49-998 to at least 
50-009 atom per cent arsenic®, P 


VoL. 208 
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Chemical Nature of Free Retine, an 
Anti-tumour Agent 


Tue wide distribution of natural anti-tumour agents 
has been shown by Szent-Gyorgyi et al.t and many others. 
There is, notably, such a compound in human urine, which 
has been called retine and has been previously isolated 
by Hegyeli et al.?. This compound has a molecular weight 
of approximately 430 (ref. 3) and induces a significant 
regression of Krebs-2 carcinoma in Swiss albino mice. 
Treatment of retine with hot acetic acid releases a com- 
pound which is responsible for the anti-tumour activity’. 

This small molecule, which will be called ‘free retine’ 
in this report, is soluble in organic solvents. The ultra- 
violet spectrum is characterized by a sharp absorption 
peak at approximately 275 my and by its absence of a 
B band. This feature makes it possible to rule out cer- 
tain structures for free retine. For example, a diazine 
structure 1s not permitted, because the corresponding n—> 
x* transition generally occurs in the region 300-400 mz’. 
The infra-red spectrum of free retine in chloroform solu- 
tion is characterized by a strong band at 1,710 em-', 
suggestive of a carbonyl group. It was thus tenta- 
tively assumed that this carbonyl group is a keto group, 
and a chloroform solution of free retine was treated at low 
pH. by 2,4-dinitrophenyl-hydrazine (as suggested by Mr. 
John Sousa (U.S. Army Natick Laboratories)). Triclinic 
crystals (point-group I) were thus formed, the crystallo- 
graphical description of which does not appear to have been 
published. 

An infra-red spectrum of the derivative was recorded 
(micro-pellets in potassium bromide); it had the general 
aspect of the spectrum of 2,4-dinitrophenylhydrazine, 
although it differed significantly. A new band (X-Y 
stretch) appeared at 3,362 om~ and a very broad band at 
and below 1,645 cm~! was suggestive of a non-ketonic ~ 
carbonyl group. 

The 2,4-dinitrophenylhydrazine derivative was dissolved. 
in deuterated dimethy! sulphoxide and a nuclear magnetic 
resonance spectrum was recorded. In addition to the 
peaks of H,, H, and H, of the substituent phenyl group, 
there also appeared an NH peak and a peak corresponding 
to two protons. 

On the other hand, when a chloroformic solution of free 
retine is shaken with water, no biological activity* or 
any corresponding ultra-violet peak can be detected in 
the aqueous phase, whatever the pH. This rules out the 
possibility of a conventional ketone and of @ keto-enol 
tautomerism ‘because, at high pH, some of the material 
would dissolve in the water phase. The same is true of a 
quinone. 

These findings were checked by spectroscopy, with the 
following results: (a) The band at 3,362 cm~! which might 
have been due to a bonded OH does not appear with the 
2,4-dinitrophenylhydrazine derivative of tetrahydroxy- 
1,4-quinone. (There is only a diffuse band centred on 
3,420 em-!.) (b) The broad band at and below 1,645 em~! 
is not due to an amide group, as it does not appear with 
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the 2,4-dinitrophenylhydrazone of 0-acetamide-aceto- 
phenone. (c) The broad band is not due to a C=N 
stretch of the addition compound of the reagent with a 
quinone, as it does not appear with the derivative of 
tetrahydroxy-1,4-quinone. (d) The derivative is not of 
the hydrazide type as, in that case, two different NH 
peaks would be distinguished by nuclear magnetic reson- 
ance. 

In these conditions, the only remaining possibility 
is that the broad band is due to some other type of oxo- 
group. Free retine is, however, very volatile: if a chloro- 
form solution of free retine is left at the air and room 
temperature, or if inert gases are bubbled through such a 
solution, all the activity disappears. 

Therefore, the only compound with which free retine 
can be identified is carbon suboxide, for: (a) The two 
carbonyl groups are very reactive, as is always the case 
with ketenes. (b) It is a volatile compound (b. pt. 7° C 
(ref. 6)). (c) It is not soluble in water, but decomposes 
with formation of malonic acid. (d) It reacts with hydra- 
zines’. With 2,4-dinitrophenylhydrazine it forms 1- 
(2,4-dinitrophenyl)-3,5-dioxopyrrazolidine: 


No 5030 


a compound which obviously satisfies the spectro- 
scopic (infra-red and nuclear magnetic resonence) 
observations. 

It is of interest to recall that carbon suboxide undergoes 
photolytic reactions, reacts with proteins and that its 
toxic effects are different from those of malonie acid, 

The 2,4-dinitrophenylhydrazine derivative of free retine 
is not biologically active’. Under these circumstances, it 
appears that any stable cyclic derivative of carbon sub- 
oxide is unlikely to be biologically active. It seems that 
in the retine molecule, a carbonyl group is readily available. 

More detailed reports will be published later. This 
work has been supported by a fellowship of the Common- 
wealth Fund. The use of the physico-chemical equipment 
of the U.S. Army Natick Laboratories was invaluable, 
and samples were given by Dr. Andrew Hegyeli (Institute 
for Muscle Research), 
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Structure of a bisGlycylglycinate-cobalt(IIl) 
Complex 


Conatt complexes of glycylglycine are of considerable 
importance in connexion with the activation of glycylgly- 
cine dipeptidase by cobalt ions'. Following early work 
by Smith’, Gilbert, Otey and Price® studied the oxidation 
of cobaltous glycylglycine complexes and isolated a red 
complex to which the formula [(GGH),CoO,Co(GGH),] 
was assigned (the neutral glycylglycine molecule is 
abbreviated as GGH,). Later studies showed that an 
intermediate brown complex was formed at high pH 
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which was converted to the red complex on lowering the 
pH. A polarographic study® found no evidence for a 
peroxy group in the rad complex, it being suggested that 
the complex contained hydroxy groups as ligands. 

We have, in attempting to prepare the red ‘irreversible 
oxygen carrying’ complex of Gilbert et al., isolated a 
number of cobalt complexes with the unsubstituted 
glycylglycine and with its mono‘tanion (GGH)- and di- 
anion (GG)®-. A single crystal, X-ray diffraction analysis 
of the structure of NH,.[Co(GG),].2H,O has now been 
completed, the stereozhemistry of the complex anion being 
shown in Fig. 1. Ccrresponding to a present reliability 
index of 0:10, the average estimated standard deviations 
of the bond lengths arə Co—N and Co—O 0-02 A and C—N, 
C—O and C—C 0-03 A. 





Fig. 1 


The complex anicn contains ‘two terdentate glycyl- 
glycinate ligands arrenged so that the co-ordination of the 
Co(IIT) ion is a distorted octahedron which has precise 
C: symmetry as a requirement of the crystallographic 
space group. The bord lengths in the co-ordinated ligands, 
which are not precisely planar, are very similar to those 
reported for copper(II) monoglycylglycine trihydrate*® 
and @-glycylglycine’. As in the copper complex’, the 
difference in the metal-nitrogen bond lengths, M—NH, and 
M—N, is significant. 

The complex anions are extensively hydrogen bonded 
throughout the crystal to neighbouring ammonium ions 
and water molecules. Four N-—H-: » -O bonds of length 2°79 

(twice) and 2-85 A (twice) connect the ammonium 
ion with the unco-ordinated oxygens of the glycylglycinate 
ligand. The unco-ordinated carboxyl oxygen atom is 
also hydrogen bondec to a water molecule (O- > -O = 2-77 A) 
which, in turn, is bonded to the co-ordinated oxygen 
(O-:-O=2-80 A) and to the terminal nitrogen atom 
(O-- ‘N=3-06 A). 

Crystal structure analyses of several of the other 
complexes isolated are at present in progress. It seems 
possible that the mode of attachment of the ligand to the 
metal ion depends critically on the intermolecular hydro- 
gen bonding. As yət, we have no evidence that the 
cobalt-glycylglycine system is different from that of the 
well-known cobaltammine complexes so far as the reaction 
with oxygen is concerned. The oxygen carrying complex 
appears to be the brown intermediate of Tanford et al.* 
which decomposes to a monomeric Co(II) complex. 
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Reactivity of Aromatic Compounds towards 
Hydrogen Atoms 


THE reactivity of aromatic compounds toward hydrated 
electrons and hydroxyl radicals has been the subject of 
various recent investigations!*. The effects of substitu- 
ents on the reactivities of benzene and benzoate ion were 
correlated with the substituent constant (o) of Hammett’s 
equation. It has been shown that the mechanism ‘of 
attack of hydroxyl radicals on aromatic compounds is 
analogous to electrophilic aromatic substitution®. On 
the other hand, the reactions of hydrated electrons 
followed a pattern analogous to nucleophilic substitution. 
The reactivity of aromatic compounds toward hydrogen 
atoms was investigated in order to study the nature of 
the PhX + H reaction. 

The specific rate constants of substituted benzenes with 
hydrogen atoms were determmed by competition kmetics, 
using isopropanol as the competing compound. De-aerated 
solutions containing 5 x 10-? M isopropanol, 1 x 10-3? M 
acetone (as eq scavenger in order to avoid the e,, + Phx 
reactions) and different concentrations of Phx at pH 8-9, 
were irradiated in a cobalt-60 y-source (4x 10}? eV g~ 
min-!). The doses of irradiation were 8-40 x 101 eV g~, 
The yield of hydrogen was determined by gas chromato- 
graphy (on a column of ‘molecular sieves’ 5 A). Each 
experiment was repeated at least eight times and the 
coefficient of variation was + 10 per cent. 

Under the experimental conditions the hydrated elec- 
trons react with acetone, whereas the hydroxyl radicals 
react with isopropanol. Hydrogen atoms may react with 
isopropanol to form hydrogen, or with Ph to form 
PhxXH radicals, which do not yield hydrogen’. The 
experimental yield of hydrogen is therefore the sum of the 
‘molecular’ yield Gu, and of G(H + isopropanol). Gaz, 
was determined under similar conditions using a solution 
of 1x 10-°M potassium bromide. The sum of Gu, and Gu, 
the total yield of hydrogen atoms, was determined using 
a solution of 5x 10-? M isopropanol + 1x 10-3 M acetone. 
Using these values and the known value of the specific 
rate constant for the reaction of hydrogen atoms with 
isopropanol, key + isopropanol = 5-0 x 107 M- sec- (ref. 4), the 
rate constant of the reaction H + PhX was calculated: 
ky + Phy = 
FH + isopropanol: [Gx — G(H + isopropanol)] [isopropanol] 

G(H + isopropanol)[PhxX] 


The results are summarized in Table 1. The order of 
reactivity is PhSO; < PhCN < PhNHCOCH, < PhCH,- 
COO- < PhCOO- < PhCOCH, < PhNO, < PhNH, < 
PhOH. This order is m fair agreement with the order of 
reactivity of these compounds toward electrophilic 
aromatic substitution, with one exception: the reactivity 
of nitrobenzene is much higher than would be expected 
from the general] behaviour of aromatic substitution. This 
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is most probably due to a direct attack by hydrogen atoms 
on the NO, group, as may be inferred from their fast 
reaction rates with NO, ton®:* and C(NO,), (ref. 7). 


Table 1, REACTIVITY OF AROMATIC COMPOUNDS TOWARDS HYDROGEN 
TOMS 


Compound Rate constant (M7? sec ~!) 
C,.H.S0,Na 430 x 108 
C,.H.ON 4 53 x 108 
C,H,NHCOCH; 6°70 x 108 
C,H,CH,COONa 7°70 x 108 
C,H; ONa 8 70 x 10° 
C,H; CH; 1 26 x 10° 
C.H; 4 1°66 x 10° 
CH; 3 1:76 x 10° 
C,H,0H 4 20 x 10° 


A quantitative treatment of the results is shown in 
Fig. 1, where log ky + pny is plotted against Hammett’s 
o values (taken from refs. 8 and 9). Both om and op values 
were taken for substituents having a deactivating effect, 
but only the cop values were taken for the other substitu- 
ents. (The attack by hydrogen atoms on aromatic com- 
pounds 1s electrophilic in nature, thus their attack on the 
meta position of aromatic compounds carrying ortho—para 
directing substituents can be neglected.) A co value 
similar to that of CH,CH, and CH,CH,COO- groups was 
taken for the CH,COO- group. Neglecting the value for 
nitrobenzene, which is unexpectedly high, as explained 
before, a straight line could be drawn with a slope = 
— 0-7, which demonstrates the electrophilic nature of the 
attack of hydrogen atoms on aromatic compounds. The 
absolute value of pọ = — 0-7 is higher than that observed 
for the reaction of hydroxyl radicals (p = — 0-41) (ref. 2). 
This is in accordance with the relatively lower reactivity 
of hydrogen atoms, which makes them more selective. 

The electrophilic behaviour of hydrogen atoms in the 
H + PhX reaction is not surprising, since a higher electron 
density on the aromatic ring promotes the formation of 
the new C-—H bond and stabilizes the PhxXH radical 
formed. 
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BIOCHEMISTRY 
‘Activity of Lysosomal Enzymes in White 


l Muscle Disease 
DEFICIENCY of selenium and vitamin E in the diet of 


`- late-gestation ewes is known to cause white muscle 
disease (WMD) in lambs?-?. 


It is generally characterized 
by degenerative changes in skeletal and cardiac muscles. 
Since the myopathy is prenatally influenced, the develop- 
ment of the disease presumably has a direct relationship 
with the deprivation of protectors essential for the pre- 
vention of nutritional muscular dystrophy. 

Lysosomes, a group of sub- cellular particles rich in a 
variety of acid hydrolases, have already been shown to 
occur in the dystrophic tissues of vitamin E-deficient 
rabbits* and chicks‘ and in the genetic dystrophy of mice 
Since white muscle disease is a degener- 
ative disease of nutritional origin, I set out to investigate 
its lysosomal! activity so as to make possible a comparison 
between the biochemical lesions of this disease and those 


observed in the dystrophies of other species. This report 


concerns the activities of five typical lysosomal enzymes 


in the muscle tissues of normal and dystrophie white 


< > muscle disease lambs. 


Lambs, 4-6 weeks old and showing distinct symptoms 
of leg weakness were killed and the dystrophic tissues 


from leg museles were collected and immediately frozen. 


cquivalent tissue samples were also collected from normal 
lambs of similar age. For chemical analys's, a 10 per 
cent tissue homogenate was made in ice-cold, de-ionized 
water by mincing the tissue in a Servall ‘Omnimixer’ for 
1 min. 

The activity of individual lysosomal enzymes was 
determined by several assays as follows. Acid phosphatase, 
8-glucuronidase and cathepsin were determined by the 
methods of Gianetto and de Duve’. 8-Galactosidase was 
assayed by the method of Sellinger et al.?. Aryl sulphatase 
was assayed by the method of Roy? with 2-hydroxy-5- 
nitrophenyl sulphate as substrate. The specific activities 
of the enzymes are expressed in myumoles substrate 
hydrolysed/mg nitrogen/min. 


Table 1, LYS0S80MAL ENZYMES IN LEG MUSCLE OF NORMAL AND DYSTROPHIC 


LAMBS 
Specific activity* Tnerease in 
Enzyme = Dystrophic lysosomal activity 

Control WMD over control 
Aryl sulphatase 0-16 563 35x 
#-Glucuronidase 3-01 15°18 5x 
&-Galactosidase 0-64 1-80 8 x 
Cathepsin O14 44 3x 
Acid S hosnhatass 4-64 98 2x 


* Expressed as mmoles of substrate hydrolysed per mg nitrogen per min. 
Values represent average of two lambs in cach group. 


The specific activities of five typical lysosomal enzymes 


in muscle tissues of normal and dystrophic white muscle 


disease lambs are presented in Table 1. The activity of 
individual lysosomal enzymes in dystrophie tissues was 
greater than in the controls, and the increases were as 
follows: aryl sulphatase, 35-fold; 6-gluew onidase, 5-fold; 
}-galactosidase and cathepsin, 3-fold; acid phosphatase. 
2-fold. These ratios are similar in magnitude to those 
observed im dystrophic muscle tissues of vitamin E, 
selenium. and sulphur amino-acid-deficient chicks* and 
vitamin E-deficient rabbits’. Increased 5-nucleotidase 
activity in white muscle disease of lambs? may also be 
associated with the lysosomal complex. 

It appears from all these observations that the pheno- 
menon of increased lysosomal activity is directly associated 
with degradative changes occurring in tissues undergoing 
dystrophy. A recent time-sequence study! of the appear- 
ance of nutritional muscular dystrophy in chicks indicated 
that initiation of the primary damage is usually caused 
by the deficiency of the tissue protectors and that the 
activities of the lysosomal enzymes increase as a result of 
the infiltration of macrophages, the carriers of lysosomes. 
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Although lysosomes may not be the primary initiators of 
the tissue ‘damage, ihe greatest part of the hydrolytic 
breakdown in a tissus undergoing dystrophy is the result 
of large increases in free and total activities of various 
lysosomal hydrolases. Recent studies showed that 
isolated lysosomes are fully capable of digesting most 
cellular constituents., The triggering mechanism re- 
sponsible for the involvement of lysosomes in muscular 
dystrophy still remains obscure. 

I thank Dr. D. E. Hogue for providing sheep tissues and 
Dr. M. L. Scott for providing research facilities. 
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Abnormal isoenzyme Patterns in Human 
Myopathies 
PROTEINS may exist in different molecular forms 
possessing the same enzymatic activity and which have 
been called isoenzymes! or isozymes®?. Lactate dehy« 
genase has been e ats Evy studied and apres | to 










EE A of ice gabe units, M and H. Tt | 18 
shown that the synthesis of either sub-unit may be: 
in response to hormonal, environmental or neural « chan: 
Evidence has also been presented which suggests 3 
synthesis of the two sub-units is controlled by two sep wate 
genes’, aa 

In normal adult human skeletal muscle, the slowest 
isoenzyme, LDH-5, predominates*-?. (By convention', 
the isoenzyme haviag the highest mobility towards the 
anode is numbered i.) In normal foetal skeletal musele. 
LDH-5 possesses ttle or no activity®*. Recently, 
Emery reported that LDH-5 is also absent in skeletal 
muscle from vietims of Duchenne muscular dystrophy’, 
but this gross aberration has not been found in all cases 
of Duchenne dystrophy’. 

The isoenzyme patterns of NADP-linked isocitrate 
dehydrogenase (ICDH), malate dehydrogenase (MDH) 
as well as lactate deaydrogenase (LDH) were investigated 
electrophoretically m human myopathies to see if any 
alterations were spezitic for one disease. 

Biopsy samples were removed from the gastrocnemius 
muscle, cooled in ize and processed immediately. The 
specimens were drcpped in 0-25 M sucrose and blotted 
to remove blood. A 100-mg sample of tissue was then 
homogenized briefly in a small glass tissue grinder. Then 
0-2 ml. of distilled water were added and the homogeniza- 
tion was continued. The whole procedure was performed 
in an ice-bath and she homogenization was discontinued 
frequently to prevert the accumulation of heat. The time 
occupied in homogenization was 2 min. The homogenate 
was transferred to a micro-centrifuge tube and was frozen 
and thawed once, after which it was centrifuged at 
20,000g and 0° C for 15 min. The resultant supernats 3 
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liquid was applied directly to the gel so as to localize 
MDH and ICDH. A portion of the supernatant was 
diluted with four volumes of distilled water and applied 
to the gel for LDH localization. Vertical starch-gel 
electrophoresis was used with the pH 7-0 phosphate- 
citrate buffer system of Fine and Costello’. A potential 
gradient of 4 V/em was applied to the gel for 18 h at 4° C. 
The enzymes were made visible by the methods of Fine 
and Costello™. 

In all the cases tested, MDH was normal. There were 
no alterations among the six isoenzymes of MDH which 
are found in normal human muscle. This agrees with 
the preliminary findings of Pearson’ for the Duchenne 
cases. 

In two cases of Duchenne dystrophy, both LDH and 
ICDH patterns were normal. In two other cases of 
Duchenne, LDH-5 was absent. One of these cases also 
exhibited an absence of ICDH-2. The other sample 
provided insufficient material to allow for ICDH detection. 
(In normal skeletal muscle there are three isoenzymes of 
ICDH, ref. 13.) In three other cases of the same disease, 
there was a decrease in the activity of LDH-5 and an 
increase in activity of the rapid isoenzymes. Two of 
these three cases also lacked ICDH-2. 

In two cases of Werdnig—Hoffmann muscular atrophy, 
LDH-5 was extremely weak and LDH-1 was more active 
than LDH-5. From one sample there was again sufficient 
supernatant to show that ICDH-2 was absent. In one 
case of possible amyotonia congenita, LDH-5 was very 
weak and ICDH-2 was absent. The gels for this case are 
shown in Fig. 1. In one case of possible myotonia con- 
genita, both LDH and ICDH were normal. 

It has already been proved?’ that ICDH-2 is the most 
labile isoenzyme of ICDH. Exposure of normal skeletal 
muscle autopsy material to room temperature for several 
hours brings about a deercased activity of ICDH-2. 
However, exposure of liver samples to room temperature 
results in a complete loss of the same isoenzyme. Hence 
the loss of the liver isoenzyme may possibly be explained 
on the basis of an attack by proteolytic enzymes which 
are present in the liver. 

Similarly, one can postulate the presence of an abnormal 
amount of catheptic activity in certain pathological 


and in amyotonia 
H in normal muscle (C) and in 
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muscles to account for the absence of ICDH-2. Indeed, , 
there have been reports of increased catheptic activity in 
human Duchenne muscular dystrophy", hereditary 
mouse muscular dystrophy*** and in experimental 
denervation’?. Denervation also brings about a loss in 
LDH-5 in rabbit muscle”. The alterations in isoenzyme 
patterns may, on the other hand, reflect a delayed matura- 
tion of the enzymes in skeletal muscle’*. 

From the results of this brief survey, it is evident that 
alterations in the isoenzyme patterns of LDH and ICDH 
occur in several myopathic conditions. Further investiga- 
tion is required to determine whether or not these findings 
are of possible diagnostic or aetiological value. 

Dr. E. G. Murphy and Dr. M. W. Thompson of the 
Toronto Hospital for Sick Children provided the diagnoses 
and biopsy samples for this study. This was 
supported by a grant from the Muscular Dystrophy 
Association of Canada. 
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Limitations on the Use of the Concept of 
Quantum Efficiency in Rhodopsin Bleaching 
THE purpose of this communication is to discuss the 

extent to which the concept of quantum efficiency can be 
applied to the bleaching of rhodopsin. Quantum efficiency 
of bleaching, y, is defined by: 


ee No. of molecules bleached 
r No. of quanta absorbed 


By making use of this definition and by careful consider- 
ation of both theoretical and experimental contingencies, 
Dartnall, Goodeve and Lythgoe? concluded that y = 1-0 
(or not much less) when fairly dim, visible light was used 
for bleaching. This conclusion remained virtually 
unquestioned until Hagins* reported the observation that, 
no matter how high its intensity was made, a short (less 
than about 1 msec) flash would not bleach more than 
about 50 per cent of the rhodopsin present. Because of 
this result, the idea was unfortunately introduced that 
y at high intensities had a limiting value of 0-5. 

At first, these two results appeared to contradict each 
other. How cany = 1-0 when the upper limit on bleaching 
is 50 per cent? Hubbard and Kropf* were among the 
first to suggest that the two results were not mutually 
exclusive. They were investigating the quantum effici- 
encies with which various species involved in bleaching 
are interconverted by light. One of these conclusions was 
that the quantum efficiency of bleaching is not constant 
but depends on both intensity and temperature. 
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investigated the effect of one of these parameters, 
nsity, on the extent of bleaching with short duration 
es‘. It was found that, while y = 1-0 for low intensi- 
there was a systematic decline in the efficiency of 
leaching as the intensity was increased. The maximum 
extent of bleaching in those experiments probably was 


about 50 per cent. Care was taken, at that time, not to 
-= confuse the maximum extent of bleaching with the upper 


limit of y. Failure to clearly distinguish between these 
two has caused’, and is at present causing®, confusion. 

: The high-intensity limit on y is zero; it is not 0-5. This 
is readily shown with two examples. (1) In low tempera- 
ture experiments, where bleaching is arrested at one stage 
or another, long-term irradiation results in only a 50 


per cent bleach on warming, even though each molecule 
day have absorbed many quanta. In the limit as irradia- 
tion time goes to infinity, each molecule absorbs an 

* infinite number of quanta and still only 50 per cent of them 


bleach. Hence, in this case, y = 0-5 x (No. of molecules 
present)/oo = 0-0. (2) The same situation as in (1) 


_ obtains if, instead of using low temperatures to prevent 
= actual bleaching during the irradiation time, one uses very 


short duration flashes. (This is discussed thoroughly in 
= vefs. 3 and 4). In this case, if a short flash of (hypothetic- 


> ally) infinite intensity is given, no more than 50 per cent 


bleaching occurs even though an infinite number of quanta 
were absorbed. Again, y = 0-0. 

Experimentally, of course, y never reaches a zero value. 
Theoretically, however, the foregoing arguments show 
that it can take on any value between 1 and zero. This 
fact, it seems, seriously limits the usefulness of the concept 
of quantum efficiency as applied to bleaching. In short, 
without an independent measure of the number of quanta 
actually absorbed (say, by actinometry), only the use of 
very low intensities makes it possible to invoke a particular 
value of y (namely, 1-0) in order to explain experimental 


we results. 


This work was supported by a grant from the U.S. 
Publie Health Service. - 
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* Dartnall, H. J. A., Goodeve, C. F., and Lythgoe, R, J., Proc. Roy. Soe., A, 
186, 158 (1936). 


* Hagins, W, A., J. Physiol. 129, 22P (1955). 

* Wubbard, R., and Kropf, A., Proe, U.S. Nat. Acad. Sei., 44, 130 (1958). 
‘ Williams, T. P., J. Gen. Physiol, 47, 679 (1964), 

* Cone, R. A., Nature, 204, 736 (1964). 


Detection of Cholinesterase-inhibiting 
Insecticide Chemicals and Pharmaceutical 
Alkaloids on Thin-layer Chromatograms 


Tms communication reports a sensitive and rapid 
method for detecting cholinesterase (ChE) inhibitors, 
such as certain phosphate and carbamate insecticides and 
pharmaceutical alkaloids utilizing a direct assay on thin- 
layer chromatography plates coated with cellulose and 
developed in a reverse phase solvent system. 

Recently, Bunyan! described a sensitive indirect detec- 
tion method for organophosphorus insecticides based on 
ChE inhibition on thin-layer chromatography plates 
coated with silica gel H. Spots of inhibitory compounds 
were transferred by contact from the developed thin-layer 
chromatography plates to 3-mm Whatman paper which 
was pre-treated with human plasma as the source of ChE. 
Subsequent treatment of the paper with acetylcholine 
(ACh) and indieator gave spots corresponding to inhibitors. 


ww Attempts to detect inhibitors directly on thin-layer 


chromatography plates were unsuccessful. Crosby et al. 
reported a similar thin-layer chromatography procedure 
for detection of a number of carbamate insecticides using 
plates coated with aluminium oxide G; after development 
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the chromatograms were sprayed with the plasma- 
indicator solution and spots corresponding to inhibitors 
were shown on a filter paper sheet soaked in ACh solution 
by placing the latter in contact with the thin-layer 
chromatography plate. k 

In the present investigation, thin-layer chromatography 
plates, 20 x 20 em, eated with 1:0 mm ‘MN -cellulose 
powder 300 G° (Macherey, Nagel and Co., Düren, Germany) 
were used. The adscrbent slurry of 86 g cellulose and 
435 ml. water (ratio 1:5) was adjusted to pH 11 with 
aqueous dilute sodium. hydroxide solution, applied to the 
plates with a Brinkman—Desaga applicator and air-dried 
overnight. The dried plates were coated by dipping with 
a stationary phase coasisting of a 5 per cent v/v solution 
of Dow Corning ‘Silieone 555° fluid in acetone and. the 
carrier solvent was evaporated. Acetone, methanol or 
water solutions of analytical grade insecticide chemicals 
and pharmaceutical alkaloids were spotted in 2-yl, 
volumes 2-0 em above the lower edge of the plates. De- 
velopment was accomplished with a mixture of water, 
absolute ethanol and hloroform (56 : 42:2). This reverse 
phase solvent system was similar to that used by Hopkins? 
for paper chromatograms. Cook’s method‘ as modified 
by Getz and Friedman’ for detection of ChE-inhibiting 
spots on paper chromatograms was adapted to thin-layer 
chromatography plates. The plates were sprayed with 
human blood plasma (undiluted, pooled, outdated) as the 
ChE source. After incubation for 0-5 h at room tempera- 
ture, the plates were dried and liberally sprayed with a 
freshly prepared substrate indicator solution consisting of 
1 part of 0-6 per cent bromthymol blue in 0-1 normal 
sodium hydroxide and 15 parts of 1 per cent ACh chloride 
in water. Inhibiting substances appeared as intense blue 
spots against a yellow background, Maximum definition 





sacrificing some sensitivity, it was possible to redevelop 
partially faded spots. after a longer interval by respraying 
the plates with substrate indicator solution. Attempts to 
detect spots by this direct enzyme inhibition method on 
thin-layer chromatography plates coated with silica gel 
and ‘Florisil’ were unsuccessful. The insecticides and 
alkaloids included in this investigation are listed in Table 1 
with their respective Rp values and limits of detection as 
distinct blue spots or a yellow background. The procedure 
proved to be highly sensitive for detection of various 
phosphate and phosphorothiolate esters where in several 
instances ChE-inhib:tion was evident for amounts in the 
nanogram range or less. The streaking associated with 
‘Zectran’ was probably due to a number of inhibitory 
compounds. Crosby et al. reported that an analytical 
sample of ‘Zectran’ contained two major ChE inhibitors 
and one minor ChE inhibitor. 

The ChE inhibitien detection procedure was also very 
sensitive for a number of pharmaceutical alkaloids (kindly 
presented by Dr. Werner Deckers, C. H. Boehringer Sohn, 
Ingelheim am Rheia, West Germany). The alkaloids for 
which the greatest. sensitivity was noted are given in 
Table 1. Several additional alkaloids were detected at a 
20-ug level: ajmaline, arecoline hydrobromide, atropine 
methylbromide, emetine hydrochloride, hyoscyamine 
hydrobromide, and yohimbine hydrochloride. The follow- 
ing alkaloids gave ne detectable spots with 20 ug: atropine 
sulphate, scopolamine methylbromide and reseinnamine. 
Solanine and its aglucon derivative, solanidine (both 
obtained from K and K Labs., Plainview, N.Y.), gave 
two inhibition zones on the thin-layer chromatography 
plates. By using a similar procedure on paper chromato- _ 
grams, solanidine is resolved into at least five inhibitory 
spots and solanine into a single spot*. ae 

The described precedure appears to be an improvement 
over previous methods for rapid qualitative determination. 
of trace amounts of ChE-inhibiting chemicals. It may be- 
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‘Table 1. THIN-LAYER CHROMATOGRAPHY OF INSECTICIDE CHEMICALS AND carbonate the nila extract allowed to stand for 15 h 
PHARMACEUTICAL ALKALOMDS ACTIVE AS CHOLINESTERA: NHIBITORS ee eye a ae es aa Scat apie ect, et 
: z ITRE AER at 0° C and then dialysed extensively against 40 mM” 


; R z eae , 7 ) 3 
pee oe potassium chloride, 6-7 mM phosphate buffer, pH 7-2. 
Chemical name* _ Organo- Sensitivity After t +s had } sontrifuced di 
p phosphates limit (ag) After the precipitate had been centri uged down, the 
0,0-dimethy! 8-4-0x0-1,2,3-benzotriazin-3-(4H)- supernatant was filtered and freeze-dried. The factor was 
, ¥lmethylphosphorothiols te 0-95 0-01 further purified from the freeze-dried protein by precipita- 
%-[(p-chlorophenylthiojmethyl]_0,0-diethylphos- urther purified from the freeze-dr ed prot n by procs 
horothiolate : 0-34 0-01 tion at 0° C by the addition of ammonium sulphate to 
0,O-diethyl O-(3-chloro-4-methyl-2-oxo-2H -1- 7 30 per cent saturation. When this preparation was added 
_ benzopyran-7-yl) pose O87 =< 0-001 ‘der pad’ PEDE ed inhibiti f the 
S-[1,2-dis(ethoxycarbonyDethy!] O,O-dimethyl- | 7 to esonsitize actomyosin marke anhy ion or tne 
5 peur n doae M 0-95 0:001 magnesium ATPase occurred (see Fig. 1}. Inhibition 
Diethyl p-nitrophenylphosphate 0-82 < 0-001 f as” aoe f , f: hetic’ 
0,0-diethy! S-(ethylthio) methylphosphorothio- of the magnesium activation of the ATPase of ‘synthetic 
0.0 diethy! §-(ethylsuiphonyl) methylphosphoro 0-06 0-001 actomyosin was also obtained, but ‘natural’ actomyosin 
‘thiolate, 7: Pen See ee 0-98 0-001 sontaining EGTA-sensitizing factor and myofibrils were 
N-Methy! less sensitive to the inhibitor. Little inhibition was 
3 P ee carbamates obtained with desensitized actomyosin when calcium was 
2-Chioro-4,5-xylylmethyicarbamate 0-77 <02 } : ‘ eal ‘ Fi The f } 
-Naphihylmethylcarbamate 0-93 0-2 inhibited the superprecipitation sensitized actomyo- . 
4-Dimethylamino-3-cresylmethylcarbama te pü 0-2 on aa eal eal tanon: 0i-de my i 
4-(Methylthio)-3,5-xylylmethyleardamate 0-72 0-2 sin (Fig. 2). meee oe 
ne ee ee errr Pigs i te ne The fact that the inhibitor was precipitated by ammon- 
EN i aaa asa Tra < ium sulphate, destroyed by trypsin and heat, and that it 
Eserine salicylate 0-80-10 02 lost activity on prolonged storage at 0° C suggests that it 
Ephedrine hydrochloride 1- 0-2 is protein in nature. Studies on the turbid supernatant 
Homatropine hydrobromide 1:0 2-0 Bis f rofibril ‘ ed fron wele 
Lobeline hydrochloride OG < 200 0 tained ik ter myofibri 8 were remove EYOorn TRUS 
Pilocarpine pitrate 1-0 02 homogenates in 0-025 potassium chloride, 0-039 borate, 
Reserpine 1-0 0-2 on aa ; i 
SARUNG D5-075 <09 pH 7-0, showed that inhibitory factor could be prepared — 
à j 08-10 <02 neither from the reticular-granular fraction sedimented 
solanidine 05-075 <02 i : : Tag 
08-10 <0? after 1 h at 100,000g nor from the soluble sarcoplasm. 


*The common and trade nemes of several phosphate and carbamate This suggests that the inhibitory factor is loealized in the 
insecticides are listed in Hull. Entomol. Soe, Amer., 9, No. 3, 189 (1963). 





applicable to research on pesticide chemicals and pharma- Ai I 
eeutical alkaloids and the detection of these agents in 
various biological substances and preparations. 
J.J. Menn 
J.B. McBatn 
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A Factor inhibiting the Adenosine 0 0-5 1-0 L5 20 
Triphosphatase Activity and the Superprecipi- Inhibitor added (mg protein} 


tation of Actomyosin Fig. 1. Effect of inhibitor on the calcium and magnesium activated 
a 4 A a ` ; ATPase of desensitized actomyosin. The assay was carried out by 
EBASH!I! has produced evidence for a protein factor incubating for 5 min at 25° Cin 2 ml. containing 25 mM tris HCL, pH 7-6, 


in the presence of ich the magnesium-activa ATPase? 2-5 mM fris-ATP and the following additions: ©, 2-5 mM magnesium 
and the ea ie nnn eae dehi a tt nM EGTA: wi se nM eit celts aad 0.33 
by low concentrations of ethylene bis(NN‘diacetyl mg actomyosin 
8 amino ethyl) ether (EGTA). To observe the effect of 05 
this factor the actomyosin was prepared from separately 
purified actin and myosin, so-called ‘synthetic’ acto- 
myosin. We have obtained similar effects with an acto- 0-4 
myosin preparation extracted as the complex from muscle 
and treated by a procedure described elsewhere’. This 
preparation is referred to in this communication as 
desensitized actomyosin. 
’ During the course of investigations? on the EGTA- 0-2 
sensitizing factor, it was noted that in some circum- 
stances an apparently different preparation was obtained 
which inhibited the magnesium-activated ATPase of acto- 0-1 
myosin in the absence of EGTA. There was also sone 
_. evidence that the amount of the inhibitory factor increased 0 | 
as EGTA-sensitizing factor preparations aged. Active in- 0 100 2 15 20 25 30 35 40 45 
hhibitor preparations were consistently prepared from Time (min) 
rabbit skeletal muscle by the following procedure. A crude Fig. 2. Superprecipitation of desensitized actomyosin preparations in 
concentrated myofibril suspension (prepared essentially ne ise ie e aeRO aoe eae a. 
as described by Perry and Zydowo!) was extracted with 3-5 mM magnesium chloride 85 mM potassium chloride and 1-24 mg acto- 
an equal volume of a solution containing 1-2 M potassium mioni aten don baron Dy oTa maa ae biag oo bse 
chloride, 0-08 M sodium bicarbonate and 0-02 M sodium inhibitor preparation added; $, 1-83 mg inhibitor preparation added 


at 
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fibrils or associated with some component not readily 
ved from them by repeated washing and centrifuga- 









e most active inhibitor preparations usually contained 
s than 1 per cent of tropomyosin when assayed by the 
niethod described by Perry and Corsi’. This fact coupled 
_ with its solubility characteristics indicated that the factor 
“was neither ‘natural’ nor Bailey®-type tropomyosin’. 
< Preparations which inhibited the magnesium-activated 

ATPase of desensitized actomyosin could not be obtained 
“from actin by the procedure outlined here. The inhibitory 

factor does not seem to be identical with a-actinin which 

has. the opposite effect on the superprecipitation of 
actomyosin gels®. 

- The precise role of this inhibitor is not yet clear, but 
“in so far as it inhibits the ATPase activity and super- 
-precipitation of actomyosin it has the characteristics 
“previously ascribed to relaxing factors. The best prepara- 
tions obtained so far are not homogeneous but contain 
little or no EGTA-sensitizing factor activity (Fig. 1). 
Nevertheless it is possible that the inhibitor is a modified 

form of the EGTA-sensitizing factor, and investigaticns 
are now in progress to decide whether such a relationship 
exists, 
ie D, J. HARTSHORNE 
S. V. PERRY 
VALERIE DAVIES 
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Higher Glucose Affinity of Hexokinase in 
Sheep Brain than in Rat Brain 


Tue brain in sheep, as in non-ruminant mammals’ 
appears dependent on glucose as the substrate for oxida- 
tion’, yet the blood glucose concentration of adult sheep 
is only about 2-5 mM (50 mg/100 ml.) compared with 
about 5 mM (100 mg/100 ml.) in rats, dogs, men and pigs. 
If the availability of a substrate is less in one species than 
in another, and a tissue were to utilize the substrate atb 
comparable rates in both species, then one might look 
for an inter-species difference in enzyme affinity for this 
substrate. So we have estimated the apparent Km for 
“*zlucose of hexokinase in brain, also liver, muscle and 
adiposa, of sheep and rats. 

The rats were killed by decapitation and the sheep by 
electrocution. Our procedures for the preparation of 
homogenate supernatants and for estimating glucokinase 
activity by NADPH generation. in the presence of added 
ATP, Mg** and glucose-6-phosphate dehydrogenase have 
been described previously*, except that a single glucose 
concentration of 1 mM was used before, while a series, 
usually of twelve points between 0-002 and 150 mM, was 
used in the present investigations. Some supernatants 

~ were used immediately, and others were dialysed for 20 h. 
Ammonium sulphate fractions were prepared from brain 
and liver of three sheep and three rats; in these experi- 
ments the series of glucose concentrations was limited 

_ to four or five points. Double reciprocal plots were made 

. (for example, Fig. 1), and the apparent Km was calculated 

-as the reciprocal of —1/S when 1/V = 0. 

In liver, muscle and adiposa, the apparent Km of hexo- 

a» Kinase for glucose was about the same in the sheep as in 

-= the rats (Table 1). Our rat data agree with those of 
previous authors®. A second hexokinase of rat liver, often 
called ‘glucokinase’, which has a Km of about 11 mM 
(Table 1), was absent from sheep liver. This was previ- 


NATURE 







1353 


Table 1. APPARENT Km OF FTEXOKINASES FROM SHEEP AND Rat ‘TissvEs* 


Mean Maximum Minimum No. of 
(M) (mM) * (nM) observations 
Liver Rat 0012 0-017 0-008 E 
Sheep 0912 0-017 0-008 5 7 
Rat 114) 12:5 95 4 
Muscle Rat 0-093 0:143 0-080 6 
Sheep 0-90 0-140 0-035 5 
Fat Rat 0-89 0-113 0075 4 
Sheep 0-78 0-091 0-068 4 
Brain Rat 0-954 7 0-086 0-040 7 
Sheep Q-3207 0033 0-011 8 


* Each Km was determined from the double reciprocal plot of rates of the 
reaction varying with glucom concentrations from 0-002 mM to 150 mM. 
Other final concentrations in the reaction mixture were 50 mM glycylglycime 
at pH 7-6, 8 mM magnesium chloride, 3-0 mM adenosine triphosphate (except 
in the blanks), 0-25 mM NA DOE, 2 mM EDTA, and each cell contained at least 
0-02 Kornberg units of ghucoes-6-phosphate dehydrogenase activity. 

+ t= 4-536, P<0-001. 


Table 2. GLUCOKINASE ACTWWITIES OF AMMONIUM SULPHATE PRECIPITATED 
FRACTIONS OF RAT AND SHEEP BRAIN 


Activity (units/¢ hehe 
Rat peep 


Fraction 
100,000g supernatant 3v2 190 
0-830 per cent ammonium sulphate 27° 76 
80-50 per cent ammoniwn sulphate TLR 16-4 
50-75 per cent ammonitan sulphate 35-6 405 


*1x10~ moles of NADFH generated/minjg biuret protein under the 
oe conditions deseribedin Table 1, except that only 1 mM glucose was 
used, 


ously reported by Ballard and Olivert. In sheep brain, 
the apparent Km of hexokinase for glucose was about half 


that of rat brain (Table 1): this difference was statistically . _ 


significant. This difference should persist through 
purification procedures if it lies in the enzyme proteins, 
but not if it is due to accessory factors which may affect 
the apparent Km. A two-fold increase in specific activity 





was achieved by ammonium sulphate fractionation”. 
(Table 2): the rat bran glucokinase activity was maximal = 


in the 30-50 per cent fraction, while the sheep brain 





glucokinase activity was maximal in the 50-75 per cent © 
fraction (Table 2), Mereover, the apparent Km was about 


the same in the dialysed supernatants and corresponding 
ammonium sulphate fractions (Fig. 1). These two observa- 
tions suggest that, cempared with rat brain, the hexo- 
kinase of sheep brain is a larger protein with a greater 
affinity for glucose. á $ 

Any physiological significance of the data presuppose 


that the availability ef glucose at the site of glucokinase 


activity inside cells is at least in part dependent on the 


® 
150- 





-40 -20 2 


20 40 i 100 


Fig. 1, Double reciprocal plots of the rate of glucokinase activity, vy, 


against glucose concentration, S, show that the apparent Am for glucose 

(the reciprocal of — 1/9) of a homogenate supernatant from sheep brain 

(plotted as @) differs from that of rat brain (©), and that these values 

are unchanged by a two-foid purification. The hexokinase was concen- 

trated in the 30-50 per cenm ammonium sulphate precipitated fraction of 

rat brain (dashed line) butin Ae AAE par cent fraction of sheep brain 
otted line 
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blood glucose concentration, which is much lower in adult 
sheep than in most monogastric mammals. It is a striking 
eoincidence that: the hexokinases of tissues which can 
utilize substrates additicnal to glucose, that is liver, 


‘muscle and adiposa, have the same glucose affinities in 


rats and sheep, while the tissue which is dependent on 
glucose as the substrate for oxidation, that is the brain, 
has a hexokinase with a higher affinity for glucose in the 
sheep than in the rat. The high affinity of sheep brain 
hexokinase for glucose offers a biochemical explanation 
of how sheep brain functions normally for years at a blood 
glucose concentration of 50 mg/100 ml. which would lead 
to hypoglycaemic manifestations in most mammalian 
species. 

An exaggeration of this situation is found during 
insulin-induced hypoglycaemia. Men and rats exhibit 
tremors, convulsions and coma within l-4 h when the 
blood glucose concentration falls to less than 50 mg/100 
ml. (refs. 5-7). In contrast, sheep exhibit no ill effects 
in association with blood glucose-levels about 10 mg/ 
100 ml. for 15 h or mores, This ‘insulin resistance’ has 
been attributed to the release of endogenous epinephrine, 
which is thought to cause cerebral vasodilatation and so 
sustain cerebral perfusion with glucose despite the hypo- 
glycaemia®", It seems likely that the high affinity 
of its hexokinase for gluccse w ould also contribute to the 
ability of the sheep brain to resist the ill effects of severe 


hypoglycaemia. 
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Encephalitogenic Peptides from Spinal Cord 


In a recent symposium on experimental allergic en- 
cephalomyelitis there was considerable discussion on the 
size of encephalitogenic factors from brain and spinal 
eord!-*, We have fractionated extracts from bovine 
spinal cord by gel-filtration with phenol—acctic acid—water. 
This solvent system was introduced by Synge and col- 
leagues*-? for the fractionation of peptides on ‘Sephadex 
0-70. It is a strongly dissociating solvent which prevents 
adsorption of peptides on ‘Sephadex’, and gel-filtration in 
this solvent can be used to estimate the molecular size of 
peptides as there is an approximately linear relationship 
between the relative elution volume and the log of mole- 
cular weight®.". This communication describes a typical 
fractionation of basic polypeptides which were found to 
produce experimental allergic encephalomyelitis in guinea- 

igs. 
j For the fractionation shown in Fig. 1, ‘Sephadex G-75’ 
(crushed type, fine) (Pharmacia, Uppsala) was allowed to 
swell for 2 days in phenol~acetic acid~water, 1: 1:1 
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dex G-15 swells. tisi m this solvent than 





‘Sephi 


(w/¥/v). 


in water, so that a settled bed of 9-9 ml/g was obtained#* 


An acetone-dried powder of bovine spinal cord was 
extracted at 4° C with 0-01 N hydrochloric acid (100 g/l.) 
for 2-6 h. The filtered extract was lyophilized to yield 
3:24 g (0-7 per cent of fresh cord). The. re- dissolved 
extract was dialysed against water in acetyla: ied cellulose 
tubing (18/32 ‘Visking’ y?’ for 30 h with four. changes of 
diffusate. The retentate was lyophilized and any acidic 
material present was removed by passing it through 
diethylaminoethyl ‘Sephadex 4-50 in pyridine, 1 percent: 
collidine, 1 per cent, titrated with acetic acid to pH 7-5, 
The basic fraction from the column was- collected and 
represented 0-12 per cent of fresh cord. A portion of this 
material (100 mg) was fractionated on a 3 g column of 
‘Sephadex G-75' with phenol-acetic acid-water as solvent. 
The fractions were examined by paper chromatography 
in n-butanol-acetic acid~water (4: 1:5) and by electro- 
phoresis in acrylamide gel! with formic acid—acetic acid— 
water (1:4:45 by volume) containing 4 M urea, as 
buffer. The elution weights of the fractions with en- 
cephalitogenic activity, 1B and 1C (Fig. 1), were between 
that of glucagon and bacitracin which should indicate a 
molecular weight between 3,500 and 1,500. Paper 
chromatography showed that fractions 1D and LH were 





3 


composed mainly of free amino-acids. Gel-electrophoresis 
showed in the starting material eight cationie bands — 


(Fig. 1). The slowest bands were found in fraction LA. 


Eneephalitogenic activity was found to be associated with 






fractions which contained the electrophoretic bands ‘g’ 
and ‘f’. Table 1 shows the recovery of dry matter ando 


the encephalitogenic activity of the fractions. A portion 
of fraction 10 was rechromatographed on the same 


column. The fractions equivalent to IB were found to be | 


encephalitogenic at a dose of 5 ug. 


In other gel-filtration experiments carried out on 


material prepared from bovine spinal cord by extraction - 
with acidified potassium chloride followed by precipita- ` 


tion with saturated ammonium sulphate, and previously — 
referred to as ‘basic protein fraction’!*?, it was found - 
that about half this fraction could be recovered from a 
‘Sephadex G-75’ column with phenol-acetic acid—-water | 


as solvent in a zone equivalent to a molecular weight of 
1,500-2,000. 


Maximum encephalitogenic activity, as... 


judged by the number of animals showing clinical and. 


histological symptoms and by the day of onset of the. 


disease, was consistently found to be associated with the- 
fractions showing bands with electrophoretic mobility = 
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Fig. 1, Separation of basic fraction 400 mg) from bovine spinal cord | 
ona 3 g pone of ‘Sephadex G-75' (orushed type) with phenol~acetic 
acid—water (1 : 1: 1 wiv/v) as solvent. Fractions pooled for lyophiliza- 

. tion are shown geil the arrows. Arrows at the top of the graph 
show the peaks of reference compounds, bars indicate the limits of the these 
zones, (1) otoan e, molecular weight 12,400; (2) glucagon, 3,485; - 
(3) baecitracina, 1,400-1,500: (4) free amino-acids. Inset shows sory 
arnide gel-electrophoresis of starting material, in formic acid-acetic 

atid-water (1 : 4245 by volume) pH 2-0 containing 4M urea 
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4. SEPARATION OF BASIO FRACTION FROM SPINAL CORD BY GEL- 








FILTRATION 
o ; Encephalitogenic activity* 
Dry Dose Incidence Histology 
òn- matter used (clinically Day of onset positive 
>. recovered (ug) positive) Range Mean 

CJA 20-4 50 0/5 — — 1/4 
CEB ` 96 100 375 11-17 13°7 3/5 
= 340 21-8 300 3/5 11-18 117 4/5 
“LD 11-3 oe — nin ae moe 
1 37-8 `. 100 0/5 amem — 0/5 


* Encephalitogenic activity was determined, in guinea-pigs, by a single 
intradermal injection (0-1 mil.) of the test material, at the dose shown, 
dissolved. in sterile saline and emulsified with an equal volume cf ‘complete 
Freund's adjuvants’ composed of ‘Bayol F’, 85 parte, and ‘Arlacel 4’, 15 
parts, with added heat-killed Mycobacterium tuberculosis to the final amount 
of 0-25 me bacillary powder per animal (see ref. 12). 


“able 2, AMINO-ACID COMPOSITION OF AN ENCEPHALITOGENIO FRACTION 
; FROM BOVINE SPINAL CORD 


k Moles/100 moles Moles/100 moles 
Amino-acid amino-acid Amino-acid amino-acid 
< bysine 9-3 Half cystine 0-0 
Histidine 4-7 Valine 16 
Arginine 6-7 Methionine 0-4 
Aspartic acid 53 Isoleucine 1-7 
Threonine 5-0 Tyrosine 27 
Serine 10-5 Phenylalenine 3:6 
~ Gintamie acid 73 Unknown'l 0:2 
Proline 8-3 Unknown 2 0-3 
-Giyene 18-1 Ammonia 6-1 
Alanine 8-1 


Sample was hydrolysed with 6 N hydrochloric acid for 22 h at 110° C. 
_ Ataino-acids were determined on a Spinco model 1208 amino-acid analyser 
py Dr. C. M: Mauritzen:- Serine and threonine have been corrected for 10 
- per cent destruction. Unknown 1 was just before arginine and upknownh 2 
was just before aspartic acid. 


equivalent to bands ‘g’ and ‘f’ and with an elution weight 


equivalent to that of a peptide with a molecular weight 
of about 3,000. 


In Table 2 is given the amino-acid composition of an 


encephalitogenic fraction obtained from the ‘basic protein 
_ fraction’. The amino-acid composition is unusual in its 
“high content of glycine, serine and basic amino-acids. 
This amino-acid composition is similar to those of the 
preparations analysed by Kies and by Caspary and 


Field? and, apart from these materials, the only group of 
proteins of remotely similar composition is a recently 


reported histone-like protein isolated by Hnilica! from 
thymus gland- and named by him a ‘lipohistone’. Our 
fraction obtained from the ‘basic protein fraction’ was 
eluted from a column in a position equivalent to the tail 
of the chymotryptic haemo-peptide (molecular weight 
3,439) from a digest of cytochrome ¢ (ref. 13). High- 
voltage gel-electrophoresis showed that it was composed 
of at least three peptides of cationic mobility similar to 
bands ‘e’, ‘f’ and ‘g’ in Fig. 1. The minimum effective 
¥dose of this material was 2 ug per guinea-pig. The mild 
“and rapid procedure used to obtain fractions 1B and 1C 
suggests that the encephalitogenic peptide(s) occurs 
“naturally in spinal cord and that it is (or they are) not 
derived from proteins during the fractionation. In this 
latter connexion, it is to be said that phenol-—acetic acid— 
water was found by Bagdasarian et al.° to produce no 
significant hydrolysis of peptides at room temperature 
“and that we ourselves found that there was no liberation 
of peptides or amino-acids from eytochrome c kept in 
this solvent for 5 months at 4° C. It is probable, from the 

. work of Kies and others!*-*°, that they are loosely bound 
in some way to the lipid components of myelin. Evidence 
is accumulating that the encephalitogenic factor from 
spinal cord is a polypeptide which is free to diffuse 
through ‘Cellophane’!~*??-#2, Recently, Nakao and Roboz- 

- Einstein? briefly reported that there were two enceph- 
alitogenic factors in extracts of spinal cord which, from 
gel-filtration experiments on ‘Bio-Gel’, were found to be 
8 Lumsden eé al.2* previously 
rated diffusible polypeptides obtained by mild 
H Their most 
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0-5 rather than 0-00-€-01 in butanol—agetic acid—wat 
It is probable that the encephalitogenic ‘far cathodic _ 
protein’ isolated by Rcboz-Einstein, Robertson, D:Caprio ~ 
and Moore? is equivalent to our fractions, which show the 
faster-moving cationic bands ‘e’, ‘f’, ‘g’ and ‘h’ of Fig. 1 
but, from preliminary results on the ultracentrifuge, these 
last-mentioned authors concluded that their material had 
a molecular weight of 18,000-20,000. We now believe 
that this apparently much higher molecular weight must 
be due to peptide aggregation, as occurs with histones. 
Kibler*® has observed that his encephalitogenic prepara- 
tion, which was similar to that of Kies*, is dissociated 
by raising the ionic strength. 

Finally, although gel-filtration in phenol—acetic acid— 
water is useful in assessing the approximate molecular 
weight of the encephaditogenic factor(s), it is not so con- 
venient for large-scale isolation of the peptides. Pre- 
liminary experiments on the polyacrylamide gel, “Bio- 
Gel P-6’, show that iv can be used to prepare, from the 
acid potassium chlorice extract, the fractions containing 
cationic bands equiva ent to ‘e’, ‘f’, ‘g’ and ‘h’ in Fig. L 
‘Bio-Gel P-6’ is clairaed to have an exclusion limit of 
4,600 mol. wt. Using this material, with formic acid- 
acetic acid~water (1:4:45 by volume) as solvent, 
bands ‘f’ and ‘g’ were eluted from a column with about 
the same elution volume as was required for the B 
chain of insulin (molecular weight 3,500). 

In summary, a fracsion composed of basic polypeptides 
of unusual amino-acid composition has been prepared by 
gel-filtration from extracts of defatted spinal cord. From 
the gel-filtration experiments using phenol-—acetic acid- 
water as solvent it is suggested that the molecular weight 
of the peptide fraction, which can produce experimental 
allergic encephalomyelitis, is about. 3,000. 

Part of this work was carried out under the Eleanor 
Brooke fellowship for research in multiple sclerosis pro- 
vided by the Hull Branch of the Multiple Sclerosis Society 
of Great Britain. We also thank Mr.M. Knowles for tech- 
nical assistance, and Dr. T. A. A. Dopheide for a sample 
of B chain of insulin. 
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Active Transport of iron by Intestine : 
Effect of Erythropoiesis stimulated by 
Phenylhydrazine 


_ INTESTINAL absorption of radio-iron in intact rats was 
increased during the enhanced erythropoiesis which 
followed haemolysis induced by phenylhydrazine!. Simi- 
larly, erythropoiesis stimulated by acetylphenylhydrazine 
in dogs also increased iron absorption in vive?. This report 
describes experiments designed to study the effects of 
increased erythropoiesis in the rat on iron transport across 
everted duodenal gut sacs in vitro. The in vitro technique 
has defined an active transport mechanism for iron 
absorption®* which varies adaptively with dietary iron 
and pregnancy’ and, as will be shown, the cellular mechan- 
ism is also involved in the response to increased erythro- 
poiesis, 

l Male, albino, Sherman strain rats, 80-140 g, were 
injected subcutaneously with 100 mg/kg body-weight of 
phenylhydrazine-HCl (recrystallized from boiling water) 
dissolved in 0-9 per cent sodium chloride, and controls 
received saline alone. Seven days later rats were killed, 
the proximal 10 em of small intestine excised and two 
consecutive everted gut sacs prepared‘, each 5 cm long. 
Mean wet weights of the proximal and distal saes were 
approximately 770 and 500 mg, respectively. Sacs were 
incubated in Warburg vessels under oxygen, at 37° C, 
for 25 h in the ambient medium previously described‘, 
containing 0-1 mM freshly prepared ferrous sulphate, 
0-8 mM sodium ascorbate, and sufficient **FeSO, (Abbott 
Laboratories, Oak Ridge) to give about 10,000 ¢.p.m./ml. 
in a well-type scintillation counter. After incubation sacs 
were drained, and iron-59 and iron in the mucosal and 
serosal media were estimated as previously described‘. 
Heparinized capillary tubes were used for haematocrit 
determinations. 

Following phenylhydrazine injection the initial mean 
haematocrit, 42 per cent, decreased to 29 per cent at 
3 days and returned to the initial control value at 7 days. 
Everted gut sacs were then prepared from thirty-one 
control and forty phenylhydrazine-treated rats and tested 
in vitro (Table 1). Phenylhydrazine treatment increased 
net transfer of iron (estimated chemically) to the serosal 
surface by 19-7 per cent (P<0-05) and 54-7 per cent 
(P<0-01), respectively, in the proximal and adjacent 
distal segments. Final iron-59 concentration ratios serosal/ 
mucosal were increased correspondingly by 24:4 per cent 
(P<0-02) and 54:8 per cent (P< 0-001) in the proximal 
and distal segments, respectively. Gut sacs prepared 
from intestine more than 10 em distal from the pylorus 
showed no clear effect of prior phenylhydrazine treatment. 


Table 1. EFFECT OF PRIOR PHENYLHYDRAZINE ON IRON TRANSPORT BY 
EVERTED DUODENAL GUT BACS in vitro 


Net Fe transfer to serosal Tron-59 concentration 


Group No, medinm memoles/gut aac ratio serosal/mucosal 
i Proximaisac* Distal sac Proximal gac Distal sac 
eat 3l Sl4 410-57 12-846-6 45+14 20-11 
enyi- 
hydrazine 40 3762+120 1984103 6+ 2-1 Sit 14 
#* value < 0-05 <0-O1 < 0-02 < 0-001 


* Two gut sacs were prepared from the proximal! 10 em of rat small intestine 
m Fee ee or the more proximal and adjacent distal sac. 
ean + SA 


The results indicate that the mucosal mechanism for 
active transport of iron is responsible, in part at least, for 
enhanced absorption observed after phenylhydrazine 
treatment. Treated rats were not anaemic at the time of 
the experiment, and the stimulus for increased iron trans- 
port was apparently increased erythropoiesis following 
haemolysis’. Response of the iron transfer mechanism 
observed in vitro was limited to the proximal 10 cm of small 
intestine and distinctly less in magnitude than the more 
than two-fold increase observed in intact rats’. Thus 
factors other than the mucosal mechanism studied here 
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may participate in the response to increased erythropoiesis 
in vwo. Increased iron transport observed in the presente 
experiments also differs from that following a low iron: 
dietë. Dietary restriction yielded much greater increases 
in transport in vitro, and the most proximal segment 
showed the greatest effect. 
This work was supported by a grant from the U.S. 
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increased Active Transport of Glucose through 
the Intestine during Pregnancy 

A WELL-KNOWN aspect of the physiological adaptation 
to pregnancy is the increase in ingestion of food as a 
result of stimulation of the lateral nuclei of the hypo- 
thalamus. 

From a teleological point of view, it might be thought 
that an increase in the absorptive capacity of the intestine > 
would be associated with this increase in ingestion. Ib — 
is, in fact, known that iron is absorbed more rapidly ` 
during pregnancy, in proportion to the development of ™ 
the haematopoietic organs of the foetus', but few other 
investigations of intestinal absorption in pregnancy have 
been carried out. 

We have therefore investigated the effect of pregnancy 
on the absorption of d-glucose-—-one of the most actively 
transported substances. Other experiments dealing with 
the absorption of glycine are in progress. The Sols y Ponz 
technique of successive absorptions @ vive was used, as 
in previous investigations”. 





Table 1. INFLUENCE OF PREGNANCY ON THE ABSORPTION RATE OF 
@-GLUCOSE THROUGH THE INTESTINE OF RATS in rive 
Intestinal*® 
No. Ghacose absorption 
of rats (mmole) (umole/em) f 
Not pregnant * 
8 300 43-3 + (8 
9 150 20-0 + 005 
12 75 13-0 + 002 
7 20 5-0 > 0-09 
Pregnant 
9 300 52i t05 
10 150 26-1 4 7 
10 75 16-8 +0°2 
7 24) Tütü 


* Time of absorption, 30 min 


Thirty-six white Wistar rats, weighing from 180 to 
200 g and 12-15 days pregnant, and a control group of 
thirty-six rats of similar characteristics but not pregnant, 
were perfused with solutions of 300, 150, 75 and 20 mM 
glucose at a pressure of 12 om of water for 30 min. In 
each animal, four successive absorptions were carried out. 

In Table 1 the average values for both types of experi- 
ments are indicated with their corresponding standard 
errors. The results show a very significant increase 
(P <0-01) in the absorption of glucose in the pregnant 
rats over that in the controls. This increase is observed _ 
with all the concentrations of glucose, amounting to _ 
21 per cent for 300 mM, and 40 per cent for 20 mM. _ 

Similar results have been found for glycine”. The 
observed increase in the absorption rate is another example 
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the modification of the active transport of glucose 
h the intestine in different functional states, such as 
test, fasting® and hyperthyroidiam®, and these results 
est that in studying the maintenance of homoeostasis 
certain body constituents it is necessary to take into 
account this activity of the intestinal mucosa, in addition 
_ to increased ingestion and other variations in the activity 
of the digestive system. 
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PHARMACOLOGY 


Antagonism of Colistin-sulphonamide 
Synergism by para-Aminobenzoic Acid 


RUSSELL? reported an in vitro synergism between 
colistin methane sulphonate and sulphonamide drugs 
using a number of Proteus isolates. He found that the 
combinations were bactericidal at therapeutic levels, 
that the ratios of the drugs were not critical, and that the 
effect was present over a wide range of hydrogen ion 
concentration. The observations were extended to 
polymyxin B sulphate and sulphonamides with similar 
results, 

Since colistin alters the permeability of certain bacteria®, 
_ the possibility was considered that the synergism may be 
mediated by an alteration of the cytoplasmic membrane 
to a degree insufficient to cause bacteriostasis in itself, 
but sufficient to permit the passage of sulphonamides into 
the cell. If such were the case, the actual inhibition of 
growth would be a result of a block in folic acid formation 
and would be overcome by p-aminobenzoic acid?. 

To test this, Proteus vulgaris and P. mirabilis were 
inoculated into culture tubes containing ‘Bactotrvptic’ 
soy broth (Difco), with and without p-aminobenzoic acid 
(PABA), and with colistimethate sodium and certain 
sulphonamide drugs, singly and in combination. Growth 
was assessed by means of the optical density of each 
: culture after incubation for eleven hours at 37° C. Results 
=w were expressed as the percentage of inhibition as com- 
| pared with appropriate control cultures without drugs. 

Table 1 shows the results of one experiment in which 
sulphanilamide was used; Table 2 shows a similar pattern 
when the sulphonamides used were extracted with water 
from sensitivity disks (Baltimore Biological Laboratories) 
each of which contained 1:0 mg total of a mixture of 
sulphadiazine, sulphamethazine, and sulphamerazine 
(triple sulpha). The Proteus isolates had a low order of 
sensitivity to sulphonamides alone and to colistimethate 
l sodium alone. The combination of the two drugs resulted 
w in much greater inhibition, and this enhanced activity 
| was largely overcome by PABA. Attempts to antagonize 
the synergism with folic acid were not successful: the 
extent to which this may be related to the inability of the 








Table 1, SYNERGISM BETWEEN COLISTIMETHATE SopIUM AND SULPH- 
ANILAMIDE AND ITS REVERSAL BY PABA 
P. vulgaris P. mirabilis 
Tnhibition (per cent) Inhibition (per cent) 

a No PABA With PABA No PABA With PABA 
~ Sulphanilamide 7 0 25 2 
Colistimethate sodium 10 2 8 15 
Combined — 71 7 86 15 

Suiphanilamide, 400 ug/ml.; colistimethate sodium, 50 ug/ml.: PABA, 

OO] per cent. 
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Table 2. SYNERGISM BETWEEN COLISTIMETHATE SODIUM AND TRIPLE 
SULPHA AND ITS REVERSAL BY PABA Se 
P. vulgaris P. mirabilis — 0 o 

Tahibition (per cent) Inhibition (per cent) 
Ne PABA WithPABA No PABA With PABA 

Triple sulpha 13 H 5 Q 

Colistimethate sodium 14 7 10 3 

Combined 61 19 72 4 


Concentrations same as im Table 1. 


organisms to incorporate or utilize pre-formed folic acid 
has not been determined. 

The present resulte tentatively suggest that the sul- 
phonamide-colistin synergism is mediated through an 
initial alteration by solistin of the permeability of the 
cytoplasmic membrane of Proteus species in such a way 
as to permit entry ef the sulphonamide into the cell. 
The sulphonamide then retards cell replication by inter- 
ference with folic acic. synthesis. 

This work was aiced by a grant from the National 
Institutes of Health, U.S. Public Health Service. ‘Coly- 
Mycin’ diagnostic (celistimethate sodium) was provided 
by the Warner-Larbert Research . Institute. Morris 
Plains, New Jersey—the research affiliate of Warner- 
Chilcott Laboratories. 
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HISTOLOGY 
Branched Cells in the Epidermis of the Sheep 


BRANCHED cells pasitive for alkaline phosphatase, and 
which are darkened by osmium iodide, have been found in 
the epidermis of certain African primates'-*. Other 
dendritic cells have been revealed by gold impregnation 
and methylene blue in the non-pigmented epidermis of 
guinea-pigs, rabbits and man‘, and by gold impregnation 
and electron microscopy in the epidermis of man. 

Histochemical preparations for acetylcholinesterase 
have revealed numerous large branched cells in the epi- 
dermis and upper external sheaths of the follicles of several 
breeds of sheep (Merino, Southdown, Suffolk, English 
Leicester and Border Leicester). By contrast, such acety}- 
cholinesterase-positive branched cells were not revealed 
in other species investigated at the same time (bandicoot 
Perameles nasuta, possum Trichosurus vulpecula, labora- 
tory rabbit, laboratory rat, and ox). Neither the tech- 
niques for butyryleholinesterase nor for alkaline phos- 
phatase revealed these branched cells in sheep skin. 
Moreover, they did not stain with osmium iodide or gold 
chloride and did nət produce a positive 3,4-dihydroxy- 
phenylalanine (DOPA) reaction. 

The regions of the sheep examined included several 
producing hair ane several producing wool. Samples 
were also taken from four regions (lower lip, between 
nares, nipple and vulva) devoid of follicles. In addition, 
samples were taken from the placenta of a full-term sheep 
foetus with plaques of wool follicles on the amnion‘. 
Acetylcholinesteras#-positive branched cells were found 
on all of the regiors where there were follicles, but they 
were not found in the non-follicular regions. Even on the 
amnion the branched cells were confined to the plaques 
having follicles. 

The processes o” the branched cells (Fig. 1) extend 
throughout the epidermis, some even to the cornified 
layer, but the perikarya are evenly spaced (about 50u 
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apart) and are located in the basal layer near the dermo- 
epidermal junction. Although the population densities 
of melanotic melanocytes in the ep dermis and follicles 
vary greatly between sheep, the number of branched 
cells per unit area was essentially the same in all sheep. 

The population density of these branched cells was not 
modified by contact with solid carbon dioxide for up to 
30 sec duration in any of the sheep examined, nor by 
exposure to ultra-violet light, except in a Merino with a 
very population of melanotic melanocytes. In this 
ani there was a reduction of the acetylcholinesterase- 
positive cells after a moderate exposure to ultra-violet 
radiation and an almost complete loss of the cells from the 
epidermis, but not from the upper external sheaths of the 
follicles, following a more severe ultra-violet burn. In 
the other animals so treated, a dark-skinned Merino and 
a Southdown, both with numerous melanotic melanocytes, 
there was tanning but not burning, and the number of 
positive branched cells per unit area was not changed. 
From these limited observations it appears that the basal 
layer, including the perikarya of branched cells, is pro- 
tected from ultra-violet radiation by the presence of 
melanin in the melanocytes. 

The precise nature and function of these cells are not 
known. Even though these branched cells in the sheep are 
acetylcholinesterase-positive and do not react for alkaline 
phosphatase or with osmium iodide, they seem to be 
generally similar in morphology and pattern of distribu- 
tion to the branched cells of some African primates'-*. 
They also appear similar in morphology to the epidermal 
dendritic cells which have been revealed in other animals*-’. 
The similar distribution of branched cells in epidermal 
regions with melanocytes and in epidermal regions with- 
out melanocytes indicates that branched cells in sheep are 
not effete melanocytes. It is conceivable that these 
branched cells are derived from stem cells which can 
mature and differentiate either into the Langerhans 
type*? or in the direction of a melanotic melanocyte. 
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Fig. 1. Acetylcholinesterase-positive branched cells in the} basal gor 
of the epidermis of the mid-lateral region of the trunk of an adult Merino 
ewe. Frozen section (40x thick) cut parallel to the skin surface 
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Alternatively, it may be that at the dermo-epidermal 
junction there are stem cells for melan and separate®™ 
stem cells for branched cells, both derived from the neural 
crest. Branched cells may well have a supportive role, or 
perhaps a trophic function as indicated by their regular 
pattern (Fig. 1) and close proximity to all epidermal cells 
below the stratum corneum. 

We thank Mr. D. E. Hollis for his skilled histochemical 
preparations. 
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HISTOCHEMISTRY 


Particles in Leucocytes of Normal Humans Beings 
after Negative Staining in Electron Microscopy 


THE negative staining technique for the study of cells 
and cellular components by electron microscopy has been 
described by Almeida and Howatson'. A similar method 
has been applied to study the morphology of the Moloney 
leukaemia virus in megakaryocytes in experimentally 
infected mice, Recently, virus-like particles have been 
described in the plasma of many leukaemic humans 
examined by a negative-staining technique*-*. This report 
describes the application of a similar technique to leuco- 
cytes of normal human beings. 

Leucocytes of normal adult humans were separated 
from heparinized fresh blood (0-5 mg heparin to 1 em? of 
blood) from five healthy individuals. The erythrocytes 
were allowed to settle at room temperature for 1 h. 
The plasma, rich in leucocytes, was drawn off, centrifuged 
15 min at 10,000g, washed with 0-05 M citrate buffer pH 
6-8, recentrifuged, and resuspended in the citrate buffer. 
(Some agglutination occurred.) The cells were frozen at 
— 65° C, thawed, and mixed with 2 per cent phosphotungs- ¢ 
tic acid (PTA) (pH 7-0) to a final concentration of 1 per 
cent PTA. They were examined with an EMU-3 micro- 
scope. 

Particles were seen within leucocytes and emerging 
from them (Figs. 1 and 2). The specific types of leuco- 
cytes could not be identified because of distortion during 
the procedure. The particles varied in shape and included 
toroidal, tailed, reticulated and stranded forms. The 
toroidal particles were relatively numerous and ranged 
in diameter from 90 to 350 myu. Their nature is not 
definitely known, but we suspect that they consist of 
nuclear material because of their central location when 
seen in intact cells. 

Because many of the smaller particles from normal 
individuals bear a striking resemblance to particles 
described by Dalton* in leukaemic mice, it appears that 
the negative-staining technique must be used with caution 
in identifying viruses within cells or in preparations made 
from cells. This is in agreement with Almeida’s conclusion 
that preparations of the blood of normal people reveal 
many particles in the same size range as virus particles. 
These may be mistaken for virus particles unless other 
criteria are considered regarding the morphology of the 
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Fig. 1 
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Fig. 2 


Figs. 1 and 2. Particles emerging from a leucocyte of a normal human being after heparinized cells were frezen, thawed and mixed with PTA. Toroidal 
forms are common. Other particles in evidence include reticulated, stranded, encapsulated and tailed forms 


particles known to be associated with negatively stained 
materials. 

We therefore consider that morphological criteria by the 
PTA technique are inadequate when searching for new 
human leukaemogenic viruses in tissue, since normal 
human cell components have a strikingly similar morpho- 
logy to well-known murine leukaemia viruses by the PTA 
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IMMUNOLOGY 


Failure to transfer Sensitivity to Skin 
Homografts by Means of ‘Immune’ Lymphoid 
Cells in Diffusion Chambers 


ALTHOUGH there has been a considerable number of 
reports dealing with the susceptibility of dissociated 
cellular homografts of many tissues, notably those derived 
from the lymphohaematopoietic system, to humoral 
isoantibodies', the majority of attempts to demonstrate 
that humoral factors play any significant part in the 
destruction of skin and other solid tissue homografts have 
failed*. Indeed, most of the available evidence sustains 
the premise that a ‘cellular’ immunity is involved and 
that the demise of a homograft is causally related to its 
characteristic infiltration by mononuclear cells. 


What might be construed as a serious challenge to this 
thesis are the reports of Najarian and Feldman of the 
transferability of sensitivity to skin homografts in mice 
and guinea-pigs by means of viable suspensions of ‘im- 
mune’ lymphoid cells, enclosed within cell-impenetrable 
‘Millipore’ diffusion chambers, implanted either intra- 
peritoneally or subcutaneously into isologous hosts*+*. 
Similar findings have been reported in rabbits*. Our 
preliminary, small-scele attempts to confirm these observa- 
tions, using both immunologically tolerant and normal 
mice as hosts, were unsuccessful’. However, we felt that 
the far-reaching imp ications of Najarian and Feldman’s 
observations** concerning the mechanism of homograft 
destruction justified a more extensive investigation, and 
this communication reports our findings. 

As before’, every attempt was made to follow Najarian 
and Feldman’s protecols as closely as possible. Adult 
mice of both sexes, derived from domestically maintained 
sub-lines of strains 4 and CBA, were used throughout, 
and both the possible donor/recipient combinations were 
tested. The median survival times (+ standard error) 
of skin homografts exchanged between members of these 
strains, as determined from a histological appraisal of 
biopsied specimens removed at regularly spaced intervals, 
are’: 


CBA — A 10:2 + 0: 
A — CBA 11:0 + 0- 


ww 
or 
2 

T 


Sensitization of domors of immune lymphoid cells was 
achieved by grafting them bilaterally with skin homo- 
grafts followed, 2 days later, by an intraperitoneal inocula- 
tion of a suspension of 10 million homologous spleen cells 
in Hanks’s balanced salt solution. Nine days after 
exposure to the skin homografts these animals were 
killed and their spseens, axillary, brachial, cervical and 
mesenteric nodes əxcised, pooled and dissociated in 
Hanks’s solution centaining polyvinylpyrrolidone (final 
concentration 0-35 per cent v/v) to produce a cell suspen- 
sion. On the basis ef trypan blue dye exclusion tests, not 
less than 90 per cent of the cells were viable. 

0-12-ml. portions of this suspension, containing about 
200 million cells, were introduced into a series of sterile 
‘Millipore’ chambers (pore size 100 mu) which were then 
sealed. Two of these were then inserted into the peritoneal 
cavity of each of the isogenic host mice. 





E 


1360 





pony 





l ne diffusion chambers; in others, test 
grafting was delayed for 2 days. Care was taken to avoid 
areas of ‘active’ skin as donor sites for the test grafts. 


« Instead of suturing the grafts in place, as did Najarian 


and Feldman, we used our standard procedure of keeping 
the grafts in position on their beds—afforded by the 
intact panniculus carnosus with its overlying vasculature 
-under light pressure by means of dressings around the 
thorax’. 

In some experiments, the survival times of the test 
grafts were assessed visually, scoring daily the degree of 
epithelial survival from the sixth day onwards. In others, 
the grafts were removed on the sixth post-operative day 
for histological appraisal of the percentage of epithelial 
survival, 

Diffusion chambers containing normal instead of 
immune lymphoid cell suspensions were implanted into 
some groups of mice, and these acted as our controls. 
Our criterion of transfer of immunity was any evidence 
of accelerated destruction of test grafts borne by recipi- 
ents of immune cells. 


Table 1, COMPARISON OF THE FATE OF Test SKIN HOMOGRAFTS ON MICE 
BEARING DIFFUSION CHAMBERS CONTAINING Tso.ocgous LYMPHOID CELLS 
FROM (a) NORMAL AND (6) SPECIFICALLY SENSITIZED MICE 


Tmmuno- 
Strain logical No, of Appraisal of test skin homografts 
combin- status of hosts l Ör percentage of 
ation transferred tested Survival times (days) epithelial survival in 
cells 6-day biopsy specimens 
CBA-~-A Normal 12 ig x10, 4x11, 2 12, — 
(MST = 10-2 + 1-12} 
Sensitized 20 @, 2x10, 7x11, 6x12, — 
13, 4, 838x 15 
(MST = 411-3 + 116} 
Normal 19 oo 13 x 100, 3 x 95, 75, 
2x O 
Sensitized 20 — 8x100, 7x95, 5x79, 
2 x50 
-CBA Sensitized 0 9,7x10, 12 — 
{MSF = 10-2 + 1-06} 
Normal 13 — 11 x 100, 95, 


75 
Sensitized 17 mene 12 x 100, 2 x 95, 75, 


2x 25 


Table 1 summarizes the varicus tests carried out and 
their findings. Since the results of delaying test grafting 
for 2 days were similar to those obtained when test grafts 
were applied at the time of insertion of the diffusion 
chambers, the data have been pooled. With neither 
donor/recipient strain combmation was there any evidence 
that sensitivity had been transferred. The median sur- 
vival times of CLA grafts on A strain recipients bearing 
chambers containing normal or immune lymphoid cells 
were 10-2 + 1-12 and 11-5 + 1-16 days, respectively. 
The CBA recipients of sequestered immune node cells 
rejected their A skin test grafts within about 10 days 
(median survival time 10-2 + 1-06 days). 

Histological scores of the degree of epithelial survival 
in the 6-day biopsy specimens were in complete accord 
with the determinations of survival time. At the sixth 


“post-operative day, 90 per cent of the grafts exhibited 


high degrees of survival of a hyperplastic epidermis 
characteristic of first-set skin homografts. With the 
CBA ~» A combination, several test grafts on the recipi- 
ents of sensitized node cells survived a few days longer 
than on the controls. A likely explanation of this slight 
prolongation is that it is due to the immunological enhanc- 
ing activity of antibody released by the sequestered 
immune node cells’. 

In view of the close similarity of design between the 
present experiments and those of Najarian and Feldman, 
it is difficult to account for the discrepancy in the results 
obtained. The essential differences between the two 
procedures were: (a) bilateral grafting of the donors 
of the immune lymphoid cells rather than giving them a 
single mid-dorsal graft, and (6) securing the test grafts 
in place by means of dressings, rather than suturing. 
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That the lymphoid cell suspensions introduced into 
our chambers were viable was attested by the results o# 
the dye exclusion tests, and also by the fact that a small 
number of cells prepared by this procedure and injected 
intraperitoneally into tolerant mice were highly effective 
in procuring the destruction of hitherto long-tolerated 
gratts®. 

This work was supported in part by a grant from the 
National Institutes of Health, U.S. Public Health Service, 
and fellowships from the Helen Hay Whitney Foundation 
and the U.S. Public Health Service. We thank Dr. 
Joseph Feldman for helpful suggestions and for providing 
us with polyvinylpyrrolidone, and Mrs. 8. Schroeder 
and Mr. G. Sawechuck for their technical assistance. 
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Inhibitory Effect of Carcinostatic Agents on 
Antitumour Activity of Immune Lymphoid Cells 


Ir has been widely demonstrated that in vivo applica- 
tion of carcinostatie agents mbhibits the host immune 
response, namely, inhibition of antibody production by 
antimetabolites!-*, alkylating agents! and antibiotics*’, 
and prolongation of homograft survival by a nitrogen 
mustard derivative®. Investigations of the mode of action 
of these agents on the immune function of lymphoid cells 
sensitized with homologous cells would provide interesting 
information on the mechanism of action of the lymphoid 
cells in transplantation immunity, since some of these 
agents have been known to act on the specific sites of the 
cellular functions. 

We have recently demonstrated that the peritoneal 
fluid cells of Donryu rats* immune to homologous tumour, 
Yoshida sarcoma, showed a marked antiturnour action 
both in transfer system and in diffusion chamber’. The 
experiment described here shows the effects of several x 
earcinostatic agents on the cellular immunity of the 
peritoneal fluid cells sensitized with Yoshida sarcoma and 
on the growth of the tumour cells. 

Peritoneal fluid cells were collected, following intra- 
peritoneal injection of 5 ml. heparin~Hanks’s solution in a 
rat, from male Donryu rats which had been repeatedly 
immunized with Yoshida sarcoma by a method previously 
reported’®, The pooled fluids, containing 107 cells/ml., 
were incubated for 30 min at 37° C both with and without 
the carcinostatic agent. The cells were sedimented and 
washed twice with fresh Hanks’s solution. The washed 
cells were then suspended in Hanks’s solution with a 
concentration of 107 peritoneal fluid cells/ml. In al 
experiments in which the viability of these cells was 
examined by the eosin stain test, more than 90 per cent of 
them were demonstrated to be viable at this time. The 
suspension was mixed with an equal volume of suspension 
containing 10° Yoshida sarcoma cells/ml., and the mixture 
was kept at 25° C for 10 min. Two ml. of the mixture was 
intraperitoneally injected into a recipient Donryu rat, and 
the tumour development was observed. When the anti- 
tumour function of the immune peritoneal cells diminished, 
the recipient animals died due to tumour growth. 


ean E Series 1 
Agent Cells for inoculation 
Nitrogen mustard 
YS + treated PFC 
Treated YS 
Mitomycin C 
YS + treated PFC 
Treated YS 
Actinomycin D 
YS + treated PFC 
Treated ¥S 
Puromycn 
YS + treated PFO 
Treated YS 
6-BMercaptopurine 
° YS + treated PFC 
Treated YS 
Actinomycin D 0 
YS + treated PFC 0/5 
Treated YS 3/3 
Mitomycin C 0 
YS + treated PFO 0/5 
i 0-2 
Treated YS 3/3 
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Table 1. EFFEOTS OF CAROINOSTATIO AGENTS ON THE ANTI-YOSHIDA SARCOMA FUNOTION OF IMMUNE PERITOSEAL FLUID CELLS AND ON YOSHIDA SARCOMA 
ha | 





Concentration of agent for treatment of cells 


Control 
10/10 


10/10 


26 gimi. Control 





Pr Miaka ens (et 
EG | UH LAA a a | RN itt Shit | eSNG deer" Ahir | e rrr Ser rH 


naman ed 





4/5 
0/8 


TT | Et | ENE ff RENIN aaa 


33 66 ug/ml. Control 
5/5 


5/5 








3/5 


38 
E 





Underlining indicates that the first group was significantly affected by an agent, and the concentration of the agent was designated as the mimmum 
effective concentration to the treated cells. Each animal In the first and second groups was given 107 celle of treated PFC (peritoneal fuld cells from the 
immune rats) mixed with 10° YS (Yoshida sarcoma cells), and 107 cells of treated YS, respectively. Control animals were transplanted with 10° YS cells 


alone intraperitoneally. 


~~ The anti-Yoshida sarcoma activity of an agent was 


tested in the similar way to that already described. 
Suspensions containing 10? tumour cells/ml. were incub- 
ated with the agent in Hanks’s solution and the twice- 
washed 10’ cells were injected intraperitoneally into a rat. 
It can be seen from Table 1 that in Series 1 exposure 
to nitrogen mustard, mitomycin C, or actinomycin D at 
certain concentrations abolished both the antitumour 
function of the sensitized peritoneal fluid cells and the 
growth of Yoshida sarcoma cells; on the other hand, puro- 
mycin and 6-mercaptopurine did not act on these cells 
even at higher concentrations. 
The antibiotics mitomycin C and actinomycin D are 
especially interesting, since it is known that they interact 
pecifically with nucleic acids. Bloom et al.4! reported that 
exposure to mitomycin C in vitro at rather high concen- 
tration abolished the capacity of cellular transfer of 
delayed-type hypersensitivity in. sensitized lymphoid cells. 
Actinomycin D has been found to be an effective inhibitor 
of antibody formation in lymphoid cells!?-4, and this 
antibiotic acted differentially on the immunologically 
determined and competent cells*, The heterologous host— 
antigen systems were used in these in vitro experiments. 
Thus a more detailed study of the action of actinomycin 
D and mitomycin C on the immune peritoneal fluid cells 
and on Yoshida sarcoma cells was undertaken. The 
results of Series 2 in Table 1 show that the minimum 
effective concentrations of actinomycin D to the sensitized 
peritoneal fluid cells and to Yoshida sarcoma cells were 1:3 
ug and 1-3 ug/ml., respectively, while those of mitomycin O 
were 16:5-33 ug and 3:3 ug/ml. Thus, the ratios of mini- 
mum. effective concentration to the immune peritoneal 
cells against that to tumour cells were 1 for actinomycin 
D and 5-10 for mitomycin C. In the case of nitrogen 


œ-mustard, the ratio was approximately 10 (Table 1— 


~- $ 
Yi 


Series 1). If these agents act in a similar manner on the 
sites of the cells which control growth and viability of the 
tumour cells (or antihomograft function of the lymphoid 


cells) the ratios may be equal among them. .It is possible 
that the significant difference of the ratio indicates that 
the antitumour funct-on of the sensitized peritoneal fluid 
cells is specially inhibited by short-term exposure to 
actinomycin D. i 

It has been known. for some time that actinomycin D 
inhibits DNA-directed RNA. synthesis™:!6, and, moreover, 
that when the RNA. synthesis is inhibited the immune cells 
lose their immunological function. It is thus possible 
that the antitumour “unction of the sensitized peritoneal 
fluid cells in the present experiment are related to an RNA- 
dependent function cf the cells. However, whether the 
duration of the viakility of the cells before and after 
exposure to the carcinostatic agents is equal, and whether 
the non-specific affinity to the cells is different among 
these agents, require further investigation. 


Yosutvuxkit HASHIMOTO 
Hisayo Supo 
Mortizo ISHIDATE 


The Tokyo Biochemical Research Institute, 
2-593 Takadaminami-cho, 
Toshima-Eu, Tokyo. 
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Increased Localization and Incorporation of 
lododeoxyuridine into Tumour DNA in vivo 
when coupled to Polycation 


_ THERE is some evidence that tumour cell surfaces are 
in & hyperanionic state which could be associated with 
lowered intercellular adhesion and contact inhibition of 
mitosis**. If cells of tumour tissues have a higher anionic 
surface charge or the hyperanionic state lasts for a greater 
portion of the intermitotic cycle than other growing cells 
of the body, it should be possible to accumulate cations 
in favour of the tumour cell surface. By coupling cyto- 
toxic drugs to these cations it might be further possible 
to attain lethal toxicity in tumour cells before destroying 
other vital tissues. 

This communication describes the incorporation of the 
cytotoxic and radiosensitizing drug 5-iododeoxyuridine 
(LUdR) into the DNA of various tissues of the C,H strain 
of mice bearing spontaneous mammary tumours after 
prolonged injection of either the free drug or its water- 
soluble complex with polycation. The polycation poly- 
ethylene imine (PE) (molecular weight 3-5 x 10?) was 
complexed with IUdR or its derivative 5-iododeoxy- 
cytidine monophosphate (IdCMP) which provides a 
stronger salt link by way of its phosphate group to the 
basic nitrogen atom of PE. IdCMP, which is readily 
deaminated by mammalian tissues to yield iododeoxy- 
uridine monophosphate, was prepared by direct iodination 
of IdCMP (ref. 3). Complex formation was achieved by 
simple mixing in aqueous solution and integrity of the 
product was confirmed by elution from ‘Sephadex G-25’ as 
a single component. Í 

The first aim of these experıments was to trace the 
relative incorporation of IUdR into tumour DNA and 
DNA of other tissues known to incorporate more IUdR 
than tumour, namely, spleen and intestinal mucosa‘. 
Leucopenia results from IUdR administration at doses 
subtoxie to tumour tissue even though bone marrow 
DNA contains less IUdR than tumour DNA, so white 
blood cell counts were included in these experiments. 

The second aim was to discover conditions which would 
produce sufficient IUdR replacement of tumour DNA 
thymidine to render it lethally radiosensitive. It has 
been shown that 7-9 per cent replacement of DNA 
thymidine by IUdR in human cells in vitro produces a 
radiosensitization factor of 1-6 (ref. 5), but toxic doses of 
TUdR given systemically in vivo result in only 1-2 per 
cent replacement of tumour DNA thymidine®. If 5-fluoro- 
deoxyuridine (FUdR) is given simultaneously to inhibit 
thymidine synthesis, LUdR incorporation in DNA of 
dividing cells can be increased at the expense of greater 
toxicity—chiefly leucopenia. In these experiments FUdR 
or its derivative 5-fluorodeoxycytidine monophosphate 
(FdCMP) was coupled along with IUdR or IdCMP to PE 
such that the iodine : fluorine ratios were 2-5: 1 or 10; 1. 
The tumour-localizing compound’, 1 : 4-naphthaquinol- 
bisdisodium phosphate (‘Synkayvite’, Roche), was also 
coupled to the drug-polycation complex in the expecta- 
tion that it might favour accumulation on the tumour 
cell surface even further. Drugs and their complexes 
were injected subcutaneously for 5 days, after which 
blood was sampled from a tail vein for the white cell 
count. The animals were then killed and the intestines 
removed into ice-cold 0-14 M sodium chloride; 0-02 M to 
versene at pH 8-0. Spleen and tumour tissue free of 
necrotic debris were next removed and placed on dry ice. 
Intestinal contents were lightly squeezed out, the lumen 
opened and epithelium rapidly scraped off into 0-02 M 
sodium chloride containing 0:02 M versene at pH 8-0 
and 1 per cent sodium lauryl sulphate. Tumour and 
spleen were thawed out and homogenized in the same 
medium. DNA was then prepared from these homo- 
genates in a fibrous deproteinized form by the method of 
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Kay et al.8, which excludes all sources of iodine other 
than incorporated JUdR. After accurate assay by the- 
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diphenylamine reaction, 100-200 ug samples of DNA. were 
then ashed with sodium bicarbonate and iodide content 
measured by the arsenious acid/ceric sulphate titration 
method described by Szabo’. Although accurately repro- 
ducible, this method results in 20-25 per cent losses of 
iodine during ashing. 

Table 1, line (a), confirms the leucopenic effect and 
greater incorporation of IUdR into spleen and mucosae 
DNA than tumour DNA when free nucleosides are used. 
Presence of PE restores the white cell count to normal 
(3-5—4'5 x 10%/mm? in these animals); increases overall 
IUdR incorporation and improves localization in favour 
of the tumour (line b). The incorporation and tumour 
localization of IUdR are even greater when PE-coupled 
nucleotides are used (line d). 


Table 1. INCORPORATION OF IUdR INTO DNA OF Tumour, SPLEEN ann“, 
INTESTINAL MUCOSA AFTER ADMINISTRATION OF LUGR AND FUAR IN THE 


Ratto 25.1 
yg iodinejmg DNA ; White 
(1) (2) (3) Ratio Ratio cell count/ 
Tumour Spleen Mucosa I/T1* I/ftl* mm*x 10° 
(o) Free nucleosides 0:67 0 82 1:92 0 82 0-35 1:6 
(b) (a) with PE 198 1°52 355 1-36 0-55 5-9 
{c) Free nucleotides 1°81 2:01 2°82 0:90 0 64 086 
(d) (e) with PE 44 1:90 3-04 128 0-62 34 


All results are the mean of three animals. Daily dosage divided into three 
8-hourly injections subcutaneously, 1n 0-2 ml. water for 5 days. (a) TUAR 
50 mg, FUGR 20 mg/kg/day; (b) as (æ) coupled to 10 mg PHR/kg/day; (c) 
IdCMP 60 mg, FACMP 24 mg/kg/day; (d) as (c) coupled to 10 mg PE/kg/day. 

* BaS are calculated from the individual iodine assay data, then 
averaged, 3 


In Table 2, data from several types of experiments 
differing slightly in their dosage schedule or drug vehicle 
have been pooled to evaluate the localizing effect of poly- 
cation and ‘Synkayvite’ on-tumour DNA incorporation 
of IUdR. Animals, the results of which are shown in lines 
(b) and {c), have been paired under each of the slightly 
varying conditions. When ‘Synkayvite’ is coupled to the 
polycation-drug complex there is an increase of 28 per 
cent in the tumour: spleen ratio and 42 per cent in the 
tumour: mucosa ratio. The magnitude of standard 
deviation, however, renders these differences statistically 
insignificant. Further experiments under standardized 
conditions will be undertaken to confirm this effect when 
more FdCMP is available. 

Table 2. EFFEOT of COUPLING ‘SYNKAYVITE’ TO POLYOATION COMPLEX 


With IdOMP anp FACMP (Raro 2:5: 1) ON THE LOCALIZATION OF JIAGUR 
Ix TumMouUR DNA 


White cell 
Tumour DNA lodine Tumour DNA iodine count/ 
Spleen DNA iodine Mucosa DNA 10dıne mm? x 10° 


(a) Nucleosides 0°86 + 0-23 (12) 0454019 (12) 10140-48 (12) 


only 
(b) Nucleotides 1-85 + 1°26 (12) 0 69+0 24 (12) 3-55 + 0-81 (12) 
with polycation = 
(e) as (b) with 2°83 + 1-48 (12) 098 + 0-41 (12) 3554102 (12)2% 
‘Synkayvite’* 


(a) [UdR 60 mg, FUAR 20 mg/kg/day; (b) ICMP 60 mg, FACMP 24 m 
coupled to 10 mg PE or 80 mg protamine free base/kg/day, (c) as for {b 
coupled to 4 mg ‘Synkayvite’/kg/day. Daily dose divided into either 3 x 8- 
hourly injections in 02 ml, water or 2 x 12-hourly injections in peanut oil 
emulsion (0-3 mi.) given subcutaneously for 5 days. 

*In 3 animals 075 mg methotrexate/kg/day substituted for FdOMP. 

Table 3 shows the results of using a 10:1 TUAR : FUdR 
ratio with and without PE and ‘Synkayvite’. As judged 
by comparison of the white cell counts in line (a) of 
Tables 1 and 2, this increased ratio of IUdR to FUdR 
has a lower antimitotic effect, but incorporation of [UdR 
into tumour DNA is increased. The dosage schedule for 
line (c) Table 3 gives both the best localization and highest 
incorporation of [UdR into tumour DNA. The value of 
3-2 ug iodine/mg DNA is equivalent to nearly 6'5 per cent 
thymidine replacement after compensating for iodine 
losses in the ashing step of the assay. By using PE-coupled 
nucleotides one can increase IUdR incorporation into 
tumour DNA over three-fold compared with free nucleo- 
sides. This could be due either to the protective effect of 
phosphate or polycation groups against enzymes which 
rapidly dehalogenate free I0dR, or to the pinocytotic 
transport of the intact complex into tumour cells such 
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Table 3. INCORPORATION OF IUGR INTO DNA OF TUMOUR, SPLEEN Cy INTESTINAL MUCOSAE AFTER ADMINISTRATION OF JUdR AND FUR IN THE 
















e ATIO 10.1 
wy 
g fodine/mg DNA White cell 
‘Synkayvite’ d e in Ratıo I/II Ratio I/ITI count/ No. animals 
I Tumour 1 Spleen TIL Mucosa mm? x 10° 
— 0 98 1-67 1:80 0'61 0-55 
(a) Nucleosides only > EA 133 138 0-03 0-0 
-e 1-54 1 i * . 
naoa > | |] ie | im |ia j m 
— 3 20 2°08 ’ ' 
(c) Nucleotides with PE si at ae et aac | ee 





eT ET RT tN On PINT D O wan Diftieh eth ad. ah (i , 
(a) 70 mg IUdR, 7 mg FUdR/kg/day; (b) as (a) coupled to 10 mg PH/ke/day; (c) 80 mg ICMP, 8 mg FdGMP, coupled to 10 mg PH/kg/ day. “Synkayvite 


where present at 4 mg/kg/day. 


that IdCMP can enter directly into the DNA synthetic 
pathway. If this is true, then PE-coupled iododeoxy- 
cytidine triphosphate would be utilized even more eff- 
ciently since nucleoside triphosphates are the immediate 

seubstrates for DNA polymerase. This and other factors 
designed to increase the localization and incorporation of 
IUdR into tumour DNA in vivo still further are being 
investigated. 

We thank Dr. R. Duschinsky, Hoffman—LaRoche, Ine., 
Nutley, N.J., for a gift of FACMP. Part of this work was 
completed at the laboratories of the Imperial Cancer 
Research Fund, London, W.C.2. 


RICHARD J. WOODMAN 


Department of Experimental Pathology, 
Roswell Park Memorial Institute, 
Buffalo, New York. 
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RADIOBIOLOGY 


On the Shape of the Dose-response Curve 
for HeLa Cells cultured in vitro and exposed 
to Gamma-radiation 


Progress in theoretical radiobiology depends very 
largely on the interpretation of dose-response curves; 
nowadays, interest 1s being focused on the reproductive 

urvival of mammalian cells. Unfortunately research 

workers measure, not survival ‘curves’, but a limited 
number of discrete points. These data, even if free from 
artefacts which would render them meaningless, have such 
limited statistical significance that it is often possible to 
fit more than one mutually exclusive theoretical curve 
through them. 

Much effort has been devoted to the development of the 
multi-target and multi-hit models of radiation damage at 
the cellular level'*. If survival cnrves are plotted in the 
conventional way, that is, the fraction surviving on a 
logarithmic scale, versus dose on a linear scale, the multi- 
7" target model leads one to expect a dose-response curve 
which, after an initial shoulder, becomes straight; the 
multi-hit model would predict a curve which bends 
continuously and never straightens, although this curva- 
ture may be very small over the range of survival used in 
experimental investigations’. X-ray survival curves 
obtained in vivo by serial dilution assay of transplantable 
is. aa murine tumours, after a small initial shoulder, 

are straight hnes down to a surviving fraction of 10-7 
(ref. 5). Survival curves reported by different workers 
using the Puck clonal technique would seem to conflict; 
some remain straight on a logarithmic-linear plot, while 


ally dose divided into 2 x 12-hourly subcutaneous injections in 0-3 ml. water for 5 days. 


others bend. Before the shape of these experimentally 
determined curves is ~egarded as evidence for or against 
any theoretical model, it is of prime importance to ensure 
that all artefacts are removed from the experimental 
technique. Berry’ has pointed out one such artefact which 
caused an apparent bending of his HeLa survival curve; 
failure to change meCium at 7 days in plates containing 
a large number of cells resulted in spuriously low values of 
survival at high doses. 

The present communication describes another artefact, 
which is a direct result of a basic technique in this type 
of in vitro cell survival assay. It is common practice to 
inoculate enough cels into irradiated plates so that 
approximately the same number of cells will survive to 
form colonies as will form on the control plates into which 
about 250 cells are seeded. As the dose is increased, 
therefore, the number of cells seeded must be rapidly 
increased, and it is not surprising that a point is reached 
where nutrient depletion and/or overcrowding would 
result in a spuriously low survival. When Puck and 
Marcus’ first described the clonal technique they gave a 
warning that the low survival estimates would “necess- 
tate such tremendous cell crowding as to require changes 
in the experimental technique”. This advice has not 
always been heeded. 

The following experiments were carried out to determine 
at what point overczowding would seriously affect the 
surviving fraction. The cell line used was the HeLa S-3oxe. 
obtained from Dr. C. E. Ford at the Medical Research 
Council’s Unit at Harwell, and recloned in this laboratory 
by Dr. R. J. Berry. The methods of culture followed 
closely those described by Puck and Marcus‘; the medium 
used asa 1: 1 mixture of N16 and saline F”, supplemented 
with 15 per cent human serum. 60-mm Falcon plastic 
Petri dishes were used throughout. Plates to be exposed 
to 1,000 rads were seaded with 5 x 103 or 5 x 104 cells; 
plates to be exposed. to 1,250 rads received 5 x 10! or 
5 x 105 cells; plates 5o be exposed to 1,500 rads received 
10°, 5 x 105, 105 or 5 x 104 cells. In each experiment 
the medium was changed at 7 days following the advice 
of Berry®; it was found that this procedure did not., 
affect the survival in plates containing 5 x 10‘ or less 
cells, but produced & marked effect in plates containing 
5 x 105 or 10° cells. Surviving colonies (of more than 
50 cells) were counted 14 days later, after staining and 
fixing. The results are plotted in Fig. 1. It is evident 
that changing from 5 x 10? to 5 x 10+ cells per dish did 
not effect surviving fraction (as evidenced by the survival 
to 1,000 rads); howevar, increasing the number of cells per 
dish more than 5 x 14‘ resulted in a continuously decreas- 
ing surviving fraction (as indicated by the survival to 
1,250 and 1,500 rads). Under these conditions, the survival 
curve shown in Fig. 2 was obtained. The number of 
5 x 104 cells per plete was never exceeded; for doses 
more than 1,000 rads the number of plates per point was 
increased instead of the number of cells per plate in order 
that enough colonies zould be counted to give a meaning- 
ful estimate of survival. Each point on the survival 
curve is the mean of between three and nine separate 
determinations. 

It would seem, therefore, that after an initial shoulder, 
the survival curve for Hela S-3ox¢, cells does not depart 


e 
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Fig. 1. Illustrating the decrease in surviving fraction that results from 
increasing the number of cells inoculated into each Petri dish 


Dose (rads) 
200 600 1,000 1,400 
10-* 
10-4 
aa N 
a 
Ẹ 10° \ 
a j 5x104 
cells/plate 
10 
y 5x10? 
celis/plote 
10-8 10° celis plate 


Fig. 2. Survival curve for HeLa S-8oxtf. cells exposed to y-radiation 
Koni cobalt-60. After an initial shoulder, the curve remains straight 
provided that not more than 5 x 10t celis are inoculated per Petri dish. 
if larger numbers of cells are used, the curve continues to bend downwards 


from a straight line at least down to a surviving fraction 
of 10-*, Also plotted on Fig. 2 are the data obtained if the 
foregoing precaution is ignored and the number of cells 
per plate increased for higher doses; by this method a 
contmuously bending curve is obtained which can be 
attributed to overcrowding at higher doses. 

In summary, then, it must be demonstrated unequivoc- 
ally that survival estimates are independent of the 
number of cells plated before attributing any significance 
to the shape of the survival curve. 

JOEL 8. BEDFORD 
Eric J. Harn 
_Radiotherapy Department, 
The Churchill Hospital, 
Oxford. 
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Site of Action of Ribonuclease during its 
Inhibition of Egg Cleavage 


THE mitotic division of sea urchin eggs is affected by 
ribonuclease (RNase). Ledoux and Metz! found that 
cleavage was blocked by 1°5 x 10-4 M RNase, and 
Runnstrém* has observed that cortical changes following 
fertilization were delayed by RNase at one-tenth of this 
concentration. These effects might be expected to result 
from enzymatic attack of the RNA present in all parts ~ 
of the egg, including the mitotic apparatus® and egg 
surface’. To determine which parts of the egg are affected 
by RNase, the site of interaction of the fluorescein- 
labelled enzyme with living eggs and embryonic stages of 
Arbacia punctulata and Lytechinus variegatus has been 
investigated, using fluorescence microscopy. RNase. 
‘5 X crystalline (Nutritional Biochemicals Corp., Cleve- 7 oe 
land, Ohio) was conjugated at pH 9-0 with fluorescein 
isothiocyanate (Sylvana)>’. Direct fluorescent labelling 
has been found suitable for investigating the uptake of 
enzymes by cells’, and enzymatic assay and electro- 
phoresis of fluorescein-labelled RNase showed that the 
fluorescein was firmly bound without destroying RNase 
activity’. 

Effect of RNase on cleavage. When applied at 1-5 x 10-* 
M either 60 min before or 3 min after fertilization, RNase 
blocked the cleavage of at least 90 per cent of Lytechinus 
and Arbacia eggs, and arrested the development of the 
remainder at the two- or four-cell stage. The concen- 
tration required was ten times that reported! for a different 
batch of RNase from the same commercial source. The 
block was reduced to 75 per cent when the pH of the 
applied enzyme was adjusted from 5-1 to 7:0, and dis- 
appeared when the treated eggs were washed. Table 1 
shows the delay in development resulting from different 
periods of treatment with 1-5 x 10- M RNase. At lower _ 
concentrations (10-4 to 10- M) development was delayed 
and the embryonic cells showed some dissociation. 
However, cleavage was not blocked at these concentrations, 
even in eggs treated after removal of their jelly coats by 
acidified sea-water, pH 4-5, and most of the eggs eventually 
developed into morphologically normal embryos. 

To determine whether cleavage inhibition might be a 
general property of basic proteins, the effect of protamine 
sulphate on cleavage has also been investigated. At 
3-0 x 10-* M, protamine sulphate blocked cleavage, while 
the division of 50 per cent of the eggs was blocked at 
half this concentration. The protamine sulphate block 
was not reduced by adjustment to pH 7-0, and was only 
partially reversed by washing, becoming permanent after. 
30 min application. Since protamine sulphate also proved a 
effective in blocking egg cleavage, inhibition of cleavage 
by RNase may be due primarily to_its properties as a 
basic protein. 

Site of action. When applied to living fertilized eggs 
at cleavage-inhibiting concentrations, fluorescein-labelled 
RNase (pH 7-2) was adsorbed on to the fertilization 
membrane, passed into the perivitelline space and became 
associated with the hyaline layer. The amount bound 
to the fertilization membrane and hyaline layer could be 
reduced by repeated washing, the reduction being constant 
over the pH range 5-0-7-0. The resolution of the teeh- ~~ 
nique was insufficient to permit detection of any inter- 
action with the plasma membrane or structures associated 
with it, but in no case was the labelled RNase detected 
within the egg. When applied to unfertilized eggs, there 
was no interaction other than a weak surface adsorption, 
even after the jelly coats had been removed. During 
development from the blastula to the pluteus stage, 
labelled RNase was taken up as cytoplasmic droplets,.. 
mainly by cells of the alimentary canal. De Terra’ has 
found that ferritin also becomes incorporated at the later 
stages of embryonic development. 


zi Duration of RNase treatment 


Faid 
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Table 1. EFTEOT OF RIBONVOLEASE (1-5 x 10 M) ON THE DEVELOPMENT 
OF Lytechinus EGGs 


Delay in first Eggs developing 
before washing cleavage (min) to gastrulae 
Number Per cent 
None (control) 0 473/500 95 
Pre-treated for 60 min before 
fertilization Fae 0 469/500 94 
1-30 min after fertilization 30 428/600 86 
1-46 min after fertilization 80 423,500 85 
Continuous after fertilization (not 
washed) no cleavage 0/600 0 


When fluorescein-labelled haemoglobin (3-0x 10- M, 
pH 7-2) was applied to fertilized eggs it was bound at 
the same sites, suggesting that the observed binding of 
RNase was non-enzymatic. Treatment with fluorescein 
isothiocyanate at the concentration applied as the protein 
label (0:03 mg/ml.) showed that only the fertilization 
membrane was stained by unbound dye, and that the 


__fluorescence of the hyaline layer was not an artefact due 
“to any traces of free fluorescein. Runnstrém?* also found 


_ 


“ 


that RNase affected the hyaline layer and fertilization 
membrane. The increase in birefringence? of the fertiliz- 
ation membranes of treated eggs may be partly due to the 
adsorption of RNase that has been observed with the 
fluorescent-labelled enzyme. 

The reversibility of cleavage inhibition by washing 
and the site of interaction of fluorescent-labelled RNase 
with the egg both point to a post-fertilization effect: on 
the egg surface rather than to direct interaction with any 
intracellular organelles. Since cleavage was blocked by 
similar concentrations of protamine sulphate, RNase 
may inhibit cleavage non-enzymatically by interacting 
with the egg surface as a basic protein. 

I thank Prof. R. C. Rustad for his advice. This work 
was supported by the U.S. Atomic Energy Commission, 
Melpar, Inc., and the Florida Division of the American 
Cancer Society, Inc. 
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Factors controlling Sexual Reproduction and 
Growth in Pythium graminicola 


RECENTLY, it was found that sterols induce the formation 
of oogonia in certain species of Pythiwm and Phyto- 
phthora’, We have shown that the response of these 
organisms to sterols depends on the composition of the 
medium in which they are grown*. This communication 
shows that zinc and manganese as well as sterol are 
essential to oogonium formation in an isolate of Pythium 
graminicola; calcium seems to be required for maturation 
of oogonia. Zinc, manganese and sterol are also very 
stimulatory to the vegetative growth of this fungus. 

The culture used in this study was Pythium graminicola 
Subr. isolated from soil in Hawaii. Liquid media were 
used throughout. Test substances, as listed in Tables 1 
and 2, were added to a basal medium containing KH,PO,, 
0-68 g; Na,HPO,7H,0, 1:34 g; glucose, 15 g; KNO, 
1:08 g; MgSO,°7H,O, 0:25 g; distilled, de-ionized water 


m~to 1). 


The completed media, having initial pH values of 
6-7—6°8, were autoclaved for 15 min at 120° C, and then 
dispensed into Petri dishes in 18-ml. aliquots. For each 
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medium, six plates w2re prepared and inoculated in the 
centre with agar-myzelum plugs 4 mm in diameter. 
After 6 or 7 days at 2€° C, the mycelium from three plates 
was collected on separate, tared filter papers, washed, 
dried and weighed. After 20 or 21 days, the other three 
plates were examined for oogonia, and the mycelium 
weights were then obtained as before. In contrast to 
earlier investigations in which agar media were used), 
we found that oogonial formation in liquid media pro- 
ceeded more slowly and appeared to be optimal only 
after 3 weeks of incubation. The total number of oogonia 
in ten fields (150 x } were counted, beginning at the colony 
margin and at 3°5-mm intervals along a radius. 

Table 1 shows the response of the fungus to iron, 
calcium, thiamine, chclesterol, and a trace element mixture 
when added singly and in all possible combinations to the 
basal growth medium. Both cholesterol and the trace 
element mixture of zinc, manganese, copper and molyb- 
denum were required for oogonial formation. Calcium 
caused an Increase in the number of oogonia and was 
essential for their maturation since, in its absence, 
antheridia and oospores were not observed. Thiamine 
was generally slightly inhibitory to oogonial formation. 

The 7-day mycelial weights show that all test substances 
were important to vegetative growth, since the omission 
of any one from the complete medium led to greatly 
decreased growth. ‘The order of importance of these 
substances was shown by factorial analysis to be trace | 
element mixture > sterol > thiamine > calcium > iron. - 
Numerous significant interactions appeared, all indicating 
additive effects on growth. The 20-day weight results were 
not interpreted because autolysis was evident in some 
cases, and suspected m others. Í 

In order to determine the individual and interaction 
effects of the comporents of the trace element mixture, 
these elements were added singly and in all possible 
combinations to the basal medium fortified with choles- 
terol, thiamine, calcium and iron. Treatments and results 
are shown in Table £. The media containing both zinc 
and manganese prodaced much greater oogonial counts 


Table 1. EFFECTS ON VEGETATIVE GROWTH AND QOGORIAL FORMATION : 
OF THE ADDITION TO A BASEL MEDIUM OF ONE MULTIPLE AND FOUR SINGLE 
ADDITIVES, IZ ALL POSSIBLE COMBINATIONS 


(Data listed are averages of triplicate determinations per treatment) 


Mycelium weight (mg) No. of oogonia 
Basal medium plus: 7 days 20 days 20 days 
A—no additive control 7 18 0 
Fe—iron* 10 18 0 
Ca—taleium } 14 24 0 
B,—thiaminet 15 17 0 
S—sterol§ 17 31 0 
Ir—trace elemental] 8 28 0 
Ca, Fe 19 51 0 
By, Fe 22 38 0 
S, Fe 16 36 0 
Tr, Fe 12 43 0 
B,, Ca 16 23 Q 
S, Ca 25 40 0 
Tr, Ca 19 83 0 
S, B, 17 37 0 
Tr, B; 18 36 0 
Tr, S 28 89 867-I** 
Bi, Ca, Fe 21 52 0 
S, Ca, Fe 18 49 0 
Tr, Ca, Fe 29 93 10-I 
S, B:, Fe 18 35 0 
Tr, B}, Fe 28 69 0 
Tr, S, Fe 36 84 333-1 
8, Bi, Ca 27 b0 0 
Tr, By, Ca 80 88 0 
Tr, S, Ca 60 98 1,860—-Df 
Tr, S, By 48 98 760-1 
S, Bx, Ca, Fe $8 §2 0 
Tr, B,, Ca, Fe 63 91 t1T-7 
Tr, S, Bi, Fe 81 85 400-1 . 
Tr, S, Ca, Fe 56 94 2,800 -M 
Tr, S, By, Ca 43 107 1,200- 
Tr, 8, B., Ca, Fe 121 92 2,287-M 
H.S.D. levels < 0E 9 9 486 
<OT 10 10 545 


* 1-0 mg/l. FeSO0,°7H,0. 
t 50 mg/l. CaCly2H,0. 
20 mg/l. thamine hydrochloride. 

$ 10 mg/l, cholesterol. 

ii 4-4 mg/l. ZnSO,7H,O, 0-07 mg/l MnCl.4H,0, 0-08 mg/l. CaSO,-5H,0, 
and 0 05 mg/l. NaMo0,2H,0. 

pone significant teat between any two meuns (method of Tukey 
(ref. 4}} at the 1 per cent anc 6 per cent confidence-levels. 

** 7, Immature; M, mature 
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Table 2. EFFEOTS ON VEGETATIVE GROWTH AND OOGONIAL FORMATION ' 
OF THE ADDITION IN ALL POSSIBLE COMBINATIONS OF. FOUR ADDITIVES-TO 
A FORTIFIED BASAL MEDIUM 


(Data listed are averages of triplicate determinations per treatment) 


Mycelium weight (mg) . No. of oogonia 
Fortified basal medium* plus: 6 days 21 days 21 days 
*A—no additive ‘control 73 77 313-I§ 
Mo—molybdenumt > -7 59 78 oT 
Cu—coppert . 55 80 0 
i —megnganese t 58 93 Q 
Znu—zinet - 58 64 0 
Cu, Mo “67 83 19-I 
Mn, Mo 70 93 713-M 
Mn, Cu ` 56 90 0 
Zn, Mo 65 61 0 
Znņn, 0u « 66 60 0 
Zn,Mn . - 104 86 8,9¢7-M 
Mn, Cu, Mo 52 90 0 
Zn, Cu, Mo 61 60 0 
Zn, Mn, Mo > 107 86 2,090-Af 
Zn, Mn, Cu 106 85 3,570-M 
Zn, Mn, Cu, Mo 104 87 3,483-—M 
H.S.D. levelat <05 13 6 717 
<01 15 7 343 


* Basal medium fortified with cholesterol, thiamine, calcium, and iron a! 
concentrations listed in Table 1. 
Added at the concentrations and in the salt forms listed in Table 1. 
Honestly significant test between any two means (method of Tukey (ref. 
4)) at the 1 per cent and 5 per cent confidence-levels. 
§ J, Immature; M, mature. 


and 6-day mycelial weights than any of the media not 
containing both of these metals. The control and the 
manganese—molybdenum treatment are the only media 
which produced an appreciable number of oogonia without 
having both zine and manganese present. By factorial 
analysis, both the latter metals were found to produce 
highly significant main factor effects. For vegetative 
growth, zinc had the greatest stimulatory effect; on 
interaction the effects of zinc and manganese tended to 
be additive. Copper and molybdenum showed no sig- 
nificant main factor effects. However, copper interacted 
significantly with the other three metals to inhibit vegeta- 
tive growth, although it showed no effect on oogonial 
formation., As for the previous experiment, the 21-day 
mycelial weight results were not interpreted because of 
extensive autolysis. 

Fothergill_and Hide’, working with four other species 
of Pythium, found that calcium, iron, trace minerals and 
thiamine had no effect on growth (no sterol was present). 
We found that all these additives stimulated the growth 
of P.. graminicola, whether tested with our basal medium 
or with the media of Fothergill and Hide. This difference 
is. undoubtedly attributable to a difference in the require- 
ments of the species and isolates employed. Similarly, 
we found that Pythium vexans and P. arrhenomanes 
produced oogonia on Czapek’s medium plus sterol, in the 
absence of zinc, manganese and calcium’. In addition to 
this, Hendrix? found that sterols induced sexual reproduc- 
tion in Pythium periplocum and Phytophthora magasperma, 
although his basic medium contained no zinc, manganese 
or calcium. It is apparent that some species of Pythium 
have much more exacting metal ion requirements for 
reproduction and growth than do other species. 

James F. Lenney 
Howarp W. KLEMMER 
Pacific Biomedical Research Center, 
University of Hawaii, 
Honolulu. 
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Protandrous Hermaphroditism in Decapod 
Prawns of the Families Hippolytidae and 
Campylonotidae 

PROTANDROUS hermaphroditism, or the changing from 
the male sex to the female during the growth of the same 
individual, is now well known in certain northern-hemi- 
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or 
a oN 


sphere’ commercial prawns of the family Pandalidae, 


namely, species of the genéra Pandalus (P. borealis za 


P. danae!, P. hypsinotus!, P. kessleri®, P. montagui’ and. > 


” P. platyceros!) and Pandalopsis (P. dispar’). In the-Hip- : 


polytidae, this phenomenon has been demonstrated in 
two European and Mediterranean’ species of Lysmata,” 
namely, L. seticaudata (the first decapod in which pro- 
tandry was recognized‘) and L. nilita’, ~ l 


In 1959, Carlisle? summarized our knowledge“ of sek“ 


reversal in decapods, discussing the aforementioned 


groups and adding the burrowing axiid Calocaris macan- 
dreae. The latter, however, has since been shown’ not” 


ana 
baei 


to be a protandrous hermaphrodite, but a. functional + ` 


hermaphrodite throughout life. Recently I recognized 
protandry in the Australasian, archibenthal slope species 
Campylonotus rathbunae Schmitt and discussed the changes 
in secondary sexual characters involved’. 


A partially - 


r? 


sympatric pandalid, now known as Notopandalus mag-t, 


noculus (Bate), is not a protandrous hermaphrodite. 
Another species in the southern, monogeneric family 
Campylonotidae, the Magellanic O. semisiriatus Bate, 
was also shown to be protandrous from a re-examination 
of the Challenger type maternal in the British Museum 
(Natural History). 

Protandry can now be recorded in the Magellanic and 
Antarctic hippolytid Chorismus antarcticus (Pfeffer). A 
collection taken at Isla Navarino off the southern coast 
of Tierra del Fuego during the Royal Society Darwin 
Memorial Expedition to Southern Chile, 1958-59, con- 
sisted of males of carapace lengths 6:5-10 mm with a 
well-developed appendix masculina on the second pleopod, 
intersex specimens of 10-10-5 mm with a vestigial ap- 
pendix masculina and females of 12-13 mm with no trace 
of this appendix. 

It was also considered likely that the Indian Ocean and 
Australasian subantarctic hippolytid, Nauticaris marines 
Bate, would prove to be protandrous. Preliminary 


examination of recent collections from Auckland and. .™ 
Campbell Islands in the New Zealand subantarctic, and . 


from deep water off southern New Zealand, revealed 
that all the large specimens were female, mostly ovigerous, 
while the smaller specimens were largely male. Detailed 
examination, however, showed males with a well-developed 
appendix masculina of carapace lengths 4-5-7-5 mm, no 
recognizable intersex specimens and females of carapace ` 
lengths 4-5-11-5 mm. This species, then, does not show sex 
reversal, but mature females do reach a much larger size 
than males. < 


Protandrous hermaphroditism in decapod Crustacea : 


appears to be restricted, so far as our knowledge goes,"to 
two genera of northern boreal and temperate pandalids,, 


- 


4 


' v 


two Mediterranean species of the hippolytid Lysmata,” 


the antiboreal South American and circum-Antarctic 
hippolytid Chorismus and at least two species of the anti- 
boreal South American and deep-water Australasian 
palaemonoid Campylonotus. The three families represented 
are not closely related systemically, each presently being 
placed in a different super-family®, and besides the rather 
tenuous zoogeographic relationships (? analogous to 
bipolarity) no link, other than that of reproductive 
physiology, can be seen. 


J.C. YALDWYN 
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peN The. Recent Sea-star Platasterias and the 
7 dpe, Fossil Somasteroidea 


s e 

 WHeEen discussing Fell’s theories on the phylogeny of 

‘sea-stars'“*, Philip*.omitted any comparison of living 
forms with somasteroids. This comparison, however, 
deserves a short comment. 

Spencer’s sub-class of Asterozoa, the Somasteroidea’, 
has always puzzled me, and I wonder whether the skeletal 
eleménts in Villebrunaster interpreted as ambulacralia 
may not be the adambulacralia, while the ambulacralia 
“are hidden from view. I consider Spencer’s virgalia to be 

‘ventrolateral ossicles. Figs. la and b show the resemblance 
between the reconstruction of a somasteroid and the 
ventrolateral skeleton of a recent Porania. (An aboral 
skeleton of radiate ossicles as found in some somasteroids 
is also present in Porania.) Spencer® compared this 


TE 
- 
a 





Fig. 1. a, Villebrunaster (after Spencer (ref. 5)); b. ventrolateral area of 
Porania pulvillus (0.F.M.) 








arr» r- 





| Fig. 2. Dorsal paxillae and ventrolateral skeleton of Platasterias latira- 
A diata (A, C) and Luidia ( Petalaster) marginata (B, D) 


Hy 
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recent sea-star with hs Villebrunaster, btit only on account 
of its mucus-ciliary method of feeding which he assumed 
had also applied to the fossil. I would add that the 
resemblance stated is not taken to imply any close 
taxonomic relationsh p. 

Fell’ claims that Platasterias latiradiata Gray, 1871, 
is a living somasteroic. I consider this rare West-Mexican 
sea-star to be a somewhat aberrant Luidia of the sub-genus 
Petalaster (or of a suk-genus of its own). Fig. 2 illustrates 
the agreement in external characters between Platasterias 
and the East-Pacitic Luidia (Petalaster) rginata 
Koehler. I assume the petaloid arms in P terias 
(brought about by a transverse elongation of the adam- 
bulacralia and inferoraarginalia) to bea secondary adjust- 
ment to a life on a shifting sandy b m (and perhaps a 
primarily ciliary method of feeding). 

Fell? has put forward many interesting views on the 
phylogeny of sea-stars. I agree that the Luidiidae may be 
a very ancient group, but I fail to see how the Som- 
asteroidea can indicate any closer affinity between asteroids ~ 
and crinoids, even though Villebrunaster and Chiniaster 
may not be of so true an asteroid organization as I suspect. 

F. JENSENIUS MADSEN 
Zoological Museum, 
Copenhagen, Denmark. 
i! Fell, H. B., Science, 136, 623 (1962), a 
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MICROBIOLOGY 


Persistence of Fluoroacetate and Fluoro- 
acetamide in Soil 


LABORATORY tests have shown that sodium fluoro- 
acetate’? and fluorcacetamide*:* can act as systemic 
insecticides, and the atter compound hs 1 tested or 
used in the field for pest control (mainly t aphids) 
in several countries®-* In Britain, however, following the 
Smarden incident, the use of these compounds as rodent- 
icides has been severely restricted and their use as 
insecticides prohibitec’. 7 

One question that arose in an acute form from the 
Smarden incident was the rate of decomposition of 
fluoroacetamide in thesoil. It also arises when the materials 
reach the soil from rodenticides and insecticides. Accord- 
ing to Horiuchi’, bacveria in the soil break down fluoro- 
acetamide; recently the organism responsible has been 
isolated’’. 

This communicatioa reports results of fuller tests, of 
the type already dese-ibed‘, to determine the persistence 
in the soil of both sodium fluoroacetate and fluordaceta- 
mide. The method used was to treat moist Kettering 
loam and local garder soil with 10 p.p.m. and 50 p.p.m. 
of the compounds, waich were thoroughly incorporated. 
The soil samples were in 1 lb. serew-top jars and, in the 
case of the garden soil. half the batch was steam-sterilized 
after the chemicals had been added at 120 lb. pressure for 
2 h. This enabled a comparison to be made between the 
rate of breakdown in unsterilized and sterilized soil. 
The jars were stored æt 20° C and at intervals broad beans 
infested with Aphis fabae L. were planted in the soil 
samples and the fate of the aphid population on each 
plant was followed for 5 days. Similarly infested control 
plants in untreated so! were also kept. : 

The results obtained are shown in Table 1. It-can be 
seen that 10 p.p.m. was not detectable in the Kettering 
loam by this means even immediately after addition. 
In garden soil toxicity could be detected and lasted for 2 
weeks with sodium fleoroacetate or 3 weeks with fluoro- 
acetamide. At 50 p.p.m. a lower level of toxicity was 
detected by this method in the ninth week but not in the 
eleventh week or later. In the sterilized garden soil, at 
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Tabie 1, RESULTS oF pbiooniii TESTS USING A. fabae ON BROAD BEANS 
TO TESE VOR RESIDUES OF SODIUM ae ee ecut Are AND FPLUOROACETAMIDE 
IN 0 SOILS 





Dose 
applied Type of. Result of biological test for toxic x 
to soil Boil © residues after weeks: _ ae 
{p p.m.) 0 1 Z 3 5 9 H E 17 
f Sodium fluoroacetste 
10 Kettering loam ~ =~ - - 
Garden goil to o = — 
Garden soil 
`-  Bterilized ++ te +t tt ++ ++ ++ + + Ei 
50 Kettering loam ++ ++ +t +4 ++ + ~ 
Garden soil te te FE +E te + se a i 
Garden soil 
sterilized +t t+ tt tt +t ++ tt tt FH 
eH Fluoroacetamide 
10 Kettering loam — — ~ ~ 
Garden soil +t te + — ~ mm 
Garden sgoil 
sterilized +A te tt t+ tt tt tè tt ++ 
50 Kettering loam t te ++ ++ ++ + ~ -a 
Garden soil Ft te t t+ ++ + m — = 
Garden soll 
sterilized tb te bt tt +t tt tt +t + 


+ +, Aphid population entirely eliminated in less than days (high 
residues); +, aphid population reduced but not eliminated (some residue): 
-, HO noticeable effect on aphid population (residue below level detectabie). 


both dosage-levels, toxicity was still evident at the end of 
seventeen weeks when the tests were concluded. 

As an insecticide, in field tests, against aphids on beet, 
tluoroacetamide was used at 3 oz./acre in Britain®. How- 
ever, it would probably be necessary to use 6 oz./aecre to 
obtain satisfactory control of Myzus persicae (Sulz.). 
On the assumption that all this latter dose reached the 
upper 9~12 in. of the soil (which it would not) and remained 
there, this represents a concentration of 0-15 p.p.m. 
(taking the weight of top soil per acre to the depth in- 
dicated as 2,500,000 Ib.*4). At this concentration the 
compounds would not be detected by the biological method 
described here but, by inference, it seems safe to conclude 
that these small residues would also soon be destroyed. 

Thus, although it may be desirable to prohibit the use of 
fluoroacetamide as an insecticide because of its high toxi- 
city to mammals, the lack of a satisfactory antidote and 
the fact that its fate in mammals is not fully understood, 
there seem to be no grounds for condemning its use 
because of the fear that it might leave a persistent, 
harmful, residue in the soil. In fact, the evidence suggests 
that, when correctly apphed as a systemic insecticide to 
the foliage of a field crop, any material reaching the soil 
would be destroyed within a few weeks, especially when 
the soil is warm. Of course, further tests under practical 
conditions and enquiries concerning the experience gained 
in Japan (where fluoroacetamide seems to have been 
fairly widely applied) would be essential before its use as 
an insecticide could again be contemplated. 

W. A. L. Davin 
B. O. C. GARDINER 
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Staphylococcal Strains with Relation to 
Lysostaphin Sensitivity 
THE sensitivity of viable Staphylococcus aureus (Miero- 
coccus pyogenes var. aureus) and cell walls to the lytie 
action of lysostaphin has been described!. This com- 
munication reports experiments to determine the relative 
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susceptibility of strains of staphylococci to lysost h 
utilizing bacteriophage type and antibiotic sensitivity 1 
strain differentiation. 

It has been our experience that the-rate of the decre: 
in turbidity of a staphylococcal suspension due to Jy 
staphin action varies with the different strains tested ay 
that an extended incubation of bacterial cells with enzym 
results in essentially equivalent numbers of survivors 
Cropp and Harrison? have recently tested 252 clinica 
isolates of staphylococe: and have compared their sus 
ceptibility to lysostaphin on the basis of the ratio of the 
reduction in turbidity of the test organism to that of a- 
reference strain. Since differences in average bacterial | 
cell size, quantity and quality of bacterial pigment, as __ 
well as released intracellular material, can all affect turbidi- | 
metric readings, experiments were designed to quantitate _ Q 
the number of bacterial survivors of different strains of. 
staphylococci after a short incubation with a minimali 
quantity of lysostaphin. E 

The strains of staphylococci were obtained from the 
Clinical Laboratory of the National Naval Medical Center: 
Bethesda, Maryland. Antibiotie sensitivity to penicillin : 
(2 units), streptomycin (2 ug), tetracycline (5 pg), neo | 
mycin (30 ug), bacitracin (2 units), and kanamycin (5 ug | 
was accomplished with “Bacto-Sensitivity Disks’ (Difco } 
Laboratories, Detroit, Michigan) placed on agar overlay: 
seeded with an 18-h culture of the strain under investi 
gation. 

Staphylococcal cells used in the lysostaphin suscep 
bility tests were from 18-h trypticase-soy broth (Baltimo 
Biological Laboratories, Baltimore) cultures resuspenc 
in 0-05 M _ ¢tris(hydroxymethyljamino methane—hydr 
chlorie acid buffer (pH 7-5) containing 0-15 M sodi 
chloride. Cell concentrations were adjusted to give 
initial count of approximately 2 x 10% viable cells/m 
0:2 ml. of lysostaphin (Mead Johnson Research Cent 
Evansville, Indiana) was added to 6-0 ml. of the bacteri 
suspension to give a final enzyme concentration of 12 g 
protein/ml. (ref. 3) (1-2 units/ml.). After 15 min 
37° C, serial dilutions of the suspension were made wit 
the first dilution tube containing trypsin (twice crysta 
lized) at a concentration of 0-5 mg/ml. to stop furth 
lysostaphin action‘. Bacterial counts were made fron 
pour plates after 18 h incubation. The results in Table 1 
indicate that there is no definitive pattern of staphylo- 
coceal susceptibility to lysostaphin with either antibiotic 
sensitivity or bacteriophage type. In fact, it appears 
that the wide range of susceptibility to enzyme actior 
over a short period of time is as correspondingly di 
as the bacteriophage type patterns of the different strains. 
Sinee the action of lysostaphin is directly on the bacteri 
cell wall mucopeptide® and the rate of killing cells per uni 
of time varies from strain to strain, it is believed that 
staphylococcal strain differences are directly related to: 
cell wall composition in both the quantity and quality of 
the amino-acid composition of the peptide linkages, This — 
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Table 1, RELATIONSHIP BETWEEN BACTERIOPHAGE TYPE, ANTIBIOTIC 
SENSITIVITY*, AND LYSOSTAPHIN SUSCEPTIBILITY OF STRAINS OF STAPHYLO- 


COCECIt 

Log drop Antibiotic sensitivity 

Strain in No. of Bacteriophage type Peni-  Strep- Tetra- 
No, survivors cilin tomycin cycline 

4073 221 3O, TL = + + 
3419 2-01 6, 58, 54, 73, 81 = + + 
4201 185 6, 58, 54, 78, 75, 77, 81 = + -+ 
4382 1-41 52, 80, 8i — — ~ 
3539 1-01 58, 81 + -$ + 
$529 144 Non-typable + + + 
3994 O98 6, 53, 54, 73, 75, 77, 79, 81 ~~ + + 
4345 0-80 80, A ~ ~ -= 
3535 0-91 oy 3, 75 ~~ = + 
3621 0-88 86, 6, 71, 81 + + “ts 
4377 0:58 = = a 
4663 ORA 53, Si, 79, BO = ~ + 
3528 0-68 6, 42K, 54, gi - + -t 
4098 0-65 Non-typable ~ ~e 4+ 
4208 0-22 Non-typable + + + 
35384 MOG moere + + - 


* All strains were sensitive to neomyein, bacitracin and kanamycin. 
Le iS aureus strains were coagulase positive, 
S, epidermidis. 
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‘ould be in consort with the range of antigenicity due to 
_ ferences of the surface mosaic and could account 
excluding strains that have been lysogenized) for bac- 
‘eriophage susceptibility as being related to the detailed 
structure of the cell wallt. The results presented have 
‘been reproducible to + 0:05 log, and it is conceivable 
that with a modification of the testing procedure to 
mcrease sensitivity and reproducibility, lysostaphin 
could be used to supplement bacteriophage typing and 
serotyping in epidemiological studies’. 
This work was supported by the U.S. Air Force Systems 
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CHARLES A. SCHINDLER 


Armed Forces Institute of Pathology, 
Washington, U.S.A. 


9% sounaie, C. A., and Schuhardt, V. 'T., Proc. U.S. Nat. Acad. Sev, 51, 414 


'* Cropp, C. B., and Harrison, E. F., Canad. J. Microbiol., 10, 823 (1964). 


~s Kalokar, H. M. , J, Biol. Chem., 167, 461 (1947). 


si O ©. A., and Schuhardt, V. T., Biochim. Biophys. Acta, 97, 242 


as Schindler, C. A. (in the press). 


Burnet, F. M., J. Path. Bact., 38, 647 (1980). 


"? Cohen, J. O., and Smith, P. B,J Bact., 88, 1364 (1964). 


2 5 


ae 
+ 


Na 


„ Microbiological Oxidation of Cyclic Ketones 


Ali Khan, Hall and Robinsont have reported that when 
“a cee bacterium (probably Pseudomonas sp.) 


' was grown in an aqueous suspension of n-octane plus 


‘mineral salts, dioic acids (mainly suberic acid) were 
‘recovered from the medium. The activity of this bacterium 
(culture kindly presented by Dr. A. N. Hall) and of ten 
“other species of bacteria on cyclic ketones hag been 
‘vestigated. There appears to be no previous report of 
' aicrobiological oxidation of cyclic ketones. In his limited 


T- jurvey, Baldacci? could not detect any microbial activity 


«dN cyclohexanone. 

ņų Ten species of bacteria which had been previously 
reported to oxidize hydrocarbons** were obtained from 
the National Collection of Industrial Bacteria and, to- 
\gether with the bacterium of Ali Khan et al., were cultured 
“at 30° C in an aqueous medium containing 1 per cent w/v 


'|2-heptyleyclopentanone, plus mineral salts (0-5 per cent 


ammonium nitrate, 0-1 per cent magnesium sulphate, 


" 0-02 per cent calcium chloride, 0-01 per cent ferric nitrate, 


and 0-1 M phosphate buffer to pH 7-0). After 5 days, 


ts the culture solutions were exhaustively extracted with 


A 


z” 


wein 


diethyl ether after acidification, and the extracts were 
subjected to gas-liquid chromatography. All showed 

arying amounts of residual heptyleyclopentanone. The 
‘culture solutions of Pseudomonas oleovorans 6576, Ps. 
aeruginosa 8295, Ps. fluorescens 8027, Ps. methanica 9133 
and the bacterium of Ali Khan eż al. also contained 0-2-0-5 
mg/ml. of the lactone of 5-hydroxydodecanoie acid, the 
first-named giving the highest yield of lactone. The 
lactone wag identified before and after conversion to the 
free acid and methylation, by comparison with authentic 
samples of the lactone and of 5-hydroxydodecanoy] 
methyl ester on gas-liquid chromatographic analysis. The 
ethoreal extracts of the culture solutions of Ps. aeruginosa 
950 and 5940, Ps. rubescens 8768, Vibrio oleo 8250 and 


> Arthrobacter simplex 8929 contained only heptyleyclo- 


has been reported by Tuynenburg Muys et al.® 


esis 


pentanone. A microbiological synthesis of such A 
These 
“authors found that the microbiological reduction of 
“racemic keto-acids could produce optically active lactones. 
‘Therefore, the 2-heptylcyclopentanone medium of Ps. 
-oleovorans was examined after culture. It was found to 
be laevo-rotatory. As the cyclic ketone was racemic, this 
activity was ascribed to the lactone. Assuming all the 
lactone produced was optically active, [«]p = — 36°6°. 

It was found that Ps. oleovorans, Ps. fluorescens and 
dhe bacterium of Ali Khan et al. would also oxidize 


= 


hal 
iy, 


NATURE 


1369 


2-pentylcyclopentanone, giving the lactone -of 5-hydroxy- 
decanoic acid, and wauld oxidize cyclopentanone to glutaric 
acid. The last-menticned product was identified only after 


. methylation. 


Of the total ketone initially present, Jess than 5 per 
cent was recovered as partially oxidized product, and 
between 60 and 70-per cent of the cyclic ketone was 
recovered unmodified. 

Thus two or perhads three species of bacteria, of which 
one is already known-to promote oxidation of an n-alkane 
to dioic acids, oxidiz cyclopentanone to glutaric acid, a 
dioic acid with the same number of carbon atoms. This 
process involves ring 2leavage, which has not been demon- 
strated previously with these bacteria. When asymmetric 
molecules of alkyl-substituted cyclopentanones are offered, 
cleavage occurs at the mast labile bond in the ring, be- 
tween the two substituted carbon atoms. However, in 
this case, the preserre of the alkyl side-chain prevents 
more complete oxidation to give a dioic acid. The reaction 
goes no further thar the production of a hydroxy acid, 
which then lactonizes. This is further evidence to add to 
that of Kester and Faster’ that microbiological oxidation 
of alkyl compounds to give dioic acids proceeds by way of 
hydroxy acid interm=diates. 

I thank Mr. E. Taylor for performing the Polenmeny, 
examination. 


Rötar SHAW 


Unilever Research Laboratory, 
Colworth H>use, 
Sharnbrook, Becfordshire. 
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CYTOLOGY 


Diffuse Centrameres in a Dicotyledonous 
Plant 


A OYTOLOGICAL search for a sex chromosome mechanism 
in Myristica fragrars, the common nutmeg tree, has 
revealed some meiotic peculiarities. Mitotic metaphase 
counts in this admit=edly unfavourable material usually 
gave a number of <4 small, more or less isodiametric 
elements. This is a> variance with the results of Sim- 
monds!, who found 42 chromosomes. - 

At early first meiot-c metaphase in a male-only flowering 
tree from Trinidad, I counted 22 strongly contracted 
chromosome bodies. These bivalents, in polar view as 
well as in side view, were often slightly sub-divided into 
two halves, thus in end view showing a quaedripartite 
structure (Fig. 1). In late first metaphase, the configura- 
tions loosened up, méinly perpendicular to the metaphase 
plane, into what appeared to be four slightly intercon- 
nected chromatids. By releasing the connexions across 
the equatorial plane, the bivalents divided into two 
halves, each presumably consisting of two interconnected 
short chromatids, perallel to the equatorial plane. At 
second anaphase the chromosome bodies split into two 
short rods. Each attempt to localize centromeres with ’ 
the help of meiotic behaviour failed. This suggested 
centric activity lacking localized character. Configura- 
tions really show a vlose similarity to those of Luzula 
campesiris, as descriked by Brown?. 

As pointed out by-Hughes-Schrader and Ris’, induced 
fragments of chromosomes with such centric activity will 
perpetuate themselvas through many cell generations. 
This is in contrast to-the behaviour of acentric fragments 
of chromosomes with localized centromeres, which are 
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rapidly lost at nuclear division. In order to verify the 
centromeric condition assumed, root tips irradiated with 
1,000 r. were examined for fragments of chromosomes. 
At least one supernumerary fragment was recorded in 
half the metaphases counted. In preparations made at 
the day of irradiation and at the following day, no chromo- 
some parts were found outside the metaphase plane of 
cells in full metaphase, nor any chromosome parts lagging 
in cells in anaphase or telophase. A second experiment 
(2,000 r.) did not reveal lagging fragments or micronuclei. 
Even 2 months after irradiation, several metaphases still 
showed as many as three supernumerary fragments. 

These observations convince me of the presence of 
diffuse centromeres in the chromosomes of Myristica 
fragrans. As far as I know, this 1s the first report of diffuse 
centromeres in`a dicotyledon. [Further details have been 
published in Mededelingen Landbouwhogeschool, Wagenin- 
gen, 66, 1966, No. 1.] 

I thank Prof. R. Prakken, Dr. J. A. Frahm-Leliveld 
and Dr. J. Sybenga for advice and help, Prof. J. D. 
Ferwerda for full use of facilities of the Department of 
Tropical Agriculture, and Dr. C. Broertjes of the Associa- 
tion Euratom-ITAL for irradiation. I also thank Mr. 
T. E. Veer and Miss van Waadenoyen Kernekamp for 
the elaborate microtechnical work. 

M. Fuacse 
Department of Genetics, 
Agricultural University, 
Wageningen, The Netherlands. 
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AGRICULTURE 


Spread of Potato Virus Y curtailed by Oil 


APHIDS continue to spread stylet-borne viruses despite 
present-day insecticides!. The finding that aphids carry- 
ing potato virus Y seldom transmit it after probing a 
surface hghtly coated with o1l offers a novel way of brng- 
ing this spread under control*?. Additional laboratory 
work has provided various reasons for believing that oul 
could be used to protect crops from stylet-borne viruses’. 
We have tried this in the field for 2 years now and the 
results are promising. 

During both years we experimented with the spread of 
virus Y in Green Mountain potatoes. In 1963 the design 
was a 5x 5 Latin square, in 1964 it was an 8 x 4randomized 
block; each plot was four rows wide and 30 ft. long with 
33 plants per row; the plots were separated longitudinally 
by 25 ft. of fallow ground, and laterally by strips of oats 
10 ft. wide. Spread of virus Y was encouraged m two 
ways: (a) a series of plots were infested with viruliferous 
aphids, wingless adults of Myzus persicae (Sulz.); (6) in 
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another series each plot had twelve implanted virus Y’ 
infected potatoes (hereafter referred to as infectors 
These grew from infected tubers planted in positions © 
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_ 6, 17, and 28 of each row, an arrangement that meant | 


each infector was preceded, and followed in the row by a. 
separate group of five healthy plants.’ In 1963 two series : 
of plots were infested with viruliferous aphids, and two - 
series had infector plants. One series of each pair had o1] - 
sprayed directly on the plants six times at weekly ın- 
tervals, and its counterpart was left unsprayed. The fifth 
series was left untreated as a check for spread between 
plots and from outside the trial. The 1964 trial had three 
additional series, all of which had infector plants. These 
allowed, the work to be enlarged to comparisons between: 
(a) oil applied as a direct spray and oil emulsified in water, 
(6) the first three applications of each kind of spray and 
six applications of each, all at weekly intervals. The three 
series that did not receive ou in 1964 were sprayed with¢€ 
water on the same days and in the same way as oil was 
applhed. 

Planting was done in the middle of May with commercial 
seed tubers certified to be less than 0-5 per cent infected 
with aphid-borne viruses. All plots were sprayed with 
calcium arsenate soon after plant emergence and there- 
after as needed to control beetles, and with Bordeaux 
weekly from late June until mid-August to prevent blight. 
To determine spread of virus Y, we took tuber samples 
at the end of August and grew them indoors during the 
winter. Infected plants were diagnosed from visible 
symptoms, with occasional checks by serological precipitin 
tests. In 1963 we took individual tubers from: (a) every 
plant except the infectors in plots having these, (b) the 
200 plants infested with viruliferous aphids, and (c) 
100 plants in each of the five check plots. In 1964 we 
took one tuber from each plant in the middle two rows of 
every plot; and to make the plot samples comparable, 
we discarded the tubers from the 6th, 17th, and 28th plant 
in each row whether they were infectors or not. We : 
recorded the position of each tuber in the row. Of a 
possible 3,820 tubers from both trials, 94 plants were 
missing in the field and 11 tubers either failed to grow o1 
were lost. 

The o1l was supplied by Imperial O1l under the desig- 
nation of ‘862B’ (viscosity 90-105 s.u. sec at 100° F). There | 
18 no reason to believe that this oil has any unique pro- 
perties in impeding aphid transmission of stylet-borne 
viruses, nor was it toxic to aphids at the levels used. 
In both years we began spraying with oil about a week after 
planting, and emergence exceeded 70 per cent in all plots. 
In 1963 oil was applied only as a direct spray. This was 
done with a portable petrol-powered suction-type sprayer : 
(model 400010 made by Solo Kleinmotoren, Stuttgartw 
Germany). Not knowing how much oil young potatoes 
can tolerate, we made the first application in 1963 ; jth 
0-5 gal./acre, and then doubled the rate each week so '’to. 
as concurrent tests on potatoes outside the trial she the 
the plants could stand the higher amounts. The succes ynd 
rates of application were 0-5, 1, 2,4, 4, and 4 gal./acre 
June 19, 26, July 4, 10, 17, and 24 ‘respectively. In } 
the first two applications of oil were at 2 gal./acre and the 
remainder at twice this rate; the application dates were | 
June 19, 26, July 2, 9, 16, and 24. For the emulsion sprays 
we used the same oil but with an emulsifier supplied by 
Imperial Oi] added. The emulsion was applied with a` 
tractor-drawn sprayer operated at a pressure of 400 
lb./in.*, the delivery rate being 100 gal./acre. 

For viruliferous aphids we used wingless adults from a 
laboratory culture of M. persicae reared on Brassica 
napus L. They were first kept from feeding for about an 
hour, and then allowed to probe briefly on virus Y in- 
fected tobacco plants before being placed on the upper , 
leaves of the potatoes. The plants to be infested were 
first thinned to a single stalk to ensure that tubers taken 
later for disease readings would not be from uninfested 
stalks. The infestation was done in both years between the 


e- - 


No. 5030 March 26, 1966 


fourth and 'fifth applications of oil. In each of thè 10 


“plots infested in 1963, we tagged twenty plants at random ^ 


and infested each with two aphids on July 10. In 1964 


we infested every plant in the middle two rows of eight +. PE 
plots, first with two aphids per plant on July 9 and then’ 


with one more on July 15. 

In 1963 oil reduced spread by 56 per cent in plots with 
infectors, and by 83 per cent in those infested with 
viruliferous aphids. In the untreated checks 9 per cent 
of plants became infected; this represents the natural 


spread between plots and from outside the trial. Because. 


this spread would have occurred to all plots, it is probable 
that it also was reduced by oil; in the series infested with 
viruliferous aphids and sprayed with oil, only 3 per cent 
of plants became infected, which is significantly less than 
the 9 per cent in the checks. 

_ Im 1964 there was negligible spread between plots and 

“from outside the trial. Although few infections occurred 
in the infested plots, here the effect of oil was the same 
as in the previous year. Most of the spread in 1964 was 
within plots with infectors, and oil reduced it even more 
than in 1963. Where oil was applied directly, three 
applications reduced spread by 71 per cent, whereas six 
did so by 88 per cent. There was little difference between 
the effectiveness of three and six applications of emulsion 
——the combined effect of these two treatments being to 
reduce spread by 78 per cent. Thus both the direct and 
emulsion sprays were effective. 

In the four series that had infectors and were sprayed 
with oil in 1964, more than half the infections were to 
plants immediately adjacent to infectors (Fig. 2). If the 
percentages in Fig 2 are converted to numbers of indepen- 
dent infections’, it can be shown that the overall effect of 
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during 1963 and 1964 


| 1371 


on 


e 


o] WATER SPRAYS 


L] OIL SPRAYS 


- 
- 


Percentage infected 





0 g E E ae 
0 1 2 8 4 5 
Position from infector plant 


Fig. 2 | Percentages of plants infected at each successive position from 
the infector plants in 1964—all four orl treatments were combined 


these four oil treatments was to reduce the number of 
infections by 87 per cent. 

Despite the rather high levels of oil applied in both years, 
the only visible damage to plants was some burning on 
occasional leaflets and petioles; direct oil sprays caused 
more of this than tae emulsion. The oil,d’d not reduce 
tuber yields in the first year; but six applications -did so 
by about 15 per cent in 1964, although three did not 
affect yields. 

Our results so far give us confidence that oil can be 
used to protect crops from virus Y, and there ‘are good 
reasons for believing that this will also apply to other 
stylet-borne viruses... 


R. H. E. BRADLEY 
C. A. MOORE 
D. D. POND 


Research station, 
Canada Department of Agriculture, 
Fredericton, New Brunswick 
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PSYCHOLOGY 


Differential Effects of Group Density on 
Social Behaviour 


In a study of the social behaviour of different groups of 
children, one of the aspects selected for specific investiga- 
tion was the effect cf group density. In view of the find- 
ings from animal studies, it was hypothesized that 
increasing group dersity would have adverse effects on the 
nature and frequency of social encounters, and that these 
effects would differ according to the personality of the 
subject. Furthermcre, if earlier hypotheses regarding the 
physiological activazion of autistic)? and brain-damaged® 
children are correct, these two groups of children might be 
expected to manifest, in exaggerated form, the reactions 

_of introverted or reletively inhibited individuals and extra- 
verted individuals, respectively, in the normal population. 

The subjects of this study were fifteen children who were 
in- or day-patients in the hospital: five were autistic‘, 
five had unequivozal evidence of fairly gross brain- 
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damage, and five were ‘normal’ ‘(that is, two normal 
siblings of patients and three who had recovered from“ 
minor behaviour disturbance and were about to be dis- 
charged). The last-mentioned three children did not differ 
significantly on any of the measures from the two who were 
not patients, and there seemed no a priori reason for not 
grouping all five together as ‘normals’. All subjects were 
between the ages of 3 and 8 years, and the groups were 
matched for age. 

The situation used. for the observations was a 27 ft. x 
17-5 ft. playroom where the children customarily 
assembled for ‘free play’. Three group sizes were used: 
(i) small (n <6); (ii) medium (n= 7-11); (iii) large (n >12). 
Other children in the hospital formed the rest of the group 
(only two or three of the subjects were present at any one 
session). Groups and densities were arranged in a 3x3 
Latin-square design, ‘four replicates of this design then 
being used. An observation period per subject was 15 min 
and for each subject under each condition the mean of 
three observation periods was obtained. Observations 
were recorded on: (a) check-lists (1 entry per 10 sec); (b) 
magnetic tape; (c) 8-mm ciné film. Two adults, usually 
nurses, were always present; in the larger groups three 
adults were often present. 

The relative proportions of time spent in aggressive or 
destructive behaviour (that is, fighting, snatching or 
breaking toys, etc.) by the three groups of subjects 
under the different conditions are given in Table 1. 

Table 2 shows the amounts of time that were spent in 
social encounters with other children or adults, and which 
did not involve any show of aggression. 

With increasing density certain children appeared to 
seek the safety of the boundary (that is, within 3 ft. of the 
periphery of the room) more frequently (Table 3). 


Table 1. MEAN PEROENTAGH TIME (+S5.D) SPENT IN AGGRESSIVE/ 
DESTRUCTIVE BEHAVIOUR 
en Medium Large 
Normal S017 4824A 16-1462 
~ Brain-damaged i i Fè 5, 8 19048-2 28-0 + 11-2 
Autist +3°7 1928 21434 
Table 2. MEAN PERCENTAGE TIME (+S D.) SPENT IN SOOIAL INTERACTIONS 
Small Medium Large 
Normal 830+ it 8 4934162 3012+110 
ee -damaged 28:0+4 4304156 981:0+14-7 
Autist 16-0 + 5 3 6-5 +6°7 1424118 
Table 3, MEAN PERCENTAGE TIME (+S5.D.) SPENT ON THE BOUNDARY 
Smali Medium Large 
Normal 16-0 + 66 18-1 + 4°2 10-3 +55 
Brain-damaged 2486486 8:747 180449 
Antist 2LB+47°7 30 0490 552468 


Analyses of variance were carried out on the data, the 
appropriate error term in these cases being the ‘within 
cells’ variance, since n> l1. Subsequently Scheffe’s test for 
multiple comparisons of means was applied. 

For aggressive/destructive behaviour, both the main 
effects between groups and between densities were signifi- 
cant (F=6-8, d.f. 2/36, P<0-01, and F= 83, d.f. 2/36, 
P<0-01, respectively), as well as the groups x densities 
interaction (F=4-2, d.f. 4/36, P<0-01). The brain- 
damaged subjects became more aggressive with increasing 
-proup-density, whereas the normal subjects only became 
significantly more aggressive in-the large group. The 
autists showed negligible aggression. 

For social encounters, there was a significant main 
effect between groups (F =: 22:3, d.f. 2/36, P<0-01), and 
a significant interaction between groups and densities 
(F = 2-8, d.f. 4/36, P<0-05). The normals showed pro- 
gressively and significantly less social interaction with 
increasing group-size. The brain-damaged subjects 
showed significantly more interaction in the medium 
group, and the autists significantly less. 

For time spent on the boundary, both the main effects 
between groups and between densities were significant 
(f= 558, d.f. 2/36, P<0-001, and FP=5-4, d.f. 2/36, 
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P < 0-01, respectively), as well as the groups x density | 
interaction (F=7-9, d.f. 4/36, P<0-001). As densityy. s 
increased, the autists spent significantly more time on the | 
boundary. 

The finding that aggressive/destructive behaviour in- 
creased in both normal and brain-damaged subjects under 
high densities is in agreement with other animal work: 
Clarke® found that voles in a high-density population had 
more numerous scars from fighting and were in poorer 
health than animals living in a less dense population; 
Chitty® has suggested that intraspecific strife at high 
population densities severely limits the number of voles, 
that “populations change their nature as a result of 
crowding, and that a change in the condition of the 
individuals may be reflected in the vitality of their 
descendants”? ; Calhoun’ has described the emergence of a 
‘behavioural sink’ as well as the sexual and social devia 


tions manifested.by Norway rats reared under high-density=" 


conditions. In fact the behavioural deviations of these 
rats ranged from ‘phrenetic’ activity to ‘pathological with- 
drawal’, and it is of interest that the brain-damaged and 
autistic subjects tended to show predominantly these 
extreme reactions respectively. In a large group two 
brain-damaged subjects were seen to bite other children, a 
behaviour not manifested by any other children. 

The autists, indeed, showed behaviour characteristic of 
physiologically highly- activated organisms: they mani- 
fested little aggression, and with increasing density 
retreated more and more to the periphery of the room and, 
often would be found sitting facing the wall. Their social - 
interactions in the large group consisted almost entirely of 
approaches to the adults—to escape from the general p 
‘mêléo’, it seemed. 

It is remarkable that despite the greater opportunity 
for social interaction with the larger groups, the normal 
subjects in fact showed less. These subjects were appa-' 
rently endeavouring to minimize their social encounters, 
and this is an important point i in view of Calhoun’s finding’ 
that the frequency and ‘velocity’ of social encounters in 
rats were markedly increased at high densities, and of 
Leyhausen’s® implied suggestion that humans living in 
high-density conditions might show ‘crowd-addiction’. 

Many writers and authorities, extrapolating from the 
infra-primate studies, are at present warning of the social 
dangers of human crowding’, There is, however, a 
regrettable lack of empirical evidence from studies of 
humans in different group densities. The findings of this 
preliminary study would suggest that the effects of crowding 
are complex, and that the nature or personality of the 
individuals involved in the interaction is a critical 
variable; furthermore, it is likely that in the human species, | 
too, certain density-dependent regulatory mechanisms a: 
capable of operating. 

A fuller analysis of the behavioural changes 
different group densities is in preparation. We are gra 
ful to the Smith, Kline and French Foundation and 
British Epilepsy Association for provision of film 
equipment, and to the Nuffield Foundation for financial 
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no soso March 26, 1966 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 






Monday, March 28 


-~ BOOIETY OF CHEMICAL INDUSTRY, COLLOID AND SURFACE CHEMISTRY 

Group (joint meeting with the British Society of Rheology, at the School of 

Pharmacy, Brunswick Square, London, W.C 1), from 9.30 a.m. to 515 pm. 

alee on "Chemistry and Rheology of Water Soluble Gums and 
oids’’. 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
IVISION (at Savoy Place, London, W.C.2), at 10 a.m.—Colloquium on 
“Making Plant Models”. 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Council Room of the 
‘Selence Museum, Exhibition Road, London, 8.W.7), at 5.80 p m.—Mzr. E. 8. 
Clarke: “The Early History of the Nerve Cell”. 


~ INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (joint 
meeting with I E.R.B. Television Group and the Television Society, at the 
Institution of Electrical Engineers, oly oka London, W.C.2), at 5.30 p.m. 

Mr. R. Bridgen, Mr. K. E Martin and Mr. P. L. Mothersole: “Semiconduc- 


tors in Television Receivers”. 


; INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBIGH DIVISION (at 1 
Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.-~Informal Discus- 
, sion on “Caravan Towing”. 


I PLASTICS INSTITUTE, LONDON SECTION REINFORCED PLASTICS SUB-GROUP 

' (at the Wellcome Building, Euston Road, London, N.W 1), at 6.80 p m— 

: a n Millard: “The Opposition to Reinforced Plastics in the Acraft 
ustry’’. 


ROYAL GEOGRAPHICAL SoOorkry (at 1 Kensington Gore, London, 8.W.7), at 
- 8,15 p.m-—~Mr, E. J, H. Corner, F.R.S.: “The Solomon Islands’. 


al 


™ 


Tuesday, March 29 


INSTITUTION OF CHEMIOAL ENGINEERS, SOUTH BASTERN BRANCH (at 
Battersea College of Advanced Technology, Battersea Park Road, London, 
8.W.11), at 10 a.m —Symposium on “High-Temperature Technology”. 


~” INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT 1.E.R.E ~ 
LEE Computer GROUPS (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 230 p.m and 
56 p.m.—Symposium on “Computer Control in Industry—~Equipment Design 
and Application Engineering”. 


* s*ASSOOIATION OF CLINICAL BIOCHEMISTS, SOUTHERN REGION (at the 

Middlesex Hospital Medica] School, Cleveland Street, London, W.1), at 6 p.m. 
~~Annual General Meeting followed by Prof. R. H. 8. Thompson: “The 
Nervous System and the Clinical Biochemist”’. 


INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.—Meeting on 
“Rubber in Coaching Stock Construction”. 


. PLASTICS INSTITUTE, LONDON SECTION ENGINEERING SUB-GROUP (at the 

' Wellcome Building, Euston Road, London, N.W.1), at 6.30 pm.—Annual 
Géneral Meeting, followed by ‘Basic Design Problems in Injection Moulding 
Equipment” (speaker from Demag AG) 


pry s 


: Wednesday, March 30 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, 8.W.1), at 3 p.m—Meeting on “The 
Presentation of Navigational Information”. 


ROYAL SOCIETY or ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 6 p.m.~Dr. Alexander Comfort. “Science and Longevity” (Trueman 
Wood Lecture). 


INSTITUTION OF THR RUBBER INDUSTRY, LONDON SECTION (at “The 
Orown”, St. Albans Road, Garston, Herts), at 7 p.m.—Mr. A. E. Bray: “The 
Role of Rubber and Plastics in the Motor-Car of the Future”. 


w7 ší Thursday, March 31 
INSTITUTION OF ELECTRONIO AND RADIO ENGINEERS, RADAR GROUP (at 
the London School of Hygiene and el) dn Medicine, Keppel Street, Gower 
Street, London, W.C.1), at 2 30pm and 5 30 p m.~—Symposmm on “Monitor- 
ing of Ground and Airborne 1.1.8. Equipment for Automatic Landing”. 


ROYAL SOCIETY (at Burlington House, Piccadilly, London, W.1), at 4.30 
or i J. S. Gillespie: ‘Tissue Binding of Noradrenaline” (review 
ecture). 


INSTITUTION OF CIVIL ENGINEERS, HYDROLOGICAL GRrovur (at Great George 
Street, Westminster, London, S.W.1), at 5.30 p.m.—Informa) Discussion on 
soa Measurement and the Water Balance of lce Caps”, Introduced by 

r, ? ster, 


INSTITUTE OF REFRIGERATION (at the National College for Heating, Venti- 

lating, Refrigeration and Fan Engineering, Southwark Bridge Road, London, 

Dee at 6 p.m.-—~Mr. O, H. Brissenden: “Refrigeration in the Dairy 
ustry”’. 


_ __ INSTITUTION OF MECHANIOAL ENGINEERS, STRAM PLANT GROUP (at 1, 
Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Discussion on 
‘Conversion from Coal to Oll Firing’’. 


CROYDON NATURAL HISTORY AND SOIENTIFIO SOCIETY (at Friends’ Meeting 

touse, Park Lane, Croydon, Surrey), at 7.30 pm.—Dr. D T. Streeter: “The 
Management of Nature Reserves—Some Ecological Principles”, 

SOCIETY OF COSMETIO CHEMISTS OF GREAT BRITAIN (at the Royal Society 


` of Arts, John Adam Street, Adelphi, London, W.C.2), at 7.80 p.m.—Mr. D. J. 
lexander: “Some Aspects of Laboratory Planning”. 
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w 


p Thursday, March 3!—Friday, April | 


Berrish INSTITUTE OF RADIOLOGY (at the School of Pharmacy, 29-39 
Brunswick Square, London, W.C.1), at 10.80 a.m on Thursday and 10 a.m. 
» on Friday-—Twenty-Seventh Annual Congress and Exhibition. 
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. aay Registrar, The Univereity, Manchester, 18, quoting Ref. 38/66 (April 
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Froday, April] . 


INSTITUTION OF ELEOTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, W.0.2), at 5.80 p.m.—Discussion Mesting 
on “Sequence Control of Plant Operations”, opened by Mr. M. F. Binney, 
Mr, K. H. Higgens, Mr. T., K, X. Korytko and Mr. D. A. G. McInnes. 


Menday, April 4 


Soorery oF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, 8.W.1), at 6.30 p.m.—Dr, K. W, Pepper. “The Challenge of Syn- 
thetics to Leather”. i ; i 
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APPOINTMENTS VACANT 


APPLICATIONS are invited forthe following appointments on or before the 
dates mentioned: 

LECTURERS or ASSISTANT LECTURERS (2) (with a good honours degree in 
engineering, sclence or mathematics, and preferably postgraduate, Industrial 
or research experience in one of the following fields: advanced propulsion 
systems, aero/space ecience, _ow. density and/or high temperature gas 
dynamics, aircraft structures) IN THE DEPARTMENT OF AERONAUTICS AND 
ae ai Deputy Registrar, The University, Southampton 

re : 

LECTURER and an ASSISTANT LECTURER IN PHYSIOLOGY —-The Secretary 
and Clerk to the Governors, Jhelsea College of Science and Technology, 
Manresa Road, London, 8.W.3 (April 1). 

ASSISTANT DIRECTOR (with a good honours degree in botany and experience 
in taxonomic work) CF THE UNIVERSITY Botanic GARDENS—The Registrar, 
The University, Liverpool, qucting Ref No. RV/482 (April 2). 

LECTURER or ASSISTANT LECTURER (non-medical) IN THE DEPARTMENT OF 
PaTHOLOGY—The Registrar, The University, Liverpool 3, quoting Ref. No. 
RV/476 (April 2). g 

SENIOR LECTURER (with higa academic qualifications and the ability and 
desire to prosecute research) IN METALLURGY—The Prineipal, Lanchester 
College of Technology, Priory Street, Coventry (April 4). 

ASSISTANT LECTURERS IN -LOW TEMPERATURE Paysics—The Registrar, 
University College of North Wcles, Bangor, North Wales (April 5). 

HEAD OF THE DEPARTMENT OF ELECTRICAL ENGINEERING—The Principal, 
Lanchester College of Technology, Priory Street, Coventry (April 5). 

CHAIR OF NUMERICAL ANAL¥SIS--The Assistant Registrar, The University 
of Sussex, Stanmer House, Stcnmer, Brighton, Sussex (April 6). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF ZOOLOGY— 
The Registrar, The Universitx, Leicester (April 8). , 

CHAIR OF CHEMISTRY -The Secretary, University of Stirhng, Stirling, 
Scotland (April 7). 

LECTURER (with a higher degree such as Doctor of Philosophy and some 
pontgradunte experience) IN ORGANIC CHEMISTRY at the University of Queens- 
and, Australia-~The Associacion of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (April 8). 

SENIOR LECTURER IN STAT-sTIcCS—The Registrar, University College of 
Wales, Aberystwyth (April 8). , - 

LECTURER or ASSISTANT LECTURER (preferably with special Interesis In 
analysis or functional analysis but applications from others with interests in 
pure mathematics are lnvited: IN THE DEPARTMENT OF MATHEMATICS—~The 
Secretary, The University, Aberdeen (April 9). 

LECTURERS (2) and an ASSISTANT LECTURER (with a good honours degree in 
mathematics, physics or engineering and a special interest in mathematics 
for engineers) IN ENGINEERING MATHEMATICS—The Secretary, The Unli- 
versity, Aberdeen (April 9). 

OFFICIAL FELLOW IN ParmosopHy—The Principal, Brasenose College, 
Oxford (April 12). 

UNIVERSITY DEMONSTRATOR IN ORGANIO CHEMISTRY—Dr P, Maitland, 
University Chemical Laboratcty, Lensfleld Road, Cambridge (April 12). 

LECTURER IN THE DEPARTMENT OF CHEMISTRY (Inorganic and Analytical) 
-—The Secretary, The Queen’s University, Belfast, Northern Ireland (April 


13 
ECTURERS or ASSISTANT LECTURERS IN THE DEPARTMENT OF TR 


1 
ECTURER IN PURE MATHEMATICS—The Secretary, The Queen’s Univer- 
sity, Belfast, Northern Ireland (April 16). 

LECTURER IN THEORETIC.L Puysics--The Registrar and Secretary, 
University of Durham. Old Stire Hall, Durham (April 15). - 

CHAIR OF EXTRACTION MET.LLURGY—The Registrar, University of Strath- 
clyde, George Street, Glasgow, C 1 (April 16). ; 

LECTURER (with a special interest in thermodynamics or mechanics of 
fluids) IN MECHANICAL ENeINERRING—The Registrar, The Unrversity, 
Sheffield (April 16). 7 

SECOND CHAIR (candidate should have special interests in control 
engineering) IN THE DEPARTMENT OF ELECTRONIG AND ELEOTRICAL 
ENGINRERING-—---The Registrar, The University, Sheffield (April 16). 

SENIOR LECTURER IN MATEEMATICS or STATISTICS, a LECTURER or ASSIS- 
TANT LECTURER IN MATHEMATICS, a LECTURER or ASSISTANT LECTURER IN 
STATISTICS, a LECTURER or ASSISTANT LECTURER IN OPERATIONAL RESEARCH, 
and a LECTURER or ASSISTANT LECTURER IN NUMERICAL ANALYSIS-—The 
eae Bradford Institute of Technology, Bradford 7, Yorkshire (April 
PROFESSOR OF EDUCATION AND DIRECTOR OF THR INSTITUTE OF EDUOA- 
TION, Ahmadu Bello Univesity, Northern Nigeria--The Inter-University 
Council, 33 Bedford Place, London, W C.1 (apni =a 

LECTURER IN ANATOMY ct Queen’s College, Dundee—The Secretary, 
University of St. Andrews, Queen’s College, Dundee (Aprii 22). 

ASSISTANT LECTURER or LECTURER IN CHEMISTRY (the appointment may 
be madein any branch of organic chemistry)——The Registrar, The University, 
Sheffield (April 30). 

JUNIOR DEMONSTRATOR (preferably with experience in some branch of 
endocrinology, preferably steroid biochemistry) IN THE DEPARTMENT OF 
PHYSIOLOGY—Prof. A. A. Harper, The Department of Physiology, The 
oun s iia University o7 Newcastle upon Tyne, Newcastle upon Tyne, 1 

pri : é 

LECTURER (with Interests in the theoretical and experimental ects of 
modern control techniques) IN CONTROL ENGINEERING in the School of 
Engineering Sclence—The Registrar, University College of North Wales, 
Bangor, North Wales (April 30). 

OFFICIAL EELLOW and LECTURER IN ENGINEERING—The Prestdent, 
Magdalen College, Oxford (April 30). 


e+ 


- (April 30). - 
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sities (Branch Office), Marlborough’ House, Pall Mall, London, 8.W.1 (Aus- 
tralia and, London, May 1). pf ~ % ~ oh acme ae on 
ASSISTANT, RESEARCH FELLOW or a RESEAROH*FELLOW IN SOCIOLOGY OR 


University College (University-of Hast Africa), Uganda—The Inter-Univer-, ~ 
sity, Council) 33' Bedford Placé, London, W.C.1 (May 2).° 

- SENIOR FELLOWS, a SENIOR RESEARCH FELLOW, FELLOWS, and RESEARCH 
FELLOWS IN THE DEPARTMENT OF NUCLEAR PHYSICS, Institute of Advanced 
Studies,” Australian. National University—The Association of: Common- 
wealth 'U et ie (Branch Office), Marlborough House, Pall Mall, London, 
ay 13). ', 

CHAIR OF VIBRATION STUDIES IN THE INSTITUTE OF SOUND AND VIBRATION 
RESEAROH-—The Deputy Secretary, The University, Sonthampton (May 14). 

POSTDOCTORAL RESEARCH ASSISTANT IN THE DEPARTMENT OF PHYSICAL 
CHESuSTRY for the investigation of ion molecule reactions using a differen- 
tially pumped miss,spectrometer-Dr. M. J. Henchmun, Department of 
Physical Chemistry, The University, Leeds, 2 (May,81). ` 

LECTURER or ASSISTANT LEOTORSR’ (graduate with an interest in yarn 
manufacture, including the spinning of natural and man-made fibres, and the 
bulking of edntinuous-filament-varns) IN THE DEPARTMENT’ OF- TEXTILE 
TECHNOLOGY—The Registrars’ The Manchester College of Science and 
Technology, Sackville Street, Manchester I (June 4). i 

ASSISTANT (with,a good honours degree and preferably postgraduate 
experience) IN CELL BioLoay—-The Secretary of the University Court, The 
University, Glasgow. a a 

BIOCHEMIST (preferably experience with chromatographic and electro- 
phoretic techniques) to join a team studying aspects of copper and 
mignesium metabolism in animals—The Secretary, Animal Diseases Research 
Association, Moredun Institute, Gilmerton, Edinburgh, 9. 

LECTURER or ASSISTANT LECTURER (with a good honours degree in-psy- 
chology) IN PSYCHOLOGY (Experimental Psychologv/Social Psychology)— 
The Registrar, Goldsmiths’ College (University of London), London, S.E.14, 

LECTURERS or ASSISTANT LECTURERS (3) IN PURE MATHEMATICS—The 
Registrar, University College of Wales, Aberystwyth. 

HYSICAL CHEMIST (capable of pursuing and/or supervising basic re- , 
searches miinly on electrodeposition and electroforming)—The Secretary, 
qoe entah Non-Ferrous Metals Research Association, Euston Street, London, 

PROFESSOR OF BidLoay—The-Registrar, The Chinese University of Hong 
Kong, Hang Seng Bank Building, 677 Nathan Road, Kowloon, Hong Kong. 

RESEARCH ASSISTANT IN HAEMATOLOGY to work on problems related to 
iron defimiencv anaemia and tissue fibrinolytic systems—Dr. A. Jacobs, - 
Department of Pathology, Welsh National School of Medicine (University of 
Wales), Royal Infirmary, Cardiff. 

RESEARCH ASSISTANT (post-graduate or post-doctoral, with a good degree 
in parce on horticulture, but students expecting to graduate this year may 
also appiv) for investigation of the developmental physiologv of the carna- 
tion—Prof. 0.‘V..8. Heath, F.R S, University of Reading Horticultural 
Research Laboratories, Shinfield Grange, Shinfileld, Reading, Berkshire. . 

c RESEARCH ASSISTANT (with a degree in either geography or geology and a 
special interest in geomorphology) IN GEOLOGY—~The Registrar, University 
Collegeof Wales, Aberystwyth. i 

RESRARON ASSISTANTS (2) IN THE DEPARTMENT OF PHYSIOS to undertake 
{a} spectroscopic measurements in discharge plasmas, and (b) scattering 
er onea using lasers—The Registrar, University of York, Heslington, 

or : 

SCIENTIFIC OFFICERS (with an honours degree in chemistry or biology and 
under 29-years of age) IN THE SCIENTIFIC LABORATORY for work covering a 
wide range’of inquiry and research in the field of forensic science—The 
Secretary,’ Room 164 (50), New Scotland Yard, Londen, SvW.1.- 
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The, Association of Commonwealth Universities. Second AnnualReport of 
the Council, together with the Accounts of the Association forthe year Ist 
August, 1964, to 3ist Julv, 1965. Pp. 57. (London: The Association of 
Commonwealth Universities, 1966 ) {27 

Ambassade de France, Service de Presse et d'Information. 
Industrial Expansion: Facts and Figures Pp. 26 (London. Ambassade 
de France, Service de Presse et d*Tnformation, 1964 ) 1271 

Water Resources Board; Hydrometry Division. The Magnitude of Prob- 
able Errors In Water Levei Determination at a Gauging Station. By 
A. L.G S. Robertson. Pp.i+18. (T.N.7. First published in 1961.) (Read- 
ing: Water Resources Board, 1966 ) E {271 

Agnicultural Research Council. The Nutrient Requirements of Farm 
Livestock, No. 2: Runinants—Summaries of Estimated Requirements 
Pp. vt37. 4% net. A Bibliouraphy of Farm Buildings Research. Part 4: 
Buildings for Cattle, 2nd Supplement, 1962-1964, Pp 99. 12s. net. Part7: 
Buldimgs for Sheep and Miscellaneous Items, 2nd Supplement, 1962-1964. 
Pp..48. 63. net. Experimental Farm Buildings. port No. 6: A Building 
for Storing Crisping Potatoes in Stillages By H. J. M. Messer, G. P. 
Franghiad/ and J. T. R.Sharrack. Pp. vi+9. 28.6d. The Nutnent Require- 
ments of Farm Livestock, No. 2: Ruminants—Technical Reviews and 
Summaries Pp. xl+265,. 30s. net. (London: Agricultural Research cona 

Ministry of Agriculture, Fisheries and Food. Fishery Tnvertigations, 
Series Tf, Vol. XXIV, No. 1: Observations on the Influence of Food Supply 
and Tempetiture on the Feeding and Growth of the Larvae of Ostren edukis L. 
By P. R. Waine Pp 45, 16%. net. Fishery Investigations, Series II, Vol. 
XXIV, No. 4: The Stocks of Spurdogs (Squalus acanthias L ) in British 
Waters, and Their Migrations By M. J. Holden. Pp, jil+20+1 plate. 98. » 
net. (London: H.M. Stationerv Office, 1965.) g 

Serlea): The Selection of Clay 


French 


Building Reszarch Station Digest 66 (Second 
Building Bricks—2 Pp 6 (London: H.M. Stationery Office, 1966.) 4d. [271 

The Roval Observatory, Edinburgh. Publications—Vol. 6, No. 3: -A 
Survev of Recent Interstellar Reddening Observations. By K. Nandy and 
N. C. Wickramasinghe. Pp. 29-46. 68. net. Publications—-Vol. 5, No. 4: 
A Punched Tape Editing Unit. By°W. Matley. Pp. 47-62. 5s. 6d. net. 
(Edinburgh and London. H.M. Stationery Office, 1965.) 271 

The Zoological Record. Vol. 109, Section 6, 1963: Vermes, Part 1 com- _ 
piled by Stephen Prudhoe and Joy M. Harlock. Part 2 compiled by R. Wr’ 
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Sims. Part3 compiled by J. O. Malcom. Bp. 134. 30s:; 4.23 dollars. “Vol. | 
100, Section 11,.1963; Trilobita. Compiled-by Dr. J.T. Temple. Pp, 26. - 
128. 6d.; 1.80 dollars. .Vol. 100, Section 17, 1963; Reptilia, Compiled byer 
Pauline Curds and Mary Knott. Pp. 107; 208,; 2.82 dollars; Vol. 100, ~ 
Section 14; 1963, : Protochordata together with Pogonophora, Enteropneusta; — | 
Graptolithina, Pterobranchia and Phoronldea:*:Complled by Dr. D. B, * 
Pp; 50.-" 128. 6d.;_ 1 807dollars. «VOl<101, Section 1, 1964! Coms . 
Pp. 26: L128, 6d:3;' 


arkowski? 
1.80 dollars. (London: ‘The Zoological Society oiLondon, 1965:)-. [2719 i 
Brigh Medical Bulletin, Vol. 22, NoE (January, 1966) “The Foetus and,’ ñi 
the New-Born—Recent Research. Edited by Prof..K:.W- Cross and Dr. i 

G. S. Dawes. Pp. 1-102. (London: The British Council ,'1968,) , 30s. [271% 
._ The Scientific Proceedings of the Royal Dublin Society. Series A, Vol. 2, \ 

No. 7 (October 27, 1965): Conifers: Keys to the Genera and Species, with. 
Economic Notes: By H, M. Fitzpatrick. Pp. 67-129 + plates 4-10. 854: { 
Series A, Vol. 2, No. 10 (November 1, 1965): Recent Bog Flows2and Débris: ’ 
Slides mthe North of Ireland. By E. A. Colheun, R. Common and M; My. 
Cruiekshank. Pp. 163-174. 5s. Series A, Vol. 2; No. 11 (November, 15,7- 
1965): Pieistocene and Post-Pleistocene Sediments in, Dublin. Bay. ` “By D.: 
Naylor. Pp..175-188+ plates 14 and 15. 5s. (Dublin:, The Royal Dublin., 
Society, 1965.) . ° 2i -it 7 a,’ (271, 
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The University of the State of New York. New York State Museum and ` 
Science Service. Bulletin No 402: The Interfelationships of Three Gall. 
Makers and Their Natural Enemies, on Hackberry (Celtis Occidentalis. L.).” J 
By John Conrad Moser. Pp.iv+95. (Albany, New York: New York State | 4 
Museum and Science Service, 1965.) 1 dollar . svc [BLT 
Federal Republic of Nigeria: Mfinistry of Annual» 
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Mines and Power. 


N. Nigeria: Geological Survey of Nigeria, 1965.) is, net. «w `° a 

Annual Report of the Board of Regents of the Snuthsonian Institu _ 

showing the Operations, Expenditures, and Condition of the Institution .--+ 
the year endzd June 39, 1964. Pp. xii+553+71 plates. (Washing n, 

D.C.: Government Printing Office, 190.) 4 dollars” {P11 
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World Direetory of Crvstallographers and of other sta ] 
Crystallographic Methods, Edited by D. W. Smits and M R/G Boom. | 
Third edition. Pp. xii+187. (Utrecht: A. Qosthoekis Citgeversmaat- _ ; 
eas ve London: The Institute of Physics and The Physical’ Soli i 
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Evolution of Physical Control of the Brain. By Prof. José M, R- Dolgadi: st 
(James Arthur Lecture on The Evolution of the Human Brain, ines “Pp. *- 
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